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Canidae (Carnivora, Mammalia) from Niedźwiedzia Cave 
(Silesia, southwest Poland)

Adrian Marciszak and Aleksandra Kropczyk

ABSTRACT

Abundant fossil material from Niedźwiedzia Cave documented the presence of
three canid species: Canis lupus spelaeus, Vulpes vulpes, and Vulpes lagopus. Dated
on MIS 3, the canid assemblage is represented by large individuals of robust posture,
typical for the cold phases of the Late Pleistocene. Canis lupus spelaeus is a charac-
teristic element of Late Pleistocene steppe-tundra faunas; a short legged, very large
wolf with a powerful dentition. The conducted analysis showed that wolves from Nied-
źwiedzia Cave are among the largest ever found. Because of the great variability of the
postcranial material, any of the morphological features cannot be used as a clearly
defined factor to distinguish between Vulpes vulpes and Vulpes lagopus. Accordingly,
only metric characters allow for a clear determination of taxonomic affiliation.
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INTRODUCTION

After the disappearance of Lycaon lycaonoi-
des (Kretzoi, 1938) during MIS 11, the core of
canids in Europe consisted of four species: Canis
lupus Linnaeus, 1758, Cuon alpinus (Pallas, 1811),
Vulpes vulpes (Linnaeus, 1758), and Vulpes lago-
pus (Linnaeus, 1758) (Marciszak et al., 2023a,

2023b). And this state has remained basically to
the recent times, with the exception of two more
serious events that most likely took place in the
Holocene. These are the extinction of C. alpinus
(Ripoll et al., 2010; Marciszak et al., 2021) and the
appearance of Canis aureus Linnaeus, 1758
(Kurtén, 1965; Lapini, 2003; Sommer and
Benecke, 2005).
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Contrary to other carnivores such as ursids
and felids, and despite that their remains are com-
monly found across Poland, Middle–Late Pleisto-
cene canids only rarely have been an object of
detailed scientific interest (Römer, 1883; Kiernik,
1913a, 1913b; Bigaj, 1963; Lipecki and Wojtal,
2015; Marciszak et al., 2021). Partially it is
because their remains are often fragmentary, and
most of these sites have yielded a low number of
canid bones. Specimens usually consist of isolated
cranial remains, mainly teeth and some postcranial
elements identified by size. Among Late Pleisto-
cene canids of Poland, only Canis lupus and more
recently C. alpinus has received attention (Römer,
1883; Kiernik, 1913a, 1913b; Bigaj, 1963; Lipecki
and Wojtal, 2015; Marciszak et al., 2021, 2023a,
2023b). In case of foxes, the lack of detailed stud-
ies is basically because of the difficulties of cor-
rectly identifying postcranial material due to their
morphological similarity to each other (Monchot
and Gendron, 2010).

Despite the Polish territory usually being con-
sidered an area that yielded few canid remains,
there are some localities standing in clear contrast
to this statement. One of them is the Sudeten site
Niedźwiedzia Cave, where remains of three canids
have been found. Canid fossils from this locality
have never been properly studied, which led to the
appearance of numerous mistakes and incorrect
identifications (Wiszniowska, 1967, 1970, 1986,
1989; Bieroński et al., 2007, 2009). This resulted in
the failure to demonstrate the presence of Vulpes
lagopus and the classification of few large individu-
als of Canis lupus as Crocuta crocuta spelaea
Goldfuss, 1823, whose presence was not con-
firmed at this site (Marciszak et al., 2016, 2020).

MATERIAL AND METHODS

All studied material of canids from Niedźwied-
zia Cave is stored in the Department of Paleozool-
ogy, University of Wrocław (Appendix 1). The
identification of canid remains and their taxonomic
classification into individual forms were performed
using traditional morphometric analysis (Appendix
1). Measurements were taken point to point, with
an electronic calliper, to the nearest 0.01 mm. All
measurements are expressed in millimetres
(Appendix 1). The scheme of measurements was
taken and modified from von den Driesch (1976)
and showed on the supplementary material (Fig-
ures S1–S3), while morphological terminology fol-
lows Boudadi-Maligne (2010). Throughout the text,
upper teeth are represented by uppercase letters
(e.g., P4), while lowercase letters (e.g., p4) are

used for lower teeth. Marine Isotope Stage (MIS)
boundaries are used after Lisiecki and Raymo
(2005).

For comparison, we used canid fossils from
various European sites. Part of these remains were
measured by authors, while others were taken
from adequate sources: Silesia (southern Poland,
killed between 1840–1995), Předmostí and Pavlov
(Czech Republic, MIS 3–2), Zoolithenhöhle (Ger-
many, MIS 3), Jaurens Cave (France, MIS 3;
Ballesio, 1979), Kents Cavern, Durdham Down
(Great Britain, MIS 3; Turner, 1981), Tornewton
Cave (lower stratum — MIS 5e, upper stratum —
MIS 3; Turner, 1981), Biśnik Cave (Poland, layer
14 — MIS, 6, layer 13 — MIS 5e, layers 10–9 —
MIS 5a, layers 7–5 — MIS 3), Banwell Bone Cave
(Great Britain, MIS 5a; Turner, 1981), Dziadowa
Skała, layers 3–4 (Poland, MIS 5e), Wschodnia
Cave (Poland, MIS 6), and Romain-la-Roche
(France, MIS 6; Argant, 2009, 2010).

Site

Niedźwiedzia Cave (55°68’70” N, 36°31’65” E;
807–800 m a.s.l.) is located in the Sudety Mts,
Silesia region, southwest Poland (Figure 1). Since
its discovery on 14 October 1966 during marble
mining, the exploration of this cave has continued
until present. Its corridors are entirely or partly filled
by allochthonous and autochthonous deposits like
rock debris, collapsed chamber scree deposits, flu-
vial gravels, sands, silts, and dripstones (Sobczyk
et al., 2016). The deposits contain numerous ani-
mal remains, among which the older fauna was
dated back to MIS 3–2 and consists of 27 species.
The younger (MIS 1) faunal assemblage is repre-
sented by 24 species (Marciszak et al., 2020, 2024
and references therein). The presence of Canis
lupus spelaeus at the late MIS 3 is confirmed by
obtained AMS date from the costae. The date
(Poz-143821, 10% Cm 1.8% N) was inferred from
the costae and gave an age of 26.640 ± 290
(31.078–30.858 call. BP).

SYSTEMATIC PALEONTOLOGY

Class MAMMALIA Linnaeus, 1758
Order CARNIVORA Bowdich, 1821

Suborder CANIFORMIA Kretzoi, 1943
Family CANIDAE Fischer de Waldheim, 1817

Genus CANIS Linnaeus, 1758
Canis lupus Linnaeus, 1758

Canis lupus spelaeus Goldfuss, 1823
(Figures 2–8; Tables 1–3; Appendix 1)

Referred material. The material of Canis lupus
spelaeus, the most abundant canid from Nied-
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FIGURE 1. Geographical location of Niedźwiedzia Cave in Poland (A), details of the Śnieżnik Massif region with white
outline indicating the cave (B), representation of the cave explorations (C), and cave plan showing canids fossil-bear-
ing areas (D) (modified from Marciszak et al., 2024).
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źwiedzia Cave, is represented by almost all skele-
tal elements (NISP 479, MNI 18; left/right bones
are given in brackets): two crania fr., nine maxillae
fr. (6/3), one I2 (0/1), six I3 (3/3), 16 C1 (5/11),
three P1 (1/2), nine P2 (3/6), eight P3 (5/3), 20 P4
(12/8), 15 M1 (8/7), one M2 (1/0), 32 mandibles
(14/18), two i1 (1/1), nine i2 (4/5), two i3 (1/1), 18
c1 (7/11), three p1 (1/2), one p2 (0/1), 11 p3 (5/6),
seven p4 (5/2), 18 m1 (10/8), two scapulae (2/0),
20 cervical vertebrae, four thoracic vertebrae,
seven lumbar vertebrae, two caudal vertebrae, ten
costae, 16 humeri (7/9), eight radii (4/4), three
ulnae (2/1), one scapholunar (0/1), two pisiformes
(1/1), two cuboides (0/2), ten mc 2 (5/5), nine mc 3
(4/5), eight mc 4 (6/2), 16 mc 5 (9/7), 11 femora (9/
2), 15 tibiae (7/8), three naviculares (2/1), 18 calca-
nei (9/9), 15 talii (7/8), 15 mt 2 (9/6), 18 mt 3 (10/8),
eight mt 4 (4/4), ten mt 5 (4/6), 33 phalanges 1, 10
phalanges 2, and 10 phalanges 3.
Description. The upper tooth row is curved distally
and the teeth are arranged tightly. The broad and
curved incisor row is moderately extended forward
(Figure 2). The simply built I1 is short mesio-dis-
tally and moderately developed bucco-lingually.
The apex of the crown is oriented mesio-buccally
and forms an asymmetric triangle. The mesial
edge is larger than the distal one. The mesial val-
ley between them is V-shaped, shallow, and both
edges are connected to each other. The I2 has a
massive and compact crown, the top of which is
directed distally and slightly buccally. The buccal
part of the crown is concave and separated from
the convex lingual side by a thin and V-shaped cin-
gulum, almost evenly developed mesially and dis-
tally. The large, canine-like I3 has a crown placed
at an angle of 40o to the root axis. The crown,
ovoid, or oval in cross-section, is also flattened on
both sides, especially on the lingual side. The top
of the crown is twisted disto-lingually. Two edges
extend from it, mesial and distal, which at the base
of the crown connect with the moderately devel-
oped lingual cingulum, forming a thin ridge around
the crown. The robust C1 are flattened laterally and
elongated mesio-distally. Weak mesial and distal
crests run from their apex to the base.

The oval-shaped P1 is a small, monocuspid,
single-rooted tooth. Buccal and lingual margins are
convex, and the lingual one is more strongly devel-
oped. The P2 is an elongated tooth, with a strong
distal cingulum (Figure 2). The buccal margin is
straight and the lingual margin is gently convex in
its middle part. The mesial and distal margins are
blunt. The protoconid is situated more mesially.
Two thin edges run from the protoconid apex, the

mesial one in mesio-lingual direction. The distal
edge ends exactly medially and is connected with
the distal cingulum. The P3 is elongated and robust
(Table 1). The crown bears an elongated distal cin-
gular projection. The small mesio-buccal promi-
nence of the cingulum forms a faint mesial crest to
the apex of the protoconid. This protoconid is
located medially and slightly mesially. Two edges
running from the protoconid apex are thick and
sharp. The distal one is not connected with the dis-
tal cingulum, and its end forms a small, swelling-
like bulge. The cingulum is weakly developed on
the lingual side. The mesial and distal margins are
blunt or rounded, while the buccal margin bears a
moderately developed, median concavity. At the
same level, but on the lingual margin, is located a
moderate convexity (Figure 2).

The long and robust P4 has straight buccal
and lingual margins of the talon (Figure 2). The
mesial and distal margins are blunt or rounded.
The moderately high paracone bears a thin crest
across the mesial border from the apex to the base
of the crown. It is separated from the moderately
long and low protocone, whose mesial margin is
aligned with that of the paracone. Its length is on
average smaller than the distal breadth of the
crown (Table 2). The metacone is separated from
the paracone by a deep valley. The cingulum is
more strongly developed on the lingual margin of
the metacone. The M1 is large; its breadth is
smaller than the P4 length (Table 3; Figure 2). The
trigon is moderately wide and short, with a moder-
ate and abrupt concavity of the buccal margin. The
paracone and the metacone are elongated and
well developed, where paracone is larger. They are
well separated by a deep, narrow, V-shaped valley.
Apexes of both main cusps are connected by a
thin, long crest. The talon is shorter than the trigon
and separated by a deep and broad depression
running through the middle part of the crown. The
protocone is low and long. It is divided by a shallow
and wide valley into two parts of similar length and
height. The reduced metaconule is not connected
with any other cusp or crest, and is a low, elon-
gated cuspid situated in the middle part of the
crown. A long and thin crest corresponding to the
buccal cingulum margin runs in parallel along the
whole talon length. The well-developed lingual cin-
gulum forms a thick crest (Figure 2).

The mandibular body is long and high, and its
height measured behind the m1 is larger than the
m1 length (Figure 3). The height of the mandibular
body gradually increases distally. Two rounded
mental foramens are moderately spaced and simi-
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lar in size. The mesial one is situated under the p2,
while the distal mental foramen is located under
the distal root of p3, slightly lower than the mesial
one (Figure 3). The masseteric fossa is moderately
deep and its rounded, mesial edge reaches the
m1/m2 boundary. The mesial part narrows dorso-
ventrally and its ventral margin only slightly
exceeds the midline of the mandibular body in

dorso-ventral direction. The lower mandibular body
margin forms a gently curved arch, uniformly
domed mesially and distally, with the strongest cur-
vature under m1. The symphysis part is massive
and elongated.

The series of cheek teeth is almost straight
and the premolars are located more buccally in
relation to the molars. The premolars are tightly

FIGURE 2. The upper dentition of Canis lupus spelaeus from Niedźwiedzia Cave. A, left C1 (JN.1.400). B, left C1
(JN.1.154). C, left C1 (JN.1.148). D, left C1 (JN.1.199). E, left C1 (JN.1.184). F, left C1 (JN.1.322). G, left c1
(JN.1.399). H, left c1 (JN.1.156). I, left c1 (JN.1.149). J, right c1 (JN.1.153). K, right maxilla (JN.1.129). L, left maxilla
(JN.1.130). M, right P4 (JN.1.452). N, left M1–M2 (JN.1.281). O, left M1 (JN.1.130). P, left M1 (JN.1.160). Q, left M1
(JN.1.159). R, left M1 (JN.1.158). S, right M1 (JN.1.297). T, right M1 (JN.1.424). U, right M1–M2 (JN.1.197). V, right
M1 (JN.1.13). All individuals showed in the same scale (10 mm), 1 – buccal view, 2 – lingual view, 3 – occlusal view
(G, H, and I mirrored).
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arranged and all teeth are situated at a similar
level. The triangular crown of the i3 is double
cusped, with the main protoconid occupying the
larger surface. It is slightly asymmetrical, being
more developed on the lingual side. Its vertical top
is massive and rather blunt. The c1 is long and
robust, with a proportionally elongated and hook-
shaped crown (Figure 3). Two longitudinal grooves
run on the buccal and lingual sides of the crown.

The relatively large p1 is an oval, small, and
one-rooted tooth. It is tightly squeezed between c1
and p2. The two-rooted p2 is low-crowned, with the
protoconid strongly displaced mesially. Its occlusal
outline is almost rectangular, with an elongated dis-
tal part. Two thin crests run in the mesial and distal
direction from the protoconid top. The distal cingu-
lum forms a thin ridge, collaring the smooth area in
the distal part. The mesial part of the crown bears
an elongated distal cingular projection (Figure 3).
The larger p3 has a similar outline in occlusal view,
with straight buccal and lingual margins. The
mesial and distal margins are blunt. The protoconid

is also displaced mesio-medially, but less so than
in p2. An elongated distal, cingular projection is ori-
ented slightly disto-buccally. Two thin edges run-
ning from the protoconid apex. On the distal edge,
a small tubercular convexity is present just behind
the top. The mesial and distal cingulum are rela-
tively strongly developed. The two-rooted p4 is rel-
atively high-crowned and has the protoconid
placed almost exactly centrally and pushed slightly
mesially. A relatively large hypoconid is present
after the protoconid. It is associated with the distal
crest, running distally from the protoconid apex.
The mesial ridge is thinner than the distal one. The
mesial and distal halves of the tooth are equal in
length. The mesial part is narrower than the distal
one. The crown is slightly broadened in the distal
direction. A gentle lingual convexity occurs in the
middle part of the crown. The lingual margin is
straight. The mesial margin is blunt, while the distal
one is rounded. The mesial and distal cingulum are
relatively strongly developed. The distal, cingular
projection is less elongated compared to the rest of

FIGURE 3. Mandibles of Canis lupus spelaeus from Niedźwiedzia Cave. A, JN1.389 (left). B, JN.1.134 (left). C,
JN.1.204 (right). D, JN.1.386 (left). E, JN.1.146 (left). F, JN.1.145 (right). G, JN.1.140 (right). H, JN.1.143 (right). I,
JN.1.138 (left). J, JN.1.135 (right). K, JN.1.144 (left). L, JN.1.141 (right). M, JN.1.387 (left). N, JN.1.306 (right). All indi-
viduals showed in the same scale (10 mm), 1 – buccal view, 2 – lingual view, 3 – occlusal view.
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FIGURE 4. The m1 of Canis lupus spelaeus from Niedźwiedzia Cave. A, JN.1.178 (right). B, JN.1.195 (left). C,
JN.1.174 (right). D, JN.1.428 (left). E, JN.1.181 (left). F, JN.1.193 (right). G, JN.1.433 (right). H, JN.1.1189 (left). All
individuals showed in the same scale (10 mm), 1 – buccal view, 2 – lingual view, 3 – occlusal view (A, C, and G mir-
rored).
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the crown. Collared by a thick cingulum, the inner
surface of this projection is crescent-shaped and
shallow (Figure 3).

The large m1 has a massive and high trigonid
(Figure 4). The short and low talonid is narrower
than the trigonid. The small metaconid is con-
nected with the protoconid. A thin, longitudinal
ridge, surrounding the talonid field, ending on the
metaconid base, runs from the elongated and low
hypoconid. The paraconid edge is weakly devel-
oped. The mesial margin is rounded, while the dis-
tal one is blunt. The buccal margin is almost
straight, with gentle concavity on the transition
between the trigonid and talonid. The lingual mar-
gin of the paraconid and half of the protoconid is
straight, while more distally a moderate convexity
is present. The cingulum is moderately developed.
The m2 is moderately reduced. The crown has a
slightly irregular, rounded occlusal outline. The
large and low paraconid and protoconid are
located on the trigonid. The larger paraconid is
located mesio-buccaly, while the smaller, but not
lower protoconid is situated medially and lingually.
The talonid is narrower, with a conical and low
hypoconid. The moderately developed cingulum is
stronger only on the distal margin (Figures 4–5).

The long and massive humeri have a flat and
robust head (Figure 6). The greater tubercle
extends distally along the side of the articulation
surface. The distally directed neck and the smaller
tubercle are well-developed. The lateral epicondy-
lar crest is very prominent towards the lateral epi-
condyle from the last distal fourth. The medial
epicondylar crest is prominent and has a narrow
supracondylar foramen. The prominent rugose
area occurs on the inner surface of the shaft for the
attachment of the inner humeral head of the triceps
muscle. The strong medial condyle is located
slightly back, while the lateral condyle is pushed
deeper in mesio-distal direction. A rounded and
deep coronoid fossa does not connect with the
wide and deep olecranon pit (Figure 6).

The radius is robust, flattened dorso-ventrally,
and has a slightly concave ventral surface (Figure
6). The large head has a shallow and rounded
articular surface. It is mesially collared by a promi-
nent coronoid process. The articulation surface for
the lesser sigmoid cavity is large. The distal end is
widened laterally, with a well-marked elliptical gle-
noid cavity, framed by a rough condyle on ventral
and medial sides. The facet for the ulna and the
styloid process are well developed. The grooves

FIGURE 5. Graph showing the relationship between the length (L m1) and the trigonid breadth (B tr m1) in Canis
lupus. For references see the Materials and Methods section.
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for extensor muscle tendons, extensors carpi radi-
alis longior and brevior muscles are broad and
deep. The scapholunar articulation area is rela-
tively short and broad (Figure 6).

The ulna is elongated and narrow, with a
strong but short proximal end (Figure 6). The sur-
face for attachment of the scapular head of the tri-
ceps muscle is broad and strongly rugose. The
olecranon has a quadrilateral shape with its apex
hollowed out in part of a small cavity bordered by
two fairly prominent tubercles. The shaft is curved
in the lateral and medial view and massive in its
longitudinal extent. The articulating surface for the
radius is large, while the articulating surface for the
pisiform is quite narrow. The distal end is charac-
terised by a significant protrusion of the ulnar sty-
loid process (Figure 6).

Long, cylindrical femora have a spherical
head with a prominent neck (Figure 6). The tro-
chanteric fossa is broad and deep. The lesser tro-

chanter is a slight conical prominence. The shaft is
slightly bowed in its longitudinal extent. The greater
trochanter rises distinctly above the head level and
is obliquely truncated on its lateral side. The sur-
face of the trochanter extends further down the
proximal extremity of the femur. The tibial articula-
tions are nearly equal in size. At the distal end, the
condyles are separated by a broad and deep
groove. The lateral condyle is slightly more devel-
oped as the medial one (Figure 6).

The body of long and massive tibiae are trian-
gular in its proximal third, slightly convex medially,
with a large tibial fossa from the lateral side (Figure
6). The distal surface below the head is narrow and
shallow. The tibial crest is well marked but rela-
tively short. At the distal end, the articular surface
consists of two separate grooves. The medial
throat is deeper than the lateral one. The grooves
for tendons of the flexor longus digitorum and tibia-
lis posticus muscles are well defined at the distal

FIGURE 6. Long bones of Canis lupus spelaeus from Niedźwiedzia Cave. A, right humerus (JN.1.8). B, left radius
(JN.1.19). C, right humerus (JN.1.11). D, right tibia (JN.1.12). E, right ulna (JN.1.16). F, right tibia (JN.1.13). All individ-
uals showed in the same scale (50 mm), 1 – anterior view, 2 – medial view, 3 – posterior view, 4 – lateral view.
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epiphysis. The notch incising the mesial border of
the distal surface is quite small (Figure 6).

The calcanei are long and robust, with
strongly developed tuber calcanei. The coracoid
process is prominent and distinct from the susten-
taculum tali. The medial part of the bone is flat and
wide. Its proximal articular surface is concave
whereas the distal articular surface is flat. The dis-
tal end of a tali has a well-marked neck and head.
The body is flattened in the dorsoplantar direction.
The trochlear margins are slightly asymmetrical.
The lateral lip is slightly more prominent but shorter
than the medial one.
Comparison. The comparison of various Euro-
pean populations, dated to the last 130 kya,
showed considerable size variation within this
period. Some significant differences were found in
tooth proportions regarding the proportions of the
length and width of the trigonid, but those from cold
periods have more massive m1 overall (Figures 1–
3). From the Eemian, the length of m1 rarely

exceeds 30 mm, and the specimens are character-
ised by moderate dimensions and stature. Since
these wolves are metrically and morphologically
indistinguishable from the Central European popu-
lations, they were classified as Canis lupus lupus.
A sharp increasing of the size is observed since
MIS 5d, with the first cold period. The period
between MIS 5d–5c is poorly represented in Cen-
tral European sites, but few specimens from dated
on MIS 5d layer 12 of Biśnik Cave showed pres-
ence of robust form. Interesting similarity was
found between British site Banwell Bone Cave and
layers 10–9 of Biśnik Cave, dated on MIS 5b–5a.
In this cold period, large wolves were found in both
localities. The largest specimens were docu-
mented from the MIS 3, which is the best repre-
sented by the whole analysed time period. Later in
the Holocene (MIS 1), a decrease in size is
observed, and wolves from that period are compa-
rable to that of MIS 5e (Figure 8). The numerous
French or Italian sites with abundant wolf material

FIGURE 7. Metapodials of Canis lupus spelaeus from Niedźwiedzia Cave. A, right metacarpal 3 (JN.1.78). B, patho-
logical left metacarpal 3 (JN.1.314). C, right metacarpal 5 (JN.1.100). D, left metatarsal 2 (JN.1.98). E, right metacar-
pal 4 (JN.1.85). F, left metatarsal 3 (JN.1.84). G, right metacarpal 2 (JN.1.356). H, left metatarsal 5 (JN.1.354). All
individuals showed in the same scale (50 mm), 1 – anterior view, 2 – medial view, 3 – posterior view, 4 – lateral view.
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were not used for comparison, because wolves
from contemporary Central European localities are
significantly larger than those from the southern or
western part of the continent.

Genus VULPES Garsault, 1764
Vulpes vulpes (Linnaeus, 1758)

(Figures 9–10; Table 4; Appendix 1)
Referred material. The material (NISP 35, MNI 5;
left/right bones are given in brackets) includes one
C1 (0/1), one P4 (1/0), two M1 (1/1), one M2 (0/1),
eight mandibles (5/3), three c1 (3/0), three m1 (2/
1), one scapula (1/0), one atlas, two humeri (1/1),
one radius (0/1), two ulnae (1/1), two femora (2/0),
one tibia (0/1), three calcanei (2/1), one mt 4 (0/1),
and one phalanx 2.
Description. The elongated and robust P4 has a
high and prominent paracone and a mesio-distally
elongated metastyle. The moderately developed
protocone is pushed more mesially than the mesial
crown margin. The mesio-buccal cingulum is

absent, and a small but sharply pointed parastyle is
present. The disto-lingual cingulum is strongly
developed. The M1 trigon is broadly expanded
mesio-distally. The trigon basin is round and wide,
and as deep as the talon basin, which is weakly
compressed and semi-circular. There is a promi-
nent shelf-like buccal cingulum that extends from
the mesial wall of the paracone to the distal wall of
the metacone. The paracone and metacone are
similar in size, but the paracone is slightly higher.
On the mesio-buccal side, there is a prominent
parastyle. The well-developed and high protocone
and the hypocone are separated from the lingual
cingulum by a marked furrow. The metaconule is
moderately high and prominent, the protoconule is
low and small. The M2 trigon is mesio-distally less
expanded than that in M1. The paracone is higher
and larger than the metacone. The protocone is
well developed and a small but well recognised
metaconule is situated distally (Figure 9).

FIGURE 8. Graph showing the size dynamic of Canis lupus from Europe during the last 130 kya. For references see
the Materials and Methods section.
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TABLE 1. The canines and premolars size comparison of European Canis lupus from MIS 6–1. Abbreviations: M,
mean; Min–Max, minimal and maximal values; N, number of specimens; R, recent. For sources see Material and Meth-
ods.

Tooth Locality Age
Length, L Breadth, B B/L ratio

NM Min–Max M Min–Max M Min–Max

C1 Silesia R 13.94 12.37-15.89 7.91 7.56-9.59 63.3 58.8-69.1 40

Pavlov, Předmostí 3–2 15.66 13.89-17.23 9.48 8.14-12.04 67.1 60.9-72.1 22

Niedźwiedzia Cave 3 16.43 14.91-17.43 9.97 8.29-12.21 59.8 52.8-68.8 17

Zoolithenhöhle 3 15.86 13.45-16.94 9.52 7.97-11.94 66.9 56.7-71.8 18

Jaurens Cave 3 13.95 11.60-15.40 8.96 7.70-9.90 66.3 59.2-79.2 8

Biśnik Cave, l. 7-5 3 16.24 14.86-117.18 9.57 8.59-11.97 63.4 56.7-68.8 8

Biśnik Cave, l. 10-9 5a 15.88 13.25-17.16 9.22 8.22-11.84 66.1 62.2-72.4 12

Biśnik Cave, l. 13 5e 14.28 11.39-17.14 8.79 6.96-10.66 61.8 58.3-66.9 9

Romain-la-Roche 6 12.44 10.30-13.80 7.72 6.40-8.90 62.1 59.7-64.5 43

c1 Silesia R 16.38 13.55-19.44 10.44 8.56-11.89 65.6 57.7-76.9 38

Niedźwiedzia Cave 3 18.68 16.22-20.78 11.27 9.09-13.45 60.2 53.1-67.9 16

Zoolithenhöhle 3 17.46 15.56-20.15 10.97 8.89-13.16 66.9 57.9-72.6 10

Jaurens Cave 3 14.22 12.00-16.10 9.17 8.40-9.90 64.6 55.5-71.7 12

Biśnik Cave, l. 7-5 3 17.79 14.45-20.23 11.14 8.97-13.26 66.4 58.7-69.7 7

Biśnik Cave, l. 10-9 5a 16.14 13.88–18.57 10.21 8.73–11.74 63.2 59.6–66.8 7

Dziadowa Skała, l. 3-4 5e 13.74 12.96–14.78 9.38 8.84–10.15 61.9 63.6–68.7 5

Biśnik Cave, l. 13 5e 13.45 12.49–14.23 8.51 7.86–9.14 63.2 58.2–68.6 8

P2 Silesia R 15.38 13.69–17.14 6.41 5.37–7.39 41.7 36.4–47.4 40

Pavlov, Předmostí 3–2 16.14 14.31–17.79 6.69 5.64–8.44 42.2 37.7–48.6 23

Niedźwiedzia Cave 3 16.63 14.69–18.64 7.31 5.75–8.72 43.8 38.4–49.4 11

Zoolithenhöhle 3 16.27 14.45–18.04 7.04 5.48–8.29 43.1 36.6–48.7 19

Jaurens Cave 3 15.75 15.00–16.20 6.88 6.60–7.30 43.3 41.0–45.6 4

Biśnik Cave, l. 7-5 3 16.59 14.78–18.84 6.97 5.69–8.66 42.7 38.4–46.9 9

Biśnik Cave, l. 10-9 5a 15.43 13.82–17.98 7.15 6.17–8.71 46.5 41.4–56.7 13

Biśnik Cave, l. 13 5e 15.04 13.38–16.18 6.34 5.62–6.94 42.1 38.7–49.5 8

Romain-la-Roche 6 14.01 11.8–16.50 6.17 5.40–7.00 44.1 42.4–45.8 31

p2 Silesia R 13.41 11.55–16.21 6.45 5.48–7.78 48.2 41.9–53.1 40

Niedźwiedzia Cave 3 14.92 13.78–15.88 7.39 6.55–7.97 49.6 47.3–51.9 11

Pavlov, Předmostí 3–2 14.66 12.16–15.65 7.43 6.63–8.04 52.9 44.8–56.8 34

Zoolithenhöhle 3 14.42 12.56–15.84 7.19 6.38–7.96 49.8 45.7–54.3 18

Jaurens Cave 3 12.66 10.80–14.00 6.23 5.60–6.90 49.7 44.4–59.3 10

Biśnik Cave, l. 7-5 3 14.88 13.65–16.04 7.44 6.42–8.06 52.4 47.9–56.2 11

Biśnik Cave, l. 10-9 5a 13.97 12.72–15.14 7.15 6.62–7.67 51.6 49.7–55.6 13

Banwell Bone Cave 5a 13.02 11.22–14.00 6.75 5.93–8.00 51.4 44.3–59.3 7

Biśnik Cave, l. 13 5e 13.34 11.47–15.66 6.89 5.78–7.91 50.9 45.6–55.2 8

P3 Silesia R 16.99 15.74–19.29 7.09 6.16–8.17 41.8 37.1–47.3 40

Pavlov, Předmostí 3–2 17.54 15.82–19.97 8.03 7.36–8.78 46.2 40.8–51.6 14

Niedźwiedzia Cave 3 18.76 17.37–20.27 8.79 7.75–9.66 46.8 43.2–48.8 12

Zoolithenhöhle 3 18.04 14.97–20.09 8.31 6.54–9.43 42.9 37.1–52.1 23

Jaurens Cave 3 17.03 16.30–17.50 7.49 6.80–8.00 43.9 41.7–45.7 6

Biśnik Cave, l. 7-5 3 17.98 15.66–19.41 8.64 7.44–9.21 46.4 43.5–50.5 11

Biśnik Cave, l. 10-9 5a 17.84 15.97–18.93 8.56 7.53–9.76 47.6 43.5–51.9 13
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The mandibular corpus is deep and stout,
becoming medio-laterally thicker ventrally. Its
height gradually increases distally. Two mental
foramina are located below the p1 (mesial, larger)
and below the mesial root of the p3 (smaller, distal)
that emerges more dorsally than the former (Figure
9). The rounded mesial edge of the deep masse-
teric fossa reaches the m3. The mesial part nar-
rows dorso-ventrally and its ventral margin only
slightly exceeds the midline of the mandibular body
in dorso-ventral direction. The lower mandibular
body margin forms a gently curved arch, with the
strongest curvature under m1. The symphysis part
is elongated and moderately robust. The cheek
teeth row is almost straight, and the premolars are
located more buccally in relation to the molars. The
premolars are loosely arranged and separated by
small diastemas.

The c1 is long and robust, with a proportion-
ally elongated and hook-shaped crown (Figure 9).
Two longitudinal grooves run on the buccal and lin-
gual sides of the crown. The relatively large p1 is
an elongated, oval, small, and one-rooted tooth.

The two-rooted p2 is high-crowned, with the proto-
conid strongly displaced mesially. The crown is
elongated and narrow, gently convex buccally and
with weak median convexity. It has an elongated
distal cingular projection. After the protoconid is
located slightly disto-buccally a minute cuspid,
which in some specimens is weakly marked only
as a ridge. The elongated and narrow p3 gently
widens distally. It has straight buccal and lingual
margins, while the mesial and distal margins are
blunt. The protoconid is also displaced mesio-
medially, however less than in p2. An elongated
distal cingular projection is oriented more disto-
buccally. On the distal edge, a small tubercular
convexity is present just behind the top. The mesial
and distal cingulum is weakly developed. The high-
crowned p4 has the protoconid strongly displaced
mesio-medially. A prominent cuspid is present after
the protoconid. It is associated with the distal crest,
running distally from the protoconid apex. The
crown is slightly broadened in the distal direction,
with straight buccal and lingual margins. The
mesial and distal margins are blunt. The distal cin-

Biśnik Cave, l. 13 5e 16.53 14.48–18.34 7.37 6.52–9.14 44.7 38.1–53.2 8

Romain-la-Roche 6 15.89 14.00–17.50 7.32 6.10–8.80 46.1 43.6–50.3 30

p3 Silesia R 14.92 13.54–16.56 7.02 5.97–7.69 47.3 43.3–53.4 40

Niedźwiedzia Cave 3 15.94 14.46–17.14 8.15 7.29–9.14 51.9 45.9–53.8 25

Pavlov, Předmostí 3–2 15.59 13.97–16.47 7.86 7.19–8.29 50.3 44.9–53.8 31

Zoolithenhöhle 3 15.66 13.27–16.94 8.13 5.91–8.65 51.9 45.1–55.4 20

Jaurens Cave 3 14.45 13.00–15.30 7.18 6.30–8.00 49.6 46.3–54.1 13

Biśnik Cave, l. 7-5 3 15.83 13.86–16.96 8.04 6.97–8.89 52.4 44.8–54.6 14

Biśnik Cave, l. 10-9 5a 15.46 13.94–16.76 8.09 7.64–9.06 51.8 48.6–54.7 11

Banwell Bone Cave 5a 14.79 13.90–16.00 7.48 6.90–8.00 51.3 47.9–57.2 6

Dziadowa Skała, l. 3-4 5e 14.92 12.44–16.97 7.62 6.23–8.79 51.1 48.6–54.4 5

Biśnik Cave, l. 13 5e 15.07 12.84–16.92 7.31 6.19–8.51 48.1 43.3–51.9 14

p4 Silesia R 16.77 15.28–18.97 8.36 7.29–9.78 49.9 43.9–57.8 40

Niedźwiedzia Cave 3 18.32 16.27–20.54 9.19 8.15–10.13 50.2 44.6–53.8 23

Pavlov, Předmostí 3–2 18.19 16.35–20.39 9.14 8.06–10.21 50.7 47.1–53.8 37

Zoolithenhöhle 3 18.36 16.39–20.23 9.63 8.56–10.78 52.3 49.4–54.7 24

Jaurens Cave 3 16.48 14.80–17.60 8.47 7.40–9.60 51.3 45.5–57.4 15

Biśnik Cave, l. 7-5 3 19.21 18.83–20.21 9.49 8.86–10.43 49.4 47.1–51.8 14

Biśnik Cave, l. 10-9 5a 17.68 14.25–20.86 8.86 6.91–10.39 52.4 47.6–57.6 22

Banwell Bone Cave 5a 17.83 14.50–19.97 8.82 7.80–9.56 51.7 49.4–54.3 10

Dziadowa Skała, l. 3-4 5e 16.33 14.67–17.84 8.74 8.23–9.21 53.0 49.9–56.1 5

Biśnik Cave, l. 13 5e 16.97 16.08–18.54 8.58 7.76–9.96 50.3 47.1–56.2 20

Tooth Locality Age
Length, L Breadth, B B/L ratio

NM Min–Max M Min–Max M Min–Max

TABLE 1 (continued).
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gular projection is less elongated in comparison to
the p2–p3 and collared by a thick cingulum. The
inner surface of this projection is crescent-shaped
and shallow.

The elongated and robust m1 has a massive
and high trigonid and proportionally long and low
talonid, slightly narrower than the trigonid. The
paraconid is low and short. The large and trapezoi-
dal metaconid is moderately distinct from the high
and prominent protoconid. The mesial margin is
rounded to triangular, and the distal one is blunt.
The lingual margin is straight, while the buccal one
holds a strong concavity on the transition between
the trigonid and talonid. The cingulum is moder-
ately developed. The hypoconid is large and high,
while the entoconid is lower and smaller. The m1 is
bucco-lingually stout and high, especially at the
level of the trigonid, whereas the protoconid is

stout and large. The talonid basin is round, smooth,
and wide, partially enclosed lingually by the ento-
conulid. Distally, there is a prominent cingulid (Fig-
ure 9).

The broad and large m2 has a slightly irregu-
lar, rounded occlusal outline. On the trigonid are
located mesio-buccaly a larger and higher protoco-
nid and medio-lingually a lower and smaller
metaconid. The talonid is narrower, with a conical
and low hypoconid and a distinctly lower and
smaller entoconid. A small but well-recognised
mesoconid is also present. Before the entoconid,
which developed an inner edge, is also present a
small proentoconid. The moderately developed
cingulum is stronger only on the distal margin. The
relatively weakly reduced m3 has oval or rounded
outline and bears two equally sized cusps, the pro-

TABLE 2. The P4 size comparison of European Canis lupus from MIS 6–1. Abbreviations: M, mean; Min–Max, minimal
and maximal values; N, number of specimens; R, recent. For sources see Material and Methods.

TABLE 3. The M1 size comparison of European Canis lupus from MIS 6–1. Abbreviations: M, mean; Min–Max, minimal
and maximal values; N, number of specimens; R, recent. For sources see Material and Methods.

Tooth Locality Age
Length, L B ta/L ratio

NM Min–Max M Min–Max

P4 Silesia R 26.67 23.97–30.29 39.7 35.6–44.1 40

Pavlov, Předmostí 3–2 29.06 27.46–30.84 41.4 39.7–43.5 24

Niedźwiedzia Cave 3 30.17 26.81–33.14 39.2 36.5–43.6 15

Zoolithenhöhle 3 29.57 26.56–32.84 40.7 37.8–44.5 13

Jaurens Cave 3 26.40 23.40–27.90 40.3 38.5–43.1 8

Biśnik Cave, l. 7-5 3 29.97 25.27–32.34 41.9 36.4–45.8 7

Biśnik Cave, l. 10-9 5a 29.78 27.12–32.02 42.6 37.4–46.5 8

Banwell Bone Cave 5a 27.54 24.29–29.68 41.4 38.1–43.9 7

Biśnik Cave, l. 13 5e 27.56 26.54–28.84 40.7 38.4–41.5 7

Dziadowa Skała, l. 3-4 5e 25.48 23.14–26.89 41.4 38.2–43.9 4

Romain-la-Roche 6 24.23 21.70–27.30 39.1 38.7–40.7 36

Tooth Locality Age
Breadth, B L tr/B ratio L ta/L tr ratio

NM Min–Max M Min–Max M Min–Max

M1 Silesia R 21.49 18.59–24.69 80.9 74.9–85.7 76.9 69.4–83.9 40

Pavlov, Předmostí 3-2 23.45 20.45–25.56 80.8 72.9–85.6 74.4 69.2–83.9 21

Niedźwiedzia Cave 3 24.73 22.78–26.79 74.9 68.3–84.1 76.5 68.9–84.8 18

Zoolithenhöhle 3 23.79 21.76–25.54 81.9 74.3–78.6 77.3 71.9–82.8 19

Jaurens Cave 3 21.24 19.00–22.60 78.6 72.1–86.9 10

Biśnik Cave, l. 7-5 3 25.76 23.43–28.63 84.6 64.7–88.2 73.8 70.3–76.9 14

Biśnik Cave, l. 10-9 5a 24.88 22.17–27.74 82.9 79.4–86.9 71.7 63.8–76.9 11

Banwell Bone Cave 5a 22.81 18.84–24.69 83.5 81.6–86.2 6

Biśnik Cave, l. 13 5e 21.34 19.66–23.47 80.5 76.2–86.1 72.6 69.8–75.1 9

Romain-la-Roche 6 18.98 16.60–21.00 84.4 82.4–86.2 45
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toconid and the metaconid. The talonid is pre-
served as a semi-circular ridge (Figure 9).
Comparison. The analysed material of Vulpes vul-
pes from Niedźwiedzia Cave is a good example of
great metrical and morphological variability of this
species (Lucenti and Madurell-Malapeira, 2020).
The single P4 (JN.2.5) has a narrow mesial margin
of the paracone, typical for the species. However,
the morphology of this structure is highly variable,
and this part can be reduced or, on the contrary,
expanded. The enlarged and separated protocone
dominated in V. vulpes. Nevertheless, in some P4,
it is reduced or fairly prominent and partially asso-
ciated to the paracone, like in JN.2.5. The mesial
embayment of P4 (JN.2.5) is moderately devel-
oped, and strongly vary in V. vulpes, where it can
be narrow, wide, or even absent. Vulpes vulpes
generally does not possess cingulum on the
mesio-buccal side of the P4, but specimens with
fairly to well-developed cingula are not uncommon,
like that in JN.2.5. The occurrence of a distinct
parastyle is rare in V. vulpes and V. corsac and
more common in V. lagopus (Gimranov, 2017;
Lucenti and Madurell-Malapeira, 2020). It is also
absent in P4 from Niedźwiedzia Cave. Some P4 of

V. vulpes possesses an accessory cuspule on the
preparacrista, located just above the mesial
embayment. Such structure is also present in
JN.2.5 in a form of minute, but well-recognised
ridge.

Characteristic for Vulpes vulpes is that the
medial protocone crest is fused to the preparac-
rista, but in some specimens it is incomplete or
curved distally not reaching it. Generally, the mor-
phology of the medial protocone crest and its rela-
tion to the preparacrista is highly variable in this
canid (Lucenti and Madurell-Malapeira, 2020). In
JN.2.5, this structure is straight, projecting medially
toward the lower third of the preparacrista, and this
type of morphology dominated in V. vulpes. Much
less commonly occurs an arched medial protocone
crest, with parabola-like shape, which extends lin-
guo-medially and then ventrally toward the apex of
the crown. Typical for V. vulpes, which is also
observed in JN.2.5 tooth, is the protocone collared
by a prominent cingulum, which is sometimes
incomplete and rarely absent. The P4 paracone is
longer than the metastyle, like in JN.2.5, although
in some specimens they are comparable in length.
The disto-lingual cingulum in JN.2.5 is moderately

FIGURE 9. Cranial material of foxes from Niedźwiedzia Cave. Vulpes vulpes: A, right mandible (JN.2.34). B, left man-
dible (JN.2.31). C, right maxilla (JN.2.15). D, right mandible (JN.2.33). Vulpes lagopus: E, left mandible (JN.3.8). F,
right mandible (JN.3.2). G, right mandible (JN.3.3). H, left mandible (JN.3.8). I, left mandible (JN.3.10). All individuals
showed in the same scale (15 mm), 1 – buccal view, 2 – lingual view, 3 – occlusal view.
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marked. The stage of development of this feature
is highly variable, from nearly absent to particularly
strong.

The occlusal outline of the M1 is highly vari-
able, especially the proportion and stage of devel-
opment between the trigon and talon. In JN.2.5, the
M1 has a particularly broad and expanded trigon,
T-shaped in the occlusal view, with proportionally
narrow and short talon. The M1 embayment on the
buccal cingulum is strongly marked, while in Vul-
pes vulpes varies from reduced to strongly devel-
oped. The JN.2.5 has an expanded buccal
cingulum on the metacone, where the hypocone
lobe connects mesially to the mesial cingulum. The
bean-shaped M2 has a moderately expanded tri-
gon and possesses a distinctly marked notch, situ-
ated lingually to the metacone. A strong median
notch is also located in the buccal margin.

All p4 from Niedźwiedzia Cave have the distal
portion slightly elongated and enlarged distally,
with a rounded outline, typical for the species. Of
the 10 m1 from Niedźwiedzia Cave, eight are stout
and enlarged in bucco-lingual direction. Two other
teeth are bucco-lingually compressed, narrow, and
smaller. The morphology of the m1 from Nied-
źwiedzia Cave is highly variable, similar to that of
the extant Vulpes vulpes. Of the 10 m1 from Nied-
źwiedzia Cave, seven have reduced or weakly
developed inflexion on its lingual side of the proto-
conid and the area is nearly convex. In another
three teeth, this structure is stronger developed.
The metaconid is well developed, prominent, and

well separated from the protoconid in nine m1 from
Niedźwiedzia Cave, while only a single specimen
possesses a more reduced and less separated
metaconid. The presence of a transverse cristid is
common for the extant V. vulpes, as in the material
from Niedźwiedzia Cave, where this structure is
present in all 10 teeth analysed. In six m1, this fea-
ture is strongly marked, while in four others is
weakly to moderately developed. Very variable is
also a constellation of accessory lingual cuspulids,
located mesially to the m1 entoconid on the m1 tal-
onid. In eight teeth, the presence of a reduced (n =
5) or an enlarged (n = 3) entoconulid was found,
while in two others the entoconulid was present
with the addition of a mesial accessory cuspulid.
No m1 from Niedźwiedzia Cave with the absence
of cuspulids mesial to the entoconid have been
found. Another highly variable feature is the mor-
phology of the distal margin of the m1. In three
specimens, the margin is a simple cristid bounding
the distal margin, while in three others distal acces-
sory cuspulids are located in place of a cingulid. In
single specimens this structure is developed into a
form of a distal cristid arising from an evident hypo-
conulid, as an enlarged hypoconulid with no distal
cristid, a strongly reduced one, or a reduced distal
cristid or no cristid.

In three m1 from Niedźwiedzia Cave, the m2
has a more ovoid shape, with moderately to
strongly marked hypoflexid and buccal median
concavity. This structure is not present in the other
two teeth, and their occlusal outline is more bean-

FIGURE 10. Comparison of the length (in mm) of long bones in extant Vulpes vulpes and Vulpes lagopus with the fos-
sil specimens of these species from Niedźwiedzia Cave. Extant Vulpes vulpes: black values (♂♂) and red values
(♀♀); extant Vulpes lagopus: brown values (♂♂) and blue values (♀♀). Numbers indicate the specimens from Nied-
źwiedzia Cave.
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like. Similarly variable is the morphology of a buc-
cal cingulid situated on the mesio-buccal side of
the protoconid. In four m2 from Niedźwiedzia
Cave, it is reduced to moderately developed, lim-
ited to the mesial part of the protoconid. Only a
sole specimen possesses an enlarged buccal cin-
gulid that prominently extends distally on the buc-
cal side of the hypoconid. In single specimens, the

m2 possess the entoconid as a single cuspid or a
very reduced one, while the rest of the specimens
show a large entoconid and a mesial accessory
cuspulid (Figure 9). All three m3 from Niedźwiedzia
Cave are small and rounded in occlusal view, while
in the extant V. vulpes this tooth is often large and
rounded or large and oval (Lucenti and Madurell-
Malapeira, 2020). The buccal protoconid and the

TABLE 4. The comparison of some postcranial bones size of the extant Vulpes vulpes and Vulpes lagopus. Abbrevia-
tions: dB, breadth of the distal epiphysis; GL, greatest length; M, mean; Min–Max, minimal and maximal values; N,
number of specimens; pL, length of the proximal epiphysis; R, recent. For sources see Material and methods. 

Parameter Sex
Vulpes vulpes Vulpes lagopus

M Min–Max N M Min–Max N

humerus

GL ♂♂ 154.6 124.8–164.6 37 114.4 103.6–124.7 34

♀♀ 126.7 115.6–134.8 31 101.6 90.4–111.8 28

pL ♂♂ 27.4 22.8–32.7 37 20.4 16.7–24.1 34

♀♀ 23.3 16.9–26.2 31 17.4 14.9–19.4 28

dB ♂♂ 24.6 18.9–29.7 37 18.4 16.6–20.6 34

♀♀ 20.4 19.6–21.1 31 17.1 14.8–18.8 28

radius

GL ♂♂ 144.6 119.7–163.9 37 104.9 97.8–116.6 34

♀♀ 116.9 108.1–143.7 31 93.2 85.6–104.2 28

pL ♂♂ 13.4 10.7–14.5 37 10.9 7.4–12.2 34

♀♀ 11.2 8.7–12.9 31 9.9 6.6–10.9 28

dB ♂♂ 17.4 14.6–19.1 37 14.2 13.4–16.8 34

♀♀ 14.4 13.7–16.6 31 12.9 11.66–14.78 28

femur

GL ♂♂ 148.88 124.84–166.97 37 111.9 102.6–122.4 34

♀♀ 126.66 117.84–134.67 31 100.2 93.7–108.7 28

pL ♂♂ 28.97 26.56–34.38 37 23.41 21.56–24.48 34

♀♀ 24.66 23.19–26.64 31 20.44 18.89–21.79 28

dB ♂♂ 23.79 21.45–25.56 37 19.77 17.24–20.44 34

♀♀ 20.32 19.34–21.87 31 17.66 15.52–18.89 28

tibia

GL ♂♂ 167.97 146.79–175.74 37 129.76 115.64–145.81 34

♀♀ 141.45 126.78–156.56 31 116.78 104.69–126.45 28

pL ♂♂ 25.67 22.78–32.34 37 20.88 17.87–24.45 34

♀♀ 21.84 19.97–25.39 31 19.64 15.86–21.44 28

dB ♂♂ 18.74 16.45–25.27 37 14.97 13.11–21.22 34

♀♀ 14.88 12.59–20.37 31 13.92 12.68–18.64 28

calcaneus

GL ♂♂ 35.54 30.29–40.44 37 28.97 26.32–32.34 34

♀♀ 31.53 27.54–35.56 31 26.91 25.54–29.56 28

talus

GL ♂♂ 21.94 18.73–24.45 37 17.97 15.93–19.97 34

♀♀ 19.56 17.24–21.56 31 16.04 15.06–17.56 28
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lingual metaconid are generally subequal in size,
while the protoconid can be larger than the
metaconid. In some specimens of the extant V. vul-
pes the metaconid is absent. Instead, those teeth
have a single buccal cuspid and a lingual cristid or
a single central cuspid (Lucenti and Madurell-Mala-
peira, 2020).

Despite the great variability of Vulpes vulpes
from Niedźwiedzia Cave, we did not find any differ-
ences between the fossil material from Niedźwied-
zia Cave and extant Polish populations. While no
particular morphological features distinguishing the
Niedźwiedzia Cave material and the extant V. vul-
pes have been found, there are some interesting
metric patterns. Firstly, the red fox from this locality
is characterised by considerable size, exceeding
the average size of the extant Silesian population,
even if their ranges of variation overlap. It is well
documented, when compared the L m1 of the
material from Niedźwiedzia Cave (17.19 mm,
16.31–17.88 mm, n = 6 in males and 14.75 mm,
14.22–15.22 mm, n = 4 in females) with the extant
Silesian V. vulpes (16.32 mm, 14.78–18.16 mm, n
= 114 in males and 14.48 mm, 12.66–15.56 mm, n
= 108 in females). Documented sexual dimorphism
is the second factor, typical for the carnivores
(Dayan et al., 1989). The result of this pattern is a
separation of food niches of particular species and
a consistent trend for females to consume smaller
preys than males (Pimm and Gittleman, 1990).
Across carnivores there is a general tendency for
carnassials to be less dimorphic than canines.
Canids display less specialised killing behaviour
than, for example, mustelids, the canines are 8–
10% larger in males, while the m1 is larger by 5–
6% (Gittleman and Van Valkenburgh, 1997;
Szuma, 2000, 2004).

Such great metric and morphological variabil-
ity is characteristic for Vulpes vulpes (Szuma,
2000, 2003, 2004, 2007, 2008a, 2008b), while is
less pronounced in other foxes (Szuma, 2008c,
2011; Gimranov et al., 2015; Gimranov, 2017;
Lucenti and Madurell-Malapeira, 2020). This vari-
ability results from the combination of biological,
climatic, and geographic factors. Among them lati-
tude, habitat productivity, differential food availabil-
ity, intraguild, intrafamily or intraspecific
competition, character displacement, genetic diver-
sity, and population density are the most important
(Szuma, 2008b; Szuma and Germonpré, 2020).
Different Vulpes species are susceptible to differ-
ent combinations of these proxies, with resulting
different variability and features (Szuma, 2011).
For V. vulpes, latitude, mean annual temperature,

and longitude significantly affect the distribution of
morphotypes (Szuma, 2007). Instead, geographic
and climatic factors are less important for V. lago-
pus, which is more influenced by its interspecific
competition with V. vulpes and food source vari-
ability and accessibility (Szuma, 2011; Szuma and
Germonpré, 2020). Additionally, the geographic
range of the extant V. vulpes is enormously larger
and more diverse in terms of habitat conditions and
types, compared to that of V. lagopus, which
affects the importance of the above-mentioned fac-
tors (Szuma 2007, 2008b, 2011; Lucenti and Mad-
urell-Malapeira, 2020).

Vulpes lagopus (Linnaeus, 1758)
(Figures 9–10; Table 4; Appendix 1)

Material. The material (NISP 22, MNI 4; left/right
bones are given in brackets) includes three maxil-
lae fr. (2/1), one M1 (0/1), one M2 (0/1), seven
mandibles (4/3), three humeri (1/2), two ulnae (1/
1), two femora (2/0), and three tibiae (2/1).
Description. The premolar teeth row is straight,
and the teeth are set loosely. The elongated and
narrow P2 and P3 bear an elongated distal cingular
projection. The prominent protocone is situated
almost exactly in the middle axis of the crown and
is pushed more mesially. The small mesio-lingual
prominence of the cingulum forms a faint mesial
crest to the apex of the protocone of the P3. The
cingulum is weakly developed on the lingual side.
The relatively long and narrow P4 has almost
straight buccal and lingual margins. The paracone
is high and well separated from the proportionally
short and low protocone. Its length is smaller than
the distal breadth of the crown. The cingulum is
strongly developed on the lingual margin of the
metacone. The triangular M1 has a broad, moder-
ately expanded trigon and a long and wide talon.
The paracone is large and high, exceeding the
metacone slightly in size and height. The small and
low protocone is connected by a thin and sharp
crest with the small entocone. A small protoconule
is situated on the mesio-lingual part of the talon.
The low and elongated hypocone is a strong crest-
like structure. The main basin between the trigon
and the talon and between the protocone and
hypocone are deep. There is a well-developed
mesio-buccal cingulum. The M2 is more strongly
reduced compared to the size of M1, with a wide
talon oriented strongly disto-lingually. All main
cusps are low with the paracone being larger and
higher than the metacone. There is no connection
between the protocone and the metacone. The tri-
gon fossa communicates with the talon fossa by a
narrow, V-shaped valley (Figure 9).



PALAEO-ELECTRONICA.ORG

19

The mandibular corpus is deep and stout,
becoming medio-laterally thicker ventrally and its
height gradually increases distally. Two mental
foramina are located below the mesial roots of p2
and p3 (Figure 9). The rounded mesial edge of the
deep masseteric fossa reaches the m3. The lower
mandibular body margin is straight, only in one
specimen forms a gently curved arch, with the
maximum under the m1. The symphysis part is
elongated and narrow. The cheek teeth row is
straight, and the premolars are located more buc-
cally in relation to the molars and are tightly
arranged.

The c1 is long and robust, with an elongated
and hook-shaped crown (Figure 9). The p1 is an
elongated, oval, small, and one-rooted tooth. The
p2 is high-crowned, with the protoconid strongly
displaced mesially. The crown is elongated and
narrow, gently convex buccally and with a weak
median convexity. It has an elongated distal cingu-
lar projection. The elongated and narrow p3 gently
widens distally. The protoconid is also displaced
mesio-medially, but less so than in p2. The high-
crowned p4 has a protoconid strongly displaced
mesio-medially. A prominent cuspid is present after
the protoconid. The crown is slightly broadened in
the distal direction, with straight buccal and lingual
margins. The elongated and narrow m1 has a mas-
sive and high trigonid and a proportionally long and
low talonid, slightly narrower than the trigonid. The
large and trapezoidal metaconid is moderately dis-
tinct from the protoconid. The cingulum is moder-
ately developed. The hypoconid is large and high,
while the entoconid is lower and smaller. The tal-
onid basin is round, smooth, and wide, partially
enclosed lingually by the entoconulid (Figure 9).
The elongated and narrow m2 has a slightly irregu-
lar, rounded occlusal outline. On the trigonid are
located a larger and higher protoconid mesio-buc-
cally and a lower and smaller metaconid medio-lin-
gually. The talonid is narrower, with a conical and
low hypoconid and a rudimentary entoconid. The
moderately developed cingulum is stronger only on
the distal margin. The m3 has an oval outline and
bears two equally sized cusps, the protoconid, and
the metaconid.
Comparison. The dentognathic material from
Niedźwiedzia Cave metrically and, above all, mor-
phologically corresponds to Vulpes lagopus.
Numerous features that distinguish the dental
material of both foxes from Niedźwiedzia Cave
have been found.

Compared to Vulpes vulpes, V. lagopus pos-
sesses:

(1) more tightly set teeth;
(2) less elongated and expanded crowns of I1–I3

with weak lingual cingulum;
(3) shorter and less curved C1 with weak lingual

cingulum;
(4) narrower and more reduced P1;
(5) P2 relatively short and low, not widened dis-

tally;
(6) broader and more compact P4, with short pro-

tocone that does not protrude far mesio-lin-
gually, less projected metastyle, and without
lingual cingulum;

(7) M1 with distinctly less expanded trigon, more
reduced metacone and protocone, and a
mesial cingulum that is not connected to the
hypocone forearm;

(8) M2 with distinctly narrower trigon, a com-
pletely interrupted protocone–metacone con-
nection, and a trigon fossa that is connected
to the talon fossa;

(9) mandible with straight lower margin and lower
and narrower mandibular body in its mesial
part;

(10) narrower and less curved c1;
(11) more compact and broader p2–p4, with less-

developed distal accessory cuspulids;
(12) narrower m1 with less positioned metaconid

and no connection between the entoconid and
hypoconid; and

(13) narrower m2.
Postcranial material. In addition to the described
dentognathic remains, the postcranial material of
foxes from Niedźwiedzia Cave is also abundant. It
is represented by long bones and calcanei, mainly
well preserved and often complete. However, most
authors concluded that there are no substantial dif-
ferences between Vulpes vulpes and V. lagopus in
the morphology of the postcranial bones (Mos-
tecký, 1969; Beneš, 1975). The variability of partic-
ular features is so high that it is impossible to
establish any characteristics for the particular spe-
cies. In this context, the only reliable criteria for dis-
tinguishing the postcranial elements of Vulpes
species are dimensions. A diagnosis of the post-
cranial skeleton usually has not been given. Gro-
mova (1950) pointed out that a “distinction is
possible on the basis of measurement only, the
possibility of confusion of extreme values being
considerable.” Additionally, Beneš (1975) sum-
marised this pattern as follows: “The great unifor-
mity of canids leads either to underestimation or
overestimation of morphological or metric differ-
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ences. This results either in the endeavour to con-
centrate all Pleistocene foxes into one or two
recent species, or the creation of a great number of
new species based on subordinate features only.”

Apart from the uniform morphology and great
variability, there is also the problem of the often-
fragmentary nature of the analysed postcranial
material. However, this problem can be overcome
by estimating the total length of a given bone
based on the preserved fragment. Analysis of the
extant series of Vulpes vulpes from Silesia showed
that the mutual proportions of length and width of a
given skeletal element show a relatively small
range of variability and are quite constant. Using
the obtained constants, it is possible to estimate
the total length with statistically significant probabil-
ity and compare it to the range of variability of a
given species. Body size and sexual dimorphism is
marked enough in foxes to separate V. vulpes and
V. lagopus and to separate males and females
based on long bones (Monchot and Gendron,
2010). Metrically, there is some overlap between V.
vulpes and V. lagopus, but it is possible to distin-
guish the long bones of these two species. The
bones of V. lagopus are always smaller than those
of V. vulpes of the same sex. No overlap occurs in
the ranges of measurements between the two spe-
cies and sexes, except for a very few parameters,
and even that overlap is rather little (Monchot and
Gendron, 2010). Long bones are recognisable and
measurable markers for species determination
(Figure 10). Foxes are characterised by moderate
sexual dimorphism, with male being 10–15% larger
than females (Monchot and Gendron, 2010). The
metric analysis of sexes of V. vulpes and V. lago-
pus from Niedźwiedzia Cave is based on the differ-
ences in size between males and females of extant
foxes (Table 4). These differences were shown in
all long bones, and the most important was the
greatest length (GL). This value was lower in
females than in males in all analysed bones (Fig-
ure 10).

For the humerus, the two main indexes are
the ratio of the length of the proximal epiphysis to
the greatest length (pL/GL) and the breadth of the
distal epiphysis to the greatest length (dB/GL)
(Table 4). The first ratio (pL/GL) is 20.4 (18.7–22.3,
n = 68), while the second index (dB/GL) is 16.6
(14.8–18.2, n = 68). Of the five fox humeri from
Niedźwiedzia Cave, two were identified as Vulpes
vulpes, such as the huge complete humerus
(JN.2.10) with a GL of 166.14 mm, which even
slightly exceeds the size of the extant Silesian V.
vulpes, and belongs to a male (Table 4). The sec-

ond specimen (JN.2.24) is smaller, with an esti-
mated GL of 135 mm (125–145 mm), which may
indicate both a small male and a large female, but
rather closer to a male. Three humeri were
assigned to V. lagopus, two of which have similar
dimensions: JN.3.6 with a GL of 112.76 mm and
JN.3.21 belonged to males, whereas the distinctly
smaller third bone (JN.3.22) was a female.

The morphological differences are much less
pronounced. Beneš (1975) found that the tubercu-
lus major on the proximal epiphysis is larger and
more expanded in relation to the surface in Vulpes
vulpes than in V. lagopus. Simultaneously, all
humerus edges of V. lagopus are more sharply
developed and marked than those of V. vulpes.
Our observations showed that both features, how-
ever, are quite variable, and can be traced only
with difficulty. With regard to the metric differences,
confusion of the humerus between V. vulpes and V.
lagopus is little probable.

All three ulnae from Niedźwiedzia Cave are
incomplete and are represented only by proximal
parts. The two larger (JN.2.2 and JN.2.26) were
assigned to Vulpes vulpes, while the smaller one
(JN.3.4) to V. lagopus. As in the case of the
humerus, there is a clear distinctness in the GL
and pL between both fox species. Gromova (1950)
found that the ulna of V. lagopus can be morpho-
logically distinguished from that of V. vulpes on the
basis of two main criteria. The central part of the
diaphysis of V. lagopus is mostly strongly flattened,
so that the largest anterio-posterior diameter rarely
attains less than 140% of the transverse section.
The posterior part of the olecranon processes in V.
lagopus is raised only slightly. In V. vulpes, the dor-
sal points are highly raised, to the same levels as
that or the olecranon itself, and between the poste-
rior points and the olecranon there is a saddle-like
depression (Beneš, 1975). Our observations did
not confirm this distinctness with certainty and
those features showed some degree of variation.
Additionally, they are not regarded as very useful
because the olecranon processes are often
mechanically damaged. In this context, the metric
differences are much more indicative (Table 4).

The best preserved among all long bones of
foxes are the femora represented by four complete
specimens. The analysis of their taxonomic affilia-
tion well illustrates the complexity of correct identi-
fication of the fox material. The largest bone
(JN.2.22), with a GL of 133.82 mm, falls into the
size variability of Vulpes vulpes as a small male or
a large female. The two smaller femora, JN.3.19
with a GL of 114.16 mm and JN.3.20 with a GL of
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105.64 mm, were identified as V. lagopus. The
identification of the specimen JN.2.23 with a GL of
119.72 mm is problematic, which falls in the range
of variability of V. vulpes females and V. lagopus
males. The value is close to the mean of V. vulpes
females and was therefore determined as such.
However, it cannot be ruled out that this particular
specimen is, in fact, V. lagopus, since no substan-
tial morphological differences have been found
between the two foxes (Gromova, 1950; Mostecký,
1969; Beneš, 1975).

Of the four tibiae from Niedźwiedzia Cave,
only the largest one, JN.2.3 with a GL of 172.84
mm, represents a robust male of Vulpes vulpes
(Table 4). The other three tibiae (JN.3.16, JN.3.17,
and JN.3.18) were assigned to small and medium-
sized specimens of Vulpes lagopus. Also, in the
case of this bone, no reliable morphological fea-
tures distinguishing V. vulpes from V. lagopus can
be found. Concluding, only metric data are reliable
enough to distinguish between the two foxes, while
morphological features have little value in taxo-
nomic identification (Mostecký, 1969; Beneš, 1975;
Reichstein, 1984; Bisaillon and Deroth, 1979,
1980; Altuna, 2004; Germonpré and Sablin, 2004;
Baryshnikov, 2006; Monchot and Gendron, 2010).

DISCUSSION

The first occurrence of Canis lupus, which
evolved from Canis mosbachensis Soergel, 1925,
is one of the defining bioevents of the faunal turn-
over that took place during MIS 12–11 (ca. 450–
400 kya) (Lucenti et al., 2017; Iurino et al., 2022).
The morphological differences between C. mos-
bachensis and C. lupus have long been vaguely
defined, as the remains of early wolves are mainly
of poor taxonomic value and frequently share mos-
bachensis-like characters (Mecozzi et al., 2020).
Those small wolves of gracile posture, metrically
comparable with small subspecies of the extant C.
lupus like the Indian wolf Canis lupus pallipes
Sykes, 1831 or the Arabian wolf Canis lupus arabs
Pocock, 1934, were traditionally assigned as a
chronosubspecies Canis lupus lunellensis Bonifay,
1971, dated to MIS 11 (Bonifay, 1971; Baryshnikov,
2012, 2020). However, the estimated age of the
fossil material from Lunel-Viel was based on bio-
chronological data, and new studies are pointing to
a younger age of MIS 9 (Brugal et al., 2020).

An increase in dimensions is recorded across
the late Middle Pleistocene, with the largest Canis
lupus reported from the Late Pleistocene (Flower,
2016; Mecozzi and Lucenti, 2018; Iurino et al.,
2022). Since the first description (Goldfuss, 1823),

the robust and short-legged C. l. spelaeus from the
Late Pleistocene has always been distinguished
from the extant C. lupus by its larger size and
robustness. This resulted in classification under dif-
ferent names like Canis lupus brevis Kuzmina and
Sablin, 1994 or Canis lupus maximus Boudadi-
Maligne, 2012 (Kuzmina and Sablin, 1994; Bou-
dadi-Maligne, 2010, 2012). Later revisions
regarded both forms as a younger synonym of C. l.
spelaeus (Diedrich, 2022; Marciszak et al., 2023b).
Features described their independency like 10–
20% larger dimensions than in the extant C. lupus,
enlarged and more robust dentition (especially
m1), with more strongly developed distal cusplets
on P2–P3/p2–p4, and shorter legs proportionally to
the body size were highlighted by previous authors
(Ballesio, 1979; Kuzmina and Sablin, 1994; Bou-
dadi-Maligne, 2010, 2012). All those features char-
acterised also C. l. spelaeus from Niedźwiedzia
Cave, as well as various populations of this chro-
nosubspecies across Eurasia, dated to MIS 5–2
(Diedrich, 2022; Marciszak et al., 2023b).

Canis lupis spelaeus is a characteristic ele-
ment of the Late Pleistocene European palaeoas-
semblages. Their remains are abundant across
Europe at sites dated to MIS 5–2 (Boudadi-
Maligne, 2010, 2012; Diedrich, 2014, 2017, 2022).
No complete wolf skull is known from the Sudeten
sites. However, Langenhan (1904a, 1904b)
described a skull of a giant wolf with particularly
massive dentition from the Południowa Cave,
which is now probably lost. Large-sized wolves
with robust dentition and enlarged carnassials
seem to be typical of cold phases of the Late Pleis-
tocene (Boudadi-Maligne, 2010, 2012; Flower and
Schreve, 2014; Diedrich, 2017). In the Sudeten
and Silesia, remains of C. l. spelaeus are com-
monly found (Frenzel, 1936; Zotz 1939, 1951;
Wiszniowska, 1967, 1970, 1986, 1989; Marciszak
et al., 2016, 2020, 2023b).

Silesia, like the rest of Europe, was profoundly
affected by the glacial/interglacial cycles, and this
is reflected in a geographic variation following
Bergmann’s ecogeographical rule. Climatic
changes produced strong palaeoecological and
paleoenvironmental instability that affected the fau-
nal assemblages. However, in the case of the wolf,
the problem is more complex, as was noted by
Sansalone et al. (2015, p. 45): “Indeed, the carnas-
sial dimensions are not directly correlated with the
climate changes, but they are possibly correlated
with the changes in faunal composition.” This pat-
tern is also observable in Sudeten wolves, which
were the main scavengers and hunters under the
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absence of Crocuta crocuta spelaea in this region
(Marciszak et al., 2020).

The first large Canis lupus was recorded in
sediments dated to MIS 8 of the Sudeten sites
Naciekowa and Wschodnia Cave, metrically and
morphologically comparable with the extant wolves
(van der Made et al., 2014). Both records are
regarded as one of the oldest large-bodied wolves
in Europe, which probably documented an eastern
immigration to Central Europe. The Polish wolves
from the period of MIS 7–5e, the lowermost hori-
zons of Komarowa and Wierzchowska Górna
Caves, Nietoperzowa Cave (layers 18-15), Biśnik
Cave (layers 18-14), and Dziadowa Skała Cave
(layers 4-3), are slightly smaller than the extant
Polish C. lupus and distinctly smaller than C. l. spe-
laeus (Marciszak et al., 2023b).

The body size of Canis lupus in Europe has
followed a steady increase from their first appear-
ance up to the peak of the Last Glacial Maximum
(LGM). The dimensions of these wolves are
thought to be an adaptation to cold environments
(wolf as a species follows Bergmann’s rule) and
hunting on large herbivores (Sardella and
Palombo, 2007; Meloro and Sansalone, 2022).
This event is followed by high taxonomic diversity
during the Early to Middle Pleistocene and, later,
by a specific lineage with high size variation during
the Middle and Late Pleistocene (Brugal and Bou-
dadi-Maligne, 2011). The geographic ranges of
canids are particularly wide across the earth, and
they demonstrate a high morphological and size
(clinal) variability. Such wide distributions cover
several distinct climates and vegetation environ-
ments. This often implies a morphological, biomet-
rical, and genetic variability for the species,
expressed as subspecies or geographical variants
in taxonomy. The morphology and body size are
among the two main analytical parameters of
canids (Brugal and Boudadi-Maligne, 2011).

Morphological changes of Canis lupus during
the late Middle–Late Pleistocene might be due to a
preference for larger preys, which results in larger
individuals. The main differences from the extant
C. lupus are the shortened rostrum, considerably
stronger development of the temporalis muscle,
and distinctly robust premolars and molars (Ther-
rien, 2005). These features were specialised adap-
tations for the processing of carcass and
associated with hunting and scavenging on Late
Pleistocene large ungulates, members of the mam-
moth steppe fauna (Leonard et al. 2007; Tanner et
al., 2008; Diedrich, 2014, 2017, 2022). Some of the
Late Pleistocene C. lupus show considerably

higher (5–14%) percentage of individuals with worn
and broken teeth than in the extant populations
(1.1–2.6%) (Van Valkenburgh et al., 2019).

A similar pattern was observed in Crocuta cro-
cuta spelaea Goldfuss, 1823 and the extant Cro-
cuta crocuta (Erxleben, 1777), suggesting that
enlarged incisor (for gnawing) and carnassial (for
cracking) fracture reflects habitual and notorious
bone consumption, since bones are gnawed with
incisors and subsequently cracked with the cheek
teeth (Leonard et al., 2007; Tanner et al., 2008;
Diedrich, 2014, 2017, 2022). These higher fracture
rates were across all teeth, but those for the
canines were the same as in the extant Canis
lupus. It can be related not only to hunting larger
prey, but also with the increasing competition (Van
Valkenburgh and Hertel, 1993; Van Valkenburgh,
2008). When the potential prey availability lowered,
competition between carnivores increased, caus-
ing them to eat faster and thus consume more
bones, leading to tooth breakage and damage
(O’Keefe et al., 2014). Additionally, it was also an
adaptation for grinding up quickly freezing car-
casses. Wolves from populations older than 13–12
kya showed a significantly higher percentage of
worn teeth than those younger. It is linked with the
disappearance of larger ungulates and the decline
and extinction of other competitors like large ursids
and felids (Binder et al., 2002; Van Valkenburgh,
2008; Van Valkenburgh et al., 2019).

The ecological plasticity of Canis lupus during
the late Middle–Late Pleistocene (MIS 7–1) was
well studied in Britain (Flower and Schreve, 2014).
Its abilities to cutting and crushing, highlighted in its
cranio-dental plasticity, are responses to dietary
changes. It showed species-wide dietary shifts,
and not just local ecomorphs, in response to cli-
matic and ecological variables in the whole Eur-
asian context (Flower and Schreve, 2014). Canis
lupus spelaeus from Niedźwiedzia Cave and the
climatic conditions in the Sudeten during MIS 3 are
partially the analogues of Britain’s wolves from the
period dated to MIS 5a (82–71 kya). The paleoen-
vironment was cold, the open tundra with summer
temperatures between 11–7°C and winter tem-
peratures between −10 °C and −30 °C was domi-
nated by Equus ferus Boddaert, 1785, Cervus
elaphus Linnaeus, 1758, Rangifer tarandus (Lin-
naeus, 1758), Bison priscus Bojanus, 1825, and
Saiga tatarica (Linnaeus, 1766) (Marciszak et al.,
2020). The main competitors of C. l. spelaeus in
Niedźwiedzia Cave, and generally in the Sudeten,
were the giant Ursus arctos taubachensis Rode,
1935 and Panthera spelaea spelaea (Goldfuss,
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1810), while Crocuta crocuta spelaea was absent.
The robust wolves of MIS 5 were larger than the
largest extant C. lupus. They also suffered from
harsh climatic conditions, low prey availability and
dietary stress leading to a more carnivorous diet,
with increased scavenging of frozen carcasses and
bone consumption. They developed strong jaws
with the highest flesh-slicing ability compared to
the other wolves. They exhibited the longest and
narrowest P4, which suggests improved slicing
ability, and the largest M1–M2 but with reduced
breadth and therefore reduced crushing ability,
indicating a hypercarnivorous feeding pattern.
They have a higher percentage of tooth breakage
compared to the other wolves, and may have been
using their P4 and m1 to crush bone rather than
their M1/m1, leading to a higher frequency of dam-
age (Flower and Schreve, 2014). Metrically, C. l.
spelaeus from Niedźwiedzia Cave matches or
exceed those wolves from MIS 5a, but differs in
having a powerful dentition. Their mandibles are
deep and massive, P4 is long and robust, M1–M2
elongated and broad, robust m1 with prominent tri-
gonid. Powerful dentition indicates the ability to
hunt and subdue large prey. Simultaneously, the
large molars retained a crushing ability.

Characteristic for Canis lupus spelaeus is also
a large and elongated neurocranium, with high
sagittal and nuchal crests and strongly furrowed
surface. Such morphology is related to an allome-
tric development of cranial bones, observed in
many large carnivores (Kitchener et al., 2010).
Larger skulls are characterised by narrower neuro-
cranium and high sagittal and nuchal crests, which
provide a wider surface for the attachment of jaw
muscles like musculus temporalis and musculus
masseter. In canids such a condition can be seen,
for instance, in Aenocyon dirus (Leidy, 1858), Lyc-
aon falconeri (Forsyth Major, 1877), Lycaon lyca-
onoides (Kretzoi, 1938), Canis lupus lycaon
(Schreber, 1775), or Canis lupus nubilus Say, 1823
(Sardella et al., 2014). Skulls of small- to medium-
sized Canis taxa have rounded neurocranium, with
low sagittal and nuchal crests, and the muscle
attachments are more weakly developed. Among
them are taxa such as the smaller subspecies of C.
lupus like Canis lupus pallipes Sykes, 1831, Canis
lupaster Hemprich and Ehrenberg, 1832, Canis
latrans Say, 1823, Canis aureus Linnaeus, 1758,
Canis etruscus Forsyth Major, 1877, and Canis
mosbachensis (Kitchener et al., 2010; Sardella et
al., 2014).

Vulpes vulpes is the second most common
canid in Sudeten caves; the red fox was found in

the Late Pleistocene and Holocene sediments.
Individuals from cooler periods were larger and
more massive, while those from warmer periods
were smaller and more delicately built (Marciszak
et al., 2016, 2020). Late Pleistocene records
include, among others, Biały Kamień, Kontaktowa,
Miniaturka, Naciekowa, Na Ścianie, Niedźwiedzia,
Południowa, Północna, Rogóżka, Duża Obok
Wschodniej, and Wschodnia caves (Frenzel, 1936;
Marciszak et al., 2016, 2020, 2023b). Localities as
Aven w Połomie, Niedźwiedzia (uppermost strata),
Radochowska, Small Przy Torach, and Solna Jama
caves as well as numerous small rock shelters on
Mount Miłek (Małgorzata, Trwoga Paleontologa,
Kuny, Cisowe 1 and 2, and Panna) yielded postgla-
cial and Holocene records of the species (Zotz,
1939). In Małgorzata Rock Shelter, the red fox
material was especially abundant and included
also juveniles, indicating that the site was a breed-
ing place (Frenzel, 1936; Marciszak et al., 2016,
2020, 2023b).

Humans did not have to be involved in the
accumulation of Vulpes vulpes remains in Sudeten
sites (Marciszak et al. 2020, 2023b). A high num-
ber of V. vulpes bones was found in many localities
from Polish Jura regarded as hyena dens (Wojtal,
2007). Vulpes vulpes could have been hunted by
Crocuta crocuta spelaea or could have lived as its
commensal. It might have also used the cave as a
den when hyenas were not around. Vulpes vulpes
may also have been brought to the sites by other
carnivores. In such cases, these bones should
then show evidence of bite marks, as, for example,
in the case of archaeologically sterile layers in
Niedźwiedzia Cave. In Radochowska Cave, V. vul-
pes remains were deposited naturally (Marciszak
et al., 2023b). In numerous caves of Mount Połom,
some of the V. vulpes remains were deposited or
scavenged by non-human carnivores as evidenced
by puncture marks, bite marks, and gnawing traces
on the bones (Marciszak et al., 2023b).

Palaeolithic hunters considered Vulpes vulpes
to be sources of raw material such as fur, teeth,
and probably also food resources (Conard et al.,
2013; Camarós et al., 2016; Baumann et al.,
2020). Few specimens from the Sudeten caves
hold some delicate signs that suggest they used
foxes for their fur. However, it should be kept in
mind that cut marks are often found on small skele-
tal elements, such as carpals, tarsals, or phalan-
ges. Due to their small size, such bones are
usually only recovered using more detailed meth-
ods of excavation, such as wet-sieving (Charles,
1997; Baumann et al., 2020). As most of the Sude-
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ten sites were excavated without wet-sieving, this
may affect the results. Additionally, not every cut
leaves a mark and experienced hunters or butch-
ers hardly leave any marks on bones during the
butchering process (Andersson and Paulsson,
1993; Binford, 1981; Charles, 1997). Such direct
evidence of V. vulpes exploitation by humans are
well documented in numerous sites from Polish
Jura like Biśnik Cave, Mamutowa or Komarowa
Caves, while are very rare in Sudeten caves and
still are not well recognised.

There can be no general statement as to the
agent of accumulation for Vulpes vulpes remains in
Sudeten caves in general. Palaeolithic human
occupation was less intense and not so regular in
the Sudeten than in the Polish Jura (Marciszak et
al., 2020). This indicates that the majority of V. vul-
pes remains were likely deposited in the cave sites
naturally and that humans were only sporadically
involved. It is also possible that there was a kind of
commensal relationship between V. vulpes and
those Palaeolithic hunters. Commensalism could
explain the relatively high number of V. vulpes
remains in the Sudeten during some periods, as
was noted already in Levantine (Yeshurun et al.,
2009) and in Alaska (West and Yeshurun, 2019).
For V. vulpes, commensal behaviour is an adapta-
tion to a human-influenced environment (Lord et
al., 2019; Baumann et al., 2020). Commensal,
food-habituated individuals may have been hunted
more often with traps, alongside non-commensal
specimens that were trapped or occasionally
hunted as single prey items (Marciszak et al.,
2023b).

In comparison with Vulpes vulpes, V. lagopus
is a rare element of the Sudeten faunas, recorded
only from Niedźwiedzia, Radochowska, and
Wschodnia caves (Marciszak et al., 2016, 2020,
2023b). The species was not recorded before from
any of the Sudeten localities (Frenzel, 1936; Zotz,
1939, 1951; Marciszak et al., 2016, 2020). Much
more numerous accumulations of bones of V. lago-
pus are known from sites located on Polish Jura
(Wojtal, 2007; Lipecki and Wojtal, 2015). Even
more numerous localities with accumulations of
bones going in the hundreds are open-air sites like
Dolní Věstonice, Předmostí, or Kraków Spadzista
(Lipecki and Wojtal, 2015). The large accumulation
of V. lagopus remains there is a result of mainly
human exploitation of this carnivore. A large num-
ber of V. lagopus small bones, such as carpals, tar-
sals, phalanges, vertebrates, and sesamoids, and
the presence of primarily complete skeletons,
along with a large number of flint artefacts and the

remains of camp fires indirectly confirm that
hunter-gatherers are responsible for the creation of
the bone assemblage of this species (Lipecki and
Wojtal, 2015).

The permanent teeth of Vulpes lagopus from
these open-air sites are in various stages of wear,
indicating the presence of animals ranging in age
from pre-adult to old adult. Simultaneously, no
deciduous teeth or bones with unfused epiphyses
of immature individuals were found at the site. The
lack of young or immature individuals suggests that
V. lagopus was exploited by Palaeolithic hunters
most probably in the colder period of the year when
the fox fur was of the highest quality. Vulpes lago-
pus had a great value because its fur is thick and
soft, with long guard hairs and dense under-fur. Its
winter coat has the best insulative properties of all
mammals. Humans could also have used fox car-
casses as a source of protein during periods of
food scarcity. Contrary to that, the accumulation of
fox bones in Sudeten caves was rather incidental,
correlated with abiotic factors or carnivore activity
rather than human exploitation (Tannerfeldt, 1997;
Lipecki and Wojtal, 2015).

The smallest postcranial elements from Nied-
źwiedzia Cave could not belong to Vulpes lagopus,
but might represent Vulpes corsac Linnaeus, 1768,
which was in the past occasionally reported from
the Late Pleistocene of Europe (Nehring, 1889;
Kafka, 1900; Boule, 1919; Stehlin, 1933; Musil,
1962). Some of these reports are rather problem-
atic finds of uncertain taxonomic position and need
revision (Mostecký, 1969; Beneš, 1975). Jánossy
(1955) considered the small fox from Istállóskő to
be V. vulpes and explained the size differences
only as a result of sexual dimorphism. Musil (1965)
also reported the potential presence of V. corsac in
Pod Hradem Cave. Beneš (1975) suggested that
small foxes from the interglacial and interstadial
periods represented rather V. corsac than V. lago-
pus. So far, V. corsac was not recorded in any of
the Sudeten caves nor from Poland, but its pres-
ence is highly probable.
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APPENDIX 1. 

Materials and measurements. Spreadsheet available for download at https://palaeo-electronica.org/content/
2025/5489-canids-from-niedzwiedzia-cave

SUPPLEMENTARY MATERIAL

FIGURE S1. Measurement scheme of a canid skull.
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FIGURE S2. Measurement scheme of a canid mandible.

FIGURE S3. Measurement scheme and dental terminology of canid teeth.
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