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Abstract: The ancient and archaic mustelid Baranogale helbingi is a European endemit. Its occurrence is char-
acteristic for the Pliocene, but the species occurred also during the early Pleistocene. Among 30 sites, where its
occurrence is documented, 8 are located in Poland. Among them, the most abundant material was found at W¢ze
1, dated at 3.6-3.2 Myr. The newly described remains, with two relatively well preserved skulls, broadly expand
knowledge about the species. Morphometrical analysis showed the important role of sexual dimorphism in the var-
iability of the species. Like other European Ictonychini, B. helbingi vanished during the early Pleistocene, owing
to competition with small Mustelinae that were extremely adaptable in terms of ecology.
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INTRODUCTION

The genus Baranogale Kormos, 1934 is a characteristic
member of Pliocene and early Pleistocene European faunas,
the occurrence of which is documented in the fossil record
for more than 6 Myr (MN 11-18; Adrover ef al., 1986; Alcala
et al., 1990; Alcald and Montoya, 1990; Morlo and Kundrat,
2001; Spassov, 2001). Its origin and the earliest history of
this ancient lineage is poorly documented. Most likely, this
early genus of Ictonychini within the Ictonychinae Pocock,
1921 originated from Asiatic ancestors 9.5-8.9 Myr ago
and was dispersed westwards to Europe (Sato ef al., 2012).
Confusion about the evolution of Baranogale arose because
the assignment of the late Miocene (8.7-6.2 Myr) forms,
traditionally classified as Baranogale adroveri Petter, 1964,
was questioned (Spassov, 2001). However, for the purpose
of this article, the Miocene forms were assigned to B. adrov-
eri, the Pliocene and the early Pleistocene individuals to
B. helbingi.

Finds of Baranogale in central Europe (Hungary, Poland,
Romania) always played the main role in the reconstruction
of its evolutionary history (Kormos, 1934; Kowalski, 1959,

1964). The earliest appearance (4.9—4.2 Myr) of B. helbingi
(Kowalski, 1959, 1964; Wolsan, 1989) was described from
the Polish site Podlesice, which is important in a biochron-
ological context. Only recently, the Italian site Moncucco
Torinese (5.4-5.3 Myr; Colombero et al., 2017) took on
greater importance than this locality. The occurrence of B.
helbingi within a timespan of ca. 4 Myr (5.4-1.2 Myr; Fig. 1;
Tab. 1) was documented at 30 or more localities. These sites
include Weze 1, where Stach (1961) described the damaged
mandible of a young animal with erupted p3-p4, three frag-
ments of a mandible body, two with p4 and one with p4-ml,
and an isolated ml. Since that time, the material of B. hel-
bingi from We¢ze 1 was mentioned many times (Kowalski,
1964, 1990; Wolsan, 1989), but nothing more was done with
these remains. More than 60 yrs after the first description
of these relics, much more abundant material, including
two complete skulls, was found. This allows re-examina-
tion of the material of B. helbingi from Weze 1 in a broad,
European, biochronological and evolutionary context,
which is the main aim of this paper.
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Fig. 1.
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Distribution of late Miocene to the early Pleistocene sites with Baranogale in Europe. For locality numbers, see Table 1.

Table 1

Occurrence of Baranogale androveri and Baranogale helbingi in the Miocene, Pliocene and the Pleistocene of Europe.
Locality numbers (Map) correspond to those in Figure 1.

Map Site Country Age (in mya) | Literature
Baranogale adroveri Petter, 1964

1 Dorn-Diirkheim 1 Germany 8.7-7.8 Morlo, 1997; Franzen et al., 2013
2 Puente Minero Spain 8.7-7.8 Adrover et al., 1986; Alcala et al., 1990
2 Vivero de Pinos Spain 8.7-7.8 Adrover et al., 1986; Alcalad and Montoya, 1990
2 Los Mansuetos Spain 7.8-7.0 Petter, 1964, 1987; Adrover et al., 1986
2 Rambla del Valdecebro Spain 7.8-7.0 Petter, 1964, 1987; Alcala et al., 1990
2 Las Pedrizas Spain 7.8-7.0 Alcala, 1994
2 Cerro de la Garita Spain 7.8-7.0 Alcala, 1994
2 Las Casiones Spain 6.3-6.2 Abella et al., 2019

Baranogale helbingi Kormos, 1934
3 Moncucco Torinese Italy 54-53 Colombero et al., 2017
4 Podlesice Poland 49-42 Kowalski, 1959, 1964
5 Beresti Romania 4942 Radulescu et al., 2003
6 Malusteni Romania 42-3.6 Radulescu et al., 2003
7 Weze 1 Poland 3.6-32 Kowalski, 1959b, 1964; Stach, 1961
8 Odessa Catacombs Ukraine 3.6-3.2 Vislobokova et al., 2001; Nagel et al., 2004
9 Wolfersheim Germany 3.6-3.2 Morlo and Kundrat, 2001
10 Triversa Italy 3.2-2.8 Alberdi et al., 1997
11 Beremend 1, 2, 3 Hungary 3.2-2.8 Petényi, 1864; Kretzoi, 1956; Janossy, 1986
12 Csarnédta 1,2, 3,4 Hungary 3.2-3.1 Kretzoi and Pécsi, 1982; Janossy, 1986
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Map Site Country Age (in mya) | Literature

13 Perrier-Etouaires France 2.8-2.7 Pomel, 1853; Schaub, 1949; Heller, 1967

14 Varshets Bulgaria 2.5-24 Spassov, 1997, 2000, 2001, 2003

7 Weze 2 Poland 2.5-2.3 this work

15 Zamkowa Dolna Poland 2.5-23 this work

16 | Dafuer Grecce | 2423 it Y oo, 1997. Benamn el 202
17 Rebielice Krolewskie 1A Poland 2422 Kowalski, 1964; Wolsan, 1989

18 Torre Picchio Italy 2.2-2.1 Girotti et al., 2003

19 Saint-Vallier France 2.2-2.1 Viret, 1951, 1954

20 Karnezeika Greece 2.1-2.0 Kokotini et al., 2019; Sianis et al., 2021, 2023
21 Kamyk Poland 2.0-1.8 this work

22 Villany 3 Hungary 2.0-1.8 Kormos, 1934; Kretzoi, 1942, 1956

22 Villany 5 Hungary 1.8-1.6 Kretzoi, 1956

23 Potudniowa Cave Poland 1.7-1.5 this work

4 Zabia Cave Poland 1.7-1.5 this work

24 Deutsch Altenburg 4 Austria 1.4-1.2 Wolsan, 1993

MATERIAL AND METHODS

The identification of mustelid remains analysed in the
present account was performed using basic morphometric
analysis. Measurements were taken point to point with the
Landmark system to the nearest 0.01 mm (Fig. S1-S3 and
Tab. S1-S3 in the Supplementary File). Measurements were
taken using an Olympus set for image analysis (Olympus
stereomicroscope ZSX 12, camera Olympus DP 71, program
Cell D). A Canon EOS 5D camera was used in the photo-
graphic documentation of the fossil material. Statistical anal-
ysis was performed using “Statistica” (version 10.0 OL) soft-
ware. Osteological and dental terminology follow Spassov
(2001). Throughout the text, references to upper teeth are in
capital letters (e.g., P4) and to lower teeth in lower-case let-
ters (e.g., p4). The geologic time scale and its subdivisions
were based on the International Chronostratigraphic Chart
(v2018/08), approved by the International Commission on
Stratigraphy.

Institutional abbreviations

ISEA PAS: Institute of Systematics and Evolution of
Animals, Polish Academy of Sciences in Krakow; MZ:
The Museum of the Earth, Polish Academy of Sciences in
Warsaw; ZP UWr: Department of Paleozoology, University
of Wroctaw.

Anatomical abbreviations

B — breadth; B ta — talonid breadth; B tr — trigonid
breadth; L — length; L ta — talonid length; L tr — trigonid
length; max — maximum value; M — mean; min — minimum

value; mm — millimetres; N — number of bones/individuals;
W1 - Weze 1.

The Baranogale helbingi material from Weze 1 was par-
tially published by Stach (1961), which is revisited in this
paper. Previously unpublished dentognathic material of
this species also is included. All of the material examined
amounts to 18 bones of B. helbingi (Tab. 2).

GEOLOGICAL SETTING

Weze 1, known also as the Samsonowicz Cave (51°5°45"N,
18°47°21"E, 220 m a.s.l.), is located in an abandoned quarry
in the village of Weze, near the small town of Dzialoszyn,
Wielun Upland, central Poland. The site was formed after
the collapse of a large, vertical cave, which was filled with
sediments. This locality was mentioned for the first time be-
fore World War 2 (Samsonowicz, 1934). Later, in the late
1940s and 1950s, further research was conducted by an in-
terdisciplinary team. Intensive excavations were continued
until the mid-1970s and resulted in the removal of most of
the sediment from the site.

Samsonowicz (1934) divided the deposits into red and
grey breccias, while Glazek et al. (1976) assigned them to
three main sedimentation periods. The oldest layers, dating
back to the late Miocene (6.0-5.5 Myr; MN 13) covered the
cave bottom. They were formed of residual, red clay with an
admixture of pinkish limestone rubble, covered by a thick
layer of light flowstone calcite, covering almost the entire
cave bottom. The layer was almost without any bones.
The second deposition period, ca. 3.6-3.2 Myr (MN 15b),
included thick deposits of red, sandy clay with the addition



Table 2

Cranium and upper dentition measurements
of Baranogale helbingi from Weze 1.

W1.7.1 W1.7.2
1 71.78 69.34
2 71.08 69.31
3 64.72 64.84
4 31.64 31.75
5 40.02 39.78
6 33.52 33.41
7 21.78
8 26.98
9 31.05
£ 10 22.54
§ 11 17.48
z 13 7.41
= 14 14.97 13.96
§ 15 22.69
5 19 16.07
21 14.22 14.36
23 27.32
24 30.46 29.34
28 7.25
29 7.36
30 17.42 18.74
31 11.61 11.42
32 18.64
33 19.36
P2L 3.89 3.82
P2 B 1.78 171
P3L 442
£ P3 B 2.14
5 PAL 7.24
% P4 L pr 248
é P4 Ba 4.26
3 P4 Bp 274
Ml B 7.14
Ml Ltr 4.69
Ml Lta 4.04

of small concretions and bones. The clay gradually passed
into a thick, grey breccia. The layers of the second period
were laminated on the surface, and the lamination disap-
peared gradually deeper in the profile. The surface was cov-
ered with sandy and clayey deposits, with an admixture of
fragmented calcite and limestone. The youngest sedimen-
tary series, 1.0-0.8 Myr, comprised periglacial deposits in
the form of yellowish clay sands, cemented with rock rub-
ble. Also, there were almost no bones (Gtazek et al., 1976;
Glazek and Szynkiewicz, 1987).
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A detailed analysis of the faunal assemblage failed to
confirm this subdivision and now the main fauna from
Weze 1 is dated as 3.6-3.2 Myr. The site yielded 118 ver-
tebrate species, with 9 amphibians, 11 reptiles, 4 birds,
35insectivores, 10 bats,1lagomorph,30rodents, 14 carnivores,
2 perissodactyls and 2 artiodactyls (see Supplementary File;
Marciszak et al., 2024 and references therein).

SYSTEMATIC PALAEONTOLOGY

Class Mammalia Linnaeus, 1758
Order Carnivora Bowdich, 1821
Family Mustelidae Fischer von Waldheim, 1817
Subfamily Ictonychinae Pocock, 1921
Genus Baranogale Kormos, 1934

Type species: Baranogale helbingi Kormos, 1934, pp. 145—
148, tab. 2, figs 6, 7, by monotypy.

Baranogale helbingi Kormos, 1934
Figs 1-6, Tabs 1-5

1934  Baranogale helbingi — Kormos, pp. 145-148, tab. 2,
figs 6, 7.

Holotype: Left mandible with damaged ramus and with
p3-ml (Kormos 1934: pp. 145-148, pl. 2, fig. 6a, b). Stored
in the Hungarian Natural History Museum in Bugapest
(Hungary) under catalogue number V.61.1380 (former in-
ventory number Nr. 3914).

Type locality: Villany 3 (= Villany-Kalkberg), Hungary,
early Pleistocene, MNQ 17, 2.0-1.8 Myr.

Material: Partially damaged skull, without zygomatic arch-
es and most of the ventral part of neurocranium, with pres-
ent left P4-Ml (WL1.7.1); strongly damaged skull, without
zygomatic arches and most of the ventral and right parts
of neurocranium, with present left P2 and right P2-P3 and
P4 paracone (W1.7.2); left mandible with damaged symph-
ysis missing most of the ramus, with present cl-p3, mesial
fragment of p4 and ml (W1.7.3); fragment of left body and
ramus mandible with ml (W1.7.4); left ml (WL.7.5); frag-
ment of left body mandible with ml (W1.7.6); right, com-
plete p3 (W1.7.7); left ml without distal root (W1.7.8); right
ml with missing mesial root (W1.7.9); trigonid of the left
ml (WL.7.10); left cl (W1.7.11); trigonid of left ml (W1.7.12);
left ml (W1.7.13); right mandible with missing part of the
ramus, present worn cl, erupted p3-p4 and ml (MF/558/1);
distal part of the right body mandible with ramus fragment,
worn p4 and ml (MF/558/2); fragment of left body man-
dible with p4 (MF/558/4); fragment of left body mandible
with p4 (MF/558/5); fragment of left body mandible with
ml (MF/558/3); right mandible without most of the ramus
and with preserved cl-m2 (MF/7933). Individuals W1.7.1-12
stored in ZP UWr, specimens MF/558/1-5 and MF/7933
housed in ISEA PAS.

Emended diagnosis: Mustelid intermediate between
Mustela erminea and Mustela putorius; narrow, short and
triangular rostrum, moderately broadening at the canines
level; elongated and wide temporal region; almost straight
frontal profile, without any crossing between maxillae and
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frontal region; widely spaced massive mastoid processes;
large, strongly inflated and convex tympanic bullae with
large tympanic chamber; straight and moderately robust Cl;
narrow P2-P3; P4 with an moderately long and high proto-
cone, low and large paracone and low and short metastyle,
with strong lingual cingulum; M1 situated obliquely in re-
lation to P4, collared by a thick cingulum, with significant
concavity at the border between the trigon and talon, high
and large paracone, smaller and lower metacone, moderate-
ly broadened talon, with centrally located, high and large
hypocone and minute hypoconule; elongated and moder-
ately high mandibular body with constant lateral thickness;
longitudinal, lingual furrow on the body weakly to moder-
ately developed; deep and long masseteric fossa; long and
narrow symphysis; lower teeth tightly set in the tooth row;
curved, large and robust cl; large and oval p2; narrow p3-p4
with weak lingual bulge; ml with a high and short trigonid,
broad and long talonid, prominent metaconid, elongated and
laterally located hypoconid and elongated and low hypoco-
nulid; large and rounded m2.

Description: The viscerocranium is shortened and wide,
with a moderate broadening at the canines level. In the dor-
sal view, it has a triangular shape. The frontal profile in the

Fig. 2.
view; ¢, dorsal view; d, ventral view; scale bar 10 mm.

lateral view is almost straight, without any marked crossing
between the maxillae and the frontal region. The nasal ap-
erture is rounded; its height is almost the same as the width
(Tab. 2). The temporal region is broad and elongated, with
a wide postorbital bar. The postorbital processes are posi-
tioned almost exactly in the middle of the temporal region
(Fig. 2). The orbits are large and rounded (Fig. 2). The pal-
ate is proportionally short and broad. The tympanic bullae
are convex, large, and strongly inflated, with a large tym-
panic chamber. The carotid canals are widely separated, ca.
2/3 of the distance between the distal lacerum foramen and
the external auditory meatus (Fig. 2).

A strongly arched incisors row is exposed forward.
There are no diastemas between I3 and Cl and CI1 and P2,
and the Cl is poorly exposed. There are no diastemas be-
tween P2, P3, P4 and MI. The P2 is a two-rooted, weakly
reduced tooth, situated exactly parallel to the Cl. The crown
is elongated and narrow, with straight buccal and lingual
margins. Its distal and mesial margins are blunt. From the
apex of the protocone starting thin, but well recognised
ridge running through to the base of this cusp. The pro-
tocone is located strongly mesially and slightly lingually.
Thecrownhaselongated, distal cingular projection, which has

Skulls of Baranogale helbingi from Weze 1 site. A. WL.7.1. B. W1.7.2. Both individuals shown on the same scale; a, b, lateral
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asmooth, internal surface. Relatively strong cingulum collars
the mesial and distal margins. The P3 is located just after
the P2 in a straight line. The tooth is elongated and irreg-
ularly oval-shaped. The prominent protocone is strongly
pushed mesially and situated centrally. In front of the proto-
cone is located a centrally positioned, low and rounded par-
acone, which is strongly connected with the mesial cingu-
lum. From the protocone apex starts a thin crest, which runs
through a elongated, distal cingular projection. This ridge
connects with the mesio-lingual prominence of the cingu-
lum. Parallel, behind the protocone a second cuspid or at
least a cuspid-like swelling is present, located slightly more
buccally. This structure is low and oval, but well displayed.
The thick cingulum collared most of the crown, and is es-
pecially strongly developed on the mesial and distal sides.
The mesial and distal margins are blunt, buccal straight,
similar to the mesial half of the lingual margin. The distal
half of the lingual margin is weakly convex.

The elongated and narrow P4 has a straight crown, with
the narrowest part of the transition between the paracone
and metacone. The buccal and lingual margins are straight,
while the distal margin is rounded. A moderately high par-
acone bears a thin ridge, running across the mesial border,
extending from its apex to the base of the crown. It is poorly
separated from the low and moderately large protocone, the
mesial margin of which is aligned with that of the paracone.
The short and rounded protocone has straight mesial and
distal margins, while its mesio-lingual is blunt. The low
metacone is blade-shaped, adjoining the paracone its distal
part is slightly curved buccally. The thick cingulum is most
developed along the lingual margin. A strong cingulum is
present also on the mesial wall of the paracone.

Fig. 3.

The breadth of the M1 is comparable to the P4 length.
The crown is moderately curved within a median longitudi-
nal axis. The trigon and talon are separated by a broad, deep
and U-shaped depression, running through the transitional
part of the crown. The relatively narrow talon is compara-
bly long with respect to the trigon, with a strong mesial and
lingual cingulum. The buccal cingulum on the moderately
short and wide trigon is strongly developed. The buccal and
distal margins of the trigon are convex, while the mesial
convexity is moderately developed. The distal and mesial
margins of the talon are moderately convex. The moderately
high and rounded paracone occupies ca. 70% of the trigon
surface. A lower and more oval metacone is strongly asso-
ciated with it. It is separated from the paracone by a narrow,
V-shaped valley. The talon bears a centrally positioned, low
and elongated protocone. From its apex a thin ridge running
in a disto-lingual direction (Fig. 2).

The mandibular body is elongated and moderately high
and has a constant lateral thickness (Tab. 3). The ventral
margin is gently arched with a maximum curve up to the
middle length of ml (Fig. 3). The symphyseal area is elon-
gated and narrow. Two oval mental foramens are located on
the buccal side. A larger, mesial one is situated below the
distal root of p2, while the distal one is below the mesial root
of p4, slightly lower than the mesial one. The longitudinal,
lingual furrow of the mandibular body is weakly to moder-
ately developed. The deep masseteric fossa has a rounded,
mesial margin, which in its maximal extent reaches the ml
and m2 border (Fig. 3). The tooth row is almost straight in
the occlusal view. Only the distal parts of p2-p3 are oriented
disto-lingually. The teeth are mostly tightly positioned there
are no diastemas between them. The only short diastemas

Mandibles of Baranogale helbingi from Weze 1. A. W1.7.3. B. MF/7933. C. MF/558/1. D. W1.7.4. E. MF/558/2. F. MF/558/4.

G. MF/558/5. H. MF/558/3; I, W1.7.6. All individuals shown on the same scale (5 mm); 1 — buccal view; 2 — lingual view.
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Table 3
Mandible measurements of Baranogale helbingi from Weze 1.
Measurements
Coll. no.
4 5 6 7 8 12 13 14 15
W1.7.3 5.77 2.87 6.68 3.11
MF/7933 25.13 20.82 11.59 9.48 3.25 6.49 3.65 6.76 4.11
MF/558/1 2.06 6.13 2.62
MF/558/2 2.46 6.13 3.28

are present in some, but not all, individuals, between p2 and
p3. The apexes of all three conical premolars, namely p2, p3
and p4, are located nearly at the same level (Fig. 4).

The cl is quite slender and strongly curved. The crown
is flattened laterally and relatively short, mesio-distally. Its
tip points slightly obliquely upwards and backwards, with a
strong bend on the mesial edge. A strong, lingual cingulum
is located in the base of the crown. The cingulum contin-
ues up the lingual surface, thus forming a strong vertical,
longitudinal crest. This crest has a distinctly marked distal
contour, thus being strongly separated distally from the cl
surface. The elongated and oval, two-rooted p2 is large and
weakly reduced. The crown has an apex moved strongly for-
ward and the straight buccal and lingual margins. The mesi-
al and distal margins are blunt. The two-rooted p3 is low and
narrow and bears an elongated, distal cingular projection.
The apex of the moderately prominent protoconid is also
moved forward, but not so strongly as in p2. It is located in
ca. !/3 of the length of the crown. A thin ridge runs in a distal
direction from the protoconid apex to its base. In front of
and behind the protoconid shallow, moderately wide, cres-
centic valleys are located. A moderately developed cingu-
lum is present only on the mesial and partially on the distal

Fig. 4.
All individuals shown on the same scale (2 mm).

margins. The buccal and lingual margins are straight, while
the mesial and distal margins are blunt or rounded (Tab. 5).

The p4 is two-rooted and narrow. The mesial and distal
margins are blunt. The margins of the mesial half of the
crown are almost straight. The crown broadens moderately
distally and the transition between both halve is well devel-
oped. The margins of the distal half are moderately curved
and the lingual convexity is usually more strongly marked.
A centrally positioned, high and prominent protoconid is
well-separated from the strong, mesial and distal cingulum
by shallow, wide, U-shaped valley. From its apex, a thin,
but well-developed ridge, runs up to the crescent wall of
the strong, mesial cingulum. Likewise strongly developed is
a distal cingulum, which forms a semicircular wall. In front
of and behind the protoconid, are located shallow, moder-
ately wide, crescent valleys. Behind the protoconid, strong-
ly associated with it, there is a low and rounded hypoconid.
This accessory cuspid is shifted disto-buccally.

The large and rather narrow ml has an elongated and
prominent paraconid and protoconid (Fig. 5). The length
of the paraconid is nearly the same as that of the proto-
conid (Tab. 4). Its apex is situated notably lower than the
apexes of both the protoconid and p4. The distal wall of

Lower teeth row of Baranogale helbingi from Weze 1 in the occlusal view. A. W1.7.3. B. MF/7933. C. MF/558/2. D. MF/558/1.



8 A.MARCISZAK ET AL.

Table 4
Lower dentition measurements of Baranogale helbingi from Weze 1.
Measurements
Collmo-} 1Ll p2L | p2B | p3L |p3Ba|p3 Bp| p4 L |p4 Ba|p4 Bp| ml L Eltlr mtlaL g‘tlr mtlaB m2L [m2B
W1.7.3 4.46| 2.73| 3.13| 1.57| 3.68| 1.66| 1.91 7.06| 4.77| 2.29| 2.88| 2.83
W1.7.4 6.32| 4.43| 2.11| 2.57| 2.58
W1.7.6 831| 5.54| 2.81| 3.42| 3.37
WI1.7.7 3.74| 1.84| 2.01
W1.7.8 6.88| 4.56| 2.21| 2.72| 2.66
W1.7.9 6.73| 4.57| 2.16| 2.61| 2.57
W1.7.10 8.14| 5.66| 3.06| 3.44| 3.37
W1.7.11 397 1.98
W1.7.12 4.99 3.31
W1.7.13 7.25| 4.88| 2.37| 3.18| 3.12
MEF/558/5 5.11| 1.86| 2.26
MF/558/4 455 1.75| 2.01
MF/558/2 443 1.61| 2.02| 6.93| 4.54| 239| 2.79| 2.72
MEF/558/3 8.29| 5.45| 2.75| 3.22| 3.16
MEF/558/1 | 4.61| 2.27 399 1.79| 2.02 7.78| 5.01| 2.77| 3.06| 2.97
MF/7933 471 3.06| 3.35| 1.63| 3.58| 1.71| 1.93| 6.33| 1.84| 2.37| 7.97| 544 2.78| 3.31| 3.29| 2.25| 2.32

Fig. 5. Lower carnassials (ml) of Baranogale helbingi from W¢ze 1 in the occlusal view. A. W1.7.6. B. MF/558/1. C. W1.7.5. D. W.7.13.
E. MF/7933. F. MF/558/2. G. W1.7.8. H. W1.7.3. . W1.7.9. J. W1.7.4. K. MF/558/3. All individuals shown on the same scale (3 mm).
Specimens C, D, G, H, J and K are duplicated.
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Table 5
Morphological comparison of the mandible and lower dentition characters among known specimens of
Baranogale helbingi (modified from Sianis ef al., 2023, p. 49, tab. 2).
Weze 1 Podlesice | Karnezeika |Saint Vallier | Villany 3 Etouaries Dafnero
man- mesial margin . to m1/m?2 to m2 or
. of the masseteric ml/m2
dible border
fossa border
angle between
the crown axis . :
and the mandibular acute almost right almost right
body axis
angle between
¢l |the base crown axis acute almost arallel
and the mandibular parallel P
body axis
mesial margin smooth smooth smooth angular
. . step-like step-like .
distal margin smooth structute structure step-like
p2 | p2/ml 41.5 46.0 36.5 423 273
lingual ridge strong weak weak strong strong strong
p3 high/short short high high high high high short
. . . only distal only distal
cingulid protrusions | weak strong strong strong strong strong strong
diastema absent absent absent absent absent absent present
less elon-
pd shape elongated sated elongated |elongated |elongated |elongated |elongated
. . . only distal only distal
cingulid protrusions | strong strong strong strong strong strong strong
accessory cuspid weak weak strong strong strong strong weak
notch depth deep deep deep deep less deep shallow
ml | hypoconid- . almost almost almost .
hypoconulid independent fused fused fused independent
talonid elevated flattened elevated elevated elevated elevated flattened
m2 |m2/ml 28.2 333 27.1 39.0

the paraconid and mesial wall of the protoconid form an
open angle. Both main cusps are separated by a deep valley.
The protoconid holds two thin crests running from the apex.
A very prominent metaconid is well-developed, and clearly
separated from the protoconid. Its apex deviates from the
latter in a lingual direction, pointing slightly distally thus
projecting backwards behind the distal wall of the protoco-
nid. The talonid is moderately long and trenchant, almost
as wide as the trigonid. The hypoconid occupies almost the
entire buccal portion of the talonid and is well separated
from the nearby cingulum. It is an elongated, high and well-
developed cusp, with a cutting, crest-like occlusal surface.
After this, on the peripheral, disto-buccal edge of the talo-
nid, is situated a much smaller entoconid. It is much lower
than the hypoconid, and forms a raised and cutting ridge.
The surface of the talonid, closed between the hypo- and
entoconid, resembles a deep valley. On the lingual edge is
located a series of cuspid-like swellings, which start from
the metaconid base, distally decreasing in size. The internal,
talonid surface is fully closed and developed in the form of

a smooth, shallow and rectangular area. A second, smaller,
smooth and shallow, fan-shaped external surface is located
on the buccal side on the transition between the trigonid and
the talonid. The buccal margin is almost straight or weakly
arched. The lingual margins of the paraconid and talonid are
also straight. Only the metaconid lingual ridge is consider-
ably convex, forming a median, lingual bulge. The mesial
margin is oblique, while the distal one is blunt. A stronger
cingulum is present on the distal margin. The weakly re-
duced m2 is a one-rooted, rounded tooth, collared by a thick
cingulum. This proportionally large tooth is situated some-
what obliquely, in relation to ml. The main cusps, name-
ly the proto- and metaconid, are low, but large and well-
developed. The occlusal surface is flat and smooth.

Comparison: Stach (1961), who described Baranogale hel-
bingi from Weze 1, stated that beyond any doubt, the an-
alysed material is characterised by a set of morphological
features, indistinguishable from those of the remains from
other sites. In this matter, the material from Weze 1 showed
some not very strong, morphological differences between
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individuals. However, according to Stach (1961), these are
within the intraspecific range of variability. The main prob-
lem is that most of the European material of B. helbingi is
still quite scarce and mostly represented by fragmentary or
incomplete mandibles (Kowalski, 1959; Stach, 1961). More
numerous relics from one locality are rare, and among them
only the Polish site Weze 1, the French Saint Vallier (Viret,
1954) and the Greek Karnezeika (Sianis et al., 2021, 2023)
provided more abundant material that made it possible to
trace, to some extent, intraspecific variability.

Few small specimens, dimensionally comparable to
Baranogale helbingi have been described from the Pliocene
and the early Pleistocene of Europe. From the Austrian site
Deutsch-Altenburg 2 (1.3-1.2 Myr), the enigmatic species
Psalidogale altenburgensis Rabeder, 1976 was described; its
taxonomic status is unclear. Rabeder (1976) described this
form as metrically intermediate between Mustela erminea
Linnaeus, 1758 and Mustela nivalis Linnaeus, 1766, with
an extremely reduced and short protocone of P4, a bizarre
arrangement of the M1 buccal cusps and a considerably
elongated and narrow ml. Apart from a strongly doubtful
record of this species from the Hungarian site Osztramos 7
(2.0-1.8 Myr; Jéanossy, 1986), it has not been found in
Europe. Morphologically, P. altenburgensis is referable to
some Miocene Mustelini. If its is a truly independent spe-
cies, not an atypical specimen, which is not so clear, it there-
fore must be regarded as a highly specialised representative
of a previously unknown musteline form (Rabeder, 1976;
Spassov, 2001).

The comparison showed the morphological distinc-
tiveness of both forms. Psalidogale altenburgensis dis-
tinguished from Baranogale helbingi from Weze 1 by its
distinctly smaller size, the presence of diastemas between
Cl, P2 and P3, one-rooted and notably stronger reduced
P2, located at an angle of 45° in relation to the P3, more
elongated and narrower P4 with extremely reduced proto-
cone, morphology of M1, where the metacone forms a ridge
that curves inwards with the parastyle, and where the para-
cone is only a mesial, second cusp, related to the metacone,
a considerably narrower ml without metaconid and hypo-
conulid and a highly trenchant talonid with centrally posi-
tioned hypoconid, and a strongly reduced, one-rooted m2
with a simple, occlusal relief.

From the same as Psalidogale altenburgensis Austrian
site Deutsch-Altenburg 2 (1.3-1.2 Myr), another form,
Oxyvormela maisi Rabeder, 1973, was described. This fossil
Ictonychini was described as a highly evolved form, charac-
terised by a size comparable with the extant Vormela pere-
gusna (Giildenstédt, 1770), with a short and robust rostrum,
enlarged and robust canines, strongly to totally reduced P2/
p2, a more elongated and narrower P4 with a shorter proto-
cone, a more strongly reduced and narrower M1, a consider-
ably more massive and thicker mandible, with a particularly
robust symphyseal part, with massiveness of the body man-
dible decreasing distally, a narrower ml with a shorter and
more reduced talonid and without a metaconid and with a
considerably reduced m2 (Rabeder, 1973).

Baranogale helbingi from Weze 1 represented a low-
er stage of evolution, when compared with the highly
evolved Oxyvormela maisi, and differs with respect to its

less massive rostrum, lower and less massive body mandi-
ble with constant lateral thickness, narrower canines, lesser
reduction of the P2/p2, a more robust P4 with a longer pro-
tocone and shorter metastyle, a larger and broader M1 with
more complicated relief, the presence of the hypoconid on
p4, a more robust and plesiomorphic ml, with an unreduced
metaconid and its more archaic and elongated talonid, and a
considerably larger m2.

From Deutsch-Altenburg 2 also a few isolated teeth of an
undetermined Vormela sp. (Rabeder, 1976) were described
The material was studied by one of us (AM) and it seems
clear that it should be classified as Vormela petenyii Kretzoi,
1942, a closely related mustelid, mostly contemporary with
Baranogale helbingi (Kormos, 1934; Kretzoi, 1942). A set of
morphological differences was found between B. helbingi
from Weze | and V. petenyii and the extant V. peregusna. In
relation to members of the genus Vormela, B. helbingi from
Weze 1 possesses a larger size, a longer and narrower ros-
trum, a proportionally longer neurocranium, narrower and
a row of incisors pushed more foreward, a larger diastema
between I3 and Cl, a less massive and higher upper denti-
tion, a narrower C1 with a strong longitudinal furrow on the
lingual surface, a notably less reduced and more oval P2,
a more elongated and narrower P4 with a higher and longer
protocone, which is oriented at an angle of 60—70° in rela-
tion to the rest of the crown, a distinctly less reduced M1,
with a much broader talon and more complicated relief on
the chewing surface, a considerably more gracile mandible,
with a more elongated and lower body mandible, a much
less massive and more oblique symphysis, less tightly com-
pressed lower teeth in the row, a narrower and more curved
cl, less robust and higher crowns of p2-m2, a two-rooted,
oval-shaped and notably less reduced p2 positioned less dis-
to-lingually, a narrower p4 with a higher, elevated metaco-
nid, a more elongated and narrower ml, with a proportion-
ally larger metaconid, a shorter and lower trigonid, with
an oblique mesial margin, a longer, more concave and less
trenchant talonid with a longer and higher hypoconid and a
larger hypoconulid, and a more plesiomorphic and rounded
m2, with stronger main cusps.

Among other fossil Ictonychini, the material from Weze
1 most resembles three species from the genus Baranogale,
the taxonomic position of which, with the exception of
B. helbingi, is still strongly unclear. Assignation of the
Turolian B. adroveri to the genus is questioned (Spassov,
2001). Its occurrence is mostly restricted to the Iberian
Peninsula (Petter, 1964, 1987; Adrover et al., 1986; Alcala
et al.,1990; Alcala and Montoya, 1990; Abella et al., 2019),
although a single, not fully certain record came from
Germany (Morlo, 1997; Franzen et al., 2013) and tempo-
rally to the late Miocene (8.7-6.2 Myr). Spassov (2001)
described B. adroveri as a form, characterised by an early
Turolian age and a very large size. When the dimensions
of this species are compared with the range of variability
of B. helbingi, especially with the material from the Greek
site Karnezeika (Sianis et al., 2021, 2023), it matches met-
rically the size of this species. The main problem with
B. adroveri is that it is known only from two mandible
fragments; such scarce material cannot be used to demon-
strate a full range of variability.
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Mustelids are characterised by great intraspecific varia-
bility and overlap. This is a result of sexual dimorphism,
local climatic and environmental conditions and individual
variation. For this reason, size difference cannot be used as
a stand-alone tool for species discrimination. In compari-
son with Mustela species, characterised by extreme sexu-
al dimorphism (Kratochvil, 1951, 1977a, b; Erlinge, 1975,
1979, 1987; King, 1989; Abramov and Baryshnikov, 2000;
Spassov, 2001; King and Powell, 2007; Marciszak and
Socha, 2014; Marciszak et al., 2021), Ictonychini exhibits
less variability between the sexes (Rozhnov and Abramov,
2006; Puzachenko et al., 2017). The sexual dimorphism in-
dex for extant Vormela peregusna is only 6—8% (Rozhnov
and Abramov, 2006; Puzachenko et al., 2017), compared
with 18-25% in Mustela species (Kratochvil, 1951, 1977a,
b; Erlinge, 1975, 1979, 1987; King, 1989; Abramov and
Baryshnikov, 2000; Spassov, 2001; King and Powell, 2007;
Marciszak and Socha, 2014; Marciszak et al., 2021).

The plotted index of the total length and trigonid breadth
of the ml of Baranogale individuals showed the presence
of four sets of data that do not overlap with each other
(Fig. 6). One set is the huge specimen (4?) from Rambla
del Valdecebro (L ml is 10.6 mm; Petter, 1964, 1987), com-
parable in size to very large males of Mustela eversmanii
(Lesson, 1827) and M. putorius. A second group is creat-
ed by the also very large (L ml between 8.50-9.50 mm)
individuals of B. helbingi from Karnezeika (Sianis et al.,
2021, 2023) and a single specimen of B. adroveri from Los
Mansuetos (L ml is 9.00 mm;Petter, 1964, 1987; Adrover et
al., 1986). The other two sets grouped “normal- sized” indi-
viduals of B. helbingi from the rest of the localities. There
is a noticeable difference in size between them, which may
be interpreted as sexual dimorphism. For the first group, 33
were assigned with L ml of 7.40-8.40 mm, while for the
second group of smaller $ 9 with L ml of 6.32-7.25 mm
(Fig. 6). In this context, B. helbingi from Weze 1 also can be
differentiated in terms of gender, where 33 (L ml between

Fig. 6.
Baranogale. For citation, see the chapter Material and Methods.

7.78-8.31 mm) are clearly larger than @ ¢ (L ml of 6.32-7.25
mm). The only outstanding, problematic specimens are two
very small individuals from Varshets, classified as a sepa-
rate species, Baranogale balcanica Spassov, 2001, which
is discussed below. The intraspecific size variability of B.
helbingi seems to be greater than that of the extant Vormela
peregusna. It could be related to the lesser ecological spe-
cialisation and lower evolutionary level of B. helbingi, clos-
er to its Miocene ancestors.

Regarding Baranogale adroveri, Spassov (2001) stated
that features, like great size, absence of the strongly outlined
distal edge of the longitudinal crest on the lingual surface of
the cl, the apomorphic morphology of p4 being long and ro-
bust, with reduced metaconid and ml with a larger metaco-
nid and a more reduced taloned, are typical for Baranogale.
However, as was mentioned above, the fossil material of
B. adroveri is scarce and it is very risky to use it as a basis
for creating definitive opinions. At this point, the present
authors are guessing that these differences are related to spe-
cific level and the Miocene and Pliocene forms are rather
closely related.

Baranogale balcanica mentioned above was determined
as a separate species, which differs from B. helbingi in its
smaller dimensions and an admixture of plesiomorphic
(more conical, short and high p3-p4, highly positioned and
distinctly separated metaconid on p4 and m2 with a ves-
tigial paraconid) and apomorphic (shortening of the rostral
parts of the skull and mandible, more tightly pressed low-
er teeth in rows formed in straight lines without diastemas,
a notably strong longitudinal lingual furrow on the C1 and
a strongly reduced p2) features (Spassov, 2001). He stat-
ed that the demonstration of too great metric differences
between B. balcanica and B. helbingi should be regarded
mostly as taxonomic and not an individual or sexual feature.
He also added that the values of the dimensional variabil-
ity in Baranogale indicate the existence of more than one
species. The present authors currently accept this statement

Graph showing the relationship between the crown length (L ml) and breadth (B ml) of ml of European species of the genus
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and regard B. balcanica as a separate species, although the
aforementioned differences also might be related to the sub-
specific level.

DISCUSSION

Individuals of Baranogale helbingi showed relatively
broad variation in metrical and morphological differences.
Some previous authors (e.g., Kowalski, 1959, Spassov, 2001
and Sianis et al., 2023), mentioned that those inhomogene-
ous characters are beyond the variability of a normal popu-
lation, thus pointing to the possible co-occurrence of differ-
ent subspecies. However, it should be strongly highlighted
that in comparison with mustelids from the genus Martes
Pinel, 1792 and Mustela Linnaeus, 1758, the remains of B.
helbingi are much rarer and mostly incomplete. Except for
at sites like Karnezeika and Weze 1, material of this species
is represented by one or two mandibles, sometimes also with
the addition of other material. Such scarce material does
not reflect the full temporal, intraspecific and geographical
variability of the species. The real degree of intraspecific
variation is not fully known and still there is not enough
evidence to support fully some hypotheses. Thus, new finds
will provide possible guidelines for future studies (Sianis
et al.,2023; Tab. 5).

Baranogale helbingi from Weze 1 showed great metri-
cal and morphological similarity to most of the specimens
from other European localities. Some among them, like the
individuals from Dafnero, Karnezeika and Saint-Vallier, are
larger; some, like the holotype from Villany, are smaller.
But all of the specimens are within the range of variability
for the species and cannot be used as a discriminative fea-
ture. Furthermore, the “enormous” size of some specimens
can be easily explained by the presence of abnormally sized
individuals, the presence of which is noted regularly in the
fossil material of different carnivors. Compared to those
from Karnezeika and Saint-Vallier, they have more weakly
developed cingulid protrusions in p3, a weaker accessory
cuspid in p4, and greater independence of the hypoconu-
lid from the hypoconid. The angular orientation of the cl
in relation to the main mandible axis is acute (Sianis et al.,
2023). In other specimens, the angle between the cl crown
axis and the mandibular body axis is almost a right angle,
while the cl base crown axis and the mandibular body axis
are almost parallel. In the Perrier-Etouaries and Saint-Vallier
specimens, the mesial and distal margins have a significant-
ly stronger morphology, with a step-like structure developed
(Sianis ef al., 2023).

From the entire known material of Baranogale helbingi,
the most outstanding feature is the robust Dafnero mandible
(2.4-2.3 Myr; Koufos and Kostopoulos, 1997). Compared
with B. helbingi from Weze 1, the Dafnero individual pos-
sesses more conical premolars, separated by a diastema and
with a more reduced mesial cingulum, a stronger reduced
secondary cuspid in p4, a higher paraconid in ml, and a
non-elevated talonid. Interestingly, the greatest morpholog-
ical similarity to the Dafnero specimen is shown by a much
smaller and far more ancient mandible from Podlesice, one
of the oldest occurrences of the species (Kowalski, 1959;

Spassov, 2001). The Podlesice individual has more conical-
ly shaped premolars, a less developed distal cingulum of p4,
a flattened and not elevated talonid of ml, with a hypoco-
nulid less independent from the hypoconid and a less deep
carnassial notch.

Leaving dimensions aside, since size is not good taxo-
nomic indicator, as was shows already above, an evolution-
ary scenario can be proposed, in which the present authors
generally agree with Sianis e al. (2023). Even if owing to the
scarcity of the material, the full evolutionary history cannot
be reconstructed, certain basic elements make up a logical
whole. The oldest (4.9—4.2 Myr) record from Podlesice rep-
resented a different stock of Asian or African origin, which
might have given rise to the European B. helbingi lineage.
The morphology of this specimen contains an admixture of
traits, typical for the species, but also some more archaic
features. The much younger (2.4-2.3 Myr), but morpho-
logically similar Dafnero individual could reflect its Asian
or African descendant, which re-invaded Europe during
the earliest Pleistocene (Sianis et al., 2023).

Specimens dated as early Pleistocene (2.5-1.6 Myr), like
those from Karnezeika, Saint-Vallier, and Villany 3 and 5,
represented the same form, widespread across European
territory. Their morphology is strongly homogeneous and
characterised by the presence of more progressive features,
like almost a right angle between the cl main axis and the
mandibular corpus axis, an almost parallel relationship be-
tween the cl base crown and the mandibular corpus axis,
a smooth mesial margin of cl with a tendency to create a
step-like structure on its distal margin, a high p3, strong
cingulum protrusions in the premolars, an elongated p4
with a strong accessory cuspid, an ml with a deep carnas-
sial notch, a hypoconulid almost fused with the hypoconid,
and an elevated talonid. The middle-late Pliocene (3.6—
2.7 Myr) specimens from Beremend, Csarndta, Odessa
Catacombs, Perrier-Etouaires and Weze 1, younger than
those at Podlesice, but older than the early Pleistocene,
show similar characteristics to those mentioned above,
being, however, more primitive. They may represent an
ancestral form of Baranogale helbingi, the morpholo-
gy of which is characterised by a mosaic of intermediate
features between the middle-late Pliocene and the early
Pleistocene. They belong to the one, evolutionary lineage,
represented by a monospecific genus. The taxonomic sta-
tus of B. balcanica is still highly uncertain, since scarce
material from only one locality (Varshets), was described
(Spassov, 2001). It can be assumed with caution that B.
balcanica really belongs to a separate species, but more
material is needed to verify this hypothesis. In this mat-
ter, sites like Weze 1, with more numerous and relatively
well-preserved material, are especially important in show-
ing in a broader context a wide range of intraspecific var-
iability. On the basis of such material, some aspects like
sexual dimorphism, which so far has received no attention,
can be also highlighted.

The origin of the Pleistocene Mustela is highly unclear,
since the late Miocene and early Pliocene history of this ge-
nus remains poorly documented. Only a few sites of this age
yielded scare material. In addition, the uniform morphol-
ogy, strongly pronounced sexual dimorphism and limited
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number of finds do not make the task easier. The remains
of the small Pliocene Mustela, dated between 5-3 Myr, are
very rare in Europe and poorly represented (Kormos, 1934;
Kowalski, 1962, 1973; Stach, 1959; Vangengeim et al., 1998;
Morlo and Kundrat, 2001). Most of these records were as-
signed to M. plioerminea, M. pliocaenica or Mustela sp.
They were regarded as a stem form of the genus Mustela
and ancestors of Pleistocene forms M. palerminea and
M. praenivalis (Sato et al., 2012). The morphological results
obtained were corroborated with the molecular data, which
indicated that the separation of the erminea lineage and the
nivalis lineage took place between 3.9-3.4 Myr (Sato et al.,
2012).

However, last year this schema that was accepted so far
was undermined and the American species recently formed
a monophyletic clade Neogale Gray, 1865, distinct from
other Mustelinae species. It was found that this clade di-
verged from Mustela between 13.4-11.8 Myr (Patterson et
al., 2021). Previously, most species were determined as
Mustela (Koepfli et al., 2008; Law et al., 2018; Law, 2019).
Additionally, data inferred from mitochondrial genomes
showed that the genus Mustela already had appeared 11.8—
10.3 Myr (Hassanin et al., 2021), much earlier than previ-
ously believed (Koepfli ef al., 2008; Sato ef al., 2012; Law
et al., 2018).

Mustela is an old and diverse genus, as noted by Izor and
de la Torre (1978): “Mustela is in many respects a primitive
mustelid, retaining most of the family’s basic characters.
For this reason, care must be exercised so that it does not be-
come a catchall genus, collecting diverse, structurally gen-
eralized species without true phylogenetic affinities”. This
also has been confirmed by molecular phylogenies, which
showed it to be an old and disparate group, characterised
by many pleiomorphisms (Koepfli et al., 2008; Sato ef al.,
2012; Law et al., 2018; Hassanin et al., 2021).

In the evolution of the Mustelidae, one of the most crucial
periods is the Mid-Miocene Climate Transition (MMCO,
16.1-11.6 Myr; Edwards ef al., 2010; Stromberg, 2011; Law,
2019). The period was characterised by massive expansion
of the Antarctic ice sheet and global cooling, which result-
ed in an increase of grasslands (Flower and Kennett, 1994;
Bohme, 2003; Dolakova et al., 2020). Associated with it,
the diversification of rodents and lagomorphs during that
period led to increases in many clades among the mustel-
ids, particularly forms like the Mustelinae (Finarelli and
Badgley, 2010; Fabre ef al., 2012; Samuels and Hopkins,
2017). The carrying capacity of various mustelines for those
environmental changes involved decreases in size and shifts
towards small, elongate bodies (King, 1989; Koepfli et al.,
2008; Edwards et al., 2010; Stromberg, 2011; Law et al.,
2018; Law, 2019). Evolutionary plans during that time may
have facilitated diversification by allowing mustelids to
chase prey in tight burrows and tunnels and small crevic-
es (Law et al., 2018; Law, 2019; Liu ef al., 2023). During
the MMCO, small Mustelinae extensively diversified and
differentiated in a stepwise fashion, being able to occupy
various habitats, ranging from tropical rainforests to tundra
and from steppe and desert to riparian biotopes and to coast-
al waters, mostly in Asia (Sato et al., 2012). The Eurasian
continent itself was shown to have been involved in the

species diversification (Hosoda et al., 2000; Law, 2019; Liu
etal., 2023).

The attempts of Mustelidae to create extra small, dwarf
carnivore forms started as early as ca. 25-24 Myr, e.g.,
Plesictis julieni sicaulensis Viret, 1929 (Spassov, 2001).
However, the real intensity of this phenomenon is observed
in the late Miocene, and later, in the Pliocene. It results
from an enlargement of the open grasslands, the so-called
Microtinae habitat. It stimulated evolution by creating
a new ecological niche for a number of small carnivores
(King, 1989). The limb shortening and reduction of the body
size was one of the main directions for specialisation of the
Mustelidae (Spassov, 2001). It allowed small Mustelinae to
hunt rodents in their burrows and tunnels. Parallel to the
Mustelinae, such specialisation evolved simultaneously in
the Ictonychini (Spassov, 2001).

During a long timespan, covering almost the whole
Pliocene and the earliest Pleistocene (~4.9-2.0 Myr), the
Mustelinae coexisted with the Ictonychini. Their co-oc-
currence is documented at 14 European sites (Kormos,
1934; Viret, 1954; Kretzoi, 1956, 1959a, b; Kowalski, 1959,
1962, 1973; Stach, 1961; Heintz et al., 1974; Azzaroli, 1977;
Janossy, 1986, 1996; Kotsakis, 1986; Wolsan, 1989; Alberdi
et al., 1997; Koufos and Kostopoulos, 1997; Morlo and
Kundrat, 2001; Radulescu et al., 2003; Guérin et al., 2004;
Marciszak, 2012; Koufos, 2022). However, since the be-
ginning of the Pleistocene (2.6-2.2 Myr), members of the
genus Baranogale and Vormela started to be rare, until the
final disappearance of the genus Baranogale in the ear-
ly Pleistocene. Probably better adapted and ecologically
more flexible Mustelinae, outcompeted the Ictonychini
across most of their Eurasian range. Zabia Cave (1.7-1.5
Myr) seems to be the last and the youngest site with the
documented co-occurrence of Baranogale and Mustela
species (Marciszak, 2012). The extant Mustela is one of
the most widespread genera in the Mustelidae. Members of
this genus occur in Eurasia, North Africa, North America,
and northern parts of South America (Law, 2019; Liu et
al., 2023).

The size variability of Baranogale helbingi is also one
of the manifestations of evolutionary adaptation, though not
the only one. Dwarfing was not observed in the evolution
of this species, but some strong differences occur between
specimens from various sites. Those from Weze 1, Csarnota,
Villany 3, and Perrier-Etouaires are of moderate size, while
those from Dafnero, Karnezeika and Saint-Vallier appear
to be larger than the rest. Palacoecological conditions and
the resulting competition in the environments inhabited by
B. helbingi are still poorly understood and are based largely
on comparison with the environmental conditions of today.
Although this provides a certain picture, it does not allow
us to draw any clear conclusions, but rather constitutes
a background for certain hypothetical considerations. In this
matter, the significant variation in the size of B. helbingi
is partly the result of sexual dimorphism as well as the in-
fluence of the environmental conditions and the climate, in
which a given population lived.

However, another explanation is also possible. In com-
parison with other small mustelids, Baranogale helbingi
shows a relatively lower evolutionary level, which is clearly
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visible in their dentognathic material. In relation to species
like Vormela peregusna, but also those from genus Mustela,
features adapted to catching and killing relatively large prey
are more weakly developed. It is especially well document-
ed in comparison with highly specialised hunters of the
large, steppe rodents, like M. eversmanii and V. peregusna.
The high development level of hypercarnivorous features
in both species are expressed in strongly developed muscle
attachments that are wide spacing. They have massive zy-
gomatic arches, strongly expanded and flattened at the rear,
and the shortening and expansion of the rostrum. These
features shorten the length of the lever arm and compress
the force, exerted by pressing the jaws over a shorter length
(Poljakova, 1978; Spassov and Spidorov, 1993). The strongly
marked postorbital narrowing is related to the strong devel-
opment of the occipital muscle, occupying the entire distal
part of the skull. The mandibular body is massive and short,
the mandibular fossa long and deep. These features generate
a high bite force and at the same time demonstrate resist-
ance to high mechanical stress (Poljakova, 1978; Spassov
and Spidorov, 1993).

There was a reduction in the number and size of the ex-
treme teeth, like the disappearance of Pl/pl and a notable
reduction in the size of P2/p2, Ml and m2. They are more
strongly reduced than in the case of other species of the
Ictonychini tribe. There has been a strong development of
13, where the crown is longer and more massive than that of
13 species of the genus Mustela. The incisor line is moved
more forward, and the existing diastema between I3 and
the canine is larger. These features result in the more ef-
fective use of the length of the canine crown: the remote
crown I3 does not block the penetrating canines, and at the
same time is an additional factor in holding and injuring
the victim. Long and massive canines are characterised by
massive roots. This allows better anchoring of the canines
in the jaw and greater resistance to the mechanical stress ex-
erted, when pressing the jaws and holding a struggling prey.
This massiveness of the canines results from the method of
killing prey by V. peregusna and allows them to pierce the
thick bones of the braincase of large steppe rodents, like go-
phers and hamsters (Spassov and Spiridonov, 1993; Spassov,
2001). There was also an increase in the massiveness of P3/
p3 and P4, the distal parts of their crown were expanded,
and a number of premolars were shortened, compressed and
arcuate. The long hypocone and large metacone Ml form
additional cutting edges.

The same, even more strongly developed features were
found in the evolution of M. eversmanii. A strong bite and
massive teeth are necessary to kill large, aggressive prey,
mainly the steppe rodents, which were the basis of its diet.
The strongly arched line of moderately sized incisors is an-
other expression of this specialisation. Carnivores that kill
large prey through deep bites, like large felids and species
of the Mustela genus, have smaller incisors in proportion to
body size. Their smaller crowns are less involved in catch-
ing and killing prey and are generally not tools for inflicting
large wounds, but for cleaning meat from the bones of hunt-
ed prey. The incisors have become strongly compressed and
the 12/i2 is often moved to the second, rear row. Reducing
the size of the incisor crowns allows the formation of a

diastema between them and the canines and allows better
projection and, consequently, better use of the entire length
of the canine crown and deeper penetration into the prey’s
body. The size of the incisors of Mustela species reflects the
specialisation of hunting for prey, similar in size to or larg-
er than the hunter. Moving the incisor line backwards and
shortening the lever arm causes greater force generated by
the jaw muscles to be concentrated in a shorter distance.
This translates significantly into an increase in the bite
force, necessary to pierce the bones of victims (Greaves,
1983; Van Valkenburg and Ruff, 1987; Van Valkenburgh,
1988; Biknevicius and Ruff, 1992; Biknevicius et al., 1996;
Biknevicius and Van Valkenburgh, 1996).

The massive canines of Mustela eversmanii are charac-
terised by a weakly curved crown. They evolved as long,
massive, straight blades, used to pierce the thick skulls and
strongly muscled necks of prey. The canines of M. evers-
manii and Vormela peregusna, which specialised in hunt-
ing large prey, are analogous to those of felids, with long,
dagger-like canines with a straight, long crown, designed
for piercing and deep penetration into the bodies of the
prey. The elongated and robust ml trigonid is characterised
by a long, mesial, cutting edge, created by a protoconid
and strongly accentuated broadening of the ml crown at
the level of the protoconid. There was also a particularly
marked reduction of P2/p2, M1, the talonid of ml and m2.

In comparison with Mustela eversmanii and Vormela
peregusna, Baranogale helbingi definitely represents
a lower stage of evolutionary development. It is well
documented in a proportionally more elongated and nar-
rower rostrum, less widely spaced zygomatic arches, less
developed muscle attachments, like sutures and the sagit-
tal crest, a more elongated and slender mandibular body,
a shorter and shallower masseteric fossa, loosely posi-
tioned in almost a straight tooth row premolars and mo-
lars, less exposed forward and smaller incisors, narrow-
er and more curved canines, relatively weak reduction of
P2/p2, M1 and m2. Such an mixture of features is typical
for mustelids, which regularly hunted prey smaller than
themselves. Those species do not need such massive teeth
and jaw muscles as those of M. eversmanii and V. pere-
gusna, for example. This may mean that there is a simi-
lar situation in the case of B. helbingi. Anyway, the larger
dimensions of specimens from Dafnero, Karnezeika and
Saint-Vallier can be related to possibly less competition
pressure of large Mustela species. It is especially the case
with highly specialised M. eversmanii, the occurrence
of which so far was not documented from Greek territo-
ry (Koufos, 2022), the area for most records of large B.
helbingi. The lack of such competitors allowed this ancient
and less specialised mustelid to hold the niche, occupied in
other, more northern areas by ecologically more flexible and
expansive Mustela species.

CONCLUSIONS

The presence of a European endemit, Baranogale hel-
bingi, was documented from 30 sites, of which 8 are lo-
cated in Poland. The occurrence of this ancient and archaic
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mustelid is characteristic for the Pliocene, but the species
occurred also during the early Pleistocene. Among those
records, especially noteworthy is the Polish site Weze 1,
dated at 3.6-3.2 Myr. From this locality abundant material
is known, represented among other specimens by two rela-
tively well-preserved skulls. Studies of these remains broad-
ly expand knowledge about the species. Morphometrical
analysis showed the important role of sexual dimorphism in
the variability of the species. During the early Pleistocene,
like other European Ictonychini, B. helbingi became extinct,
probably owing to competition with small Mustelinae that
were extremely adaptable in terms of ecology.
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