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Sorex bifidus n. sp. and the rich insectivore mammal fauna
(Erinaceomorpha, Soricomorpha, Mammalia) from the Early

Pleistocene of Zabia Cave in Poland

Barbara Rzebik-Kowalska

ABSTRACT

Thirteen species of insectivore mammals, among them the new taxon Sorex bifi-
dus n. sp.and twelve others are described from one of the few middle Early Pleisto-
cene localities of Poland, Zabia Cave. They are: Erinaceus sp. (Erinaceidae), Talpa
minor and T. europaea (Talpidae), Paenelimnoecus pannonicus, Sorex minutus, S.
runtonensis, S. (Drepanosorex) praearaneus, S. (D.) margaritodon, Asoriculus gib-
berodon, Neomys newtoni, Petenyia hungarica and Beremendoia fissidens (Sorici-
dae). Measurements, systematic positions, palaeoecological requirements and
illustrations are given. The four species of Sorex indicate a humide sylvan paleoenvi-
ronment. The abundance of moles is also connected with relatively humid conditions
and more or less open areas with soft soils. On the other hand, S. runtonensis is prob-
ably an indicator of arid and relatively open biotope and the hedgehog, Erinaceus sp.,
of forest, shrubs and open areas. Neomys newtoni is connected with open water bod-
ies. This shows a mosaic landscape — forest, open habitat patches and water bodies in
the vicinity of the studied cave. The impoverishment of the shrew fauna of Europe
during the Late Pliocene and Early Pleistocene caused by the extinction of the Plio-
cene taxa and the appearance of more numerous species of the genus Sorex are pre-

sented.
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INTRODUCTION

Zabia (Frog) Cave (50°35°'N and 19°31E) is
situated in the Czestochowa Upland in southern
Poland. This extensive limestone area with numer-
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ous rock-shelters and caves is developed in Upper
Jurassic limestone of Oxfordian age. Geological
studies of the Zabia Cave deposits showed that
they were formed in several sedimentation cycles
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in the Early Pleistocene, and the character of the
sediments indicated several climatic cycles during
their deposition (Bosak et al., 1982, Nadachowski
etal.,, 2011).

Zabia Cave lies at an altitude of 406.3 m a.s.l.
The length of its known passages is over 60 m, and
the depth is about 18.5 m (about 12 m near the
entrance shaft). It owes its name to the dead bod-
ies of recent frogs and toads often found at its bot-
tom.

The cave has been known since 1944, but
only in 1979 previously inaccessible chambers
filled by karst deposits with bone remains were
found. Since 1980 Zabia Cave has been systemat-
ically explored by the Department of Palaeozool-
ogy and Institute of Geological Sciences of the
University of Wroctaw. Twenty-one layers were dis-
tinguished and most of them contained bone
remains. The animal remains include slugs,
amphibians (toads and frogs), reptiles (lizards and
snakes), few birds, and mammals including insecti-
vores, bats, lagomorphs, rodents, carnivores, cer-
vids and bovids. A detailed description of cave
morphology and cave deposits can be found in Ste-
faniak et al., 2009; the profile of the sediments in
Bosak et al., 1982 and lvanov, 1997; the first faunal
list in Bosak et al., 1982 and more detailed infor-
mation on fauna in Stefaniak et al., 2009 and Nad-
achowski et al., 2011.

METHODS

Measurements of specimens were taken
according to De Jong (1988) for Erinaceidae, and
according to Hutchison (1974) and Reumer (1984)
for Talpidae and Soricidae, respectively. Homolo-
gous elements (e.g., right first lower molar m1 or
right humerus) were used to represent the mini-
mum number of individuals (MNI). Soricidae teeth
I1 and i1 were measured along their buccal sides;
all others were measured on their occlusal sur-
faces. Abbreviations: NS = number of specimens,
L = maximum length, W = maximum width, H =
maximum height and DW = width of humerus
diaphysis.The specimens described are housed in
the collections of the Department of Palaeozool-
ogy, Wroctaw University and the Institute of Paleo-
biology of the Polish Academy of Sciences,
Warszawa.

SYSTEMATIC PALAEONTOLOGY

Class MAMMALIA Linnaeus, 1758
Superorder INSECTIVORA sensu Novacek, 1986
Order ERINACEOMORPHA Gregory, 1910

Family ERINACEIDAE Fischer von
Waldheim, 1814
Subfamily ERINACEINAE Fischer von Waldheim,
1814
Genus ERINACEUS Linnaeus, 1758
Erinaceus sp.

Figure 1. 1-3

Material. Table 1.

Description. The size and morphology of hedge-
hog remains from Zabia Cave are comparable with
those of the recent European hedgehogs, Erina-
ceus europaeus Linnaeus, 1758 and Erinaceus
roumanicus Barrett-Hamilton, 1900. Descriptions
are given by Holz and Niethammer (1990) in Hand-
buch der Sdugetiere Europas.

Measurements. Tables 2, 3 and 4.

Systematic position. The characters and size of
remains described above indicate that they repre-
sent a fairly large hedgehog of the genus Erina-
ceus Linnaeus, 1758. As mentioned above it does
not differ much in morphology from European Eri-
naceus roumanicus and E. europaeus living today
in Poland. The first species inhabits most of Poland
east of the Odra River, and the second species is
present to the west of this river. Differences in their
dentition are visible only in the morphology of the
third upper incisor (13), which has two roots,
whereas I3 of E. roumanicus and E. europaeus are
single-rooted. However, in Zabia Cave the one and
only preserved mandible with an angular process
shows similarity to the mandible of E. europaeus.
In both forms the horizontal crest of the angular
process divides its lingual surface into upper and
lower parts and both parts (surfaces) are concave.
In E. roumanicus the horizontal crest is situated in
the upper border of the lingual surface of the angu-
lar process and this only surface is flat (Wolff,
1976).

The hedgehog teeth from Zabia Cave are not
very large. Most tooth dimensions (Tables 2 and 3)
do not exceed the average dimensions of E. rou-
manicus and E. europaeus teeth collected in
Poland as well as in other parts of their distribu-
tions (Holz and Niethammer, 1990). However the
hedgehog from Zabia Cave was larger than Erina-
ceus samsonowiczi Sulimski, 1959 described from
the Early Pliocene (MN15) locality of Weze 1 in
Poland, Erinaceus lechei described by Kormos
(1934) from Beremend in Hungary, a locality dated
to the Early Pleistocene, and Erinaceus ostramosi
described by Janossy (1972) from the Early Pleis-
tocene of Osztramos 8, also in Hungary. In addition
teeth of E. samsonowiczi differ from the teeth of
recent European hedgehogs as well as from the
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FIGURE 1. Erinaceus sp. from Zabia Cave (1-3). Left I3 (1- buccal view); angular process (2 - lingual view), layer 15,
ZPALUWTr/JZ/I/Esp., Nos. 36 and 1 respectively. Recent Erinaceus roumanicus Barrett-Hamilton, 1900 from Poland;
angular process (3 - lingual view), M/4909. Talpa minor from Zabia Cave (4-7). Left humerus (4), left M1 (5), right M2
(6), right M3 (7) in occlusal view, layer 15, ZPALUWr/JZ/II/Tm, Nos. 6, 10, 46, 57 respectively. Talpa europaea from
Zabia Cave (8-11). Right humerus (8), left M1 (9), right M2 (10), right M3 (11) in occlusal view, layer 15, ZPALUWr/JZ/
II/Te, No. 15, 1, 10,18, respectively.
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TABLE 1. Erinaceus sp. (Warsaw - No. ZPAL M. 12/1, Wroctaw —No. ZPALUWTr/JZ/I/Esp).

Number of
Number of fragmentary
detached upper | mandibles and
teeth detached lower Minimum
(I3, C, P2 teeth (c, p2 and number of
Layers and P4-M3) p4-m3) Total individuals MNI
15 39 47 86 9
17 1 3 2
21 1 1 1
Total 41 49 90 12

TABLE 2. Dimensions (in mm) of upper teeth of Erinaceus species of body size similar to specimens from Zabia Cave.

Erinaceus
Erinaceus davidi
Erinaceus roumanicus praeglacialis
Brunner, 1933* | Jammot, 1973
Windloch La Fage
E. cf.
praeglacialis
Rabeder 1972**
Erinaceus sp. Hundsheim
Germany France
Poland Early and Middle Middle
Zabia Cave Recent Pleistocene Pleistocene
Min. X Max. | N | sd cv Min. X Max. | N sd cv Min.-Max. N |Min.-Max.| N
L - 2.68 - 1 - - 2.10 2.37 2.59 4 - - - 0 - 0
13
w - 1.96 - 1 - - 1.88 1.96 2.02 - - - 0 - 0
L - 2.20 - 1 - - 2.30 2.53 3.04 0.21 8.30 - 0 - 0
C
w - 1.52 - 1 - - 1.48 1.61 1.74 9 0.09 5.59 - 0 - 0
L - 2.38 - 1 - - 2.38 2.58 3.06 6 - - - 0 - 0
P2
w - 1.75 - 1 1.77 191 2.06 6 - - - 0 - 0
P3 L - 2.30 - 1 - - 2.35 2.45 2.68 9 0.10 4.08 2.57* 1 - 0
2.50* 1
P4 L[| 3.37 3.56 3.79 4 - - 3.66 4.09 4.47 1 0.24 5.87 4.50* 1 4.50-5.20 3
4.20-4.30* 3
L| 421 4.85 5.33 12 |0.23| 4.74 4.88 5.28 5.55 12 0.22 4.17 5.00-5.50** 2 4.90-5.40 7
M1
W | 4.85 5.40 5.92 12 |0.33| 6.11 5.37 5.67 6.12 12 0.23 4.07 5.80-6.50** 3 5.50-6.00 7
L| 3.64 3.94 4.29 15 |0.18| 4.57 3.95 4.26 4.59 12 0.21 4.93 4.60** 1 4.30-5.30 5
M2
W | 4.20 4.75 5.31 14 |0.33| 6.95 5.01 5.32 5.72 12 0.23 4.32 4.20* 1 4.60-6.10 5
L| 1.68 1.74 1.82 6 - - 1.65 1.83 2.16 11 0.15 8.20 2.20* 1 - 0
M3
W | 3.12 3.29 3.46 6 - - 3.25 3.58 3.87 11 0.16 4.47 4.00** 1 - 0

Zabia Cave hedgehog by robust cingula especially
on the lingual side of M3 and strongly reduced tri-
gonids of m3; teeth of E. lechei differ by a strong
reduction of the paraconids of p4 and m3, and
teeth of E. ostramosi by small lower molars m1 and
m2 especially in proportion to p4 which is more
elongated than in all other Erinaceus species.
Large species of fossil European hedgehogs
are represented by Erinaceus praeglacialis
described by Brunner (1933) from the Early Pleis-
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tocene locality of Windloch (Germany) and Erina-
ceus davidi Jammot, 1973 from the Middle
Pleistocene of La Fage in France. According to
Brunner (1933), E. praeglacialis is characterized by
slightly larger size than the Recent E. europaeus,
elongated metastyles of P4 and M2, and a special
morphology and position of the upper P3. With
more numerous material from Hundsheim (Middle
Pleistocene, Austria), Rabeder (1972) called into
question its large dimensions and wrote that only
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TABLE 3. Dimensions (in mm) of the mandible and lower teeth of Erinaceus species of body size similar to specimens

from Zabia Cave.

Erinaceus
Erinaceus davidi
praeglacialis
Erinaceus. roumanicus Brunner, 1933* Jammot, 1973
Windloch La Fage
E. cf.
praeglacialis
Rabeder 1972**
Hundsheim
Erinaceus sp. Germany France
Poland Early and Middle Middle
Zabia Cave Recent Pleistocene Pleistocene
Min.| X |Max.| N sd cv Min X |Max.| N sd cv Min.-Max. N | Min.-Max. | N
L 2.74 | 2.76 | 2.79 2 - - 2.18 2.74 | 3.04 7 0.28 10.22 - 0 - 0
Cc
w 1.89 | 1.93 | 1.97 2 - - 1.99 2.08 | 2.22 7 0.1 5.29 - 0 - 0
L - 2.08 - 1 - - 2.16 2.38 | 2.58 0.16 6.72 - 0 - 0
p2
W - 1.82 - 1 - - 1.65 2.01 2.15 7 0.17 8.46 - 0 - 0
L 307 (329371 7 | 022 | 669 | 314 | 354 | 400 | 11 | 030 | 847 3.40-3.70** 7 - 0
p4
w 199 | 218 | 2.33 7 0.12 5.50 1.95 2.40 | 2.63 1 0.19 7.29 2.50-2.80** 7 - 0
L 466 | 5.15 | 5.55 10 0.28 5.44 5.25 5.70 | 6.33 1 0.28 4.91 5.62* 1 6.20 1
m1
W 2.76 | 3.17 | 3.45 1 0.19 5.99 3.32 3.60 | 3.81 " 0.16 4.44 3.80* 1 4.10 1
L L [425| 11 | 022 | 478 | 470 [ 502 | 531 | 11 | 021 | 4.18 5.30* 1 5.40 1
m3 m2 4.50-5.10** 2
w w 2.56 11 0.21 7.27 2.94 3.15 | 3.40 1 0.16 5.08 3.40* 1 3.40-3.60 3
3.50-3.60** 2

TABLE 4. Dimensions (in mm) of the M3 in Pleistocene and recent species of the genus Erinaceus in Europe.

Erinaceus Erinaceus Erinaceus
Erinaceus europaeus samsonowiczi praeglacialis
Erinaceus sp. roumanicus Weze 1 Hundsheim
?Poland Poland Germany
Zabia Cave Poland Sulimski 1962 Sulimski 1962 Rabeder 1972
L 1.68-1.82 1.65-2.16 2.00 1.60-1.80 2.20
M3 n=6 n=11 n=1 n-6 n=1
w 3.12-3.46 3.25-3.87 3.50 2.40-2.70 4.00

the position and morphology of P3 and the size of
M3 discriminate between Recent and fossil spe-
cies. According to this author the M3 is very large
in E. praeglacialis, larger than in any other species
known so far (Table 4).

A comparison (Table 4) of M3 measurements
of different Erinaceus species shows that the tooth
of E. praeglacialis was very large. Unfortunately it
was represented only by one specimen. Moreover,
Janossy (1972) did not give the M3 dimensions of
E. ostramosi and this tooth is unknown in all other
species, i.e., in E. lechei, E. davidi and especially
in E. praeglacialis from its type locality (Brunner,
1933). According to Jammot (1973) the teeth of E.
davidi are also similar to the teeth of recent Euro-

pean hedgehogs but are the largest of all fossil and
Recent species living in this territory. Its M3 could
have been equal to or larger than the M3 of E.
praeglacialis.

Unfortunately, all fossil species of the genus
Erinaceus from Europe were described on the
grounds of rather limited material and therefore
inter-individual and geographical variation as well
as their validity are not well established. In this situ-
ation it is difficult to say how many species of the
genus Erinaceus have lived in the past in Europe.

As seen above, a comparison of Erinaceus
remains from Zabia Cave with other species of this
genus could not unambiguously affiliate the mate-
rial to any of these species. According to the mor-
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TABLE 5. Talpa minor (Warsaw - No. ZPAL M. 12/2, Wroctaw — No. ZPALUWTI/JZ/II/Tm).

Number of
Number of | fragmentary
detached mandibles Minimum
upper teeth |and detached number of
(C, and P4- | lower teeth | Number of individuals
Layers M3) (p1-m3) humeri Total MNI
10 - - 10 10 6
12 - - 3 3 2
13 - - 1 1 1
15 24 113 313 450 158
17 29 99 131 53
21 5 13 6 24 4
TABLE 6. Dimensions (in mm) of upper teeth of Talpa minor from Zabia Cave.
Min. X Max. N sd cv
L - 1.51 - 1 - -
P4
w - 0.80 - - -
L 2.26 2.36 2.52 7 0.10 4.24
M1
W 1.19 1.25 1.30 7 0.04 3.20
L 1.78 1.87 2.08 10 0.12 6.42
M2
W 1.94 2.09 2.19 10 0.09 4.31
L 1.50 1.67 1.73 6 0.08 4.79
M3
W 1.43 1.47 1.54 6 0.05 3.40

phology of its angular process, these specimens
could belong to E. europaeus or its ancestor which
in the Early Pleistocene was probably smaller. It
could have increased in size with geological age
and the roots of its 13 could have united and
become single-rooted as in Recent E. europaeus.
On the other hand, the remains from Zabia Cave
can also represent a new species. The material is,
however, too fragmentary (mostly isolated teeth) to
describe another species.

In general, because hedgehogs are compara-
tively large mammals and are well protected by
their spines when attacked by predators, they are
rare in fossil material especially from owl-pellets.
This is why in most cases their remains from the
Pliocene and Pleistocene localities (also in Poland)
are not specifically identified. The remains from
Zabia Cave are also tentatively identified as Erina-
ceus sp.

Order SORICOMORPHA Gregory, 1910
Family TALPIDAE Fischer von Waldheim, 1814
Subfamily TALPINAE Fischer von Waldheim, 1814
Tribe TALPINI Fischer von Waldheim, 1814

Genus TALPA Linnaeus, 1758
Talpa minor Freudenberg, 1914

Figure 1. 4-7

Material. Table 5.

Description. The teeth and humeri are small and
their morphology is typical for the recent Talpa
europaea Linnaeus, 1758.

Measurements. Tables 6, 7 and 8.

Systematic position and distribution. The mor-
phology of teeth and humeri identify the remains
from Zabia Cave as belonging to the genus Talpa
Linnaeus, 1758. From the recent European mole,
T. europaea living also in Poland, they differ mostly
in smaller size. This suggests that they represent
Talpa minor Freudenberg, 1914 described from the
early Middle Pleistocene of Hundsheim in Austria
as Talpa europaea var. minor n. subsp.

Two other small fossil Talpa known from Euro-
pean literature, Talpa gracilis Kormos, (1930a)
described from the Early Pleistocene of Som-
lyéberg near Puspokfirdé (today Betfia 2) in
Romania and the Pliocene Talpa csarnotana
described by Kretzoi (1959) from Csarnéta 2 (MN
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TABLE 7. Dimensions (in mm) of mandible and lower teeth of Talpa minor from Zabia Cave.

Min. X Max. N sd cv
L 1.08 1.09 1.1 2 - -
p1 -
w 0.51 0.51 0.52 2 -
L 1.05 1.20 1.28 5 - -
p4
W 0.52 0.56 0.59 5 - -
L 1.66 1.75 1.84 22 0.05 2.86
m1
w 0.92 0.98 1.10 22 0.05 5.10
L 2.01 218 2.29 30 0.07 3.21
m2
w 1.05 1.16 1.30 29 0.07 6.03
L 1.66 1.86 2.07 26 0.09 4.84
m3
W 0.91 0.98 1.10 27 0.06 6.12
m1-m3 L 5.60 5.60 5.61 2 - -
H of mandible
below p2 1.30 1.39 1.55 5 - -
H of mandible
below m1 1.48 1.69 2.00 24 0.12 7.10
H of mandible
below m2 1.61 1.81 2.20 24 0.17 9.39
TABLE 8. Dimensions (in mm) of humerus of Talpa minor from Zabia Cave.
MIN. X MAX. N sd cv
L (max.) 10.21 11.33 12.75 67 0.68 6.00
6,55 8.00 9.04 63 0.50 6.26
Humerus W (max.)
2.50 2.93 3.26 99 0.18 6.14
DW

15, Hungary) were considered as junior synonyms
of T. minor, at first by Kretzoi (1938) and then by
van Cleef-Roders and van den Hoek Ostende
(2001).

Talpa neagui Radulescu and Samson, 1989
described from Beresti (MN14) and also found in
Malusteni (MN15a) (Romania) is known only from
its humeri. According to the authors they are char-
acterized by a wide diaphysis (DW = 3.00-3.50mm,
n=10), wider than the diaphysis in T. minor. The
authors are of the opinion that specimens cited as
T. minor from the Early Pliocene Polish localities of
Podlesice (MN14, Kowalski, 1956; DW = 3.20-
3.50mm, n=4) and from Weze 1 [MN15, Sulimski,
1959, 1962; DW = 3.10-3.50mm, n=? (1959) and
2.40-2.60mm, n=6 (1962)] most probably belong to
T. neagui. It seems, however, that the lack of denti-
tion and a single character (width of the diaphysis)

do not meet the requirements for a new species
description especially since the size of the diaphy-
sis of T. neagui overlaps the size of the diaphysis in
T. minor and Talpa fossilis/T. europaea. Besides,
so far the species was found only in two Pliocene
localities of Romania and its presence among the
Pleistocene remains of Zabia Cave is unlikely.

The presence of the recent Talpa caeca Savi,
1822 in the fossil material of Zabia Cave is also
improbable. According to some authors (Kurtén,
1968, Robert, 1983), T. caeca could be derived
from T. minor. According to van Cleef-Roders and
van den Hoek Ostende (2001) however, there is no
data supporting that T. minor was ancestral to the
Recent blind mole T. caeca. Although T. minor and
T. caeca are more or less of the same size, the
molars of T. caeca are larger, comparable to those
of T. europaea. Moreover the Recent range of T.
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TABLE 9. Talpa europaea (Warsaw - No. ZPAL M. 12/3, Wroctaw — ZPALUWr/JZ/II/Te).

Number of Number of
detached fragmentary Minimum
upper teeth mandibles and number of
(I3, C, P2 detached lower |Number of individuals
Layers and P4-M3) teeth (p1-m3) humeri Total MNI
10 - - 8 8 5
12 - - 4 4 4
13 - - 3 3 3
15 205 389 636 1230 337
17 15 80 176 271 90
21 28 31 19 78 12
Total 248 500 846 1594 451

TABLE 10. Dimensions (in mm) of upper teeth of Talpa europaea from Europe and Zabia Cave.

Talpa europaea
Netherlands, Germany, Spain
Recent
Zabia Cave van Cleef-Roders and van den
Poland Hoek Ostende 2001
Min. X Max. N sd cv Range N
L 1.55 1.63 1.72 14 0.06 3.68 1.569-2.02 54
P4
w 0.90 0.97 1.10 14 0.06 7.22 0.90-1.26 54
L 2.46 2.69 2.96 28 0.1 4.09 2.31-3.18 53
M1
w 1.34 1.45 1.58 28 0.07 4.83 1.36-1.73 53
L 2.00 2.22 2.40 29 0.09 4.05 2.10-2.53 45
M2
w 2.22 2.48 2.81 29 0.13 5.24 2.27-2.80 45
L 1.71 1.72 1.75 4 - - 1.27-1.52 32
M3
w 1.67 1.74 1.83 4 - - 1.76-2.13 32

caeca is much more to the south and west of
Europe. Also Talpa levantis Thomas, 1906 living
today in Bulgaria, Thrace, Anatolia (Turkey) and
the adjacent Caucasus and described as T. cf.
levantis from the Early Pleistocene (former MN17)
of Varshets (North Bulgaria) is larger (e.g., DW =
3.50-4.40, n=26) and its morphology is different
(upper molars are devoid of parastyles while para-
styles are present in the Zabia Cave mole, Popov,
2004).

The presence of other small recent Talpa in
Zabia Cave (Talpa occidentalis Cabrera, 1907 and
Talpa stankovici Martino and Martino, 1931),
endemics of Mediterranean peninsulas, is even
more improbable. Rabeder (1972) suggested that
all small moles described from the Pliocene and
Pleistocene belong to one species which, accord-
ing to priority, should be T. minor. If this is true, then
T. minor appeared in Europe during the beginning

8

of the Early Pliocene. It was very common and it
has been excavated from almost all European
countries (Rzebik-Kowalska, 2009). In Poland it
was present practically in all fossil localities of the
Pliocene and Pleistocene and it survived to the
Holocene (Krucza Skata Rock Schelter, Poland,
Rzebik-Kowalska, 2006, 2009).

Talpa europaea Linnaeus, 1758
Figure 1. 8-11

Material. Table 9.

Description. The detailed description, history and
synonymy of T. europaea and Talpa fossilis can be
found in van Cleef-Roders and van den Hoek
Ostende (2001) and Rzebik-Kowalska (2000b,
2006).

Measurements. Tables 10, 11 and 12.
Systematic position and distribution. The large
mole from Zabia Cave resembles the recent T.
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TABLE 11. Dimensions (in mm) of mandible and lower teeth of Talpa europaea from Europe and Zabia Cave.

Talpa europaea
Netherlands, Germany, Spain
Recent
Zabia Cave van Cleef-Roders and van den Hoek Ostende
Poland 2001
Min. X Max. N sd cv .Range N
L 1.05 1.23 1.33 0.08 6.50
p1 - 0
W 0.48 0.53 0.56 0.02 3.77
L 0.83 0.87 0.92 - -
p2 - 0
W 0.40 0.42 0.45 - -
L 0.86 0.99 1.14 10 0.08 8.08
p3 - 0
w 0.37 0.44 0.48 10 0.03 6.82
L 1.28 1.38 1.47 21 0.06 4.35 1.16-1.48 38
p4
w 0.57 0.64 0.69 21 0.03 4.69 0.55-0.75 38
L 1.86 2.02 2.19 50 0.15 7.43 2.09-2.45 38
m1
W 0.95 1.1 1.23 51 0.07 6.31 1.21-1.48 38
L 2.30 2.47 2.67 39 0.09 3.64 2.40-2.71 42
m2
W 1.20 1.31 1.40 41 0.06 4.58 1.12-1.45 42
L 1.90 2.10 2.25 20 0.09 4.29 1.92-2.21 34
m3
W 0.97 1.10 1.20 20 0.06 5.45 0.99-1.31 34
m1-m3 L 5.87 6.05 6.24 - - -
H of 1.60 1.71 1.88 0.10 5.85 -
mandible
below p2
H of 1.85 2.00 220 17 0.11 5.50 - 0
mandible
below m1
H of 1.97 2.16 2.40 17 0.12 5.55 - 0
mandible
below m2

europaea from Poland as well as T. europaea
described by van Cleef-Roders and van den Hoek
Ostende (2001) from different European countries.
The size and morphology of teeth and humeri are
identical except for the morphology of the meso-
style of the upper molars. According to van Cleef-
Roders and van den Hoek Ostende (2001) the T.
europaea mesostyle is undivided and its two cusps
may be discernible only in unworn specimens.
Instead, in Zabia Cave the mesostyle in the unworn
upper M1 is slightly or undivided, clearly two-
cusped in M2 and usually two-cusped in M3.

Large Early Pleistocene moles of Europe are
often determined as T. fossilis Petényi, 1864
described from the Early Pleistocene of Som-
lyéberg near Puspokfirdd (today Betfia 2) in

Romania. However, many authors (Kretzoi, 1938,
Heller, 1958, von Koenigswald, 1970, Rabeder,
1972 and others) are of the opinion that T. fossilis
and Talpa praeglacialis Kormos, (1930), described
from the same locality and based on the same
material as well as recent T. europaea, are similar
in size and morphology and should be considered
as a single species.

On the other hand, Robert (1983) proposed to
retain the name T. fossilis as a chronospecies. He
argued that geologically older specimens of Talpa
similar to T. europaea were smaller and had two-
cusped mesostyles in their upper molars. During
the Pleistocene they increased in size and their
two-cusped mesostyles gradually became mono-
cuspulate as in the recent T. europaea.
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TABLE 12. Dimensions (in mm) of humerus of recent Talpa europaea from Europe and Zabia Cave.

Talpa europaea
Netherlands, Germany,

Spain
Recent
Zabia Cave van Cleef-Roders and van
Poland den Hoek Ostende 2001
MIN. X MAX. N sd cv Range N
L (max.) 12.92 14.04 15.70 88 0.71 5.06 13.10-18.20 107
9.01 10.08 11.96 89 0.61 6.05 - -
Humerus W( max.)
3.40 3.89 4.91 98 0.27 6.94 3.30-4.80 107
DW

Van Cleef-Roders and van den Hoek Ostende
(2001) disagreed with this evolutionary trend. They
concluded that Robert (1983) had based tooth
identification on Crochet and Michaux (1981) but
did not confirm this by examining humeri and there-
fore these teeth could belong to T. caeca. The lat-
ter species is similar in size and the mesostyle of
its upper molars is divided.

Moles from Zabia Cave are not smaller than
recent T. europaea measured by van Cleef-Roders
and van den Hoek Ostende (2001). However they
have two-cusped mesostyles in upper M2 and M3.
This character does not seem very stable because
double-cusped mesostyles also occur in teeth of
recent T. europaea collected in Poland. Moreover,
the presence of T. caeca in Poland is unlikely.

T. europaea lives today throughout all of tem-
perate Europe including Great Britain to the Ob
and Irtysh rivers in Asia. The oldest record is
known from the French locality Montoussé 5, dated
to the Early Pleistocene (former MN17, Clot et al.,
1976). On the other hand the oldest remains of T.
fossilis come from the Late Miocene (MN13) local-
ity Maramena in Greece (Doukas et al., 1995) and
the youngest are cited from the Middle Pleistocene
localities of several European countries. The deci-
sion as to which name (T. fossilis or T. europaea) is
used in a particular locality seems completely arbi-
trary. Until a revision of the systematics of the two
forms (T. fossilis or T. europaea) is completed, the
larger mole from Zabia Cave is tentatively identi-
fied as T. europaea.

Family SORICIDAE Fischer von Waldheim, 1814
Subfamily ALLOSORICINAE Fejfar, 1966
Genus PAENELIMNOECUS Baudelot, 1972
Paenelimnoecus pannonicus (Kormos, 1934)
Figure 2. 1-2

10

Material. Right fragment of mandible with m2
(slightly damaged) and coronoid and condyloid
processes. Minimum number of individuals = 1.
Layer 21 (Warsaw - No. ZPAL M. 12/4).
Description. The m2 is devoid of the entoconid
and the entoconid crest. Instead, the entostylid
takes the shape of a cusp. The buccal re-entrant
valley opens at some distance above the buccal
cingulum. This cingulum is wide. The horizontal
ramus of the mandible is small and slender. The
mental foramen is situated below the posterior
alveolus of m1. The coronoid process is high and
narrow. The coronoid spicule is large and placed
nearly halfway between the tip of the coronoid pro-
cess and the upper sigmoid notch. The condyloid
process is massive. Its upper facet is triangular in
shape, the lower facet is wide and slightly concave.
The interarticular area is also wide. A description of
detailed morphology and synonymy of this form
can be found in Reumer (1984).

Measurements. The m2 —L = 1.03 mm, W = 0.57*
mm (* - slightly damaged), H of mandible below m2
= 0.89 mm, H of ascending ramus = 2. 68 mm, W
of coronoid process = 0.48 mm, H of condyloid pro-
cess = 1.24 mm, W of interarticular area = 0.38
mm.

Systematic position and distribution. The very
small size, the m2 devoid of entoconid and entoco-
nid crest and the triangular upper facet of the con-
dylar process show that this mandibular fragment
is from the genus Paenelimnoecus Baudelot, 1972
and its only Pliocene species Paenelimnoecus
pannonicus (Kormos, 1934). The presence of P,
pannonicus in the Early Pleistocene locality must
be treated with caution because in Europe as well
as in Asia representatives of the genus Paenelim-
noecus probably did not survive the Pliocene/
Pleistocene boundary (?MN16/MN17). In Poland
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FIGURE 2. Paenelimnoecus pannonicus from Zabia Cave (1-2). Right mandibular fragment with m2 (1 — buccal view),
m2 (2 - lingual view), layer 21, ZPAL M. 12/4/1. Sorex minutus from Zabia Cave. Right mandilular fragment with p4-m2
(3 — buccal view), layer 15, ZPALUWr/JZ/II/Sm/36. Sorex runtonensis from Zabia Cave. Right mandibular fragment
with m1 (4 — buccal view), layer 15, ZPALUWTr/JZ/11/Sr/39.

the youngest localities with P. pannonicus were Genus SOREX Linnaeus, 1758
Rebielice Krélewskie 1A and 2 also dated to MN16 Sorex minutus Linnaeus, 1766
and Mokra Cave 1 (fauna 2) dated to the ?MN16/ Figure 2. 3
MN17 (RZGbik-KOW&lSka, 2009) Material. Table 13.
Subfamily SORICINAE Fischer von Waldheim, Description. A description of detailed morphology
1814 and synonymy of fossil Sorex minutus can be

Tribe SORICINI Fischer von Waldheim, 1814

1
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TABLE 13. Sorex minutus (Warsaw - No. ZPAL M. 12/5, Wroctaw — No. ZPALUWr/JZ/11/Sm).

Number of
Number of fragmentary
detached mandibles and Minimum number
upper teeth — 11 | detached lower of individuals
Layers and A4-M3 teeth i1 - m3 Total MNI
10 10 17 27 6
12 44 53 14
13 7 7 3
15 13 423 436 128
17 7 31 38 13
19 1 2 3 1
21 5 176 181 50
Total 45 700 745 215
TABLE 14. Dimensions (in mm) of upper teeth of Sorex minutus from Zabia Cave.
Min. X Max. N sd cv
L 1.24 1.26 1.29 2 - -
11 L of talon 0.75 0.77 0.79 2 - -
H of talon 0.88 0.89 0.91 2 - -
L 0.48 0.50 0.53 2 - -
A4
W 0.46 0.49 0.52 2 - -
L 0.54 0.54 0.54 2 - -
A5
0.46 0.47 0.48 2 - -
P4 L 1.13 1.28 0.48 17 - 7.81
L(max.) 1.17 1.26 1.33 13 0.05 3.74
M1 L(med.) 0.95 1.01 1.05 13 0.03 297
W(max.) 1.27 1.40 1.50 13 0.08 5.71
L(max.) 1.03 1.11 1.18 8 0.06 5.40
M2 L(med.) 0.78 0.90 0.97 8 0.06 6.67
W(max.) 1.19 1.29 1.39 8 0.09 6.98

found in Reumer (1984) and Rzebik-Kowalska
(1991).

Measurements. Tables 14 and 15.

Systematic position and distribution. The very
small size and morphology assign the specimens
from Zabia Cave to the Recent species Sorex
minutus. They do not differ from S. minutus living
today in Poland. The taxonomy of the small fossil
Sorex species similar to S. minutus (Sorex sub-
minutus Sulimski, 1962, Sorex praeminutus Heller,
1963, Sorex biharicus Terzea, 1970) was dis-
cussed by Rzebik-Kowalska (1991, 2000a) and
does not need reiteration.

Today S. minutus inhabits a large area from
northern Spain in Europe to Baikal Lake in Asia. It
is the oldest specifically identified Sorex in Europe.
Its oldest remains were found in the Early Pliocene
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(MN14, MN15) localities of Poland and other Euro-
pean countries. The Late Pliocene and Pleistocene
localities also yielded abundant remains of this
small shrew. The species did not change much
over the long period of its existence (Rzebik-Kow-
alska, 1998, 2009).

Sorex runtonensis Hinton, 1911
Figure 2. 4

Material. Table 16.

Description. The morphology and size of the
specimens do not differ from the specimens
described by Hinton (1911) and Harrison (1996)
from the type locality as well as from other Sorex
runtonensis described by Rzebik-Kowalska (1991,
2000a) from Poland.

Measurements. Tables 17 and 18.
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TABLE 15. Dimensions (in mm) of mandible and lower teeth of Sorex minutus from Zabia Cave.

Min. X Max. N sd cv
L 2.55 2.71 2.89 10 0.09 3.32
i1
w 0.65 0.68 0.72 17 0.02 2.94
al L 0.75 0.79 0.85 6 - -
L 0.76 0.83 0.88 11 0.03 3.61
p4
w 0.49 0.53 0.56 11 0.02 3.77
L 1.15 1.22 1.27 28 0.03 2.46
m1
W 0.64 0.68 0.75 28 0.02 2.94
L 0,98 1.05 1.15 30 0.04 3.81
m2
w 0.60 0.64 0.72 30 0.03 4.69
L 0.85 0.93 1.07 18 0.06 6.45
m3
w 0.48 0.51 0.56 18 0.02 3.92
m1-m3 L(occl.) 3.07 3.16 3.24 15 0.05 1.58
H of mandible
below m2 0.80 0.92 1.12 57 0.06 6.52
H of ascending
Ramus 2.96 3.18 3.53 44 0.1 3,46
W of coronoid
Process 0.50 0.62 0.72 44 0.05 8.06
H of condyloid
Process 1.25 1.42 1.58 36 0.07 4.93
W of interarticular
Area 0.41 0.48 0.57 45 0.04 8.33

Systematic position and distribution. The inter-
mediate size between S. minutus and Sorex
araneus Linnaeus, 1758 and the morphology of
upper teeth and the coronoid and condyloid pro-
cesses allocate this Sorex shrew to S. runtonensis
Hinton, 1911. It was described from the Middle
Pleistocene locality of West Runton in England and
is one of the most abundant and widespread Sorex
species in the Pleistocene of Europe. In Central
Europe it probably survived until the Holocene
(Rzebik-Kowalska, 2006, 2009).

The origin of S. runtonensis is unknown.
According to Osipova et al., (2006) it is very similar
to the extant Siberian shrew Sorex tundrensis Mer-
riam, 1900. However, a considerable spatial gap
between the known ranges of Western Palearctic
S. runtonensis and Eastern Palearctic S. tundren-
sis (boundary of its western range passes from the
lower Pechora River in the north to the Western

Ural Mountains and Perm Region to Kostanay
Region in Kazakhstan in the south, Yudin, 1989) as
well as its intraspecific variability (eight subspecies
of S. tundrensis have been described from East
Siberia, Yudin, 1989) precluded conspecific
arrangement (Osipova et al., 2006). However, the
more recent discovery of fossil S. runtonensis by
Agadzhanyan (2009) in the Russian Plain visibly
diminishes this gap. Further studies are needed to
resolve this interesting problem.

S. tundrensis inhabits different biotopes from
arctic tundra to steppe and prefers more open and
arid areas than other Sorex species. It is therefore
one of the most eurytopic species of this genus.
Fossil S. runtonensis is very similar to recent S.
tundrensis and may therefore have the same eco-
logical requirements as S. tundrensis and may
serve as an indicator of an arid and relatively open
paleobiotope (Osipova et al., 2006).
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TABLE 16. Sorex runtonensis (Warsaw - No. ZPAL M. 12/6, Wroctaw — ZPALUWTr/JZ/11/Sr).

Number of
Number of fragmentary Minimum
detached upper mandibles and number of
teeth except of detached lower individuals
Layers A1 teeth i1 - m3 Total MNI
10 4 19 23 8
12 16 46 62 21
13 0 9 9 1
15 19 387 406 141
17 2 19 21 10
19 19 22 6
21 115 124 42
Total 53 614 667 229
TABLE 17. Dimensions (in mm) of upper teeth of Sorex runtonensis from Zabia Cave.
Min. X Max. N sd cv
L 1.50 1.64 1.70 8 0.06 3.66
11 L of talon 0.86 0.98 1.03 8 0.06 6.12
H of talon 1.04 1.1 117 8 0.04 3.60
L - 0.85 - 1 - -
A2
w - 0.77 - 1 - -
L - 0.67 - 1 - -
A3
w - 0.63 - - -
L 0.49 0.52 0.55 2 - -
A4
w 0.56 0.58 0.60 2 - -
L 0.48 0.48 0.49 3 - -
A5
w 0.49 0.53 0.56 3 - -
P4 L (bucc.) 1.30 1.42 1.55 16 0.07 4.93
L (max.) 1.28 1.32 1.36 13 0.03 2.27
M1 L (med.) 1.00 1.06 1.1 14 0.03 2.83
W (max.) 1.43 1.51 1.63 13 0.05 3.31
L (max.) 1.19 1.25 1.31 1 0.05 4.00
M2 L (med.) 0.96 1.01 1.04 1 0.03 2.97
W (max.) 1.35 1.43 1 0.04 2.80

Sorex bifidus n. sp.
Figure 3.1-7
http://zoobank.org/61E16B68-5216-463A-A715-
750BEE1FE45D

Etymology. The new species has a bifid (dichoto-
mous) first upper incisor 1.

Holotype. Left mandibular fragment with m1-m3
and coronoid and condyloid processes (Warsaw -
No. ZPAL M. 12/7/1). It is housed in the collection
of the Institute of Paleobiology of the Polish Acad-
emy of Sciences in Warsaw.

Type locality. Zabia Cave (JZ).
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Studied localities. Mokra Cave |, fauna 2 (MO1
wf2) and Zabia Cave (JZ).

Stratigraphic range. ?Late Pliocene/ Early Pleis-
tocene boundary and middle Early Pleistocene
(?MN16/?MN17 — Q1).

Material. Zabia Cave, Table 19.

Mokra Cave I, fauna 2 (MO1 wf2) - two frag-
ments of mandibles with p4 — m2 and processes
except angular process. ?Late Pliocene/ Pleisto-
cene boundary, ?MN16/17 (Warsaw - No. ZPAL M.
13/1), minimum number of individuals = 1.
Diagnosis. Comparatively large species of Sorex
with large but not bulbous (exoedaenodont) teeth,
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TABLE 18. Dimensions (in mm) of mandible and lower teeth of Sorex runtonensis from Zabia Cave.

Min. X Max. N sd cv
L 3.06 3.27 3.44 12 0.11 3.36
i1
w 0.70 0.75 0.81 12 0.03 4.00
al L (bucc.) - 1.04 - - - -
L 0.93 0.97 1.02 4 - -
p4
w 0.60 0.62 0.64 4 - -
L 1.28 1.37 1.46 37 0.04 2.92
m1
w 0.72 0.78 0.84 37 0.03 3.85
L 1.09 1.20 1.30 29 0.05 417
m2
w 0.65 0.73 0.77 29 0.03 4.1
L 0.96 1.02 1.15 14 0.05 4.90
m3
w 0.52 0.58 0.63 14 0.03 5.17
m1-m3 L 3.36 3.52 3.78 12 0.13 3.69
H of mandible below m2
1.06 1.14 1.21 60 0.04 3.51
H of ascending ramus
3.55 3.71 4.02 51 0.10 2.69
W of coronoid process
0.64 0.75 0.90 51 0.05 6.67
H of condyloid process
1.45 1.70 1.86 38 0.12 7.06
W of interarticular area
0.45 0.55 0.66 50 0.05 9.09

bifid 11, slender paracone on P4, large (in compari-
son to m1) m2, high coronoid and particularly high
condyloid processes, the interarticular area of
which is more or less equally wide throughout its
length.

Differential diagnosis. Eleven Recent and fossil
Sorex species living in Europe and western Asia
are similar in size to S. bifidus n. sp.

S. araneus Linnaeus, 1758 today occupies a
large area including almost all of Europe and conti-
nental Asia north of the steppe zone. It appeared at
about the Pliocene/Pleistocene boundary and was
common in Pleistocene and the Holocene localities
of Europe.

Sorex isodon Turov, 1924 widely distributed
from Scandinavia in Europe to Kamchatka, Kuril
and Sakhalin Islands and Primorie in Asia, in fossil
state is only known from the Late Pleistocene of
the Irkutsk Region. Sorex satunini Ognev, 1922 liv-
ing in the Northern Caucasus and Sorex raddei
Satunin, 1895 known from northern Turkey, Arme-
nia, Georgia and adjacent Russia have only been
excavated in Treugolnaya Cave (Northern Cauca-
sus), a locality dated to the Middle Pleistocene.

Among the extinct species of this genus Sorex
(Drepanosorex) praearaneus (Kormos, 1934)
described from Villany 3 in Hungary, a locality
dated to the Early Pleistocene (former MN17), is
known from several dozen Pleistocene localities of
Europe. Sorex subaraneus Heller, 1958, described
from the Middle Pleistocene of Erpfingen in Ger-
many was also excavated in almost all European
localities dated from the Early/Late Pliocene to the
Late Pleistocene. Sorex macrognathus Janossy,
1965 described from the Middle Pleistocene of
Uppony 1 in Hungary was collected in Germany,
Romania and Austria in localities of Middle to Late
Pleistocene age. Sorex thaleri Jammot, 1989,
found first in France in the Late Pleistocene from
La Baume de Gigny, was also excavated in Bel-
gium and Poland in localities of the same age.
Sorex hundsheimensis Rabeder, 1972, S. doron-
ichevi Zaitsev and Baryshnikov, 2002, and Dre-
panosorex rupestris Zaisev and Baryshnikov, 2002
are only known from their type localities, the first
from the Middle Pleistocene of Hundsheim in
Austria, the latter two from the Late Pleistocene of
Treugonaya Cave in Russia.
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FIGURE 3. Sorex bifidus n. sp. from Zabia Cave (1-7). Holotype - left mandibular fragment with m1-m3 (1 — buccal
view, 2 — lingual view, 3 — condyloid process, posterior view), layer 10, ZPAL M. 12/7/9, right mandibular fragment
with i1-m1 (4 — buccal view), layer 15, ZPALUWTr/JZ/11/Sb/45, right maxillary fragment with P4-M2 (5 — occlusal view),
layer 15, ZPALUWTr/JZ/11/Sb/1, left 11 (6 — buccal view, 7 — anterior view), layer 21, ZPALUWr/JZ/II//Sb/1. Sorex (Dre-
panosorex) praearaneus (8-13). Left mandibular fragment with m1-m2 (8 — buccal view, 9 — lingual view, 10 — condy-
loid process, posterior view), right i1 (11 — buccal view), layer 15, ZPALUWr/JZ/11/SDp, Nos. 70 and 43 respectively,
right maxillary fragment with P4-M2 (12 — occlusal view), layer 21, ZPAL M. 12/7/2, left 11 (13 — anterior view), layer
15, ZPALUWr/JZ/1I/SDp/22.
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TABLE 19. Sorex bifidus (Warsaw — No. ZPAL M. 12/7, Wroctaw — No. ZPALUWTr/JZ/1I/Sb).
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Number of
fragmentary Number of
maxillae and fragmentary Minimum
detached mandibles and number of
upper teeth | detached lower individuals
Layers 11 and A5 -M2 | teethi1-m3 Total MNI
10 3 13 16 6
12 1 18 19 10
13 2 1 3 1
15 15 219 234 82
17 0 12 12
19 1 4 5
21 10 40 50 17
Total 32 307 339 126

S. bifidus n. sp. differs from S. (D.) praear-
aneus, a second large species of Sorex present in
Zabia Cave, by not having inflated teeth, by having
a narrow paracone, a small parastyle and a distinct
parastylar crest in P4 [in S. (D.) praearaneus the
paracone is bulbous and its large parastyle is
almost devoid of a parastylar crest], by having a
long m2 in comparison to m1 [its length is 82.7 —
92.1% of m1 length (n=60) while in S. (D.) praear-
aneus this value amounts to 74.1 — 81.9% of the
m1 (n=58)], by having a wider paraconid/ metaco-
nid valley in lower molars, especially in m1 and m2.
In addition, its condyloid process is higher (the
dimensions of the condyles of both species origi-
nating in Zabia Cave are excluded) and its interar-
ticular area is of nearly the same width over its
whole height [while in S. (D.) praearaneus condyle
the interarticular area is narrow in its upper part
and much broader in its lower part; in some speci-
mens its width is equal to the length of the lower
facet]. Its coronoid process is of the Sorex type
(more or less narrow on the top and widening in the
direction of the upper sigmoid notch, while in the
Drepanosorex type it is more or less wide on the
top and relatively narrow at the level of the upper
sigmoid notch). It is therefore of nearly the same
width over its whole height. The mental foramen of
the new species is situated slightly more posteri-
orly.

S. bifidus n. sp. differs from S. subaraneus
and from S. hundsheimensis by being visibly
larger. Also Recent S. isodon is on average slightly
smaller and above all the entoconid crests of its
lower molars are in the form of cusps (not crests).
This characteristic structure is unknown in other
species.

In comparison with S. macrognathus, S. bifi-
dus n. sp. has a high condyloid process [Condylus
Index (Bx100/H, B — length of a lower facet, H —
height of the condyloid process) of 22 specimens =
58.3 — 69. 4 and according to Rabeder (1992) in S.
macrognathus it is over 80]. On the other hand S.
thaleri has a larger p4 and a low and massive con-
dyloid process with a long lower facet (its condylus
index based on Obtazowa Cave specimens from
Poland is also higher than in S. bifidus n. sp. and
equals 85.14 - 102.65, n=24).

From Recent S. araneus, more or less similar
in size, S. bifidus n. sp. differs by having a higher
condyloid processes [H of condyloid process =
1.65—-2.05 mm (n=39) and 2.15 — 2.57 mm (n=24),
respectively] that is different in shape; from S. rad-
dei it differ by a low and wide condyloid process,
low internal temporal fossa and anteriorly placed
mental foramen. Fossil species described from the
Caucasus, S. doronichevi and D. rupestris, are
also different: the first has a short mandible and
low condyloid process, the second is much larger.
Its H of the ascending ramus equals 5.90 — 6.60
mm (n=12) while in S. bifidus n. sp. this value
amounts to only 4.50 — 5.39 mm (n=95). Moreover
D. rupestris has slightly bulbous teeth and a very
large, bicuspulate a1.

Description of holotype. The horizontal ramus of
the mandible is wide and only slightly concave
below the m1/m2 junction. The ascending ramus is
massive; the coronoid process is also massive and
Sorex-like. Its anterior edge is slightly concave and
the rounded apex bends slightly towards the ante-
rior. The coronoid spicule is pronounced and
placed at about two-thirds of the height of the pro-
cess. The external temporal fossa is deep and
clearly delimited. It reaches below the upper sig-
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moid notch. The internal temporal fossa is high and
triangular, shallow in its upper part. The external
pterygoid fossa is shallow and a pterygoid boss is
absent. The high condyloid process is placed back-
wards. Its upper facet is cylindrical, the lower is
short, wide and slightly concave. The interarticular
area is long and flat and nearly rectangular in
shape. Two comparatively large and open mandib-
ular foramina are placed below the posterior corner
of the internal temporal fossa. The mental foramen
is situated below the anterior root of m1.

The lower molars are of typical Sorex shape.

Talonids of both m1 and m2 are wider than trigo-
nids; entoconid crests are rather high and ento-
stylids are present. The oblique crests bear small
mesoconids. Cingula are well developed. They are
broader and more flat on the lingual sides. The m2
is long in comparison with m1 (it is shorter than m1
by only about 8 — 17%). The m3 is not reduced. Its
talonid is well developed, basined and provided
with both a hypoconid and an entoconid. Cingula
are present with the exception of the posterior cin-
gulum.
Description of the remaining specimens. The
upper 11 is massive and bifid. Its buccal posterior
margin is undulate, more convex in the upper than
in the lower parts. The apex and large talon are
placed at a sharp angle. The buccal cingulum runs
along %2 of the lower posterior margin and then
fades away. It is broad but not very protruding.

The P4 has a long buccal margin as its rather
small parastyle is connected to the paracone by a
high and long parastylar crest. The paracone is
high and slender. The protocone and hypocone are
well developed and separated by a wide valley. A
broad cingulum surrounds the parastyle, the proto-
cone/hypocone valley and the posterior margin of
the tooth. The M1 has a well developed protocone.
It is connected by ridges with both the paracone
and metacone, but the protocone/metacone ridge
(the metaloph) is not very high. As in P4 the hypo-
cone and hypoconal flange are also well devel-
oped. A wide valley is present between the
protocone and hypocone. There is a narrow cingu-
lum on the lingual side and wider cingulum on the
posterior side of the tooth. The M2 is similar, but
smaller. The zygomatic process is short and, as
seen from below, lies in the extension of the meta-
style of M2.

The i1 is long and tricuspulate. A weak cingu-
lum may be present along its upper buccal margin.
The a1 is short, single-cusped. The cusp is situ-
ated in the middle of the tooth. Its postero-lingual
basin is shallow. A wide and unprotruding cingulum
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is present on the buccal, lingual and posterior sides
of the tooth. The p4 is two-cusped. Its postero-lin-
gual basin is shallow but deeper than in al. It is
bordered posteriorly by a well-developed ridge. Its
cingulum is similar to the cingulum in a1. Molars
and mandibles do not differ from their equivalents
in the holotype.

There are no differences in size and morphol-
ogy between specimens from the two localities -
Zabia Cave (JZ) and Mokra Cave |, fauna 2 (MO1
wf2).

Measurements. Tables 20 and 21.

Systematic position. The presence of a posterior
emargination in P4 and upper molars M1 and M2,
tricuspulate i1, lower molars m1 and m2 with ento-
conid crests, m3 unreduced and so on (Repenning,
1967) assign the specimens described above to
the genus Sorex Linnaeus, 1758. On the other
hand the composition of characters presented in
the diagnosis indicates that they differ in size and
morphology from all large Recent and fossil Sorex
species described from the Pliocene and Pleisto-
cene of Europe and western Asia.

The upper incisors, 11, of S. bifidus and S. (D.)
praearaneus are similar in morphology but do not
overlap in size and therefore also isolated teeth
can be separated [in S. (D.) praearaneus L of |1 =
1.58 — 2.02 mm, n=51 (Reumer, 1984, Rzebik-
Kowalska, 1991) and in S. bifidus =L of 11 = 2.04 —
2. 16 mm, n=8). Unfortunately, the dimensions of
the first lower incisors, i1, of both species overlap
and have been only tentatively assigned to particu-
lar species based on their size — smaller lower inci-
sors to the generally smaller S. (D.) praearaneus
and larger lower incisors to the larger S. bifidus.
The isolated upper molars are also similar in both
species and remain difficult to differentiate.

Subgenus SOREX (DREPANOSOREX) Kretzoi,
1941
Sorex (Drepanosorex) praearaneus Kormos, 1934
Figure 3. 8-13

Material. Table 22.

Description. The original description of this spe-
cies is in Kormos (1934) and a detailed description,
systematic account, generic status and synonymy
in Reumer (1984, 1985) and Rzebik-Kowalka
(1991). In general, specimens from Zabia Cave do
not differ in size and morphology from specimens
from the type locality and from other European
populations. Some characters which separate this
species from the newly described S. bifidus are
mentioned in the chapter comparing the two forms
(Differential diagnosis).

Measurements. Tables 20 and 21.
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TABLE 20. Dimensions (in mm) of upper teeth of Sorex bifidus n. sp. and Sorex (Drepanosorex) praearaneus in Zabia

Cave.
Sorex bifidus n. sp. Sorex (Drepanosorex) praearaneus
Min. X Max. N sd cv Min. X Max. N sd cv
L 2.04 2.08 2.16 7 0.04 1.92 1.73 1.82 1.92 8 0.07 3.85
11 Loftalon | 1.16 1.23 1.30 9 0.04 3.25 0.92 1.00 1.09 8 0.07 7.00
Hof talon | 1.26 1.32 1.36 10 0.03 2.27 1.19 1.21 1.25 8 0.05 4.06
A1-A5 L - - 0 - - 3.21 - 1 - -
L - - - 0 - - 1.03 - 1 - -
A1
W - - - 0 - - 1.04 - 1 - -
L - - - 0 - 0.86 0.90 0.95 2 - -
A2
W - - - - 0.86 0.91 0.97 2 - -
L - - - - 0.65 0.73 0.81 6 - -
A3
W - - - 0 - 0.73 0.76 0.80 6 - -
L - - - 0 - 0.57 0.65 0.76 13 0.06 9.23
A4
W - - - 0 - 0.65 0.73 0.82 13 0.05 6.76
L 0.51 0.56 0.61 4 - 0.47 0.61 0.71 18 0.05 8.20
A5
W 0.70 0.74 0.79 4 0.65 0.73 0.82 18 0.05 6.85
L (bucc.) 1.56 1.64 1.74 19 0.05 3.05 1.60 1.67 1.75 51 0.03 1.80
P4
W of 0.32 0.39 0.46 19 0.04 | 10.25 0.69 0.74 0.83 52 0.03 4.05
parac.
(ant.)
L (max.) 1.44 1.50 1.54 6 - - 1.39 1.49 1.59 33 0.05 3.36
M1 L(med.) | 1.15 1.27 1.35 8 0.07 5.51 1.14 1.24 1.38 33 0.07 5.64
W (max.) | 1.74 1.79 1.90 6 - 1.68 1.77 1.90 32 0.05 2.82
L (max.) 1.34 1.35 1.36 2 - 1.22 1.32 1.46 15 0.07 5.30
M2 L (med.) | 1.13 1.16 1.20 2 - 1.04 1.13 1.27 13 0.07 6.19
W (max.) | 1.62 1.64 1.67 2 - 1.53 1.65 1.75 14 0.06 3.64
L (max.) - - - 0 - 0.71 0.77 0.84 2 - -
M3
W (max.) - - - 0 - 1.19 1.28 1.38 2 - -

Systematic position and distribution. A fissident
upper incisor |1, slightly bulbous teeth, yellow tooth
pigmentation, as well as anteriorly placed mental
foramen indicate that the remains belong to the
subgenus Sorex (Drepanosorex) Kretzoi, 1941.
Comparatively small size, only slightly exoedaeno-
dont dentition and tricuspulate lower incisor i1 with
bulbous cuspules designate the material as the
oldest known and the most primitive species,
Sorex (Drepanosorex) praearaneus Kormos, 1934.

As mentioned above the species is known
from several European countries (Rzebik-Kowal-

ska, 1998, 2009). Its oldest remains come from the
Early Pleistocene (former MN17) of Villany Kalberg
in Hungary (Kormos, 1934) but it has been cited as
S. (D.) cf. praearaneus from the late Early Pliocene
(MN15) from lvanovce in Slovakia (Fejfar, 1966).
The youngest remains were found in the Late
Pleistocene of Ukraine (Mezhzherin, 1972).

Sorex (Drepanosorex) margaritodon Kormos, 1930
Figure 4. 1

Material. The facial part of the skull with teeth - A2
and P4-M3 on the left side and A2 and M2 on the
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TABLE 21. Dimensions (in mm) of mandible and lower teeth of Sorex bifidus n. sp. and of Sorex (Drepanosorex) prae-

araneus in Zabia and Mokra 1 (fauna 2) Caves.

S. bifidus n. sp. from
S. bifidus n. sp. from Zabia Cave Mokra Cave 1 (f.2) S. (D.) praearaneus from Zabia Cave
Min. X Max. N sd cv | Min.| X | Max. Min. X Max. | N sd cv
L 395 | 411 4.38 23 0.13 3.16 - - - 0 3.38 3.57 3.76 3 - -
i1
H 0.95 1.06 1.16 37 0.05 4.72 - - - 0 0.85 0.96 1.02 5 - -
al L 1.00 1.12 1.19 " 0.06 5.36 - - - 0 - 1.17 - 1 - -
L 1.08 1.16 1.24 24 0.05 4.31 - 1.11 - 1.01 1.07 1.19 8 0.06 5.61
p4
W 0.78 | 0.85 0.97 24 0.04 4.71 - 0.81 - 1 0.81 0.83 0.89 8 0.03 3.61
L 1.47 1.57 1.69 86 0.04 2.55 - 1.59 - 1 1.46 1.56 1.62 23 0.04 2.56
m1
W 0.85 | 0.98 1.07 86 0.04 4.08 - 0.97 - 1 0.92 0.99 1.10 23 0.04 4.08
L 1.29 1.36 1.47 83 0.04 2.94 - 1.38 - 1 1.21 1.26 1.29 19 0.02 1.59
m2
W 0.81 0.90 0.99 85 0.04 4.44 - 0.89 - 1 0.80 0.87 0.94 19 0.03 3.49
L 1.01 1.09 1.19 41 0.05 4.59 - * - Ve 1.00 1.07 1.13 10 0.04 3.74
m3
W 0.62 | 0.70 0.78 40 0.03 4.29 - * - 1/2 | 0.62 0.67 0.78 10 0.05 7.46
m1-m3 L 3.78 | 3.95 4.12 29 0.08 2.02 - 4.02 - 1 3.71 3.84 3.98 10 0.08 2.08
H of mandible
below m2 1.40 1.54 1,73 1.51 0.08 519 | 1.58 | 1.59 | 1.60 2 1.31 1.42 1.60 17 0.08 5.63
H of ascending
ramus 450 | 4.95 5.39 117 0.15 3.03 - 4.95 - 1 4.62 4.85 5.10 19 0.10 2.06
W of coronoid
process 0,90 1.08 1.28 129 0.08 7.41 - 1.15 - 1 1.15 1.25 1.43 22 0.09 7.20
H of condyloid
process 218 | 2.37 2.64 95 0.10 422 | 227 | 232 | 2.38 2 1.61 1.90 2.05 22 0.10 5.26
W of interarticular
area 0.64 | 0.75 0.90 141 0.06 8.00 | 0.70 | 0.77 | 0.84 2 0.54 0.68 0.79 27 0.06 8.82
m2 shorter than
m1 (in %) 790 [13.73| 17.31 60 - - - 13.21 - 1 18.12 20.08 25.93 58 - -

TABLE 22. Sorex (Drepanosorex) praearaneus (Warsaw - No. ZPAL M. 12/8, Wroctaw — No. ZPALUWr/JZ/11/SDp).

Number of
fragmentary Number of
maxillae and fragmentary Minimum
detached mandibles and number of
upper teeth | detached lower individuals
Layers 1-M3 teeth i1 - m3 Total MNI
12 0 1 1 1
13 1 0 1 1
15 74 100 174 37
17 40 44 18
19 1 3 1
21 20 70 90 30
Total 101 212 313 88
right side. Minimum number of individuals = 1. matic process is visible in extension of the entire

Layer 15 (Wroctaw - No. ZPALUWTr/JZ/11/SDm/1).

Description. The above mentioned skull is charac-
terized by a large and massive A2 with a very dis-
tinctive cingulum, large P4 with very massive
cusps, small rectangular in shape M2 (in compari-
son to large, more or less square M1) and small
and massive M3. In occlusal view the wide zygo-
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buccal side of M2.

Measurements. Table 23.

Systematic position and distribution. A combi-
nation of characters such as relatively large size,
exoedaenodonty and weak pigmentation of teeth
classify the specimen from Zabia Cave to the sub-
genus Sorex (Drepanosorex) Kretzoi, 1941. Spe-
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FIGURE 4. Sorex (Drepanosorex) margaritodon from Zabia Cave. Rostrum with A2 and P4-M3 on the left side and A2
and M2 on the right side (1 — occlusal view), layer 15, ZPALUWr/JZ/II/SDm/1.

cies of this subgenus that are larger than S. (D.)
praearaneus include Sorex (Drepanosorex) mar-
garitodon Kormos, 1930 (Kormos, 1930a) and
Sorex (Drepanosorex) savini Hinton, 1911. The

shape and size of M2, the LM1/LM2 ratio as well as
the position of the M2 in relation to the zygomatic
process indicate that the specimen from Zabia
Cave belongs to S. (D.) margaritodon. S. (D.) sav-

TABLE 23. Dimensions (in mm) of upper teeth of Sorex (Drepanosorex) margaritodon and Sorex (Drepanosorex) sav-

ni.

Sorex (Drepanosorex) Sorex (Drepanosorex)
margaritodon savini
Beffia IX, VII/1, VII/3 Zalesiaki 1A, Kozi Grzbiet
Romania Poland
Zabia Cave Rzebik-Kowalska 2000a Rzebik-Kowalska 1991
L 1.14 0.98 -1.13, n=10 1.07 - 1.09, n=2
A2
W 1.06 0.80 - 1.09, n=10 0.98 — 1.03, n=2
P4 L 1.92 1.59 - 1.77, n=59 1.66 — 1.80, n=6
L (max.) 1.50 1.49 — 1.66, n=65 1.55-1.63, n=4
M1 L (med.) 1.23 1.23 - 1.46, n=73 1.32-1.39, n=4
W (max.) 1.85 1.71-2.02, n= 64 1.79 — 200, n=4
L (max.) 1.18 1.25 - 1.49, n=43 1.42 -1.45,n=3
M2 L (med.) 0.99 1.06 — 1.32, n=49 1.20-1.28, n=3
W (max.) 1.65 1.59 - 1.87, n=45 1.65-1.72,n=3
L (max.) 0.69 0.81-0.89, n=4 -
M3
W (max.) 1.10 1.35-1.53, n=4 -
M1 L (max.) /
M2 L (max.) ratio 1.27 1.10-1.22, n=21 1.00 — 1.04, n=4
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ini has a larger M2 which is square and similar to
M1 (L M1/L M2 ratio equals almost 1) and its zygo-
matic process is visible in the extension of the M2
mezostyle and metastyle only.

The presence of S. (D.) margaritodon in
Poland is unexpected. So far the species was only
known from the Early Pleistocene of Hungary and
the Early and early Middle Pleistocene of Romania.
It was never found on the opposite side of the Car-
pathians. It is a new element in the Polish fossil
shrew fauna and Zabia Cave is the most northern
locality across its range.

Tribe NEOMYINI Matschie, 1909
Genus ASORICULUS Kretzoi, 1959
Asoriculus gibberodon (Petényi, 1864)
Figure 5. 1-3

Material. Table 24.

Description. The i1 is short and bicuspulate. The
first cusp situated close to the apex is hardly visible
and its part between the apex and the main (sec-
ond) cusp is shortened. A buccal cingulum is pres-
ent. The upper facet of the condyle is narrow and
cylindrical, the lower facet is strongly elongated lin-
gually and separated from the lower sigmoid notch
by a narrow groove. The interarticular area is nar-
row and of nearly the same width over its whole
height. The mental foramen is situated underneath
the talonid of m1 (between the buccal re-entrant
valley and the hypoconid of m1).

Measurements. Table 25.

Systematic position and distribution. Compara-
tively short i1 with shortened distal part and a nar-
row interarticular area of the condyle classify these
specimens to the genus Asoriculus Kretzoi, 1959
and small size to Asoriculus gibberodon (Petényi,
1864). The similar in size and morphology Asoricu-
lus castellarini (Pasa, 1947) is most probably a
synonym of A. gibberodon (Reumer, 1984). On the
other hand A. thenii (Malez and Rabeder, 1984)
had a much larger i1. It was described from Croatia
and never found outside of this country (Malez and
Rabeder, 1984). The same is true in the case of the
large insular species Asoriculus burgioi described
by Masini and Sara (1998) from Sicily.

The narrow interarticular area of the condyloid
process is also characteristic of representatives of
the genus Neomys Kaup, 1829 present in Pleisto-
cene localities of Europe and in Zabia Cave. How-
ever the shape of the condyloid process and its
interarticular area are different in Neomys species.
The upper and lower facets lie closer to one
another and the interarticular area is shorter and
narrower in its central part than near its ends. The
i1 is also different in Asoriculus species. It is com-
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paratively shorter and especially its anterior part
(between the apex and the main cusp) is shorter
than in Neomys. The ratio of overall length of the i1
(A) to its anterior part (B) ranges between 2.72 —
3.38 (n= 6), whereas in Neomys it does not exceed
2.5(2.19 - 2.43, n= 10 [calculated for Neomys fodi-
ens (Pennant, 1771) and Neomys anomalus
Cabrera, 1907, Poland, Recent].

The oldest fossil remains of A. gibberodon
were collected in the Late Miocene (MN13) locality
Maramena in Greece (Doukas, 2005). Throughout
the Pliocene and the Early Pleistocene this species
was widely distributed in Europe (from Spain to
Bulgaria and Greece Rzebik-Kowalska, 2009) and
it was also found in Pliocene localities of Asia
Minor (Storch et al., 1998). So far, in Poland the
species is known from 7 localities dated to MN14 —
MN17. Its presence in Zabia Cave is probably the
youngest record in Poland and possibly elsewhere
in Europe.

Genus NEOMYS Kaup, 1829
Neomys newtoni Hinton, 1911
Figure 5. 4-5

Material. Two fragments of mandibles, one with
coronoid and condyloid processes and the second
with the condyloid process, layer 17. Minimum
number of individuals = 1 (Wroctaw — No. ZPA-
LUWTr/JZ/II/Nn).

Description. The coronoid process is narrow and
its tip is rounded. The coronoid spicule is distinct,
situated in 2/3 of the height of the coronoid pro-
cess. The upper facet of the condyloid process is
small, the lower is wide on the buccal side and nar-
row on the lingual side. The interarticular area is
very narrow in the middle and it widens towards the
upper and lower facets (see Asoriculus). The men-
tal foramen is situated just in front of the buccal re-
entrant valley of m1. More details on the morphol-
ogy of N. newtoni can be found in Hinton, 1911,
and Rzebik-Kowalska, 1991.

Measurements. Table 26.

Systematic position and distribution. The mor-
phology of the condyle described above indicates a
representative of the tribe Neomyini and the genus
Neomys Kaup, 1829. On the other hand the mandi-
ble fragments are similar to mandibles of the small
Recent species, Neomys anomalus. However they
differ by having two mandibular foramina and a
straight (not buccaly recurvate) tip of the coronoid
process. The size and morphology of these two
specimens correspond almost exactly to the size
and morphology of Neomys newtoni Hinton, 1911
described from West Runton in England (Hinton,
1911). They differ from Neomys browni Hinton,
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FIGURE 5. Asoriculus gibberodon from Zabia Cave (1-3). Right mandibular fragment with m1 (1 — buccal view, 2 -
condyloid process, posterior view), layer 15, ZPAL M. 12/9/1, right i1 (3 - buccal view), layer layer 15, ZPALUWTr/JZ/II/
Ag/3. Neomys newtoni from Zabia Cave (4-5). Right mandibular fragment (4 — buccal view, 5 — condyloid process,
posterior view), layer 17, ZPALUWTI/JZ/II/Nn/2. Petenyia hungarica from Zabia Cave (6). Right mandible with i1 and
p4-m3 (6 — buccal view), layer 15, ZPALUWTr/JZ/II/Ph/19. Beremendia fissidens from Zabia Cave (7). Left mandible
with i1 and p4-m3 (7 — buccal view), layer 15, ZPALUWTr/JZ/II/Bf/60.
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TABLE 24. Asoriculus gibberodon (Warsaw - No. ZPAL M. 12/9, Wroctaw — ZPALUWTr/JZ/II/Ag).

Number of Number of
detached fragmentary Minimum
upper teeth-11 mandibles and number of
Layers and A4-M3 detached lower i1 Total individuals MNI
15 0 5 5 4
21 0 3 3 1
Total 0 8 8 5

TABLE 25. Dimensions (in mm) of mandible and lower teeth of Asoriculus gibberodon and Asoriculus thenii.

Asoriculus Asoriculus thenii
gibberodon
3 localities Tatinja Draga
Podumci 1
Asoriculus Hungary Croatia
gibberodon MN14-17 Early Pleistocene
Zabia Cave Reumer 1984 Malez and Rabeder 1984
L (overall length) A 3.34-3.64, n=5 2.80-3.89, n=91 4.60-5.18, n=11
L (anterior section) B 1.10-1.28, n=5 - -
i1
W (overall width) 0.87-0.92, n=5 - -
A/B 2.83-3.11,n=5 - -
L 1.38-1.49, n=2 1.38-1.81, n=203 1.66-1.93, n=21
m1
w 0.81-0.92, n=2 - 1.01-1.15, n=3
L 1.34 1.27-1.63, n=218 1.52-1.70, n=16
m2
w 0.80 - 1.01
H of manduble
below m2 1.36-1.44, n=2 - -
H of ascending
ramus 3.99-4.16, n=2 3.67-4.58, n=107 4.56-5.04, n=11
W of coronoid
process 0.92-0.93, n=2 - -
H of condyloid
process 1.96-2.03, n=2 1.85-2.55 -
n=181
W of interarticular
area 0.36-0.55, n=2 - -

1911 described from the Late Pleistocene of Grays
Thurrock, also in England, and only known from its
type locality because, according to Hinton, the spe-
cies is large and only slightly smaller than the
Recent N. fodiens.

The validity of Neomys intermedius Brunner,
1952 known from two localities in Germany dated
to the Middle and Late Pleistocene, was ques-
tioned by Jammot (1977) because of the laconic
diagnosis and the scarcity of the accessible mate-
rial. Neomys hintoni Zaitsev and Baryshnikov, 2002
described from the Middle Pleistocene of Treugol-
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naya Cave in the Caucasus is similar in size, but
differs by a deep depression situated in the buccal
side of the ascending ramus between its upper and
lower sigmoid notches. This depression is absent
in the mandibles from Zabia Cave. The mandibles
from Zabia Cave differ from the similarly sized
mandibles of Asoriculus, also present in Zabia
Cave, by several details mentioned on page 22.

N. newtoni is the oldest described species of
this genus. In Europe it is known from many locali-
ties of several countries dated to the Early and
Middle Pleistocene. So far in Poland it was col-
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Neomys
Neomys newtoni
newtoni Treugolnaya | Neomys hintoni
Neomys Zalesiaki 1A, Cave Treugolnaya
newtoni Kozi Grzbiet Cave
West Runton Neomys
Poland Russia Russia anomalus
Early and Middle Middle
England Early/Middle Pleistocene Pleistocene
Middle Pleistocene
ZabiaCave | Pleistocene Zaitsev and Zaitsev and Poland
Zabia Cave | specimen Rzebik- Baryshnikov Baryshnikov
specimen 1 2 Hinton 1911 | Kowalska 1991 2002 2002 Recent
H of ascending - 4.38 4.07 4.08-4.33 3.90 3.90-4.25 3.83-4.15
ramus n=3 n=3 n=6
W of coronoid - 0.98 - - - - 0.70-0.88
process n=6
H of condyloid 2.20 211 - 2.03 2.25 2.20-2.50 2.17-2.40
process n=4 n=6
W of interarticular 0.48 0.47 - - - - 0.38-046
area n=6

lected in two localities (Zalesiaki 1A and Kozi Grz-
biet), dated to the Early and Early/Middle
Pleistocene (Agadzhanyan, 2009, Rzebik-Kowal-
ska, 1998, 2000a, 2009), respectively. lts remains
are always scarce in the fossil material.

Tribe BLARINELLINI Reumer, 1984
Genus PETENYIA Kormos, 1934
Petenyia hungarica Kormos, 1934

Figure 5. 6

Material. Table 27.

Description. Petenyia hungarica Kormos, 1934 is
very well known from the Pliocene and Pleistocene
of Europe. lIts original description was given by
Kormos (1934) for the typical population from
Villany-Kalkberg (now Villany 3). A detailed
description of its morphology was also given by
Reumer (1984), Rzebik-Kowalska (1989) and oth-
ers, and differences between Pliocene and Early
Pleistocene populations can be found e.g., in Rze-
bik-Kowalska (2000a).

Measurements. Tables 28 and 29.

Systematic position and distribution. The
remains listed above clearly belong to the tribe
Blarinellini and the genus Petenyia Kormos, 1934.
Features including a nearly straight posterior emar-
gination of upper P4, first and second molars M1
and M2 with very weakly separated hypocones
(very often the protocone and hypocone are con-
nected and they form a continuous endoloph),
short and massive mandible with a large coronoid
process and a protruding coronoid spicule dividing

the external temporal fossa into two parts roughly
equal in size, a massive condyloid process with
very broad lower condylar facet and interarticular
area, mental foramen situated below the posterior
root of m1, lower molars having very high entoco-
nid crests, the m3 with reduced talonid (to a single
cusp) and dark red (almost black) pigmentation of
teeth permit an unambiguous assignment to P.
hungarica. The older European species of
Petenyia, Perenyia dubia Bachmayer and Wilson,
1970 was smaller and it did not survive later than
the early Early Pliocene.

P. hungarica was very numerous and very
common in European localities, almost as ubiqui-
tous as Beremendia fissidens (Petényi, 1864). It
was collected from more than 50 localities from
Spain to Poland and Bulgaria (Rzebik-Kowalska,
1998, 2009). The remains of Petenyia were also
very common in Asia (Rzebik-Kowalska, 2009).

Tribe BEREMENDIINI Reumer, 1984

Genus BEREMENDIA Kormos, 1934

Beremendia fissidens (Petényi, 1864)
Figure 5.7

Material. Table 30.

Description. The species was described by
Petenyi in 1864 and redescribed in detail by Rze-
bik-Kowalska in 1976 and Reumer in 1984.
Measurements. Tables 31 and 32.

Systematic position and distribution. Such
characters as strongly fissident |1, presence of four
upper antemolars of which A1 and A2 are large
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TABLE 27. Petenyia hungarica (Warsaw - No. ZPAL M. 12/10, Wroctaw — ZPALUWTr/JZ/II/Ph).

Number of Number of Minimum
detached fragmentary number of
upper teeth | mandibles and individuals
(13, A1-A2 detached lower
Layers and P4-M3) teeth (i1-m3) Total MNI
10 2 0 2 2
15 26 125 151 42
17 9 15 24 8
19 3 4
21 4 32 36 11
Total 42 175 217 64
TABLE 28. Dimensions (in mm) of upper teeth of Petenyia hungarica.
Min. X Max. N sd cv
L 2.28 245 2.59 8 0.09 3.67
11 L of talon 1.27 1.34 1.41 9 0.04 2.98
H of talon 1.28 1.33 1.41 12 0.04 3.01
L - 1.09 1 - -
A1
W - 0.70 - - -
L 0.80 .82 0.84 2 - -
A2
W 0.62 0.64 0.67 2 - -
L - 0.44 - - -
A3
W - 0.51 - 1 - -
P4 L (bucc,) 1.50 1.57 1.61 12 0.03 1.91
L (max.) 1.39 1.45 1.54 15 0.04 2.76
M1 L (med.) 1.29 1.33 1.39 15 0.03 2.26
W (max.) 1.46 1.57 1.66 15 0.05 3.18
L (max.) 1.24 1.30 1.36 1 0.04 3.08
M2 L (med.) 1.1 1.18 1.24 12 0.04 3.39
W (max.) 1.39 1.48 1.55 1 0.05 3.39
L (max.) 0.59 0.60 0.62 2 - -
M3
W (max.) 1.22 1.22 1.22 2 - -

and about equal in size while A3 and especially A4
are much smaller, an acuspulate i1, the coronoid
process short and bent strongly forwards, the inter-
nal temporal fossa small and deep, the condyloid
process massive with lower facet broad and placed
far anteriorly in respect to the lower sigmoid notch,
the interarticular area broad and somewhat exca-
vated indicating that the remains belong to the
genus Beremendia Kormos, 1934, and their large
size points to B. fissidens (Petényi, 1864).

So far two species of Beremendia are known
in Europe: B. fissidens and Beremendia minor
Rzebik-Kowalska, 1976. B. fissidens was
described in Hungary (Beremend 1, Early Pleisto-
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cene) and is also known from almost all European
countries from Spain to England, Russia, Ukraine,
Greece, Croatia and ltaly. It was found in dozens of
localities dated from the Early Pliocene (?MN14) to
the boundary of the Early/Middle Pleistocene
(Poland, Kozi Grzbiet, Q2//Q3) (van den Hoek
Ostende et al.,, 2005, Rzebik-Kowalska, 1998,
20009).

B. minor was described in Poland, in locality
Rebielice Krolewskie 1A (MN16) and is also known
from Hungary (Osztramos 1, MN14 and Osztramos
7, MN16). It has not been found in Pleistocene
localities. Both species also occur in Asia from



TABLE 29. Dimensions of mandible and lower teeth (in mm) of Petenyia hungarica.
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Min. X Max. N sd cv
L (bucc.) 3.76 3.96 4.14 17 0.10 2.52
i
W (bucc.) 0.87 0.97 1.05 22 0.05 5,15
al L (bucc.) 0.71 0.79 0.95 - -
L (occ.) 0.92 0.99 1.12 0.06 6.06
p4
W (occ.) 0.70 0.78 0.85 8 0.05 6,41
L (occ.) 1.41 1.46 1.51 28 0.03 2.05
m1
W (occ.) 0.86 0.92 0.98 28 0.02 217
L (occ.)
m2 1.24 1.30 1.39 29 0.03 2.31
W (occ.)
0.81 0.85 0.90 29 0.02 2.35
L (occ.) 1.07 1.12 117 21 0.04 3.57
m3
W (occ.) 0.57 0.64 0.73 22 0.04 6.25
m1-m3 L (occ.) 3.71 3.78 3.86 20 0.05 1.32
H of mandible below
m2 1.47 1.55 1.63 29 0.04 2.58
H of ascending ramus| 4.10 4.40 4.60 21 0.15 3.41
W of coronoid process| 0.90 1.1 1.21 23 0.08 7.21
H of condyloid process| 1.85 1.99 2.29 22 0.10 5.02
\W of interarticular area] 0.63 0.72 0.78 24 0.04 5.55

TABLE 30. Beremendia fissidens (Warsaw — No. ZPAL M. 12/11, Wroctaw - No. ZPALUWTr/JZ/11/Bf).

Number of
Number of | fragmentary Minimum
detached mandibles number of
upper teeth |and detached individuals
(13, C, P2 lower teeth
Layers and P4-M3) (p1-m3) Total MNI
10 2 3 5 2
12 10 4 14 3
15 725 1022 1747 243
17 83 139 222 36
19 3 0 3 2
21 51 70 121 17
Total 874 1238 2112 303
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TABLE 31. Dimensions (in mm) of upper teeth of Beremendia fissidens.

Min. X Max. N Sd cv
L 3.29 3.80 4.38 21 0.29 7.36
11 H of

talon 2.17 2.38 2.69 31 0.15 6.30
A1-Ad L 3.1 3.37 3.70 6 0.19 5.64
L 1.54 1.66 1.78 11 0.07 4.22

A1
w 1.04 1.13 1.23 15 0.06 5.31
L 1.31 1.40 1.55 12 0.07 5.00

A2
w 0.94 1.04 1.18 13 0.06 5.77
L 0.68 0.81 0.95 12 0.08 9.88

A3
w 0.79 0.88 0.94 11 0.05 5.68
L 0.45 0.51 0.58 9 0.05 9.80

A4
w 0.61 0.68 0.78 8 0.06 8.82
P4 L (bucc.) 2.60 2.80 3.09 27 0.14 5.00
L (max.) 2.31 2.43 2.57 25 0.08 3.29
M1 L (med.) 1.73 1.88 2.10 30 0.1 5.85
W (max.) 2.49 2.65 2.87 25 0.10 3.77
L (max.) 1.83 1.98 2.13 23 0.08 4.04
M2 L (med.) 1.50 1.62 1.74 25 0.06 3.70
W (max.) 2.30 2.49 2.75 23 0.13 5.22
L (max.) 0.77 0.87 0.97 6 0.08 9.19

M3 0.11
W (max.) 1..38 1.49 11.65 5 7.38
Pliocene localities of western Siberia and Transbai- DISCUSSION

kalia.

Because B. minor is similar in morphology to
B. fissidens but is smaller and was always found in
localities with B. fissidens, Rofes and Cuenca-Bes-
c6s (2009) thought that the small specimens so far
identified as B. minor are in reality the females of
B. fissidens. However, as the authors noticed
themselves, the differences in size between the
sexes of Recent soricids are not striking. Moreover
there are always very few specimens belonging to
B. minor in comparison with the numerous (some-
times extremely numerous, see above) remains of
B. fissidens whereas the number of males and
females in a population is more or less similar and
this should be reflected in materials originating
from owl pellets. Furthermore B. minor was found
only in Pliocene faunas while B. fissidens survived
until the early Middle Pleistocene. It is likely that B.
minor for some reason is rarely found in fossils,
similarly to some other taxa, e.g. Paenelimnoecus
species, Neomys species or Sorex minutissimus
Zimmermann, 1780.
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The remains of insectivore mammals present
in Zabia Cave were very rich and their number as
well as the number of individuals high (6708 and
1720, respectively). They were found in seven lay-
ers and represent 13 species belonging to two
orders (Erinaceomorpha and Soricomorpha), three
families (Erinaceidae, Talpidae and Soricidae) and
eight genera. The most numerous were large
forms, the shrew Beremendia fissidens (2112) and
the mole Talpa europaea (1594). These two spe-
cies also had the highest number of individuals but
in the opposite order, T. europaea (451) and B. fis-
sidens (303). The species composition, number of
specimens and the minimum number of individuals
in particular layers are presented in Table 33.

The taxonomic diversity varied among layers
but there are no important changes among them.
The most numerous (11 species) and diverse
assemblage (one hedgehog, two moles, eight
shrews) was collected in layers 15 and 21 in which
the quantity of remains was greater than in other
layers. Layers 15 and 21 represent well-marked
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TABLE 32. Dimensions of mandible and lower teeth (in mm) of Beremendia fissidens.

Min. X Max. N sd cv
L 5.53 6.23 7.23 153 0.34 5.46

i1
w 1.20 1.46 1.76 164 0.10 6.85
al L 1.25 1.35 1.52 13 0.09 6.67
L 1.63 1.72 1.84 15 0.06 3.49

p4
w 1.20 1.34 1.50 15 0.09 6.72
L 2.25 2.45 2.72 29 0.10 4.08

m1
w 1.43 1.59 1.76 31 0.09 5.66
L 2,01 2.10 2.22 23 0.06 2.86

m2
w 1.25 1.34 1.55 23 0.08 5.97
L 1.42 1.58 1.70 13 0.09 5.06

m3
w 0.81 0,93 1.06 13 0.08 8.60
m1-m3 L 5.83 6.00 6.20 12 0.10 1.67
H of mandibe below m1 2.35 2.51 2.86 35 0.16 6.37
H of ascending ramus 6.04 6.59 7.34 25 0.31 4.70
W of coronoid process 1.37 1.58 1.91 31 0.13 8.23
H of condyloid process 3.20 3.58 3.89 31 0.16 4.47
W of interarticular area 1.21 1.41 1.65 31 0.12 8.51
L of mandible without i1 13.30 14.12 15.57 16 0.62 4.39

periods of cooling and increased humidity while
layers 17—19 show a distinct warming of climate.

In general, shrews (Soricidae) were more suc-
cessful and diversified in warm and humid cli-
mates. The progressive climatic deterioration since
the beginning of the Pleistocene resulted in the
extinction or decreased ranges of numerous old
Miocene and Pliocene Soricidae taxa. Many of
them (e.g., species of Blarinoides Sulimski, 1959,
Sulimskia Reumer, 1984, Deinsdorfia Heller, 1963)
disappeared at the Villanyan/Q1 boundary and are
absent from Zabia Cave deposits.

On the other hand the Recent Sorex, the most
diverse genus of the Soricinae, has gradually
adapted to a cooler climate and in the course of
geological time has become more numerous and
diversified. Being better adapted to deteriorating
climatic conditions during the Pleistocene, it occu-
pied the empty ecological niches left by extinct
Pliocene forms. In Zabia Cave it was represented
by five species and in younger Kozi Grzbiet
(Poland), a locality dated to the Early/Middle Pleis-
tocene (Q2/Q3), the number of species increased
to seven (Rzebik-Kowalska, 2009). Of the Pliocene
Sorex species only S. minutus survived to the
Recent, all others appeared for the first time in

Europe most probably with immigration waves from
Asia during the Pleistocene.

In six Polish localities dated to the Zone Q1,
17 species of 11 genera have been found (Table
34). Many of them (Erinaceus sp., Desmana sp.,
Talpa minor, Paenelimnoecus pannonicus, Sorex
minutus, Sorex bor Reumer, 1984, Blarinoides
mariae Sulimski, 1959, Beremendia fissidens,
Petenyia hungarica, Asoriculus gibberodon) sur-
vived from the Pliocene. Talpa fossilis/ Talpa euro-
paea, Sorex runtonensis, Sorex bifidus, Sorex
(Drepanosorex) praearaneus, Sorex (Drepanos-
orex) margaritodon, Crocidura obtusa Kretzoi,
1938 and Neomys newtoni appeared as new spe-
cies (Rzebik-Kowalska, 2009).

In more than 20 European localities described
as belonging to Zone Q1 (e.g., in Betfia IX, X in
Romania, Rzebik-Kowalska, 2000a, b, Hohenstil-
zen in Germany, Tobien 1980, Osztramos 8 in Hun-
gary, Reumer, 1984, Podumci 1 in Croatia, Malez
and Rabeder, 1984, Mas Rambault in France,
Jammot, 1977, llinka 2 in Russia, Agadzhanyan,
2009, Kolinany 3 in Slovakia, Horacek and Lozek,
1988 and others) one genus (Galemys Kaup,
1829) and 11 species more than in Poland were
found. They include Talpa episcopalis Kormos,
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TABLE 33. Fossil insectivore mammals from the middle Early Pleistocene of Zabia Cave. (see paragraphs Material)

Layer 10 12 13 15 17 19 21 Total

NS | MNI | NS | MNI | NS | MNI | NS | MNI | NS | MNI | NS | MNI | NS | MNI | NS | MNI

Erinaceus sp. - - - - - - 86 9 3 2 - - 1 1 90 12

Talpa minor 10 6 3 2 1 1 450 | 158 | 131 | 53 - - 24 4 619 | 224

Talpa europaea 8 4 4 3 3 1230 | 337 |271| 90 - - 78 12 | 1594 | 451

Paenelimnoecus - - - - - - - - - - - - 1 1 1 1

pannonicus

Sorex Minutus 27 6 53 14 7 3 436 | 128 | 38 13 3 1 181 | 50 745 | 215

Sorex runtonensis 23 8 62 21 9 1 406 | 141 | 21 10 | 22 6 124 | 42 667 | 229

Sorex bifidus n. sp. | 16 6 19 10 3 1 234 82 12 8 2 50 17 339 | 126

Sorex - - 1 1 1 1 174 37 44 18 1 90 30 313 88

(Drepanosorex)

praearaneus

Sorex - - - - - - 1 - - - - - - 1 1

(Drepanosorex)

margaritodon

Asoriculus - - - - - - 4 - - - - 3 1 8 5

gibbeodon

Neomys newtoni - - - - - - - 2 1 - - - - 2 1

Petenyia hungarica | 2 2 - - - - 151 42 24 8 4 1 36 11 217 64

Beremendia 5 2 14 3 - - 1747 | 243 | 222 | 36 3 2 121 | 17 | 2112 | 303

fissidens

Total 91 35 (156 | 55 |24 | 10 | 4920 | 1182 | 768 | 239 | 40 | 13 |709 | 186 | 6708 | 1720

1930 (1930a), Desmana thermalis Kormos, 1930
(1930b), Desmana moschata (Linnaeus, 1758),
Galemys kormosi (Schreuder, 1940), Crocidura cf.
kornfeldi Kormos, 1934, Crocidura cf. suaveolens
(Pallas, 1811), Asoriculus thenii (Malez and
Rabeder, 1984) and several Sorex species such as
S. minutissimus, S. praealpinus Heller, 1930, S. cf.
Subaraneus Heller, 1958, and S. (D.) savini Hinton,
1911.

D. thermalis, T. episcopalis, C. kornfeldi and
A. thenii belong to the south European fauna and
have never been collected in Poland. The remain-
ing species appeared earlier (G. kormosi, S. sub-
araneus, S. praealpinus) or later (D. moschata, C.
cf. suaveolens, S. minutissimus, S. (D.) savini) in
Poland (Rzebik-Kowalska, 2009).

The middle Early Pleistocene assemblage of
Zabia Cave is very valuable because it is one of
the few sites rich in animal and insectivore remains
in Poland and Europe. At the time of deposition a
zone of boreal coniferous and mixed forest and
steppe area came into existence in Europe as a
result of cooling waves in the middle part of the
Early Pleistocene. This marked the beginning of a
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faunal turnover caused by both the evolution and
migration of species in Eurasia which continued to
the end of the Early and Middle Pleistocene. Insec-
tivore mammals and especially shrews were also
affected, and the assemblage in Zabia Cave pro-
vides evidence for these processes.

These successive changes are seen very well
in Early-Middle Pleistocene localities and particu-
larly in Kozi Grzbiet in which only one species of
Pliocene shrew, Beremendia fissidens, survived
and the Soricidae fauna was dominated by the
genus Sorex. This genus contained 70% of all
shrew species in Kozi Grzbiet, while in the older
Zabia Cave this value amounted to 50%, and in the
Pliocene localities of Poland only 15-30%. Today in
Poland Sorex species constitute 50% of the shrew
assemblage.

Interesting and extraordinary is the very high
number of remains (2213) and individuals (675) of
moles (Talpa minor and T. europaea) found in
Zabia Cave. As Recent T. europaea spend practi-
cally all their lives in underground tunnels, they are
not easy to catch and the number of remains in
owl-pellets (and in cave breccia) is usually not very
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TABLE 34. Localities and fossil insectivores from the Zone Q1 in Poland.

Zabia Cave| Kamyk | Kielniki 3A | Przymitowice 1B Przymitowice 2B | Przymilowice 3B

Erinaceus sp. + + - + -
Talpa minor + - - N + _
Talpa fossilis/T. europaea + + - - + +
Talpa sp. - + - - - _
Desmana sp. - + - - - -
Paenelimnoecus + - - - - -
pannonicus

Sorex minutus + - + - +(cf.) -
Sorex bor - + + - - -
Sorex runtonensis + - - + + +
Sorex bifidus + - - - - -
Sorex (Drepanosorex) + + + - + -
praearaneus

Sorex (Drepanosorex) + - - - - -
margaritodon

Crocidura obtusa - - - - +(cf.) -
Neomys newtoni + - - - - -
Asoriculus gibberodon + - - - - -
Petenyia hungarica + + + - + -
Blarinoides mariae - + - - - -
Beremendia fissidens + + + + + -

high. The case of Zabia is different. Most probably
its deep entrance shaft (ca. 12 m) acted as a trap
for animals (also moles) if they accidentally fell
inside.

Generally speaking, insectivore mammals do
not appear to be very good indicators of the paleo-
environment. Moreover differences in the number
of remains of particular forms belonging to dispa-
rate ecological groups may be connected with
taphonomic factors (e.g., different predators
responsible for accumulation of insectivore
remains).

CONCLUSION

Some general conclusions can be drawn from
the species composition of the assemblage in
Zabia Cave. The four species of Sorex, indicators
of a humid sylvan paleoenvironment; one species
of Sorex (Sorex runtonensis) being probably a rep-
resentative of an arid and relatively open biotope;
the abundance of moles also connected with rela-
tively humid conditions and more or less open area
with soft soil; the presence of Erinaceus — an indi-
cator of a mosaic landscape of forests, shrubs and
open areas; the presence of Neomys newtoni — an

indicator of open water bodies, show that a mosaic
landscape — forests, open habitat patches and
water bodies were present in the vicinity of the
studied cave during its existence. The presence in
Zabia Cave of opportunistic species (Petenyia hun-
garica and Beremendia fissidens) found through-
out European Pliocene localities and representing
forest and steppe environments as well as warmer
and cooler climates does not alter these conclu-
sions. The diversified mammal assemblage of
Zabia Cave is unique for the reconstruction of the
Early Pleistocene history of fauna in this part of
Europe (Stefaniak et al., 2009, Nadachowski et al.,
2011).

ACKNOWLEDGEMENTS

I am particularly indepted to Dr. K. Stefaniak
and Dr. P. Socha (the Department of Palaeozool-
ogy, Wroctaw University), who kindly offered me
the material of insectivore mammals from Zabia
Cave for study. | am grateful to Mr. A. Pereswiet-
Soltan for preparing the illustrations as well as to
Dr. D. Harrison and an anonymous referee for their
insightful comments that improved the manuscript.

31



RZEBIK-KOWALSKA: A NEW SHREW SPECIES

REFERENCES

Agadzhanyan, A.K. 2009. The Pliocene and Pleistocene
small mammals of the Russian Plain. Trudy Paleon-
tologicheskogo Instituta, 289, Nauka, Moskva (In
Russian).

Bachmayer, F. and Wilson, R. 1970. Die Fauna der alt-
pliozadnen Hohlen- und Spalten-Fullungen bei Kohfi-
disch, Burgenland (Osterreich). Annalen des
Naturhistorischen Museums, 74:533-587.

Barrett-Hamilton, G.E.H. 1900. Note on the common
hedgehog (Erinaceus europaeus, Linnaeus) and its
subspecies or local variations. The Annals and Mag-
azine of Natural History, 5:360-368.

Baudelot, S. 1972. Ftude des Chiroptres, Insectivores et
Rongeurs du Miocene de Sansan (Gers). Unpub-
lished PhD Thesis, University of Toulouse, France.

Bosak, P., Glazek, J., Horacek, I., and Szynkiewicz, A.
1982. New locality of early Pleistocene vertebrates —
Zabia Cave at Podlesice, Central Poland. Acta Geo-
logica Polonica, 32:217-226.

Brunner, G. 1933. Eine praglaziale Fauna aus dem
Windloch bei Sackdilling (Oberpfalz). Neues Jahr-
buch fiir Geologie und Paldontologie. Abhandlungen
B, 71:303-328.

Brunner, G. 1952. Die Markgrabenhdhle bei Pottenstein
(Oberfranken). Neues Jahrbuch fiir Geologie und
Paldontologie. Monatshefte 1952:457-471.

Cabrera, A. 1907. Three new Spanish insectivores.
Annals and Magazine of Natural History, London.
Clot, J., Chaline, J., Jammot, D., Mourer-Chauviré, C.,
and Rage, J.C. 1976. Les poches ossiféres du Pléi-
stocéne moyen et inférieur de Montoussé (Hautes-
Pyrénées). Bulletin de la Société d'Histoire Naturelle

de Toulouse, 112:146-161.

Crochet, J.-Y. and Michaux, J. 1981. Une faune de ver-
tébrés du Pléistocéne moyen sur le Causse du Lar-
zac:  Saint-Sauver, prés  Nant  (Aveyron).
Paléobiologie Continentale, 12:131-143.

De Jong, F. 1988. Insectivora from the Upper Aragonian
and the Lower Vallesian of the Daroca-Villafeliche
area in the Calatayud-Teruel Basin (Spain). Scripta
Geologica, special ssue, 1:253-286.

Doukas, C.S. 2005. Greece, p. 99-112. In Hoek
Ostende, L.W. van den, Doukas, C.S., and Reumer,
J.W.F. (eds.), The fossil record of the Eurasian Neo-
gene insectivores (Erinaceomorpha, Soricomorpha,
Mammalia). Part |, Scripta Geologica Special Issue,
5.

Doukas, C.S., Hoek Ostende, L.W. van den, Theocha-
ropoulos, C.D. and Reumer, JW.F. 1995. The verte-
brate locality Maramena (Macedonia, Greece) at the
Turolian-Ruscinian boundary (Neogene). Miinchner
Geowissenschaftliche Abhandlungen (A) 28:43-64.

Fejfar, O. 1966. Die plio-pleistozanen Wirbeltierfaunen
von Hajnacka und lvanovca (Slowakei), SSR. V.
Allosorex stenodus n. g. n. sp. aus lvanovce A.
Neues Jahrbuch fiir Geologie und Paldontologie.
Abhandlungen, 123:221-248.

32

Fischer von Waldheim, G. 191-1914. Zoognosia tabulis
synopticis illustrata. Nicolai Sergeidis Vsevolozsky,
Moscow.

Freudenberg, W. 1914. Die Saugetiere des alteren
Quartars von Mitteleuropa mit besonderer Berlick-
sichtigung der Fauna von Hundsheim und
Deutschaltenburg in Niederosterreich etc. Geolo-
gische und palaeontologische Abhandlungen (Neue
Folge) 12:1-219.

Gregory, W.K. 1910. The orders of mammals. Bulletin of
the American Museum of Natural History, 37:1-524.

Harrison, D.L. 1996. Systematic status of Kennard's
shrew (Sorex kennardi Hinton, 1911, Insectivora,
Soricidae): a study based on British and Polish mate-
rial. Acta zoologica cracoviensia, 39:201-212.

Heller, F. 1930. Eine Forest-Bed-Fauna aus der Sackdil-
linger Héhle (Oberpfalz). Neues Jahrbuch fiir Miner-
alogie, Geologie und Paldontologie. Beilagebénde
Abteilung B, 63:247-298.

Heller, F. 1958. Eine neue altquartare Wirbeltierfauna
von Erpfingen (Schwabische Alb). Neues Jahrbuch
flir Geologie und Paldontologie. Abhandlungen,
107:1-102.

Heller, F. 1963. Eine altquartdre Wirbeltierfauna des
unteren Cromerium aus der nérdlichen Frankenalb.
Neues Jahrbuch fiir Geologie und Palédontologie.
Abhandlungen, 118:1-20.

Hinton, M.A.C. 1911. The British fossil shrews. Geologi-
cal Magazine, 8:529-539. Hoek Ostende, L.W. van
den and Furié, M. 2005. Spain, p. 148-284. In Hoek
Ostende, L.W. van den, Doukas, C.S., and Reumer,
J.W.F. (eds.), The fossil record of the Eurasian Neo-
gene insectivores (Erinaceomorpha, Soricomorpha,
Mammalia). Part |, Scripta Geologica Special Issue
5.

Holz, H. von and Niethammer, J. 1990. Erinaceus euro-
paeus Linnaeus, 1758-Braunbrustigel, Westigel and
Erinaceus concolor Martin, 1838-Weissbrustigel,
Ostigel, p. 26-64. In Niethammer, J. and Krapp, F.
(eds.), Handbuch der Séugetiere Europas, AULA-
Verlag ,Wiesbaden.

Horacek, I. and Lozek, V. 1988. Palaeozoology and the
Mid-European Quaternary past: scope of the
approach and selected results. Rozpravy Ceskoslov-
enské Akademie Véd, 98:3-102.

Hutchison, J.H. 1974. Notes on type specimens of Euro-
pean Miocene Talpidae and a tentative classification
of Old World Tertiary Talpidae (Insectivora: Mamma-
lia). Geobios, 7:211-256.

Ivanov, M. 1997. Old Biharian reptiles of Zabia Cave
(Poland). Acta zoologica cracoviensia, 40:249-267.

Jammot, D. 1973. Les insectivores (Mammalia) du gise-
ment Pléistocéne moyen des abimes de La Fage a
Noailles (Corréze). Nouvelles Archives du Muséum
d' Histoire Naturelle de Lyon, 11:41-51.

Jammot, D. 1977. Les musaraignes (Soricidae-Insectiv-
ora) du Plio-Pléistocene d' Europe. Unpublished PhD
Thesis, University of Dijon, France.



Jammot, D. 1989. Les insectivores, p. 111-120. In
Campy, M., Chaline, J., and Vuillemey, M. (eds.), La
Baume de Gigny (Jura). Gallia Préhistoire 27.

Janossy, D. 1965. Nachweis einer jungmittelpleistoza-
nen Kleinvertebratenfauna aus der Felsnische Upp-
ony | (Nordungarn). Karszt és Barlang, 4:55-68.

Janossy, D. 1972. Ein kleiner Hystrix aus dem Altpleis-
tozan der Fundstelle Osztramos 8 (Nord-Ungarn).
Vertebrata Hungarica, 13:163-182.

Kaup, J.J. 1829. Skizzierte Entwicklungsgeschichte und
Naturliches System der Europaischen Thierwelt, p.
1-203. In Commission bei Carl Wilhelm Leske, Darm-
stadt und Leipzig.

Kormos, T. 1930a. Diagnosen neuer Saugetiere aus der
oberpliozéanen Fauna des Somlydberger bei Plispok-
firdd. Annales Musei Nationalis Hungarici, 27:237-
246.

Kormos, T. 1930b. Desmana thermalis n. sp. eine neue
praglaziale Bisamspitzmaus aus Ungarn. Annales
Musei Nationalis Hungarici, 27:1-19.

Kormos, T. 1934. Neue Insektenfresser, Flederméause
und Nager aus dem Oberpliozédn der Villanyer
Gegend. Féldtani K6zlény, 64:296-321.

Kowalski, K. 1956. Insectivores, bats and rodents from
the Early Pleistocene bone breccia of Podlesice near
Kroczyce (Poland). Acta Palaeontologica Polonica,
1:331-394.

Kretzoi, M. 1938. Die Raubtiere von Gombaszdg nebst
einer bersicht der Gesamtfauna. (Ein Beitrag zur
Stratigraphie des Altquartaers). Annales Historico-
naturales Musei Nationalis Hungarici (1937-1938),
31:88-157.

Kretzoi, M. 1941. Weitere Beitrdge zur Kenntnis der
Fauna von Gombaszdg. Annales Historico-Naturales
Musei Nationalis Hungarici, Pars Mineralogica, Geo-
logica et Palaeontologica, 34:105-139.

Kretzoi, M. 1959. Insectivoren, Nagetiere und Lagomor-
phen der jlungstpliozdnen Fauna von Csarndta im
Villanyer Gebirge (Stdungarn). Vertebrata Hungar-
ica, 1:237-246.

Kurtén, B. 1968. Pleistocene Mammals of Europe.
Aldine Publishing, Chicago.

Linnaeus, C. 1758. Systema naturae pre regna tria natu-
rae, secundum classes, ordines, genera, species,
cum characteribus, differentiis, synonymis, locis. Edi-
tio decima, reformata. Laurentius Salvus, Stockholm.

Linnaeus, C. 1766. Systema naturae per regna tria
nature , secundum classes, ordines, genera, species
cum characteribus, differentiis, synonymis, locis.
12th edition, 1 (1).

Malez, M. and Rabeder, G. 1984. Neues Fundmaterial
von Kleinsdugern aus der altpleistozane Spaltenfiil-
lung Podumci 1 in Norddalmatien (Kroatien, Jugo-
slawien). Beitrdge zur Paldontographie von
Osterreich, 11:439-510.

Martino, V. and Martino, E. 1931. A new form of Mole
from Jugoslavia. Journal of Mammalogy, 12:53.

PALAEO-ELECTRONICA.ORG

Masini, F. and Sara, M. 1998. Asoriculus burgioi sp. nov.
(Soricidae, Mammalia) from the Monte Pellegrino
faunal complex (Sicily). Acta zoologica cracoviensia,
41:111-124.

Matschie, P. 1909. Mammalia, p. 9. In Brauer, M. (ed.).
Die Susswasserfauna Deutschlands. Eine Exkur-
sionsfauna. Gustav Fischer (Pub.), Jena.

Merriam, C.H. 1900. Description of twenty-six new mam-
mals from Alaska and British North America. Pro-
ceedings of the Washington Academy of Sciences,
2:13-30.

Mezhzherin, V.A. 1972. Shrews (Sorex, Insectivora,
Mammalia) from Pleistocene deposits of the USSR,
p. 117-130. In Kolosov, L.D.and Lukyanova, I.V.
(eds.), Nauka, Novosibirsk, (In Russian).

Nadachowski, A., Stefaniak, K., Szynkiewicz, A., Mar-
ciszak, A., Socha, P., Schick, P., and August, C.
2011. Biostratigraphic importance of the Early Pleis-
tocene fauna from Zabia Cave (Poland) in Central
Europe. Quaternary International, 243:204-218.

Novacek, M.J. 1986. The skull of leptictid insectivorans
and the higher-level classification of eutherian mam-
mals. Bulletin of the American Museum of Natural
History, 183:1-112.

Ogneyv, S.I. 1922. Contribution a la classification des
mammiféres insectivores de la Russie. Annuaire du
Musée Zoologique de I’Académie des Sciences de
Russie, 22:311-350.

Osipova, V.A., Rzebik-Kowalska, B., and Zaitsev, M.V.
2006. Intraspecific variability and phylogenetic rela-
tionships of the Pleistocene shrew Sorex runtonensis
(Soricidae). Acta Theriologica 51:129-138.

Pallas, P.S. 1811 [1831]. Zoographia Rosso-Asiatica, sis-
tens omnium “Animalium in extenso Imperio Rossico
et adjacentibus maribus observatorum recensionem,
domicillia, mores et descriptions, anatomem atque
icons plurimorum. [ICZN Opinion 212 — dates of vol-
umes: 1 & 2:1811, 3:1814]. Petropoli, in officina
Caes. Academiae scientiarum.

Pasa, A. 1947. | mammiferi di alcune antiche brecce
Veronesi. Memorie del Museo Civico di Storia Natu-
rale di Verona, 1:1-111.

Pennant, T. 1771. Synopsis of Quadrupeds. J. Monk,
Chester.

Petényi, S.J. 1864. Hatrahagyott Munkai. F. Eggen-
berger, Budapest.

Popov, V.V. 2004. Late Plicene Erinaceidae and Talpidae
(Mammalia: Insectivora) from Varshets (North Bul-
garia). Acta zoologica cracoviensia, 47:61-80.

Rabeder, G. 1972. Die Insectivoren und Chiropteren
(Mammalia) aus dem Altpleistozédn von Hundsheim
(Niederosterreich). Annalen des Naturhistorischen
Museums, 76:375-474.

Rabeder, G. 1992. Die Soriciden (Insectivora, Mamma-
lia) aus dem jlngsten Pleistozdn des Nixlochs bei
Losenstein-Ternberg(Oberdsterreich). Mitteilung der
Kommission fiir Quartérforschung der Osterre-
ichischen Akademie der Wisenschaften, 8:143-151.

33



RZEBIK-KOWALSKA: A NEW SHREW SPECIES

Radulescu, C. and Samson, P.-M. 1989. Contributions to
the knowledge of the mammalian faunas from
Malusteni and Beresti (Romania). Miscellanea Speo-
logica Romanica, 1:303-311.

Repenning, C.A. 1967. Subfamilies and genera of the
Soricidae. Geological Survey Professional Paper,
Washington.

Reumer, JW.F. 1984. Ruscinian and early Pleistocene
Soricidae (Insectivora, Mammalia) from Tegelen (The
Netherlands) and Hungary. Scripta Geologica, 73:1-
173.

Reumer, J.W.F. 1985. The generic status and species of
Drepanosorex reconsidered (Mammalia, Soricidae).
Revue de Paléobiologie, 4:53-58.

Robert, C. 1983. Recherches sur les Taupes (Talpa,
Insectivora) de quelques quaternares de France.
PhD Thesis, University of Bordeaux |, France.

Rofes, J. and Cuenca-Bescos, G. 2009. A new genus of
red-toothed shrew (Mammalia, Soricidae) from the
Early Pleistocene of Gran Dolina (Atapuerca, Bur-
gos, Spain), and a phylogenetic approach to the Eur-
asiatic Soricinae. Zoological Journal of the Linnean
Society, 155:904-925.

Rzebik-Kowalska, B. 1976. The Neogene and Pleisto-
cene insectivores (Mammalia) of Poland. Ill. Sorici-
dae: Beremendia and Blarinoides. Acta zoologica
cracoviensia, 22:359-385.

Rzebik-Kowalska, B. 1989. Pliocene and Pleistocene
(Insectivora, Mammalia) of Poland. V.

Soricidae: Petenyia Kormos, 1934 and Blarinella
Thomas, 1911. Acta zoological cracoviensia, 31
(11):521-546.

Rzebik-Kowalska, B. 1991. Pliocene and Pleistocene
Insectivora(Mammalia) of Poland. VIII. Soricidae:
Sorex Linnaeus, 1758, Neomys Kaup, 1829, Macro-
neomys Fejfar, 1966, Paenelimnoecus Baudelot,
1972 and Soricidae indeterminata. Acta zoologica
cracoviensia, 34:323-424.

Rzebik-Kowalska, B. 1998. Fossil history of shrews in
Europe, p. 23-92. In Wojcik J.M. and Wolsan M.
(eds.), Evolution of shrews. Mammal Research Insti-
tute Polish Academy of Sciences, Biatowieza.

Rzebik-Kowalska, B. 2000a. Insectivora (Mammalia)
from the Early and early Middle Pleistocene of Betfia
in Romania. |. Soricidae Fischer von Waldheim,
1817. Acta zoologica cracoviensia 43:55-77.

Rzebik-Kowalska, B. 2000b. Insectivora (Mammalia)
from the Early and early Middle Pleistocene of Betfia
in Romania. Il. Erinaceidae Bonaparte, 1838 and Tal-
pidae Gray, 1825. Acta zoologica cracoviensia,
43:55-77.

Rzebik-Kowalska, B. 2006. Erinaceomorpha and Sorico-
morpha (Mammalia) from the Late Pleistocene and
Holocene of Krucza Skata Rock Shelter and Koma-
rowa Cave (Poland). Acta zoologica cracoviensia
49A:83-118.

34

Rzebik-Kowalska, B. 2009. Biodiversity of Polish fossil
insectivores (Erinaceomorpha, Soricomorpha, Insec-
tivora, Mammalia) compared to the European and
global faunas. Institute of Systematic and Evolution
of Animals, Polish Academy of Sciences, Krakow.

Satunin, K.A. 1895. Sorex raddei Satunin n. sp. und
Melles taxus aranarius Satunin n. subsp. Zwai neue
Saugethierarten aus dem Kaukasus und aus dem
nuteren Wolggebiete. Archiv fiir Naturgeschichte,
1:1-109.

Savi, P. 1822. Osservazioni sopra il Mustietto, o Musti-
olo, nuova specie di Topo ragno Toscano. Nuovo
Giornale de Letterati, 1:60-71.

Schreuder, A. 1940. A revision of the fossil water-moles
(Desmaninae). Archives Néerlandaises de Zoologie,
4:201-333.

Stefaniak, K., Nadachowski, A., Marciszak, A., Szyn-
kiewicz, A., and Socha, P. 2009. Early Pleistocene
fauna and sediments of Zabia Cave, p. 173-189. In
Stefaniak, K., Tyc, A., and Socha, P. (eds.), Karst of
the Czestochowa Upland and of the Eastern Sude-
tes, palaeoenvironments and protection. Faculty of
Earth Sciences, University of Silesia Zoological Insti-
tute, University of Wroctaw.

Storch, G, Qiu, Zh., and Zazhigin, V.S. 1998. Fossil his-
tory of shrews in Asia, p. 92-1. In Wo¢jcik, J.M. and
Wolsan, M. (eds.), Evolution of shrews. Mammal
Research Institute Polish Academy of Sciences,
Biatowieza.

Sulimski, A. 1959. Pliocene insectivores from Weze.
Acta Palaeontologica Polonica, 4:119-173.

Sulimski, A. 1962. Supplementary studies on the insecti-
vores from Weze 1 (Poland). Acta Palaeontologica
Polonica, 7:441-502.

Terzea, E. 1970. La faune de mammiféres quaternaires
de la grotte Magura de Sighistel (Bihor, Roumania).
Travaux de ['Institut de Spéologie “Emile Racovitza,”
9:201-230.

Thomas, O. 1906. New Insectivores and Voles collected
by Mr. A. Robert near Trebizond. The Annals and
Magazine of Natural History, London, s. 7, 17:415-
421.

Tobien, H. 1980. Taxonomic status of some Cenozoic
Mammalian local faunas from the Mainz Basin. Main-
zer Geowissenschattliche Mitteilungen, 9:203-235.

Turov, S.S. 1924. Sur la faune des Vertebrés du litorale
NE du lac Baikal. Comptes Rendus de I'’Académie
des Zcioences de Russie, A:109-112.

Yudin, B.S. 1989. Insectivorous mammals of Siberia.
Nauka, Novosibirsk (in Russian).

van Cleef-Roders, J.T. and van den Hoek Ostende, L.W.
2001. Dental morphology of Talpa europaea and
Talpa occidentalis (Mammalia: Insectivora) with a
discussion of fossil Talpa in the Pleistocene of
Europe. Zoologische Mededelingen, 75:51-67.



von Koenigswald, W. 1970. Mittelpleistozéne
Kleinsdugerfauna aus der Spaltenflllung Petersbuch
bei Eichstatt. Mitteilungen der Bayerischen Staats-
sammlung fiir Paldontologie und Historische Geolo-
gie, 10:407-432.

von Zimmermann, E.A. W. 1778-1783. Geographische
Geschichte des Menschen, und der allgemein verb-
reiteten vierfussigen Thiere, nebst einer Hieher geh-
origen zoologischen Weltcharte. Geographische

PALAEO-ELECTRONICA.ORG

Geschichte des Menschen, und der vierfussigen
Thiere. Zweiter Band. Enthalt ein vollstandiges. Ver-
zeichniss aller bekannten Quadrupeden. Weygand-
schen Buchhandlung, Leipzig, 3.

Wolff, P. 1976. Unterscheidungsmerkmale am Unterk-
iefer von Erinaceus europaeus L. und Erinaceus con-
color Martin. Annalen Naturhistorisches Museum
Wien, 80:337-341.

Zaitsev, M.V. and Baryshnikov, G.F. 2002. Pleistocene
Soricidae (Lipotyphla, Insectivora, Mammalia) from
Treugolnaya Cave, Northern Caucasus, Russia. Acta
zoologica cracoviensia 45:283-305.

35




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (GRACoL2006_Coated1v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /RelativeColorimetric
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (GRACoL2006_Coated1v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Lulu'] Use these settings to create Adobe PDF documents best suited for Lulu's printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (GRACoL2006_Coated1v2)
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


