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Abstract. Based on basic morphometric analysis, 64 fossil remains of lion-like felids from Middle Pleistocene deposits of Za Hajovnou Cave,
dated to the period around MIS 9, are attributed to the species Panthera fossilis (REICHENAU, 1906). Within the studied sample, two groups can
be preliminarily distinguished. The first group consists of typical representatives of the species, fossils of which were found in cave sediments
deposited probably during MIS 9 and/or earlier and their remains corresponds with lion fossils from Chateau (MIS 13) or Petralona (= MIS
11) from a morphometric point of view. The second group consists of lion fossils from cave deposits dated to the period = MIS 9, belonging
to specimens with more advanced characters, indicating a trend towards the characters observed in so called “intermediate forms”, especially
from the Saalian Complex (e. g. from Az¢ or Wierzchowska Gérna).
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Introduction

The earliest European record of large lion-like felids,
attributed to the species Panthera fossilis (REICHENAU, 1906),
is known from the English site of Pakefield, dated within the
Marine Isotopic Stratigraphy to MIS 17 stage (680,000 BP)
or even to an earlier period (Lewis et al. 2010). The oldest
continental record of the species is known from the Italian
site of Isernia la Pineta (Sala 1990) with radiometric data
610,000 + 10,000 BP and 606,000 + 2,000 BP (MIS 15)
(Garcia 2003, Argant et al. 2007, Maul et al. 2007).

Within the territory of Moravia, fossil remains of forms
which are close relatives of the species P. fossilis have been
so far described from three sites — Stranska skéla, Zernava,
and Za Hajovnou Cave. A part of the assumed Middle
Pleistocene (probably Cromerian Complex upper part)
lion-like fossils from Stranska skala were originally
described by Thenius (1972) as remains of typical Late
Pleistocene specimens (P. leo spelaea). The remains of the
record from this site according to Thenius (1972) represent
a lion-like felid from the Early Pleistocene (P. leo ssp.),
whereas Hemmer and Schiitt (1969) as well as Hemmer et
al. (2001) attributed them to the species P. gombaszogensis.
Lion-like fossil remains from Zernava (Middle Pleistocene,
Holsteinian s.1.) were originally described as P. spelaea
subspec. inc. (Musil 1969) and from Za Héajovnou Cave
(Middle Pleistocene, Holsteinian s.1.) as P. cf. mosbachensis
and P. cf. spelaea (Abelova 2005).

The fossil record from all three abovementioned
Moravian sites required revision. This was recently realized
by detailed morphometric study of former and new lion-like
fossils from Za Hajovnou Cave. The preliminary results (an
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analysis of fossils collected between 1987 to 2007), presented
within the scope of this contribution, demostrate certain
morphological and size changes in dentition as well as in
postcranial elements within the P. fossilis lineage during the
Middle Pleistocene, indicating the possible importance of the
site for understanding the evolution of Pleistocene lion-like
felids.

Material and methods

The fossil material under study was partly discovered
during speleological exploration during the 1980s and partly
during systematic research at the site which began in 2001.
The lion-like fossils were mainly found in fossiliferous
deposits of specific cave parts: Vykopana chodba (=
Excavated Corridor, Profile ZH P-3, layers 3 and 4), Kostnice
IT (= Charnel-House II, Profile ZH P-5, layers 2b to 3b),
Kostnice I (= Charnel-House I, Profile ZH P-6, depth to
4 m), Chodba nad¢je (= Corridor of Hope, Profile ZH P-7b,
layers 3—4, and 6), and Narozeninova chodba (= Birthday
Corridor, Profile ZH P-9, layer 5) (Text-fig. 1), dated to
the period around MIS 9 (Lundberg et al. 2014). Part of
the lion-like remains were also found in deposits in the
Vaiekova chodba (= Vareka’s Corridor). Considering the Late
Pleistocene to Holocene age of these deposits, however, the
finds from this cave part probably represent a fossil record
of a later extinct species, P. spelaea (under revision at
present) and are not discussed within the scope of this
contribution. In addition, all the finds collected from
a non-stratified mound in front of the cave entrance (apart
from a fragment of left mandible with p4 and ml) are
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Text-fig. 1. Ground plan of Za Hijovnou Cave (according
Tomica, supplemented by Musil, 2005).

excluded from the analysis because of their unclear origin
within the cave’s sedimentary filling. The fossil material
under study (NISP = 64) is stored in the Moravian Land
Museum — Anthropos Museum in Brno. It belonged to
minimally 4 individuals (MNI).

From the assessed light to yellow-brown teeth, six are still
situated in three mandible fragments (two mandible
fragments probably belonged to juveniles or subadults). The
remainder of the teeth is mostly damaged or are preserved as
fragments, partly covered by a very thin surface sinter or
sediment cemented by sinter, occasionally with manganese
dendrites. All postcranial remains belonged to adult
specimens. These frequently remained unbroken, although
only 21 fossils are preserved distinctly undamaged. The
bones are also yellow-white to yellow-brown, with
manganese dendrites. On some bones (such as the vertebra,
ulna, astragalus, phalanx and others), marks of biotic
taphonomic agent activity (gnawing, chewing, or biting) have
been found.

The determination of fossil remains was realized by
basic morphometric analysis. Measurements of the studied
lion-like finds were made to the nearest 0.01 mm using
digital engineering vernier callipers with a 0.29 mm standard
deviation, 0.08 mm dispersion, and 2.05% random error. All
measurements are in millimetres. The basic morphological
terminology and the measurement-methods for fossils were
after Kabitzsch (1960), Vereshchagin (1971), Argant (1991),
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Gonzales (2003), Bona (2006), Barycka (2008), and
Christiansen and Harris (2009). Within the text, the upper
teeth are referred to by capitals (such as in “P4”), the lower
ones by lower case letters (such as in “p4”).

Systematic palaeontology
Family: Felidae FISCHER DE WALDHEIM, 1817
Subfamily: Pantherinae Pocock, 1917

Genus: Panthera OKEN, 1816

1816 Oken, L., Lehrbuch der Naturgeschichte, Bd. 3, Th. 2,
p. 1052.

Species Typica. Panthera pardus (LINNAEUS, 1758)

Stratigraphic and geographic distribution.
Late Pliocene to Recent (MN 16 — MQ 4); Africa, Europe,
Asia, North and South America.

Genus characteristics. Big pantherine felids
with a shortened viscerocranium, enlarged temporal fosses
and orbits, and with wide zygomatic arches (modified
according to Argant 1988).

Panthera fossilis (REICHENAU, 1906)
Text-figs 24

1906 Reichenau, W. von, Beitrdge zur nidheren Kenntnis der
Carnivoren aus den Sanden von Mauer und Mosbach.
Abh. GroBherzogl. Hess. Geol. Landesanst. 4, Darmstadt,
p. 301.

2005 P.cf. mosbachensis (DIETRICH) — Abelova: 172, 174-175,
PL I/1-2.
2005  P.cf. spelaea (GOLDFUSS) — Abelova: 172, 174-177.

Locus Typicus. Mauer, Germany (MIS 15 or MIS 13).

Stratigraphic and geographic distribution.
Middle Pleistocene (MIS 17 — MIS 9/6?), Europe and Asia?

Species characteristics. Large extinct
representative of Panthera genus with less specialized lower
teeth and less reduced lower premolars. The skull postorbital
process is situated more anteriorly and bullae are relatively
small and less protuberant. In comparison to P. spelaea,
P. fossilis possesses smaller incisors; less flattened, but
proportionally narrower canines; narrower P2; somewhat
narrower P4 with shorter metastyle and smaller parastyle;
proportionally shorter main cusps in P3, p3, and p4; less
reduced anterior cusps in premolars; wider ml; and
proportionally longer p4 from the viewpoint of the Lm1/Lp4
index. Its skull is slightly wider in the muzzle part and
narrower in the postorbital and mastoid part, orbits are
relatively smaller, nasals are relatively wider, and bullae are
less inflated. Compared to P. leo, the species shows a greater
overall size, shorter P4 metastyle, and smaller P2 (modified
according to Kurtén 1965, Dietrich 1968, Schiitt 1969,
Schiitt and Hemmer 1978, Argant 1988, Baryshnikov and



Boeskorov 2001, Sotnikova and Nikolskyi 2006, Barycka
2008, and Marciszak et al. 2014).

Material. Vykopana chodba (left side; age unknown,
probably < MIS 9) — thoracic vertebra, 2 fragments of radius,
Mc III dext., metacarpal fragment, fragment of calcaneus, Mt
I sin. fragment, Mt IV sin.? fragment;

Vykopana chodba (Profile ZH P-3, layers 3 (MIS 9) and 4
(> MIS 9, cold phase) — left astragalus, 2 medial phalanges;

Chodba nad¢je (Profile ZH P-7b, layer 3; age unknown,
probably MIS 9) — fragment of P4 sin.?, m1 dext. fragment,
fragment of left ulna, 2 right and 2 left calcanei, Mt IV sin.,
proximal phalanx, medial phalanx;

Chodba nadé¢je (Profile ZH P-7b, layers 3—4, depth
80—140 cm; age unknown, probably ~ MIS 9) — P4 dext.,
proximal phalanx;

Chodba nadégje (Profile ZH P-7b, layer 4, depth 180-200
cm; age unknown, probably > MIS 9) — right astragalus;

Chodba nad¢je (Profile ZH P-7b, layer 6; age unknown,
probably > MIS 9) — m1 dext.;

Kostnice I (Profile ZH P-6, depth to 4 m; age unknown,
probably > MIS 9) — Mc IV sin.;

Kostnice II (Profile ZH P-5, layer 2b; MIS 9) — fragment
of P4 sin.?, left astragalus;

Kostnice II (Profile ZH P-5, layers 2b-3b; MIS 9) —
fragment of P4 dext.?;

Kostnice II (Profile ZH P-5, brown loam complex;
probably MIS 9) — 2 fragments of right mandible with p4
and m1, Mt IV sin.;

Narozeninova chodba (Profile ZH P-9, layer 5; > MIS 9)
— C dext., fragment of left mandible with m1 alveolus, 5
caudal vertebrae, fragment of right scapula, fragment of right
humerus, fragment of left humerus, right capitatum, left
capitatum, Mc I dext., left patella, fragment of right fibula,
fragment of left fibula, right calcaneus, Mt IV dext., fragment
of metapodial distal epiphysis, 5 proximal phalanges, 4
medial phalanges, fragments of 2 distal phalanges, sesamoid
bone;

Non-stratified finds (exception) — fragment of left
mandible with p4 and m1.

Description. The right upper canine (C dext.)
belonged to an adult specimen (Text-fig. 2a), according to
measurements of the preserved crown part and root probably
to a male (Tab. 1). A slightly worn distinct lingual as well as
serrated aboral crest is present on the crown. There are also
distinguishable grooves on the flattened (lesser than in cave
lions) lateral crown sides. In spite of this, the basal crown
shape is still oval in cross-section. No basal cingulum is
developed.

The crown of the isolated right upper carnassial (P4 dext.)
is partly covered by a very thin surface sinter on the
protocone lobe (Text-fig. 2b). The dominant robust paracone
possesses distinct anterior and posterior crests as well as
a distinctly rounded blunt crest on the anterolingual side,
running from the cusp tip probably as far as the protocone
lobe. In front of the paracone, the crest-shaped parastyle with
rounded anteroposterior cutting edge is separated by a notch.
The cingular preparastyle (a typical character for P. fossilis)
is absent, although the anterior cingular bulge is cusplet-
shaped (i.e. with the indication of tiny accessory cusps). The
slightly damaged metacone is smaller than the parastyle,

separated from the paracone by a prominent notch,
continuing on the buccal side into a shallow, buccally
opening depression with a flat bottom. The metacone
continues in a reverse direction via its crest-shaped cutting
edge into a rounded metastyle at the posterior crown margin.
The metacone — metastyle length is proportionally longer
than in the upper carnassials of cave lions (Tab. 1). The
cingulum is moderately developed only on the anterobuccal
crown margin and indicated on the posterolingual side. From
three roots, the posterior root is the most robust and the
lingual root under the protocone lobe is the smallest. The rest
of the isolated upper fourth premolars, referred to from the
site by Abelova (2005) as 2 P4 sin. and 1 P4 dext., are
preserved only as fragments according to the original
description. During revision, the presence of these teeth
within the fossil record was not validated and also an
illustration of one of these specimens (Abelova 2005: tab.
I.1) indicates a rather different tooth type than P4 (P3?).

The anterior cusp (paraconid) of a double-rooted p4, still
situated in a left mandible fragment, is smaller than the
posterior one (hypoconid). It possesses a distinctly developed
posterior crest and the cusp is separated from the main one
(protoconid) by a notch. The main cusp is moderately sloping
posteriorly, with a distinctly longer anterior as well as
posterior crest. It is more flattened on the buccal side
and triangular on the lingual side with a blunt rounded
crest-shaped margin. The posterior cusp is also separated
from the main cusp by a notch. The cusp possesses a distinct
longitudinal crest and it is separated posteriorly by a weak
notch from the basal cingulum. This is developed mainly on
the posterolingual crown margin, where it is bordering the
talonid area. Both notches, separating the main cusp from the
paraconid and the hypoconid, pass into shallow valleys on
the lingual side. Similar morphology can also be observed
in somewhat smaller p4s in two right mandible fragments
(Tab. 1), differing more or less only in the similar size of
the anterior and the posterior cusp, or the slightly smaller
hypoconid respectively (see Abelova 2005: tab. 1.2).

The paraconid of an isolated right lower carnassial (ml
dext.; Text-fig. 2c) is smaller, but more robust than the
protoconid, whereas it is optically lower than the protoconid
of ml sin. from the mandible fragment, similarly in a further
two mls from right mandible fragments. The paraconid
anterior margin is either rounded (isolated m1 dext.) or
oblique and straight, rounding only near the crown base (m1
dext. et sin. in situ). The paraconid cutting edge is shorter
than the protoconid one. The paraconid is separated from the
protoconid by a distinct, relatively deep notch that passes into
a wide shallow lingual valley without an accessory cusp
at the bottom, or with only an indication of it near the
crown base respectively (isolated m1 dext.). The protoconid
possesses distinguishable anterior and posterior margins. The
posterior one is nearly vertical, moderately deviated medially
at the base (isolated m1 dext.) or it is sharp, passing into the
basal cingulum (or cingular talonid resp.) and bordered by
a groove on the inner side (ml sin. in situ). In the posterior
part of the cingular talonid, a tiny cingular cusp may be
developed. The cingulum is present only in the posterior
crown part or also on the buccal side (isolated m1 dext.). In
the occlusal view, the crown is convexly curved — it is
halfmoon-shaped with a distinct cutting edge which forms
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Text-fig. 2. Dentition and mandible of Panthera fossilis
(REICHENAU, 1906) from Za Hajovnou Cave (Moravia, the
Czech Republic), Middle Pleistocene. Scale bars: A =1 cm (a—c),
B = 3 cm (d-e). a — C dext. (Narozeninova chodba, layer 5,
> MIS 9), lingual view; b — P4 dext. (Chodba nadéje, layer 3—4,
~ MIS 9), buccal view; ¢ — m1 dext. (Chodba nadéje, layer 6,
> MIS 9), lingual view; d — left mandible fragment with p4
and m1 (non-stratified record), buccal view; e — a detail occlusal
view of p4 and m1 of the left mandible.

a relatively wide-open V in m1 sin. On the lingual side of all
mls, a typical bulge can be observed (Text-fig. 2e). A zigzag
enamel structure is also present, although this character is
variable and its classification value (cf. Schiitt and Hemmer
1978 or Barycka 2008) is questionable. Both roots of the
isolated right lower carnassial are entirely preserved and the
anterior one is more robust as well as larger than the posterior
root. A fragment of another isolated m1 dext. with preserved
paraconid and protoconid parts is also known from the site
(Abelova 2005) (Tab. 1).

Mandibles are represented within the fossil record under
study only as an unmeasurable left mandible fragment with
ml alveoli and a left mandible fragment with p4 and ml
(described above) and with the alveoli of a canine and
two-rooted p3. Both fragments probably belonged to adult
males (Text-fig. 2d; Tab. 2). Another two fragments of right
mandibles with p4 and ml are figured in the paper by
Abelova (2005: tab. 1.2A-B), although only the mandible
fragment from tab. [.2B is also briefly described there. The
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Text-fig. 3. Postcranial fossil record of Panthera fossilis
(REICHENAU, 1906) from Za Hajovnou Cave (Moravia, the
Czech Republic), Middle Pleistocene.

a — thoracic vertebra fragment with biting marks (Vykopana
chodba, left side, < MIS 9), lateral view; b — fragment of left
ulna (Chodba nadéje, layer 3, MIS 9), lateral view; ¢ —
fragment of right humerus (Narozeninova chodba, layer 5,
> MIS 9), caudal view; d — right capitatum (Narozeninova
chodba, layer 5, > MIS 9), lateral view; e — fragment of right
Mec III (Vykopana chodba, left side, < MIS 9), dorsal view.

mandible ramus of the adult male (Text-fig. 2d) is relatively
high, straight to slightly convex at its base, with three
foramina mentalia, the largest of which is situated under the
anterior alveolus of p3 (the remaining two foramens are
situated under the diastema between the canine and p3). The
preserved anterior part of the masseteric fossa is relatively
deep in all mandible finds, extending to under the ml
protoconid. The diameter of the p3 anterior alveolus in the
adult male mandible fragment is 11.47 mm x 8.72 mm and
the diameter of the p3 posterior alveolus in the same fragment
is 11.52 mm x 11.65 mm.

Based on the so far studied lion-like fossils from Za
Héjovnou Cave, the axial skeleton is represented by only
a fragment of thoracic vertebra and five caudal vertebrae
from minimally two adults. Interestingly, the body of the
thoracic vertebra fragment shows some biting marks of
a larger predator/scavenger (Text-fig. 3a), probably a hyena
(Crocuta crocuta ssp.) or wolf (Canis lupus ssp.), fossils of
which were also found at the site (Abelova 2005). It can not
be excluded that this bone damage could have been caused
by another carnivore, such as a bear or specimen of the same
species (interspecific or intraspecific conflict?).



Table 1. Measurements of upper and lower dentition of Panthera fossilis (REICHENAU, 1906) from Za Hajovnou Cave (Moravia, the

Czech Republic), Middle Pleistocene (partly according to Abelova 2005). Measurements in mm, indexes in %.

C dext. P4 dext. p4 dext. p4 sin. ml dext. | ml dext. ml sin.
Narozeni- | Chodba | Kostnice I non- Chodba | Kostnice II non-
Panthera fossilis, Za Hajovnou Cave novd chodba| nadéje brown stratified nadéje brown stratified
layer 5 layers 3—4 | loam com. finds layer 6 loam com. finds
>MIS 9 ~MIS 9 MIS 9 >MIS 9 MIS 9
total tooth length - 41.70 31.00 32.86 3245 29.61 34.33
longitudinal diameter of crown base 31.10 - - - - - -
transversal diameter of crown base 22.80 - - - - - -
longitudinal diameter of crown base in %
. 73.31 - - - - - -
of transversal diameter of crown base
paracone length - 15.90 - - - - -
paracone length _ 100 / total tooth length - 38.13 - - - - -
metacone — metastyle length - 16.90 - - - - -
metacone — metastyle length X 100 / total tooth length — 40.53 — - - — —
metacone — metastyle length X 100 / paracone length - 106.29 — — — — —
paracone — metastyle length - 30.50 - - - - -
paracone — metastyle length X 100 / total tooth length - 73.14 - - - - -
paraconid length - - - 5.61 16.50 - 16.99
protoconid length - - - 15.53 15.50 - 17.73
hypoconid length — - — 6.81 - — —
maximum tooth width - - 1592 16.90 17.20 16.80 17.23
maximum tooth width X 100 / total tooth length - - 51.36 51.43 53.01 56.74 50.19
maximum anterior tooth width - - - 14.52 - - -
maximum anterior tooth width X 100 / total tooth length - - - 44.19 - - -
maximum tooth width in the middle - - - 16.47 - - -
maximum posterior tooth width — 13.70 — 15.65 - — —
maximum posterior tooth width X 100 / total tooth length - 32.85 - 47.63 - - -
paracone height / paraconid height - 23.00 - 15.01 18.40 - 19.82
protoconid height - - 17.00 18.24 16.30 16.69 19.68
hypoconid height - - - 17.24 - - -
lower height of the notch in m1 - - - - 10.50 - 11.91
upper height of the notch in m1 - - - - 13.40 - 15.46
(= crown height in the middle)
length of the paraconid cutting edge - - - - 11.00 - 10.30
length of the protoconid cutting edge — — — — 13.80 — 15.01
length between tips of the paraconid and the protoconid - — - — 21.50 - 20.54
maximum longitudinal diameter of the root 34.30 - - - - - -
maximum transversal diameter of the root 24.40 - - - - - -
max. longitufiina.l diarpeter of the root in % 7114 B _ _ _ 3 3
of max. longitudinal diameter ’

Table 2. Measurements of the left mandible fragment of
Panthera fossilis (REICHENAU, 1906) from Za Hajovnou
Cave (Moravia, the Czech Republic), Middle Pleistocene.
Measurements in mm.

P. fossilis, Za Hajovnou Cave mandlpqla Sl,n'
non-stratified finds
depth ramus at diastema 57.98
depth ramus at p3 anterior margin 57.42
depth ramus at p4 anterior margin 56.53
depth ramus at m1 anterior margin 62.65
depth ramus at m1 posterior margin 60.49
p3-m1 length (alveolar) 87.16
p4 length 32.86
m1l length 34.33

The preserved scapula fragment of an adult is relatively
damaged, e.g. in the middle characteristically cut out glenoid
cavity with a transverse dimension (the height) of 55 mm.

The forelimb stylopodium is represented within the fossil
record under study by only a fragment of right humerus distal

part (Text-fig. 3c; Tab. 3) with the possible marks of biotic
agent activity as well as a fragment of left humerus distal
epiphysis. Both stylopodial fragments belonged to adult
animals. The olecranon fossa of the right humerus is
lengthwise, relatively small, but deep and sharply bordered
at its base.

From the forelimb zeugopodial region, only a left ulna
fragment and fragments of the proximal part of a right and
left radius were found within the stratified collecting arecas
until 2007. The left ulna fragment of an adult specimen
(Text-fig. 3b; Tab. 3) consists of the proximal part, mostly
covered by a thin sinter layer. A preserved irregular to stepped
fracture indicates bone disintegration “after its drying” during
the fossilization process, whereas tiny gnawing marks
indicate the activity of lesser carnivores (mustelids?)
after the animal’s death. The oval-shaped heads of both
preserved proximal parts of adult radii (caput radii) are
slightly narrowed posteriorly and without a sagittal crest.
A tuberositas radii on the posterolateral side is less
distinguishable than the distinct oval to longitudinal one on
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Table 3. Measurements of forelimb bones of Panthera fossilis (REICHENAU, 1906) from Za Hajovnou Cave (Moravia, the Czech
Republic), Middle Pleistocene. Measurements in mm.

Panthera fossilis, Za Hajovnou Cave

humerus
dext.
Narozeni-
nova ch.
layer 5
> MIS 9

ulna sin.

Chodba
nadéje
layer 3
MIS 9

radius

dext radius sin.
Vykopand chodba

left side
?MIS 9

os carpale os carpale
III dext.  III sin.
Narozeninova chodba

layer 5
>MIS 9

Mc I dext.

Narozeni-
nova ch.
layer 5
> MIS 9

Mc III
dext.
Vykopana
chodba
left side
?MIS 9

height of the sigmoid cavity

47.4

maximum width of the sigmoid cavity

49.0

maximum anteroposterior diameter
of the olecranon

68.4

maximum transversal diameter of the olecranon

34.2

maximum anteroposterior diameter
of the proximal epiphysis

maximum transversal diameter
of the proximal epiphysis

height of the anterior apophysis of the olecranon — 69.5

anteroposterior diameter of the neck - -

349 35.0 - - - -

anteroposterior diameter of the proximal
articular surface

39.4 473 - - - -

anteroposterior diameter of the diaphysis - -

transversal diameter of the diaphysis - -

transversal diameter of the diaphysis (distal) 57.8 -

anteroposterior diameter of the diaphysis (distal) 44.4 -

upper transversal diameter of the trochlea 69.2 —

lower transversal diameter of the trochlea 75.2 -

maximum height of the trochlea 43.7 —

maximum width of the olecranon fossa 44.8 -

anteroposterior diameter of the distal epiphysis
at the place of the trochlea

349 -

maximum anteroposterior diameter
of the distal epiphysis

maximum transversal diameter
of the distal epiphysis

- - - - 225 -

maximum transversal diameter - -

- - 29.0 28.6 - -

maximum anteroposterior diameter - -

- - 30.2 333 - -

maximum vertical diameter - -

- - 48.6 46.6 - -

the medial (inner) side. The inner surface of the diaphysis is
flat to convex, bordered posteriorly by a distinctly rough crest
and by a smaller oblique one in the middle. The diaphyseal
lateral surface is moderately concave and the diaphysis is
enlarged in a downwards direction.

The right and left capitatum of adult individuals (Text-fig.
3d; Tab. 3) are preserved almost undamaged, without
pathological characters and postmortal traces of taphonomic
agents.

Metacarpals are represented within the fossil record under
study only by a fragment of Mc I dext. distal part and Mc III
dext. proximal region (Text-fig. 3e) both from adult animals
(Tab. 3) as well as by a fragment of undetermined metacarpal
bone. Abelova (2005) also mentioned a find of Mc IV sin. distal
epiphysis from Middle Pleistocene deposits from this site.

The hindlimb skeleton is represented within the studied
sample of fossil remains by a left patella, right and left fibula,
as well as by tarsal and metatarsal bones (Text-fig. 4).

The damaged left patella with maximum longitudinal
diameter 32.5 mm belonged to an adult, similarly the distal
part of a left fibula with preserved distal epiphysis with
maximum transversal diameter 35.6 mm and with diaphyseal
part, showing a columnar fracture. The unmeasurable
fragment of the left fibula consists only of its distal epiphysis.
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From tarsal bones, only a right calcaneus and right
astragalus have been studied. The damaged right calcaneus
from Narozeninova chodba belonged to a smaller adult
(female?) (Tab. 4). From a morphological viewpoint, it shows
a greater similarity with the calcaneus of P. spelaea than with
that of P. leo. Its anterior and central astragal facets (facies
articularis talaris anterior et media) are separated, or
are connected only by a narrow crest-shaped element
respectively. These astragal facets are frequently separated
in calcaneal bones of cave lion, whereas those of modern lion
are connected by a distinct longitudinal facet. Abelova (2005)
also mentioned a record of another two right and two left
calcaneal bones of adult specimens from layer 3 of the
Chodba nadégje. She identified these bones with calcaneal
bones of P. spelaea from a morphological viewpoint, but
attributed them to more robust specimens rather than lion-
like felids from the Last Glacial on the basis of their
measurements.

The right astragalus of an adult specimen from the
Chodba nadgje (Tab. 4) shows marks of taphonomic agent
activity (gnawing?) on the bone head. A further two left
astragali were found in the Kostnice II (Profile ZH P-5, layer
2b) and the Vykopana chodba (Profile ZH P-3, layers 4)
(Abelova 2005).



Text-fig. 4. Hindlimb bones of Panthera fossilis (REICHENAU,
1906) from Za Hajovnou Cave (Moravia, the Czech Republic),
Middle Pleistocene.

a — left patella (Narozeninova chodba, layer 5, > MIS 9),
anterior view; b — fragment of left fibula (Narozeninova chodba,
layer 5, > MIS 9), anterior view; ¢ — right calcaneus
(Narozeninova chodba, layer 5, > MIS 9), dorsal view; d — right
astragalus (Chodba nadéje, layer 4, < MIS 9), distal end view;
e — left Mt IV (Narozeninova chodba, layer 5, > MIS 9), medial
view; f — proximal phalanx of the first digit (Narozeninova
chodba, layer 5, > MIS 9), dorsal view; g — proximal phalanx
with gnaw marks (Narozeninova chodba, layer 5, > MIS 9),
plantar view.

Only a fragment of the adult left Mt III proximal part with
irregular transversal fracture is preserved within the studied
sample (Tab. 4). On the contrary, Mt IV is represented by
three specimens (one right and two left) and probably also
by a fragment (Tab. 4). The adult Mt IV dext. is damaged on
the surface. Its distal part is broken off (V-shaped fracture,
see below). Mt IV sin. from layer 3 of the Chodba nad¢je,
covered by a sinter layer, belonged probably to a relatively
large individual (the total bone length is approximatly
151 mm). Also Mt IV sin. from the brown loam complex of
the Kostnice II is identically robust. This metatarsal bone is
similar to Mt IV of P. spelaea from the morphological
viewpoint, but its measurements exceed those of cave lion
(Abelova 2005). A Mt IV sin. (?) fragment consists of only
the diaphysis and the distal part.

Phalanges represent the most frequent element of
lion-like fossils within the sample under study. There are 7
proximal (one of these belongs to a first left digit, Text-fig.
4f), 7 medial (with basal exostosis in one case), and 2 distal

phalanges, which are preserved only fragmentarily. All
phalanges belonged to adults. Gnawing marks of a rodent are
distinguishable on one proximal phalanx (Text-fig. 4g).

From other lion-like bones, a nearly undamaged adult
sesamoid bone, a calcaneus fragment as well as a fragment
of the metapodial distal epiphysis, probably belonging to the
above described Mt IV dext., were determined.

Discussion

The fossil finds of lion-like felids from Middle Pleistocene
deposits of Za Hajovnou Cave suggest relatively big
specimens, corresponding in size to close relatives from other
European sites with a Middle Pleistocene fossil record. This
size similarity is observable mainly in fossil dental remains
as well as in the complete bones.

The upper canine from layer 5 of the Narozeninova
chodba is very similar to canines from the French site of Az¢
(an “intermediate form” Panthera fossilis — spelaea) from
the viewpoint of crown measurements. It is, however, more
slight when compared with a large P. fossilis canine from
Leynes, another Middle Pleistocene French site. On the other
hand, it is more robust than the lion upper canine from the
Holsteinian site of Lunel Viel (cf. Bonifay 1971: p. 304, fig.
72). In general, the canine from the Moravian site is also
larger and more robust than the upper canines of cave lions
(P. spelaea) from the Late Pleistocene, but differing from
these in its less laterally flattened crown.

The morphology of the isolated P4 dext., found in the
Chodba nadg¢je (layer 3—4), shows typical characters of the
species P. fossilis, such as the absence of preparastyle or the
relatively short metacone, although the posterior metacone-
metastyle cutting edge is longer than the paracone.

Sizewise, this upper carnassial is relatively larger than the
P4s from Chateau (P. fossilis) and Azé (Argant 1991), it also
distinctly exceeds the upper carnassials from Stranska skala
(Thenius 1972), Vértessz616s 11 and Solymar (Hanké 2007)
or those from the southern European sites of Isernia la Pineta
(Sala 1990) and Sima de los Huesos (Garcia 2003). Larger
P4s are known for example from Wierzchowska Goérna
(Wojtusiak 1953) as well as in the Mauer skull (Wurm 1912)
and they can also be present in large male cave lions from
the Last Glacial (such as the cave lion male from Medvedia
Cave in the Western Tatras in Slovakia).

In their measurements, the p4s correspond with those
from Mosbach (P. fossilis), Wierzchowska Gorna (Wojtusiak
1953), and Az¢ (Argant 1991) (Text-fig. 5), although p4 dext.
from the Kostnice II is proportionally smaller than p4 sin. in
the mandible from the non-stratified finds. The paraconid is
approximately as large as the hypoconid, or the paraconid
(p4 sin.) or the hypoconid (p4 dext.) is somewhat smaller
respectively. More robust, but narrower paraconid than the
hypoconid can be found in p4s of individuals from Stranska
skala, attributed by Thenius (1972) to an earlier form of
lion-like felid (P. leo subsp. indet.). This character is present
also in some specimens from Wierzchowska Gérna (Barycka
2008). In later forms, attributed to P. spelaea, both cuspids
are about the same size and the premolars are proportionally
more reduced than those of P. fossilis (Schiitt and Hemmer
1978, Barycka 2008). A relatively short protoconid is typical
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Table 4. Measurements of hindlimb bones of Panthera fossilis (REICHENAU, 1906) from Za Hajovnou Cave (Moravia, the Czech
Republic), Middle Pleistocene (partly according to Abelova 2005). Measurements in mm.

astragalus|astragalus| calcaneus | calcaneus calcaneus calcaneus calcaneus|MtIIIsin.f] MtIV |MtIVsin.| MtIV

dext. sin. dext. dext. dext. sin. sin. dext. sin.
L Chodba | Vykopand | Narozeni- .. Vykopand | Narozeni- | Chodba | Kostni-

ZPaIr_lItfl'era J ossg 15, nadéje | chodba | novdch. Chodba nadéje chodba | novdch. | nadéje cell
a Hajovnou L-ave layer 4 layer 4 layer 5 layer 3 left side | layer5 layer 3 brown

loam com.
IMIS9 | >MIS9 | >MIS9 MIS 9 ITMIS9 | >MIS9 | MIS9 MIS 9
maximum transversal diameter 74.90 74.00 80.50 52.43 59.80 74.50 55.01 - - - -

maximum anteroposterior diameter 69.70 56.24 135.20 125.90 148.10 137.80 147.10 - - - 161.00

maximum dorso—plantar diameter 53.00 38.76 61.60

maximum anteroposterior diameter
of the proximal epiphysis

_ - - - 40.00 33.60 33.89

maximum transversal diameter
of the proximal epiphysis

- - - 33.60 30.60 28.50 31.80

transversal diameter of the calcaneal

of the diaphysis

tuberosity - - 46.30 34.94 44.40 - 39.00 - - - -
anteroposterior diameter

of the diaphysis - - - - - - 20.90 19.60 18.10 22.00
transversal diameter of the diaphysis - - - - - - 26.80 21.40 21.10 2225
minimum transversal diameter B B 3760 2743 33.00 B 20 44 B B B B

anteroposterior diameter of the trochlea|  56.10

transversal diameter of the trochlea 42.20 40.79 -

dorso-plantar diameter of the articular

articular head for os naviculare

head for os naviculare 3060 3372 - - - _ _ _ _ _
e o | | s | e N
B e e | 3190 | 200 | - e N N
transversal diameter of the neck of the 3450 31.83 _ _ _ _ _ _ _ -

maximum anteroposterior diameter

epiphysis trochlea

of the distal epiphysis B - - - - - - - 28.10 20.77
maximum transversal diameter

of the distal epiphysis B - - - - - - - 30.00 20.83
transversal diameter of the distal B B _ - ~ - B B 2590 2050

for p4s of Middle Pleistocene lion-like felids (Schiitt and
Hemmer 1978).

The three lower carnassials in the present study show
certain size differences. Whereas isolated m1 dext. from the
Chodba nadgje (layer 6) and m1 sin. in the mandible fragment
from the non-stratified finds are sizewise very similar to big
specimens from Chateau and Petralona (Text-fig. 5), the
smaller m1 dext. from the mandible fragment found within
the brown loam complex of the Kostnice II comes within the
size range of mls from Mosbach and Sima de los Huesos
(Text-fig. 5) as well as those from Hungarian Middle
Pleistocene sites (cf. Hankoé 2007: tab. 12). The length of all
three teeth, however, come within the size range of P. fossilis
mls (Schiitt and Hemmer 1978), or (in the case of m1 sin.)
exceed it respectively. They are also distinctly wider than m1s
of P. spelaea or those of lion-like felids from the Saalian
Complex to the Late Pleistocene (Hemmer 1974, Ballesio
1980). The reduced talonid, the absence of accessory cusps
on the lingual side base between the paraconid and the
protoconid, as well as the more robust, but lower paraconid
are typical characters for lion-like felids from the Middle
Pleistocene rather than those from the Late Pleistocene (cf.
Thenius 1972: Abb. 12 a 15).

From a size viewpoint, the ratio between the length of p4
and m1 within the same mandible fragment, expressed by
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Lm1/Lp4 x 100 index, is also interesting. Whereas the index
value for the left mandible fragment from non-stratified finds
is 104.5, the index value for the right mandible fragment from
the brown loam complex in the Kostnice II is only 95.5. The
difference in index values is caused by the greater length of
ml from the left mandible fragment as well as the greater
length of p4 from the right mandible fragment (Tab. 1), also
as in the dentition of a further right mandible fragment (cf.
Abelova 2005: tab. 1/2A-B). In both cases, the calculated
indices are closer to values for P. fossilis than for P. spelaea,
or come even within the range for modern lions (Lehmann
1954). On the other hand, shorter mls are typical more for
lion-like felids from the Middle Pleistocene than for Late
Pleistocene cave lions.

From the more or less completely preserved postcranial
elements within the sample under study, tarsal bones
(astragali and calcanei) and metapodials are of great
importantance for interspecific correlation. From the three
astragali found, the right astragalus from the Chodba
nadé¢je (layer 4) and the left one from the Vykopana chodba
(layer 4) show a size similarity with astragali of P. fossilis
from Chateau, whereas another left astragalus, described
by Abelova (2005) from the Kostnice II (layer 2b), is
smaller, according to its measurements being within the
upper level of the range for astragali of Late Pleistocene
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Text-fig. 5. Size comparison of lion p4 and m1 from Za Hajovnou Cave with close relative forms from European sites (black: Panthera
Sossilis, grey: Panthera cf. fossilis or Panthera fossilis — spelaea; f = female, old c. = old collection). Data source: Wojtusiak 1953, Thenius
1972, Schiitt and Hemmer 1978, Argant 1988, 1991, Garcia 2003, Baryshnikov and Tsoukala 2010).

cave lions. Since it is impossible to exactly distinguish
astragali of P. fossilis from these of P. spelaea on the basis

of morphology, it can not be excluded that the record from represent male specimens.

Kostnice II belonged to a smaller specimen (probably
female), whereas the remaining two ankle bones could
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On the contrary, the calcaneus articular facet morphology
allows unambiguous distinguishing between cave lions
and P. leo (see above). The lion-like calcanei from
Middle Pleistocene deposits from Za Hajovnou Cave form
a “connecting link” between the calcaneal morphotypes of
both above mentioned species and sizewise are different from
calcanei of cave lions from the Late Pleistocene, coming
within the size range for calcanei of P. fossilis (cf. Argant
1991: tab. 76). In addition, the found Moravian calcaneal
bones show not only certain differences in size, indicating
a possible intraspecific variability or sexual dimorphism
(two larger specimens and three smaller ones), but also
proportional differences — two calcanei are proportionally
wider (calcaneus dext. from layer 5 of the Narozeninova
chodba and calcaneus sin. from layer 3 of the Chodba nadgéje)
than the remaining three from the Chodba nadéje (layer 3),
which are distinctly narrower and more slender, but longer
than the other two calcaneal bones (Tab. 4). Based on this, it
can not be excluded that this phenomenon may reflect certain
evolutionary changes(?) in locomotion (or in the function of
hindlimbs resp.?) of lion-like felids during the Middle
Pleistocene. This character appears to be of importantance
and it should be studied further according to the more than
adequate amount of well-preserved and stratified finds of
calcaneal bones and adjacent elements available for research.

From all the analysed metapodial bones, only Mt IV sin.
from the brown loam complex in the Kostnice II is completely
preserved. Its measurements indicate a big animal, similar to
a specimen from Zernava (Musil 1969) in size as well as big
specimens from the French site of Chateau (Argant 1991). Mt
IV dext. from layer 5 of the Narozeninova chodba could
belong to an even more robust specimen (Tab. 4) and also
remaining fragments of metapodial bones (Mc I dext., Mc 111
dext., Mt III sin., and Mt IV sin.) in size exceed the
measurements of equivalent metapodials of cave lions from
the Last Glacial, or from the Late Pleistocene respectively.

Based on the above mentioned data, the fossils of
lion-like felids from the Middle Pleistocene deposits of Za
Héjovnou Cave can be attributed to the species P. fossilis
(REICHENAU, 1906). The fossil remains from the Vykopana
chodba (Profile ZH P-3, layers 3 and 4), the Chodba nadéje
(Profile ZH P-7b, layers (3)4 and 6), the Kostnice I (Profile
ZH P-6, depth to 4 m), and the Narozeninova chodba (Profile
ZH P-9, layer 5) belong to typical representatives of the
species and they are comparable mainly with the fossil record
from Chateau (MIS 13) or Petralona (finds from > MIS 11).
On the contrary, lion fossils from the Vykopana chodba (left
side), the Chodba nadgje (Profile ZH P-7b, layer 3) as well
as from the Kostnice II (Profile ZH P-5, layers 2b to 3b and
the brown loam complex) probably come from a later period
(£MIS 9). They form a group which differs from the former
group (> MIS 9) not only in the partly smaller measurements
(which, however, still come within the size range for P.
fossilis), but also by certain morphological and proportional
characters (e. g. in p4 or in the calcaneal bones), indicating
a trend towards the evolution of characters which are known
in lion-like felids from the Saalian Complex or in the Late
Pleistocene P. spelaea. The left mandible fragment with p4
and m1 from non-stratified finds probably belongs to this
group, mainly because of the ratio between the premolar and
molar lengths.
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P. fossilis represents the first immigration wave of
lion-like felids in Europe, occurring here as late as MIS 17
(Lewis et al. 2010). According to Baryshnikov and Tsoukala
(2010), the species became extinct during the Holsteinian
(MIS 9). After this period (MIS 8 — MIS 5), only
“intermediate forms” are known from the Old Continent,
showing characters of P. fossilis as well as P. spelaea. These
forms have been mentioned for example from the French
site of Az¢é (Argant 1991) or from Polish sites such as
Wierzchowska Gorna (Barycka 2008) and San (Marciszak
et al. 2014), probably representing autochthonous post-
Holsteinian palacopopulations with the evolution of
characters that are parallel to those of Late Pleistocene
cave lions. Cave lions from the Late Pleistocene probably
represent an independent lineage (Burger et al. 2004, Barnett
et al. 2009), the occurrence of which in (Central and Western)
Europe during the Late Pleistocene (especially during the
Last Glacial) is a result of an immigration event from the
East, comparable with the possible immigration of cave bears
of the Ursus ingressus form. The situation is slightly
complicated by the second immigration wave of modern lion
from Africa, which happened approximately 100 000 years
ago (Yamaguchi et al. 2004). The representatives of this
second migration wave of African lions were present in
Europe until 330—-100 years BC (Schaller 1980).

Conclusions

The basic morphometric analysis of fossil remains of
lion-like felids (MNI = 4) from Middle Pleistocene deposits
(~ MIS 9) in Za Héjovnou Cave, excavated during field
campaigns between 1987-2007, enabled their taxonomic
attribution to the species Panthera fossilis (REICHENAU,
1906). The material under study, however, does not show
uniformity in either size or morphologic characters and can
be divided into two groups. The first group is represented by
fossils found in sediments of the Vykopana chodba (Profile
ZH P-3, layers 3 and 4), the Chodba nadéje (Profile ZH P-7b,
layers (3)4 and 6), the Kostnice I (Profile ZH P-6, to a depth
4 m), and the Narozeninova chodba (Profile ZH P-9, layer
5), probably deposited during the period of MIS 9 and/or
earlier (> MIS 9). This is supported by the morphologic and
size characters of fossil remains from sites in western and
southern Europe which are more typical for P. fossilis
specimens from the period before MIS 9. Fossils showing
more advanced characters mentioned in connections with
lion remains from the Saalian Complex (so called
“intermediate forms”) to the Late Pleistocene (P. spelaea),
are included within the second group. These fossils were
found mainly in sediments of the Vykopana chodba (left
side), the Chodba nad¢je (Profile ZH P-7b, layer 3) as well
as of the Kostnice II (Profile ZH P-5, layers 2b to 3b and the
brown loam complex). According to Lundberg et al. (2014),
these were deposited partly during MIS 9 or later (< MIS 9).
So far, difficultly has been experienced in evaluating the level
of the evolutionary process within the fossilis — spelaea
lineage at the site since only part of the fossils have been
analysed. In addition, the results obtained can not be assessed
statistically. A possibility that the so called “intermediate
forms” of lion-like felids from the late Middle Pleistocene



(Saalian Complex) and from the beginning of the Late
Pleistocene (Eemian Interglacial) represent only autochthonous
palacopopulations of descendants of pre-Holsteinian P, fossilis
can not be excluded. Some advanced characters of these
“intermediate forms” could have evolved parallely with similar
features in cave lion lineage (P. spelaea), maybe representing
only an eastern immigration element within the fauna of Central
and Western Europe during the Last Glacial (Weichselian).
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