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Contribution to the validity and taxonomic status of the European
fossil shrew Sorex subaraneus and the origin of Sorex araneus
(Soricidae, Eulipotyphla, Insectivora, Mammalia)

Barbara Rzebik-Kowalska and Andrea Pereswiet-Soltan

ABSTRACT

The taxonomy of many fossil shrews in Europe is still unclear. The aim of the
study was to establish the validity and the taxonomic status of the European fossil
shrew, Sorex subaraneus, often compared with or identified as other fossil and recent
species: Sorex runtonensis, Sorex tundrensis, Sorex satunini and Sorex araneus. Mid-
dle Pleistocene material of S. subaraneus from the type locality of Erpfingen (Ger-
many) was redescribed, and it was compared with specimens of the same species
found in Polish localities, with fossil specimens of S. runtonensis, fossil and recent S.
araneus (all from Poland) as well as with fossil and recent Sorex tundrensis and Sorex
satunini from Russia. The morphological characters, measurements and statistical
analysis showed that S. subaraneus and S. runtonensis are valid species. Sorex sub-
araneus differs from the smaller S. runtonensis and S. tundrensis, similar in size S. sat-
unini as well as from the larger S. araneus. A comparison of dimensions of several
fossil and recent S. araneus populations from different localities demonstrated that it
has not changed over geological time and that S. subaraneus differed in the same
degree from its oldest late Middle Pleistocene, Late Pleistocene, Holocene and recent
specimens living in the same area. The paleontological data show that S. runtonensis,
S. subaraneus and S. araneus inhabited Europe at the same time. If the identification
of the European remains of S. subaraneus and S. araneus is correct, then the ancestry
of S. araneus from S. subaraneus is rather doubtful.
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INTRODUCTION

The origin of species, especially the recent
ones, the temporal aspects of their appearances
as well as the geographical source of populations
always arouses interest. One interesting species of
unexplained origin and age is the common red-
toothed shrew, Sorex araneus Linnaeus, 1758,
which lives nowadays in Europe. The origin of the
genus Sorex is not precisely known. Its oldest fos-
sil remains (mentioned as Sorex sp.) come from
the Late Miocene (MN11-MN12) localities in China
and western Siberia (Storch et al., 1998, Qiu and
Storch, 2005).

So far 74 contemporary species of this genus
have been described from Europe, Asia and North
America (Lapini and Testone, 1998; Wolsan and
Hutterer, 1998; Brinner et al., 2002). Twelve of
them, among others Sorex araneus, inhabit
Europe. Today, S. araneus occupies a large terri-
tory including almost all Europe and continental
Asia north of steppe zone (Yudin, 1989). Different
populations in this vast area show enormous
karyotype variability. On the basis of this variability
several dozen chromosomal races have been
described within S. araneus. Some of them were
later recognized as different species (Hausser et
al., 1985; Searle and Wojcik, 1998).

According to paleontological data, the oldest
remains of S. araneus come from the Early Pleisto-
cene European localities, although S. cf. araneus
was identified earlier, from the Late Pliocene
(MN16) of Germany (Rzebik-Kowalska, 1998). On
the other hand, the only reference to this form in
Asia (named Sorex “araneus”) was found in the
Late Pleistocene of China (Zhang et al., 1993).
However, Storch et al. (1998) considered its spe-
cific identification questionable.

It is generally suggested that fossil European
Sorex subaraneus described by Heller (1958) from
the Middle Pleistocene locality Erpfingen (Ger-
many) was the ancestral form of S. araneus.
According to Jammot (1977), it was the ancestor of
the recent S. araneus and of S. coronatus Millet,
1828 living today in Western Europe. On the other
hand, Zaitsev and Baryshnikov (2002) tried to
prove that S. subaraneus does not differ much in
size and morphology from the Caucasian recent
and Middle Pleistocene Sorex satunini Ognev,
1922. According to them, both forms are probably
conspecific and their names should be syn-
onymized. In this case, the name “satunini” would
have priority over the name “subaraneus”. If this
idea was true, then the ancestor of S. araneus
would have been of Asian origins.
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On the other hand, Rofes et al. (2016) thought
that two fossil taxa, S. subaraneus and S. runton-
ensis Hinton, 1911, described from the Early Pleis-
tocene of West Runton (England) could be
regarded as “a morphological continuum of the
same species” and the name “runtonensis” would
have priority. This study also questioned the valid-
ity of S. subaraneus species and in consequence
its probability as the ancestor of S. araneus.
Because Osipova et al. (2006) have shown that the
morphology and size of the fossil European S. run-
tonensis are similar to the morphology and size of
the Eastern Palearctic S. tundrensis Merriam,
1900, the latter species should also be considered
in the discussion on the validity of S. subaraneus.

The present paper attempts to examine the
discussion described above comparing the size
and morphology of S. araneus, S. runtonensis, S.
tundrensis and S. satununi with the type material of
S. subaraneus from Erpfingen and from Polish
localities in order to either support or falsify its
validity and the putative ancestry of the recent
Sorex araneus. This can help to find out when and
where the composition of recent insectivore mam-
mal fauna of Poland and whole Europe was
formed.

To do so, the first detailed description (in the
paleontological sense) of the fossil and recent
Sorex araneus mandible and upper and lower den-
tition, as well as a redescription of the type speci-
mens of S. subaraneus from Erpfingen were made.
As the upper jaws are generally rare in the fossil
material and more fragmentary, we based our mea-
surements, morphological observation and statisti-
cal analysis mainly on the lower jaws and lower
dentitions. Our experience shows that teeth are
good proxies of the size in shrews. Research by
Moncunill-Solé et al. (2016) seems to confirm this
presumption.

MATERIAL AND METHODS

The material (Appendix 1) includes the typical
population of Sorex subaraneus from Erpfingen
(Germany), specimens of S. subaraneus, S. run-
fonensis and fossil and recent S. araneus (all col-
lected from Poland) as comparative material.
Measurements of specimens and their morphologi-
cal characters were taken according to Reumer
(1984) and Zaitsev and Baryshnikov (2002). Some
Soricidae teeth (I1, i1, a1) were measured along
their buccal sides, all other teeth (P4-M3 and p4-
m3) on their occlusal surfaces.

The statistical analyses were conducted in
two stages. We used Principal Component Analy-



sis (PCA) to check whether the studied material
(originating from different localities and geological
times) is composed of distinct morphological
groups. Analysis of Variance (ANOVA) with a<0.05,
together with the post-hoc Tukeys’ pairwise test,
was conducted to examine the statistical signifi-
cance of differences between groups discerned in
the PCA diagrams. All calculations were performed
with the program PAST v3. 12 (Hammer et al,,
2001).

We examined fragments of mandibles of fossil
Sorex subaraneus from the type locality (Erpfin-
gen) as well as fossil S. subaraneus, S. runtonen-
sis and fossil and recent S. araneus (all from
Poland). Different analyses were conducted com-
bining the various measurements. The two most
representative encompassed tooth measurements
(L and W of m1, m2, m3 and L of m1-m3), and
mandible dimensions (L of m1-m3 alveoli, H of
ascending ramus and W of coronoid process).

The specimens described are housed in the
collections of the GeoZentrum Nordbayern of the
Erlangen-Niurnberg University (Germany) and in
the Institute of Systematics and Evolution of Ani-
mals Polish Academy of Sciences in Krakéw and in
the Institute of Paleobiology of the Polish Academy
of Sciences in Warsow (Poland).

Abbreviations

N = number of specimens, L = maximum length, W
= maximum width, H = maximum height, sd = stan-
dard deviation, cv = coefficient of variation, S.a (R)
= Sorex araneus (recent), S.a (f) = Sorex araneus
(fossil), S.s (G) = Sorex subaraneus (Germany),
S.s (P) = Sorex subaraneus (Poland), S.r (P) =
Sorex runtonensis (Poland), nos. coll. Heller =
number of Heller's collection (The GeoZentrum
Nordbayern of the Erlangen-Nirnberg University,
Germany), M = mammal collection, MF = fossil
mammal collection (The Institute of Sysytematics
and Evolution of Animals, Polish Academy of Sci-
ences, Krakéw), ZPAL M = fossil mammal collec-
tion (Institute of Paleobiology of the
PolishAcademy of Sciences, Warsaw).

SYSTEMATIC PALAEONTOLOGY

Class MAMMALIA Linnaeus, 1758
Superorder INSECTIVORA sensu Novacek, 1986
Order EULIPOTYPHLA Waddell, Okada and
Hasegawa, 1999
Family SORICIDAE Fischer, 1814
Genus SOREX Linnaeus, 1758

Type Species. Sorex araneus Linnaeus, 1758

PALAEO-ELECTRONICA.ORG

Sorex subaraneus Heller, 1958 (type population)
Figures 1.7-8, 2.5-6, 3,4, 5,6

The type material of Sorex subaraneus from
Erpfingen (Appendix 1) is devoid of upper dentition
and, with the exception of the holotype, consists of
28 fragments of mandibles. Most of them are tooth-
less, but some contain different types of teeth. In
general, all types of lower teeth (with the exception
of i1), as well as coronoid and condyloid pro-
cesses, can be found in the material.

Unfortunately, the holotype of Sorex sub-
araneus designated by Heller (1958) has been lost.
It represented the left mandible with i1-m2 and cor-
onoid and condyloid processes. In a single sen-
tence diagnosis Heller (1958) only wrote that the
size of the form described as a new species” is
close to the size of S. araneus, however it is
slightly smaller”. According to him, the size of the
Erpfingen specimens exceeds the size of other
Quaternary species inhabiting Central Europe such
as Sorex aranoides Heller,1930, (now a synonym
of S. runtonensis; van der Meulen, 1973; Jammot,
1977), S. runtonensis and S. praealpinus Heller,
1930. On the other hand, it approaches in dimen-
sions the Plio/Pleistocene S. praearaneus Kormos,
1934 [now Sorex (Drepanosorex) praearaneus;
Reumer, 1984] from Villany (Hungary), although it
is different in morphology (e.g., its mental foramen
is situated below the trigonid of m1 and in S. prae-
araneus below the p4).

To study the typical material, we used photos
and measurements of the S. subaraneus speci-
mens from Erpfingen send to us by Dr Lutz Maul.
The photos were taken in buccal, lingual, occlusal
and posterior views. This new data extended our
knowledge of S. subaraneus size and its morphol-
ogy in comparison with Heller's description and
allowed a comparison with specimens of S. sub-
araneus, S. runtonensis and S. araneus found in
Poland.

Description of the holotype. In his paper of 1958,
Heller wrote that the description was based in prin-
ciple on the best-preserved specimen, the left
mandible with i1 — m2. According to Heller its i1 is
tricuspulate, the a1 single-cusped and p4 two-
cusped. The m3 is unreduced. The coronoid pro-
cess is vertical and slim, and its apex bends
slightly towards the posterior side. The coronoid
spicule is well developed. The upper sigmoid notch
forms a right angle. The interarticular area of the
condyloid process reaches almost the end of the
lower facet. The mental foramen is situated below
the protoconid of m1. In summary, Heller only
stated that the morphology of the remaining speci-
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FIGURE 1. Mandibles. Sorex araneus (recent), left, 1 - buccal and 2 - lingual views (no. M/8583). S. araneus (Holo-
cene, Raj Cave, layer 11), right, 3 - buccal and 4 - lingual views (MF/6871/1). Sorex araneus (Late Pleistocene,
Obtazowa Cave 2), right, 5 - buccal, 6 - lingual views (MF/6872/1). Sorex subaraneus (Middle Pleistocene, Erpfingen),
right, 7 - buccal, 8 - lingual views (Heller 1938/a5). Sorex subaraneus (Early/Middle Pleistocene, Kozi Grzbiet, |. 2A),
left, 9 - buccal and 10 - lingual views (MF/1957/15). Sorex runtonensis (Early/Middle Pleistocene, Kozi Grzbiet, banc),
right, 11 - buccal and 12 - lingual views (MF/1961/21). Sorex runtonensis (Late Pleistocene/Holocene, Komarowa
Cave, |. B), left, 13 - buccal and 14 - lingual views (MF/3184/6).
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FIGURE 2. Condyloid processes (posterior view) in: 1-2 - Sorex araneus, recent, right (nos. M/8583 and M/ 4707)
respectively; 3 — S. araneus, Holocene, Jozefow, right (MF/629/1); 4 — S. araneus, Late Pleistocene, Obtazowa 2, left
(MF/6872/1); 5-6 — S. subaraneus, Middle Pleistocene, Erpfingen, right and left (Heller 1938/a8 and b5), respectively;
7-8 —S. subaraneus, Early/Middle Pleistocene, Kozi Grzbiet, Is. 2A and 2C, right (MF/1957/15 and 18) respectively; 9-
10 — S. runtonensis, Pleistocene/Holocene, Komarowa Cave, Is. B and D, right and left (MF3184/6 and 49), respec-
tively; 11-12 — S. runtonensis, Early/Middle Pleistocene, Kozi Grzbiet, Is. 2A and heap (MF/1961/4 and 21), respec-

tively.

mens agreed with the morphology of the described
left mandible (holotype) from the typical locality. A
new detailed description of the typical material has
been made for the purpose of this paper.

Redescription of the type material. There is no i1
in the type material. Among two specimens with
the a1 present in the collection, one of them is uni-
cuspide, and the other is much too worn to recog-
nize the presence or absence of a second cusp
that, if present, is always very small. The postero-
lingual basin of a1 is shallow. The p4 is two-cusped
and its postero-lingual basin is deeper than in a1.

The buccal and lingual cingula of both teeth are
broad.

The buccal re-entrant valley of the lower
molars (m1, m2) opens at a small distance above
the buccal cingulum. The metaconids are equal or
wider than the entoconids.The entoconid crest is
high but not very long. The buccal cingulum in m1
is not very wide and slightly undulating, the lingual
one is wider and straight. The m2 is similar to m1
but smaller, however both of its cingula are wide
and straight. The m3 is relatively big and unre-
duced. The lower margin of the horizontal ramus is
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FIGURE 3. Principal component analysis of the lower dentition showing plots of components 1 against 2 and the table
of results of the PCA from PC1 and PC2. Measurements: L and W (max.) of m1 and m2 and L of m1-m3. A - S. sub-
araneus (Germany), A - S. subaraneus (Poland), o - S. araneus (fossil), ® - S. araneus (recent), x - S. runtonensis.

slightly concave under the m2. The tip of the coro-
noid process is rounded or a bit pointed and bends
slightly towards the inside. The external temporal
fossa is well developed, and it extends to the upper
sigmoid notch or slightly underneath it. It is deeper
below the coronoid spicule, which is not distinct.
The mental foramen is situated below the trigonid
of m1. The internal temporal fossa is high in the
shape of an isosceles triangle and in majority of
specimens provided with a horizontal bar. Two
mandibular foramina are present. They are situ-
ated below the posterior corner of the internal tem-
poral fossa. The condyloid process is generally
high, its upper facet is cylindrical and the lower
facet wide. The interarticular area is wider in its
lower part.

Measurements. See Tables 1, 2 and Appendix 2,
Table 1.

Individual variation. Tooth morphotypes in Sorex
subaraneus from Germany were not found. In the
material only seven specimens with m1 and m2
were present. Five of them (71.43%) had a larger
metaconid while in the remaining two were more or
less equal. There are only five mandible fragments
with the mental foramen present. In three of them,
it is situated anterior of the protoconid tip of the m1,
in one below it, and in one specimen it is behind
the tip. In 18 mandibles with internal temporal
fossa, 15 (83.33%) show a more or less visible bar,

the remaining ones do not present it. In seven
specimens with the condyloid process, the interar-
ticular area has a trapezoidal shape.

Sorex subaraneus Heller, 1958 (from Poland)
Figures 1.9-10, 2.7-8, 3, 4, 5, 6, Appendix 3,
Figures 1. 6, 2.2

Material. It contains upper and lower jaws with
teeth and processes from four localities: Kadzielnia
1 and Przymitowice 3A (Early Pleistocene), Kozi
Grzbiet (Early/Middle Pleistocene) and Rebielice
Krélewskie 4 (Middle Pleistocene), Appendix 1.
Description of the material. Extensive data on
the morphology and measurements of S. sub-
araneus from Poland can be found in Rzebik-Kow-
alska (1991). This paper presents only features not
mentioned by Heller (1958) and Rzebik-Kowalska
(1991). Description of upper teeth — Appendix 4.
The a1 is not shifted forwards and (as in S.
araneus) in buccal view the distance between the
posterior edges of i1 and a1 is equal to or smaller
than the distance between the posterior edge of i1
and the anterior edge of the paraconid of m1 (Table
3).

The remaining characters of the mandible and
their variation are similar to those from Erpfingen.
For example, in more than half (57.14%) of all
specimens the mental foramen is situated behind
the protoconid tip of the m1 (in 14 of them consid-
erably and in 3 even further behind it), in 26.99%
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S.a (R)[S.a(f)] S.s(P) |S.s(G) S.r
S.a (R) 0.325|0.0001676| 0.6859 |1.724E-05
S.a(f) |2.667 1.724E-05 |0.01223(1.724E-05
S.s (P) | 6.104 [8.771 0.02212]| 1.73E-05
S.s (G)| 1.851[4.517 4.254 1.724E-05
d S.r 14.26 |16.92| 8.151 12.4
Sr — —
a
S.s(G) N l
Cc
S.s (P) — —
b
S.a(f) } !
a
S.a(R) P I

FIGURE 4. Box Plot with the mediana the maximum — minimum values and 25-75% quartiles from PC1 of the lower
dentition. S.s (G) — S. subaraneus (Germany); S.s (P) — S. subaraneus (Poland); S.a (R) — S. araneus (recent); S.a (f)
— S. araneus (fossil); S. r (P) — S. runtonensis. The same letters indicate no significant differences between the

groups compared.

below and in 15.87% in front of this tip. In most
(82.35%) specimens with internal temporal fossa
the bar, more or less prominent, is present, but in
others it is absent. The shape of the interarticular
area of the condyloid process is trapezoidal in 13
of 14 (92.86%) of specimens and in only one spec-
imen it is rather rectangular shape.

The position of the a1 in the mandible (more
anterior or more posterior) cannot be established
because of the lack of i1 in the studied mandibles.
Also, the size of the metaconid in comparison with
the entoconid in lower molars (m1 and m2) is simi-
lar in both (Polish and German) populations. In
60.71% the metaconid was larger than the entoco-
nid, in 35.71% more or less equal to the entoconid
and in only two specimens (3.58%) it was smaller
than the entoconid.

Measurements. Tables 1-4 and Appendix 2,
Tables 1-4.

Differences between typical S. subaraneus
from Erpfingen and S. subaraneus from
Poland. As it can be seen from Table 1, the Polish
S. subaraneus is slightly smaller. Moreover, its a1
shows a trace of a second cusp while the two a1
present in the Erpfingen material are singlecusped.
Also, the entoconid crest of the lower molars is

slightly shorter in specimens from Poland and
these teeth, especially m2, can present mesoco-
nids that are absent in the seven m1 and five m2
present in material from Erpfingen.

Sorex araneus Linnaeus, 1758 (extant from
Poland)
Figures 1.1-2, 2. 1-2, 3, 4, 5, 6, Appendix 3,
Figures 1.1, 2.1

Material. 50 upper and lower jaws with the denti-
tion and processes, all from Poland, Appendix 1.
Description of the material. Description of upper
teeth — Appendix 4.

The i1 is long and tricuspulate. Its cusps
diminish from the first situated near the apex to the
last placed near the tooth talonid. The apex is
upturned. The cingulum is rather wide and it is
present along the postero-buccal border. The a1 is
relatively long and unicuspid. It is not shifted for-
wards. In buccal view, the distance between the
posterior edges of i1 and a1 is always equal to or
smaller than the distance between the posterior
edge of i1 and the anterior edge of the paraconid of
m1 (Table 3). Its posterolingual basin is very shal-
low. Clear and wide cingula occur on both sides of
the tooth.
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FIGURE 5. Principal component analysis of the mandible, showing plots of components 1 against 2 and the table of
results of the PCA from PC1 and PC2. Measurements: L of m1- m3 alveoli, H of ascending ramus and W of coronoid
process. A - S. subaraneus (Germany), A - S. subaraneus (Poland), o - S. araneus (fossil), e - S. araneus (recent), x

- S. runtonensis.

The p4 is two-cusped. The anterior cusp is
always much higher than the posterior one. The
postero-lingual basin is deep and bordered by
sharp crests. Clear and wide cingula are also pres-
ent on both sides of the tooth. The m1 and m2 are
similar in morphology, but m2 is smaller. The high-
est cusp of both teeth is the protoconid. Their buc-
cal re-entrant valley opens at some distance above
the buccal cingulum. On the lingual side, the trigo-
nid valley is narrow and it opens low, the metaco-
nid/entoconid valley is wide and provided with a
long and rather high entoconid crest. The metaco-
nid is narrow and entoconid wide, more so than the
metaconid, the hypolophid is situated very close to
the entoconid and there is no groove between the
entoconid and the entostylid. In some specimens,
weak mesoconids are visible. A cingulum is pres-
ent all around the molars. The buccal cingulum is
more protruded. The m3 has a well developed long
and basined talonid. The hypoconid and entoconid
are small. The postero-lingual cingulum is poorly
visible.

In general, the horizontal ramus of the mandi-
ble is slightly concave below m1/m2 and the men-
tal foramen is situated below the trigonid of the m1.
The ascending ramus is high. The anterior edge of
the coronoid process is straight or more or less

concave. The posterior one is rather concave. The
tip of the coronoid process is wide, rounded and it
leans slightly towards the posterior and lingual
sides. The coronoid spicule is developed to various
degrees and situated close to the tip of the pro-
cess. The external temporal fossa is shallow and
developed as a longitudinal groove running parallel
to the posterior edge of the coronoid process. It is
deeper below the coronoid spicule. It reaches to
the upper sigmoid notch or slightly lower. The pter-
ygoid spicule (boss) is small or absent, rarely bet-
ter developed. The internal temporal fossa is high
in the shape of an isosceles triangle but it does not
continue to the tip of the coronoid process. In some
specimens, it is provided with a horizontal bar sep-
arating the shallow upper part from the deep lower
part of the fossa. Two (rarely one or three) mandib-
ular foramina are situated below the lower edge of
the internal temporal fossa. They are more or less
equal in size or the upper one (situated below the
posterior corner of the internal temporal fossa) is
much smaller.

In general, the condyloid process is low. Its
upper facet is cylindrical, the lower facet is wide
and slightly concave lingually. Its interarticular area
is narrow in the upper side and wider in the lower
side. It does not reach the end of the lower facet.



PALAEO-ELECTRONICA.ORG

S.a (R)| S.a (f) SsP S.s (G) S.r
S.a (R) 0.9907| 1.724E-05 |1.724E-05|1.724E-05
S.a (f) [0.6531 1.724E-05 |1.724E-05|1.724E-05
SsP 15 | 15.65 0.8692 | 0.6661
S.s (G) | 13.63 | 14.28 1.37 0.1419
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FIGURE 6. Box Plot with the mediana the maximum — minimum values and 25-75% quartiles from PC1 of the mandi-
ble. S.s (G) — S. subaraneus (Germany); S.s (P) — S. subaraneus (Poland); S.a (R) — S. araneus (recent); S.a (f)— S.
araneus (fossil); S. r (P) — S. runtonensis. The same letters indicate no significative differences between the groups

compared.

Measurements. Tables 3, 5 and Appendix 2, Table
5.

Individual variation. Individual variation in the
recent Sorex araneus concerns some characters in
11, P4, M2, the position of the mental foramen,
number of mandibular foramina, the presence of a
bar in the internal temporal fossa and the morphol-
ogy of the condyloid process.

The upper margin of 11 can be straight or
slightly convex. The posterior buccal edge is
placed at a sharp or right angle to the dorsal mar-
gin and the posterior buccal cingulum can be more
or less undulating. The parastylar crest of P4 can
be longer or shorter and in some individuals is
hardly visible. It is horizontal or oblique (raising
from the parastyle towards the paracone). The cin-
gular cusp situated between the parastyle and the
protocone can be conspicuous, small or hardly dis-
cernible. Among 49 studied specimens it was pres-
ent in 37 (about 75.5%). In most individuals, the
M2 is rectangular in occlusal view, but in some of
them it can also be more or less square.

In most specimens (about 49%), the mental
foramen is situated slightly more to the back of the
tip of the m1 protoconid. In the remaining cases, it
is situated below the tip of the protoconid (30%) or

slightly anterior of it (21%). In two of 100 studied
specimens, it lies as far as the reentrant valley of
m1. There is also variability in the presence of the
mandibular foramina. Usually there are two present
in both halves of the mandible (82.35% of speci-
mens). However, specimens with one foramen in
each half were also found, one in one half and two
in the second half, and in one individual there were
three mandibular foramina in both halves of the
mandible. As mentioned above, they are equal in
size or one of them (the posterior one) is smaller or
very small. Concerning the presence of the hori-
zontal bar in the internal temporal fossa, the most
frequent condition (about 59.68%) is a lack of this
structure in both halves of the mandible. In other
specimens, distinct or weak bar can be found in
both halves of the mandible or the bar is present in
one half and absent from the other. The coronoid
spicule and the pterygoid boss can be more or less
distinct. The condyloid process is also slightly vari-
able. It can be higher than usual; its lower facet can
be longer or shorter and narrower or wider and the
interarticular area more trapezoidal or more rectan-
gular in shape. However, trapezoidal interarticular
area prevailed (77.55%).



RZEBIK-KOWALSKA & PERESWIET-SOLTAN: VALIDITY OF SOREX SUBARANEUS

TABLE 1. Dimensions (in mm) of mandible and lower teeth of Sorex subaraneus from Poland and Germany.

Sorex subaraneus

Kadzielnia 1, Elary Pleistocene
Przymitowice 3A, Early Pleistocene

Kozi Grzbiet, Elary/Middle Pleistocene
Rebielice Krolewskie 4, Middle Pleistocene

Erpfingen, Middle Pleistocene
(measured by Dr L. Maul)

Poland Germany

Min X Max. N sd cv Min. X Max. N sd cv
i1L 3.37 3.52 3.66 18 0.09 2.56 - - - - - -
i1TW 0.71 0.85 0.94 37 0.05 5.88 - - - - - -
alL (bucc.) 0.82 0.95 1.05 14 0.06 6.32 - - - - - -
p4L 0.89 1.03 1.14 34 0.06 5.82 0.93 0.96 0.99 2 - -
p4 W 0.65 0.73 0.80 32 0.04 5.48 0.69 0.71 0.73 2 - -
m1L 1.35 1.43 1.49 60 0.03 2.10 1.41 1.55 1.66 7 0.09 581
m1W 0.80 0.85 0.98 61 0.03 3.53 0.82 0.86 0.93 7 0.03 3.49
m2 L 1.18 1.25 1.30 46 0.03 2.40 1.25 1.33 1.40 5 - -
m2 W 0.73 0.78 0.87 45 0.03 3.85 0.75 0.79 0.86 5 - -
m3 L 0.95 1.04 1.11 27 0.04 3.85 0.99 1.04 1.13 4 - -
m3 W 0.56 0.62 0.67 27 0.03 4.84 0.64 0.68 0.78 4 - -
m1-m3 L 3.57 3.66 3.78 16 0.06 1.64 352 3.66 3.80 4 - -
m1-m3 L (alveol.) 3.21 3.32 3.48 7 0.11 3.31 3.12 335 3.70 15 017 5.07
H of mandible below m2 1.15 1.24 1.33 48 0.05 4.03 - - - - - -
H of ascending ramus 3.80 4.21 4.54 18 0.19 4.51 4.01 4.32 4.64 18 0.13 3.01
W of coronoid process 0.70 0.88 1.00 19 0.07 7.95 - - - - - -
H of condyloid process 1.57 1.72 1.87 5 0.12 6.98 1.44 1.65 1.84 17 0.10 6.06
W of interarticular area 0.50 0.57 0.66 12 0.05 8.77 - - - - - -

S. araneus Linnaeus, 1758 (fossil from Poland)
Figures 1.3-6, 2.3-4, 3, 4, 5, 6, Appendix 3, Figures
1.2-5

Material. It contains about 500 upper and lower
jaws with teeth and processes from 17 localities
dated from the Late Middle Pleistocene to the Early
Holocene. Appendix 1.

Description of the material. Description of upper
teeth is given in Appendix 4. In Poland, the sizes of
the fossil specimens of Sorex araneus from the
Middle Pleistocene to the Early Holocene do not
practically differ. The ranges of their dimensions
and averages of all dimensions are similar if not
the same. They are also similar to the dimensions
of the recent form. Apparently, S. araneus has not
enlarged its dimension in geological time (Table 5
and Appendix 2, Tables 5-6).

Moreover, the morphology of the fossil Sorex
araneus does not differ from the recent form. Just
as in recent S. araneus some characters can
appear in different intensity, change their position
slightly or sometimes they are present or absent,
and the percentage of these changes can be
somewhat different in populations representing dif-
ferent periods of time.

10

Individual variations. As concerns the mandible,
Sorex araneus from the late Middle Pleistocene
(Nietoperzowa Cave, Is.14-15) differs from others
by the position of the mental foramen. In most
specimens, this foramen is situated slightly in front
of (42.86%) or below (50%) the tip of the protoco-
nid of m1. In younger (Late Pleistocene to recent)
specimens it lies rather behind (between 49 —
66.67% of specimens) this tip.

The number of mandibular foramina also dif-
fers in Nietoperzowa Cave (Is.15-14) because
33.33% of mandibles exhibit one foramen while in
the remaining specimens it does not exceed 25%.
In most (66.67 — 82.35%) of fossil and recent spec-
imens of S. araneus two mandibular foramina are
present. The bar in the internal temporal fossa is
present more frequently in specimens from the late
Middle and Late Pleistocene (66.67 and 67.42%
respectively), and less often in the Holocene and
recent mandibles (37.78 and 40.32%, respec-
tively). In the fossil specimens the interarticular
area of the condyloid process is close to trapezoid
shape in 95.90% - 100% but in recent specimens
in only about 77.55%. The remaining ones are
more or less rectangular.
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TABLE 2. Comparison of dimensions (in mm) of Sorex runtonensis from Poland and Sorex subaraneus from Poland

and Germany with Sorex satunini from Russia.

S. runtonensis S. subaraneus

S. subaraneus

S. satunini S. satunini

Treugolnaya Cave

Erpfingen Northern Caucasus Northern Caucasus
Kozi Grzbiet Kozi Grzbiet Germany Russia Russia
Poland Poland Middle Pleistocene = Middle Pleistocene recent
Early/Middle Early/Middle (measured by Dr L. Zaitsev and Zaitsev and
Pleistocene Pleistocene Maul) Baryshnikov (2002) Baryshnikov (2002)
Min. X Max. N Min. X Max. N Min. X Max. N Min. X Max. N Min. X Max. N
i1 L 321 339 356 11 3.37 352 366 17 - - - - - - - - 3.60 3.72 3.90 14
allL 0.84 0.87 0.88 4 0.82 0.94 1.05 12 - - - - 1.00 1.07 110 3 0.85 1.00 1.05 14
(buc.)
m1 L 1.30 1.36 143 39 135 143 149 56 141 145 166 7 145 148 150 4 140 145 150 14
m1-m3L 3.40 3.49 359 16 3.57 3.69 3.95 16 3.52 3.66 3.80 4 3.80 3.65 3.74 3.85 14
H of 1.03 112 122 39 112 124 133 42 - - - - 125 129 135 4 115 128 135 14
mandible
below m2
H of 3.66 389 421 7 394 421 454 15 4.01 432 464 18 435 - 440 2 420 441 460 14
ascending
ramus
W of 0.70 0.77 088 8 0.79 0.88 1.00 16 - - - - 1.00 1.03 1.05 2 0.90 1.01 1.10 14
coronoid
process
W of 045 052 056 6 0.52 058 0.66 111 - - - - - 065 - 2 065 0.68 075 14
interarticu

lar area

Measurements. Tables 3, 5 and Appendix 2, Table
6.

Sorex runtonensis Hinton, 1911 (from Poland)
Figures 1.11-14, 2.9-12, 3, 4, 5, 6, Appendix 3,
Figure 1.7

Material. The list of the material is cited in the
Appendix 1. It contains 64 upper and lower jaws
with teeth and processes from six localities: Kozi
Grzbiet (Early/Middle Pleistocene), Zabia Cave
(Early Pleistocene), Raj Cave (Is. 1-10), Krucza
Skata Rock Shelter (Is. 1-8 and I-V) (Late Pleisto-
cene) and Komarowa Cave (Late Pleistocene/
Holocene).

Description of the material. The description of
the Sorex runtonensis holotype from the locality
West Runton (England) was made by Hinton in
1911. This description was later completed by Har-
rison (1996). A detailed description of the Polish S.
runtonensis is available in Rzebik-Kowalska
(1991). In 2002, Zaitsev and Baryshnikov added
that the comparatively small and low a1 of this spe-
cies is considerably shifted forwards. In buccal
view, the distance between the posterior edges of
a1l and i1 is greater than that between the posterior
edge of i1 and the paraconid of m1. This a1 dis-

placement was not observed earlier by researchers
of this species, however it is conspicuous in Polish
S. runtonensis and not found in other species (S.
Ssubaraneus, S. araneus and S. satunini) studied
here.

On the fossil S. runtonensis and recent S. tun-
drensis there was a discussion in the paper of
Osipova et al. (2006). The authors have pointed
that the size and morphology of both species are
very similar, and it is very probable that they are
conspecific and their names should be treated as
synonyms. On the other hand, it is highly probable
that S. tundrensis “could be considered as a spe-
cies complex that includes forms of different taxo-
nomic levels.” Besides, a considerably spatial gap
between the known ranges of the two forms (West-
ern Palearctic — S. runtonensis and Eastern Pale-
arctic — S. tundrensis) does not allow, for the time
being, synonymizing these two forms.

However, Prost et al. (2013) described Sorex
cf. tundrensis from the German cave Sesselfels,
the locality dated to the Late Pleistocene
(Weichselian, about 60 000 year BP) a few years
later. Because authors failed to obtain DNA from
the Sesselfels specimens, they based their identifi-
cation solely on measurements. They did not com-

1
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TABLE 3. Position of a1 in comparison with other teeth (L in mm, Zaitsev and Baryshnikov, 2002).

Sorex araneus Sorex araneus  Sorex subaraneus Sorex runtonensis Sorex runtonensis
Obtazowa Kozi Grzbiet Obtazowa
Cave Zalesiaki 1A Cave
Late Late
Pleistocene/ Early/Middle Early Pleistocene/
recent Holocene Pleistocene Pleistocene Holocene
Kozi Grzbiet
Early/Middle
Pleistocene
Min Ma Min Ma Min Ma Min Ma Min Ma
X x. N . X x. N X xx. N . X x N . X x. N
L between the 0.08 0.19 0.30 30 0.03 0.19 0.31 16 0.14 0.21 0.26 0.25 0.30 0.37 0.25 0.37 0.40 13

posterior edges of a1
and i1 (bucc.)

L between the
posterior edge of i1
and the anterior edge
of the paraconid of m1
(bucc.)

0.21 0.350.53 30 0.21 0.36 0.55 16

021027035 8 0.100.140.18 5 0.04 0.150.24 13

pare these specimens with fossil European species
(of similar size and morphology e.g., with S. sub-
araneus and particularly with widely distributed at
that time in Europe and in Germany S. runtonen-
sis) but compared them with S. tundrensis from
Eastern Palearctic. Besides, they only compared
their coronoid height and length of condyloid pro-
cess with these dimensions in recent S. tundrensis
from Russia. The attached photos in Prost et al.
(2013, Supporting Information, figure S2) show,
however, that remains from Sesselfels cave are
more similar to S. subaraneus rather than to S.
runtonensis and S. tundrensis. The shape of the
coronoid processes of both forms are quite differ-
ent — slim in S. tundrensis (narrow at the level of
the upper sigmoid notch) and more robust (wide at
the level of the upper sigmoid notch) in Sesselfels
specimens. It seems really unlikely that the speci-
mens from Sesselfels belong to S. tundrensis.
Basing on the DNA of six subfossil specimens
of Sorex cf. coronatus from two Austrian localities
(Nixloch and Gamssulzen) Prost et al. (2013) also
included them into Sorex tundrensis. However, in
Supporting Informations the authors wrote: “We
would like to note that the presented results have
to be treated with some caution as they are based
solely on mitochondrial DNA.” Considering the
above data, we believe that the presence of S. tun-
drensis in Europe has not been sufficiently proven
for the time being. Most likely, all these specimens
represent S. subaraneus.
Measurements. Tables 2-4 and Appendix 2, Table
4,

12

Sorex satunini Ognev, 1922 (from Russia)

Material and Description of the material. See
Zaitsev and Baryshnikov (2002).

The recent S. satunini was described in Rus-
sia by Ognev in 1922 (for its taxonomy see Pavli-
nov and Rossolimo, 1987). The fossil Middle
Pleistocene form of this species was found in the
Treugolnaya Cave in the North Caucasus and
described in the paper of Zaitsev and Baryshnikov
(2002). Sorex cf. satunini was cited from other
Caucasian caves: from the North Caucasus in
Matuzka Cave, Mezmaiskaya Cave, Monash-
eskaya Cave and Myshtulagty Cave, as well as
from the West Caucasus in Kudaro Caves 1 and 3
(all dated to the Late Pleistocene, Osipova, 2006).
Nowadays it inhabits northern Turkey and the Cau-
casus Mountains (Georgia, Russia, Azerbaijan)
(Wolsan and Hutterer, 1998).

Measurements. Table 2.

RESULTS

Sorex subaraneus, especially Polish speci-
mens, differs from fossil and recent S. araneus by
somewhat smaller size (Tables 1, 4, 5 and Appen-
dix 2, Tables 1-3, 5-6). However, although all mini-
mal and maximal dimensions of S. subaraneus are
smaller than those in S. araneus, its maximal
dimensions overlap with dimensions of the latter
species. There is not a single dimension that would
be smaller and entirely outside the range of varia-
tion of S. araneus (fossil or recent). The averages
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TABLE 4. Comparison of dimensions (in mm) of Sorex subaraneus and Sorex runtonensis from Poland.

Sorex runtonensis

Sorex subaraneus

Sorex runtonensis

Raj Cave (Is. 1-10), Krucza Skata
Rock Shelter (Is. 1-8 and I-V), Late

Pleistocene,
Kozi Grzbiet Kozi Grzbiet Komarowa Cave, Late Pleistocene/
Early/Middle Pleistocene Early/Middle Pleistocene Holocene
Min. X Max. N sd cv  Min X Max. N sd cv Min. X Max. N sd cv

i1L 3.21 339 356 11 011 324 337 352 366 17 0.10 284 345 358 390 6 - -
i1TW 0.74 0.78 082 14 0.03 385 0.71 084 093 35 0.04 476 075 083 090 7 0.06 7.23
all 0.84 0.87 088 4 - - 0.82 094 1.05 12 0.06 6.38 094 099 1.08 4 - -
(buccal)
p4 L 0.78 098 1.05 15 0.07 714 0.89 1.02 114 33 0.05 490 094 1.04 110 14 0.05 4.81
p4 W 0.58 0.69 075 15 0.05 7.25 065 0.72 080 31 0.04 556 067 0.72 078 13 0.04 555
m1L 1.30 1.36 143 39 0.03 221 135 143 149 56 0.03 3.00 132 141 146 26 0.03 2.13
m1W 0.75 0.81 087 39 0.03 370 0.80 0.85 098 57 0.03 353 0.78 0.84 093 26 0.03 3.57
m2 L 114 120 125 39 0.03 250 118 125 130 40 0.03 240 1.16 123 135 20 0.04 3.25
m2 W 068 0.75 0.81 39 0.03 400 0.73 0.78 0.87 39 0.03 385 069 0.76 084 20 0.04 5.26
m3 L 091 099 1.05 20 0.03 3.03 095 1.04 111 23 0.04 385 091 1.01 1.06 11 0.04 3.96
m3 W 0.56 059 063 20 0.02 339 056 062 067 23 0.04 484 057 060 063 11 0.02 3.33
m1-m3 L 340 349 359 16 0.05 143 357 369 395 16 0.10 2.71 353 363 372 9 0.06 1.65
m1-m3 3.23 327 331 7 0.03 092 321 332 348 7 011 331 3.16 338 366 23 0.14 4.14
L(alveol.)
H of 1.03 112 122 39 0.05 446 112 124 133 42 005 4.03 114 125 136 35 0.05 4.00
mandible
below m2
H of 3.66 389 421 7 0.18 463 394 421 454 15 0.16 3.80 3.90 4.17 442 31 0.12 2.88
ascending
ramus
W of 0.70 0.77 088 8 0.07 9.09 0.79 088 1.00 16 0,06 6.82 0.76 0.88 1.01 32 0.07 7.95
coronoid
process
H of 157 168 174 4 - - 157 172 187 5 - - 164 182 199 20 0.11 6.04
condyloid
process
W of 045 052 056 6 - - 052 058 066 11 0.04 6.90 051 059 069 30 0.05 8.47
interarticula

rarea

of S. subaraneus are always lower (Tables 1, 5,
Appendix 2, Tables 3, 6).

Sorex subaraneus, especially from Erpfingen, dif-
fers from S. runtonensis by slightly larger size
(Tables 1, 4 and Appendix 2, Table 4). It seems
clear that the dimensions of S. subaraneus are on
average larger than the dimensions of S. runtonen-
sis, particularly when both species come from the
same locality. For example, in Kozi Grzbiet the L of
m1-m3 (in mm) in S. subaraneus and S. runtonen-
sis does not overlap at all (Table 2).

The first and second axes of the PCA based
on tooth size explain 88.5% of the total variance
(PC1 74.1% and PC2 14.4%). There is no single
measurement that can completely divide the
groups. They can be separated only by using a

combination of measurements. There is no correla-
tion between the length and the width of the teeth
(Figure 3).

The ANOVA analysis performed on the scores
of the first axis (the strongest one) shows a signifi-
cant difference between the studied groups (F4,
190) =82.91, p=6.34x10-41). It indicates that there
are no differences in size between the recent and
fossil Sorex araneus from Poland, S. subaraneus
from Germany and Poland are only slightly differ-
ent and S. runtonensis is quite different from both
above mentioned species (Figure 4). In general, S.
runtonensis is the smallest, Sorex subaraneus is
larger and fossil and recent S. araneus are the
largest.
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The PCA plot based on three mandible mea-
surements also divided the specimens into groups.
The two main axes explain a total 91% of the
observed variance (PC1 77% and PC2 14%). The
second analysis on the grounds of mandible mea-
surements better separates S. araneus from the
remaining species (Figure 5).

According to the ANOVA, statistical differ-
ences exist between groups (Fy 156 =72.27,

p=9.11x10-46). Sorex araneus, recent and fossil,
are similar to each other, but they differ from all of
the other studied species. Sorex subaraneus from
Germany and Poland also do not differ from each
other. The mandible of S. subaraneus seems more
delicate than the mandible of S. araneus and more
similar to the mandible of S. runtonensis (Figure 6).
However, its teeth are more massive than the teeth
of the latter species (Figure 4). The mandible and
teeth of S. araneus are the largest, and these
structures in S. runtonensis are the smallest.

As concerns morphology Sorex subaraneus
does not differ much from S. araneus. As men-
tioned above, inter-individual variation of particular
characters is very similar to this variability in S.
araneus. However, there are small morphological
differences between the two forms. For example,
the upper antemolars of S. subaraneus have con-
cavities on their antero-lingual sides that are more
shallow or even absent in S. araneus, and its a1
usually bears a small second cusp (not always, but
the second cusp is very small and only seen in
unworn teeth) that is completely absent in S.
araneus. Moreover, the metaconids of lower
molars, especially in m1, are equal or wider than
the entoconids, while in S. araneus they are always
narrower and their entoconid crests are shorter (in
S. araneus the entoconid crests are long). There
are always two mandibular foramina in the mandi-
ble of S. subaraneus while in S. araneus one and
even up to three apertures can be found.

The upper teeth of Sorex runtonensis (very
rare in the fossil material), especially unicuspids,
do not allow for a comparison with upper teeth of S.
subaraneus. Only metalophs of molars M1 and M2
(numerously found) seem to be somewhat higher
in S. subaraneus. As concerns lower teeth, the a1
in S. subaraneus is not shifted forwards as in S.
runtonensis. In buccal view, the distance between
the posterior edge of i1 and a1 is equal to or
smaller than the distance between the posterior
edge of i1 and the anterior edge of the paraconid of
m1. In S. runtonensis the a1l is shifted forwards
and the distance between the posterior edges of i1
and a1 is greater than the distance between the

PALAEO-ELECTRONICA.ORG

posterior edge of i1 and the anterior edge of the
paraconid of m1 (Table 3). The mental foramen in
the mandible of S. subaraneus is often situated
more anteriorly (45.59%) than in S. runtonensis
(25%). In the latter species it is situated behind the
tip of the m1 protoconid in 45 of 60 (in 75%) and in
S. subaraneus only in 54.41% of specimens. More-
over, the shape of the interarticular area of the con-
dyloid process is always trapezoidal with a rather
long lower facet while in S. runtonensis this area is
rectangular and the lower facet is short (Figure 2.5-
8, 9-12).

DISCUSSION

Sorex subaraneus described from the Middle
Pleistocene of Germany was later found in many
European countries (Rzebik-Kowalska, 1998). Its
oldest remains were mentioned from the early
Early Pleistocene (originally MN17) of Montoussé 5
(France, Clot et al., 1976). It is very probable, how-
ever, that the remains referred to undetermined
members of the Sorex araneus group [e.g., speci-
mens from the Early Pliocene (MN15) of Ivanovce
(the Czech Republic, Rzebik-Kowalska, 1998)]
also represent S. subaraneus. Except for the Pol-
ish localities mentioned above, the species was
also collected in the Early Pleistocene localities of
Germany and Hungary as well as in the Middle
Pleistocene of Bulgaria, the Czech Republic,
France, Germany, Hungary and Romania (Rzebik-
Kowalska, 1998). The youngest (Late Pleistocene)
remains of this species were noted by Jammot
(1977) from the Combe Grenal (France) and as S.
cf. subaraneus from Trou Jadot Cave (Belgium,
Cordy and Toussaint, 1993). Unfortunately, only in
a few papers (e.g., in Popov, 1988, 1989 from Bul-
garia) descriptions and measurements were pre-
sented.

A comparison of dimensions of Sorex sub-
araneus from the typical and other, especially Pol-
ish, populations shows that the first is somewhat
larger (Table 1). However, all studied populations
of S. subaraneus overlap, and their maximal
dimensions are usually identical or close to the
average dimensions of the fossil and recent S.
araneus. Our results show that S. subaraneus is on
average statistically smaller than S. araneus
(Tables 1, 5 and Appendicex 2, Tables 1-3, 5-6). Its
dimensions differ in the same degree from the
dimensions of the oldest late Middle Pleistocene
Polish population of S. araneus as well as from the
Late Pleistocene, Early Holocene and recent S.
araneus from the same area.
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The dimensional study of the fossil Sorex
araneus from Poland shows no size differences
between populations coming from the oldest, late
Middle Pleistocene locality (Nietoperzowa Cave Is.
15-14) and the younger Polish populations from
the Late Pleistocene and the Holocene. There are
also no size differences between fossil and recent
specimens of S. araneus in Poland (Table 5).

Contrary to Sorex araneus, the size of S. run-
tonensis (often compared to or identified with S.
subaraneus) has slightly increased with geological
age. Table 4 shows that the specimens from the
Early/Middle Pleistocene of Kozi Grzbiet are on
average little smaller than those from caves dated
to the Late Pleistocene. For example, the L of a1 in
the oldest Middle Pleistocene and in the Late Pleis-
tocene populations does not overlap (although
there are only 4 specimens in each group Table 2).

In conclusion, we can say that other studies
(e.g., Popov, 1988, 1989, 2003), which take into
account the different measurement combinations
of the mandible and teeth consistently show that
Sorex subaraneus is smaller than S. araneus and
its dentition is larger than the dentition of S. runton-
ensis (teeth are more massive).

In this study, we point out additional morpho-
logical differences between these species. Sorex
runtonensis is characterized by more anterior posi-
tion of the a1, more gracile teeth and coronoid pro-
cess, as well as more rectangular interarticular
area of the condyloid process than S. subaraneus.
Despite individual variability, S. runtonensis can be
easily distinguished from S. subaraneus and S.
araneus. Therefore, the suggestion of Rofes et al.
(2016) on the unity of the S. subaraneus and S.
runtonensis does not seem justifiable.

According to Zaitsev and Baryshnikov (2002),
Sorex satunini does not practically differ in size and
morphology from S. subaraneus. Slight differences
between these two taxa concern the morphology of
al. This tooth seems to be more robust in S. satun-
ini, its length is only slightly less than that of p4 and
it does not have an additional small cusp. More-
over, the internal temporal fossa of S. satunini is tri-
angular, rather high and deprived of a bar.

That is why Zaitsev and Baryshnikov (2002)
thought that the extant and fossil (Middle Pleisto-
cene) Caucasian Sorex satunini and European fos-
sil S. subaraneus should probably be synonimized
[the name “satunini’ (1922) having the priority
above “subaraneus” (1958)]. As the Caucasian
shrew belongs to the Sorex araneus group, it could
be an ancestor of S. araneus which arrived to
Europe from Asia.
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However, a recent study by Borisov and Orlov
(2012) comparing the G-banded karyotypes of
Sorex satunini and S. araneus revealed major
chromosomal rearrangements (S. satunini has a
more rearranged karyotype than the species of the
S. araneus group in Western Europe) what implied
their evolutionary divergence. According to these
authors, the number of chromosome rearrange-
ments shared by the species of the Sorex
“araneus” group suggests an Early Pleistocene
common ancestor. According to Osipova (2006), S.
satunini is most probably an endemic of the Cauca-
sus Mountains.

In the light of data above and morphological
features indicated by Zaitsev and Baryshnikov
(2002) for S. satunini, S. subaraneus differs from
S. runtonensis, S. araneus and S. satunini and it
seems to be a valid species. Because of its sub-
stantial morphological variability Jammot (1977) is
of the opinion that it was the ancestral form not
only of the extant S. araneus but also of Sorex cor-
onatus. Although S. coronatus is very similar to S.
araneus, its karyotype is quite different (Hausser et
al., 1985; Searle and Wojcik, 1998).

According to Jammot (1977), the population of
S. subaraneus from the Middle Pleistocene of La
Fage (France) is more similar to S. coronatus than
to S. araneus. The karyological studies of Hauser
et al. (1985) indicated that S. coronatus arose in
southern Europe (France) which supports Jam-
mot's (1977) opinion. The Late Pleistocene
remains of this species (S. coronatus) were men-
tioned from Germany (Thomassen, 1996) but their
taxonomic status is uncertain. More material is
needed to confirm Jammot’s (1977) and Hauser’s
et al. (1985) theory.

As Sorex araneus is concerned, paleontologi-
cal data show that its oldest remains in Europe
come from the Early Pleistocene, while remains
identified as S. cf. araneus even from the Late Plio-
cene (MN16). The species was also found in the
Middle and Late Pleistocene localities throughout
most of Europe. On the other hand, the oldest
remains of S. subaraneus are known from the early
Early Pleistocene or even earlier. In other words,
the ancestor (S. subaraneus) and its descendant
(S. araneus) lived in Europe together from at least
the Early to the Late Pleistocene. If the identifica-
tion of the fossil material is accurate and it is cor-
rectly dated, then S. subaraneus is an unlikely
ancestor of S. araneus and more probably an
ancestor of S. coronatus.



1)

2)

3)

4)

CONCLUSIONS

According to the data cited above S. subaraneus
should be considered a valid species. It differs in
size and morphology from species often compared
to or identified with it, such as S. runtonensis, S. sat-
unini and S. araneus. In Europe, it lived together
with S. runtonensis and S. araneus.

Sorex araneus did not increase in size with geologi-
cal age and it inhabited Europe together with S. sub-
araneus. The latter species is on average smaller
than S. araneus and this difference is constant when
material from the Middle Pleistocene, Late Pleisto-
cene, Holocene and recent is compared. They prob-
ably share a common ancestor.

Sorex runtonensis is also considered a valid spe-
cies. It slightly increased in size with geological time.
In spite of conspicuous individual variation, it can be
distinguished from S. subaraneus. For now, how-
ever, it is not possible to conclude that together with
S. tundrensis they form one species.

It is very probable that specimens of Sorex sub-
araneus and S. araneus, as well as of S. coronatus,
have been confused in the fossil shrew material. In
this situation, it is difficult to estimate the timing and
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direction of dispersal of S. subaraneus and S.
araneus to the European continent, especially since
there is practically no data on the fossils of these
species from Asia. Studies of all fossil European
material belonging to the Sorex “araneus” group as
well as new material from the Russian Plain could
solve the question of the origin of the forms dis-
cussed above.
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APPENDIX 1

List of specimens of Sorex subaraneus, S. araneus and S. runtonensis.

S. subaraneus — typical collection from Erpfingen — (nos.
coll. Heller 1938/a1-a12 and b1b6).

S. subaraneus from Kadzielnia 1 — numbers: MF/1958,
Przymitowice 3A — MF/6864, Kozi

Grzbiet — MF/1957, Rebielice Krolewskie 4 — MF/1962.

S. araneus recent — numbers: M/2, M/59, M/71, M/4518,
M/4557, M/4561, M/4573, M/4674,

M/4707, M/4743, M/8580, M/8582 -83, M/8585 — 92, M/
8595-97, M/8599 a, b, c, M/10303, M/11027, M/
11030, M/11290-93, M/11296-97, M/11299, M/
11300-301, M/11303, M/11305308, M/11310-311, M/
11314-317.

Sorex araneus from: Nietoperzowa Cave (Is. 15-14) —
MF/874, Puchacza Skata Cave IIl —

MF/937, Borsuka Cave — MF/6870, Raj Cave (Is. 1-11) —
MF/6871, Obtazowa Cave 2 MF/6872, Krucza Skata

20

Rock Shelter (Is. 1-8 and I-V) — MF/3193, Koziarnia
Cave (Is. 3-19)

— MF/898, Nietoperzowa Cave (Is. 8-9,13) — MF/874,
Zytnia Skata Cave 1 and 2 — MN/927,

Mamutowa Cave 1 and 2 — MF/6873, Komarowa Cave (|.
Ftx) — MF/3185, Obtazowa Cave —

MF/5104, Jézefow — MF/629, Nad Mosurem Starym
Duza Cave — MF/6875, Duza Cave at Maczna Skata
(I. 3) — MF/4249.

Sorex runtonensis from: Zabia Cave — ZPAL M. 12/6,
Kozi Grzbiet — MF/1961, Raj Cave (I. 1-10) - MF/
6876, Krucza Skata

Rock Shelter (Is. 1-8, I-V) — MF/3192, Komarowa Cave
(remaining layers) MF/3184, Obtazowa Cave — F/
2261.
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APPENDIX 2

APPENDIX 2 TABLE 1. Dimensions (in mm) of mandible and lower teeth of Sorex subaraneus
from several localities in Europe.

Sorex cf. subaraneus Sorex subaraneus Sorex subaraneus Sorex subaraneus Sorex subaraneus

Kadzielnia 1,
Przymitowice 3A,
Kozi Grzbiet,
Beffia XIlI, IX, VII/3, VII/ Rebielice
4, V (Rzebik- Morovitsa Cave Varbeshnitsa Krélewskie 4, Early
Kowalska, 2000) (Popov, 1989) (Popov, 1988) and Middle Erpfingen
Early Pleistocene Middle Pleistocene Middle Pleistocene Pleistocene Middle Pleistocene
Romania Bulgaria Bulgaria Poland Germany

Min. — Max. N Min. — Max. N Min. — Max. N Min. — Max. N Min. — Max. N
m1L 1.31-1.48 6 - - 1.32-1.45 8 1.35-149 61 1.41-1.66 7
m1W 0.81-0.88 5 - - - - 0.80-0.98 60 0.82-0.93 7
m2 L 1.15-1.28 4 - - 1.17-1.34 12 1.18-130 46 1.25-1.40 5
m2 W 0.76 — 0.97 3 - - - - 0.73-0.87 45 0.75-0.86 5
m3 L 1.06 1 - - 0.97-1.10 6 0.95-1.11 27 0.99-1.13 4
m3 W 0.65 1 - - - - 0.56 -0.67 27 0.64-0.78 4
m1-m3 L - - 3.57-3.95 4 3.52-3.55 2 3.57-3.78 16  3.52- 3.80 4
H of 3.95-4.09 4 4.09 -4.52 7 4.12-4.37 10 3.80 —4.54 18  4.01-4.64 18
ascending
ramus
W of coronoid 0.76 — 0.86 4 - - - - 0.70 - 1.00 19 - -
process
H of condyloid 1.60-1.78 2 - - 1.30-1.50 1 1.57-1.87 5 1.44 -1.84 17
process
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APPENDIX 2 TABLE 2. Dimension (in mm) of mandible and lower teeth of Sorex subaraneus
from four localities in Poland.

Sorex subaraneus
Kadzielnia 1 Przymitowice 3A Kozi Grzbiet Rebielice Krélewskie 4
Early Pleistocene Early Pleistocene Early/Middle Pleistocene Middle Pleistocene

Min. X Max. N Min. X Max. N Min. X Max. N sd cv Min. X Max. N

i1L - - - - - 3.60 - 1 337 352 366 17 0.10 284 - - - -
i1H - - - - - 0.94 - 1 071 084 093 35 0.04 476 - 0.86 - 1
al L (bucc) - - - - - 1.05 - 1 082 094 1.05 12 0.06 6.38 - 0.95 - 1
p4 L - - - - - 1.13 - 1 089 1.02 114 33 0.05 4.90 - - - -
p4 W - - - - - 0.80 - 1 065 072 0.80 31 0.04 556 - - - -
m1L 145 146 147 2 - - - - 135 143 149 56 0.03 3.00 144 145 1.46 2
m1W 0.86 0.88 090 2 - - - - 080 0.85 098 57 0.03 353 0.85 0.86 0.88 2
m2 L 127 128 129 2 - - - - 118 125 130 40 0.03 240 124 126 1.28 4
m2 W 0.80 0.83 086 2 - - - - 073 0.78 087 39 0.03 385 0.76 0.76 0.77 4
m3 L 1.00 1.00 1.01 2 - - - - 095 1.04 111 24 0.04 3.85 - 1.00 - 1
m3 W 065 165 066 2 - - - - 056 0.62 067 24 0.03 4.84 - 0.59 - 1
m1-m3 L - 3.70 - 1 - - - - 357 369 395 16 0.10 2.71 - - - -
H of 124 128 130 3 - - - - 112 123 133 43 0.05 4.06 119 124 130 200
mandible

below m2

H of 440 440 441 2 - - - - 380 418 454 16 019 4.54 - - - -
ascending

ramus

W of 094 095 096 2 - - - - 070 0.87 1.00 17 0.07 8.05 - - - -
coronoid

process

H of - - - - - - - - 157 172 187 5 - - - - - -
condyloid

process

W of - - - - - - - - 05 057 066 12 0.05 8.77 - - - -

interarticular
area
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APPENDIX 2 TABLE 3. Dimensions (in mm) of upper teeth of Sorex subaraneus in Poland.

Sorex subaraneus

Kozi Grzbiet

Early/Middle Pleistocene

Rebielice Krolewskie 1A
Middle Pleistocene

Min. X Max. N sd cv Min. X Max. N
1L - - - - - - - - - -
11 L of talon - - - - - - - - - -
11 H of talon - 1.09 - 1 - - - - - -
A1L 0.76  0.81 0.86 2 - - - - - -
AW 0.72  0.78 0.85 2 - - - - - -
A2 L 0.72 0.78 0.86 2 - - - - - -
A2 W 0.70 0.76 0.83 2 - - - - - -
A3 L 0.62 0.65 0.69 2 - - - - - -
A3 W 0.61 0.66 0.71 2 - - - - - -
A4 L - 0.64 - 1 - - - 0.57 - 1
A4 W - 0.64 - 1 - - - 0.59 - 1
A5L 048  0.51 0.54 2 - - - 0.43* - 1
A5 W 0.59 0.60 0.61 2 - - - 0.58 - 1
P4 L (bucc.) 1.44 1.50 1.56 12 0.03 2 - 1.51 - 1
M1 L (max.) 1.31 1.39 1.46 14 0.04 288 - - - -
M1 L (med.) 1.05 1.09 1.18 14 0.04 3.67 - - - -
M1 W (max.) 1.47 1.55 1.61 14 0.04 258 - - - -
M2 L (max.) 1.21 1.26 1.33 7 0.05 3.97 - - - -
M2 L (med.) 0.96 1.02 1.06 8 0.03 294 - - - -
M2 W (max.) 140 1.46 1.50 7 0.04 274 - - - -
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APPENDIX 2 TABLE 4. Comparison of dimensions (in mm) of upper teeth of Sorex subaraneus

and Sorex runtonensis in Poland.

Sorex runtonensis

Sorex subaraneus

Zabia Cave, Early Pleistocene,

Raj Cave, Late Pleistocene,

Vistulian

Krucza Skata Rock Shelter, Late

Komarowa Cave, Late Pleistocene -
Holocene

Kozi Grzbiet, Early/Middle

Rzebik-Kowalska, 2013 Pleistocene, Late Vistulian Pleistocene

Min. X Max. N sd cv  Min. X Max. N sd cv  Min. X Max. N sd cv
A3 L - 0.67 - 1 - - - 0.63 - 1 - - 062 065 069 2 - -
A3 W - 0.63 - 1 - - - 0.66 - 1 - - 0.61 0.66 0.71 2 - -
AdL 049 052 055 2 - - 0.50 0.51 052 3 - - - 0.64 - 1 - -
A4 W 056 058 060 2 - - 0.58 0.60 062 3 - - - 0.64 - 1 - -
A5 L 048 048 049 3 - - 048 0.53 056 3 - - 048 051 054 2 - -
AS5W 049 053 056 3 - - 0.55 057 060 3 - - 0.59 0.60 0.61 2 - -
P4 L 1.30 142 155 16 0.77 493 130 142 151 9 0.07 493 144 150 156 12 0.03 2.00
(bucc.)
P4 L 1.28 132 136 13 0.03 227 132 138 145 9 0.04 290 131 139 146 14 0.04 228
(max.) 1.00 1.06 111 14 0.03 283 104 112 116 9 0.04 357 1.05 1.09 118 14 0.04 3.67
M1L 143 151 163 13 0.05 331 139 148 156 9 0.06 405 147 155 161 14 0.04 258
(med.)
M1 W
(max.)
M2 L 119 125 131 11 0.05 400 118 125 135 8 0.06 480 121 126 1.33 7 0.05 3.97
(max.) 096 1.01 104 11 003 297 095 101 105 9 0.03 297 096 1.02 1.06 8 0.03 294
M2 L
(med.) 1.35 143 ? 11 0.04 280 130 141 151 8 007 49 140 146 1.50 7 0.04 274
M2 W
(max.)
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APPENDIX 2 TABLE 5. Dimensions (in mm) of upper teeth of recent Sorex araneus in Poland.

Sorex araneus

recent
Poland

Min. X Max. N sd cv
1L 1.58 1.76 1.94 32 0.10 5.68
11 L of talon 0.82 0.96 1.1 45 0.07 7.29
11 H of talon 1.10 1.22 1.31 31 0.05 4.10
A1-A5L 2.66 2. 86 3.15 47 0.18 6.29
A1L 0.79 0.87 0.96 48 0.04 4.60
A1W 0.73 0. 81 0.89 48 0.03 3.70
A2 L 0.75 0.84 0.94 48 0.04 4.76
A2 W 0.71 0.77 0.81 48 0.02 2.60
A3 L 0.67 0.75 0.82 49 0.04 5.33
A3 W 0.62 0.68 0.74 49 0.03 4.41
Ad L 0.52 0.62 0.72 50 0.05 8.06
A4 W 0.55 0.63 0.69 50 0.03 4.76
A5 L 0.40 0.47 0.58 50 0.04 8.51
A5 W 0.47 0.56 0.66 50 0.05 8.93
P4 L 1.46 1.56 1.66 51 0.04 2.56
M1 L (max.) 1.38 1.47 1.57 51 0.05 3.40
M1 L (med.) 1.06 1.13 1.24 51 0.04 3.54
M1 W (max.) 1.58 1.67 1.83 51 0.05 2.99
M2 L (max.) 1.20 1.29 1.37 50 0.04 3.10
M2 L (med.) 0.98 1.04 1.14 50 0.03 2.88
M2 W (max.) 1.48 1.57 1.71 50 0.05 3.18
M3 L (max.) 0.67 0.72 0.81 46 0.03 417
M3 W (max.) 1.14 1.24 1.33 45 0.04 3.23
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APPENDIX 2 TABLE 6. Dimensions (in mm) of upper teeth of fossil Sorex araneus in Poland.

Sorex araneus

Puchacza Skata Cave lll, Borsuka Cave, Raj Cave

(Is. 1-10), Obtazowa Cave 2, Krucza Skata Rock

Shelter (Is. 1-8 and I-V), Koziarnia Cave (Is. 3-19),
Nietoperzowa Cave (Is. 8-9 and 13), Zytnia Skata
Cave 1, Mamutowa Cave 1 and 2 and Komarowa
Cave (l. Ftx)

Jozefow, Raj Cave (l. 11), Nad Mosurem Starym
Duza Cave, Duza Cave at Maczna Skata (l. 3),

Zytnia skata Cave 2

Late Pleistocene Holocene

Min. X Max. N sd cv Min. X Max. N sd cv
1L - - - - - 1.75 1.83 1.92 2 - -
11 L of talon - - - - - 0.91 1.04 1.14 3 - -
11 H of talon - - - - - 1.25 1.27 1.30 2 - -
A1-A5 L - 2.92 - 1 - - - - - - -
A1L 0.84 0.86 0.90 3 - - - 0.88 - 1 - -
A1TW 0.86 0.90 0.94 3 - - - 0.83 - 1 - -
A2 L 0.77 0.86 0.96 8 0.06 6.98 0.85 0.89 0.93 4 - -
A2 W 0.83 0.87 0.91 8 0.03 3.45 0.80 0.86 0.91 4 - -
A3 L 0.63 0.78 0.86 14 0.06 7.69 0.75 0.80 0.86 6 - -
A3 W 0.71 0.77 0.83 14 0.03 3.90 0.71 0.76 0.83 7 0.04 5.26
Ad L 0.61 0.67 0.77 9 0.05 7.46 0.58 0.73 0.86 5 - -
A4 W 0.64 0.72 0.80 9 0.05 6.94 0.70 0.77 0.87 5 - -
A5 L 0.48 0.56 0.66 5 - - - 0.51 - 1 - -
A5 W 0.61 0.67 0.71 5 - - - 0.67 - 1 - -
P4 L(bucc.) 1.40 1.58 1.76 56 0.07 443 1.49 1.58 1.71 28 0.06 3.80
M1 L(max.) 1.39 1.47 1.58 47 0.05 3.40 1.39 1.46 1.56 22 0.05 3.42
M1 L(med.) 1.05 1.16 1.30 47 0.06 5.17 1.06 1.13 1.22 22 0.04 3.54
M1 W(max.) 1.46 1.62 1.80 46 0.06 3.70 1.54 1.63 1.75 22 0.06 3.68
M2 L(max.) 1.24 1.30 1.42 28 0.05 3.85 1.23 1.30 1.38 13 0.07 5.38
M2 L(med.) 0.98 1.05 1.12 30 0.04 3.81 0.99 1.05 1.14 14 0.04 3.31
M2 W(max.) 1.39 1.53 1.63 26 0.06 3.93 1.44 1.52 1.66 14 0.06 3.95
M3 L(max.) - 0.70 - 1 - - - 0.68 - 1 - -
M3 W(max.) - 1.15 - 1 - - - 1.14 - 1 - -
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APPENDIX 3

APPENDIX 3 FIGURE 1. 1 - Sorex araneus, recent (no. M/8583). 2-3 —S. araneus, Holocene, Raj Cave, layer 11
(nos. MF/6871/5 and /2) respectively. 4-5 — S. araneus, Late Pleistocene, Raj Cave, L. 4 (nos. 17a-17b), respectively.
6 — S. subaraneus, Early/Middle Pleistocene, Kozi Grzbiet, I. 2C (no. MF/1957/25). 7 — S. runtonensis, Late Pleisto-
cene, Krucza Skata Rock Shelter, I. 8 (no. MF/3192/1).
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APPENDIX 3 FIGURE 2. 1 — S. araneus, recent, anterior view of left P4 (no. M/10303) and 2 — S. subaraneus, Early/
Middle Pleistocene, Kozi Grzbiet, |. 2B, buccal view of left a1 (no. MF/1957/17).
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APPENDIX 4

S. subaraneus Poland. The upper antemolar A5 is usually smaller than A4, however one A5 from
Obtazowa 2 Cave is larger than A4 (Harrison 1996). The P4 is characterized by a large parastyle
separated from the paracone by a more or less horizontal and rather long parastylar crest. If the
P4 is not used a small cingular cusp between the parastyle and protocone is visible. In some
specimens, it is even prominent.

Recent S. araneus, Poland. The I1 is not fissident. Its upper buccal margin is straight or slightly
convex and the apex is turned downwards. The posterior buccal margin can be either undulate
or slightly concave and provided with a rather broad cingulum along most of its length. The talon
is well developed and buccaly inflated. The apex and the talon are placed at a sharp angle.

Five upper antemolars are present. They are unicuspid and as a rule they diminish in size from
A1 to A5 although the largest A1 and A2 are of nearly the same size, A3 and A4 are smaller but
also similar in size. The last antemolar A5 is the smallest and always wider than long. When
seen from the buccal side it is slightly hidden behind the parastyle of P4.

Two crests run from the antemolar tips — one to the lingual edge and the second to the postero-
buccal corner of each of the five teeth. The antero-buccal sides of these teeth are convex and
the postero-lingual sides are concave, but in A1-A4 (rarely in A5) these concavities are divided
by the lingual crests. The postero-lingual concavities (depressions) are longer and deeper than
the antero-lingual ones. The cingula are wide and well developed.

The P4 has a well individualized conical parastyle. It is connected to the paracone by a more or
less elongated parastylar crest. The paracone is high and not very inflated, the protocone is well
developed and isolated from the small cingular cusp, hypocone, by a wide and deep valley. The
hypoconal flange is large and rounded. The cingulum surrounds the parastyle and continues as
far as the postero-buccal corner of the tooth. It is only lacking on the buccal side and below the
protocone. In unworn teeth, a small cingular cusp is present between the parastyle and the pro-
tocone. The posterior emargination is well developed.

The M1 is roughly square and M2 rectangular in occlusal view. The parastyles are absent. The
hypocones are weakly developed as cuspules on the cingulum which surrounds the hypoconal
flanges. They are separated from the protocones by wide valleys. The metalophs are present but
they are not very high. Fragments of cingulum are visible on the buccal sides as well as in the
protocone/hypocone valleys and the posterior sides of the first and second molars. The hypoco-
nal flanges and emargination are similar to those of P4. The M3 is not very long in its lingual
side. Its protocone is well developed and the hypocone is absent.

Fossil S. araneus, Poland. Unfortunately, the number of upper jaw fragments and upper teeth of
fossil S. araneus is limited. However, their individual variation is similar to that of the recent form.
For example, the parastylar crest of the upper P4 is shorter or longer and situated more or less
horizontally, the small cingular cusp situated between the parastyle and the protocone can be
more or less distinct, and the shape of the M2 in occlusal view more rectangular or more
squared.
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