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The Late Miocene Talpidae (Eulipotyphla, Mammalia) from the
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2Naturalis Biodiversity Center, Darwinweg 2, 2333 CR Leiden, The Netherlands. <lars.vandenhoekostende@naturalis.nl>

Non-technical Summary.—The family Talpidae (moles) is a family of insectivores displaying a wide range of
locomotor habits and consisting of semi-aquatic, terrestrial, and fossorial species. Although the modern diversity of
Talpidae is relatively low, the paleodiversity of Talpidae during the Late Miocene (from about 11.5 to about 5.5 million
years ago) was extremely high, especially in Central Europe. This is confirmed by the identification of eleven talpid spe-
cies in several localities from Slovakia, including a new species of desman, Archaeodesmana dissona new species.
Whereas the terrestrial moles are commonly found in all localities, the fossorial talpids are almost restricted to the earliest
part of the Late Miocene, the Vallesian (from about 11.5 to about 9.0 million years ago). On the other hand, the desmans
progressively became dominant in the beginning of the Turolian (from about 9.0 to about 5.5 million years). The high
diversity of Talpidae in Central Europe is explained by the high resources and heterogeneous environments of the region,
somehow reducing the pressure of competition for morphologically and ecologically similar species. The evolution of the
talpid fauna reflects the environmental changes that occurred in Slovakia between the Vallesian and the Turolian. Addi-
tionnally, new information has been obtained on the morphology and phylogeny of the identified species, which are:
Desmanella rietscheli, Desmanella dubia, Archaeodesmana vinea, Archaeodesmana dissona n. sp., Gerhardstorchia
biradicata, Gerhardstorchia sp., Proscapanus minor, Proscapanus austriacus, Talpa cf. T. minuta, Urotrichini gen.
and sp. indet., and Desmanodon cf. D. fluegeli.

Abstract.—Central Europe is an area of high diversity for the Talpidae (Eulipotyphla, Mammalia) during the Late
Miocene. The assemblages from Slovakia (Borský Svätý Jur, Krásno, Pezinok, Šalgovce, Studienka, Triblavina) are
no exception with their abundant material representing eleven species. The uropsiline Desmanella is represented by
D. rietscheli and D. dubia. Desmanini fossils are attributed to Archaeodesmana vinea, Archaeodesmana dissona new
species, Gerhardstorchia biradicata, and Gerhardstorchia sp. The scalopines Proscapanus minor and P. austriacus
are well recorded in the Vallesian localities and support the emergence of P. austriacus before the MN9/10 transition.
Talpini and Urotrichini are especially rare and only represented by Talpa cf. T. minuta and Urotrichini gen. sp. indet.
Finally, we identified the youngest occurrence of Desmanodon in Europe, D. cf. D. fluegeli, at the MN9 locality of
Borský Svätý Jur. The high diversity in the Late Miocene Central European is partly explained by the co-occurrence
of the competing Scalopini and Talpini during the Vallesian, indicating high resource environments. The decline of
these tribes, followed by the success of the desmans during the Turolian, appears as a consequence of regional environ-
mental changes.

UUID: http://zoobank.org/a3eb532b-c341-489a-b0ff-ecf3f9466a76

Introduction

Talpidae displays a wide range of locomotor habits, from terres-
trial ambulatory to swimming and various degrees of fossorial-
ity. Observation of the fossorial and semiaquatic Condylura
even revealed climbing abilities (e.g., Norris and Kilpatrick,
2007). The locomotor habits of Talpidae have a strong phylo-
genetic association, some being characteristics of subgroups
and others subject to strong convergence (e.g., Piras et al.,
2012; Schwermann and Thompson, 2015; Sansalone et al.,

2018). The diversity of postcranial morphotypes allowed the
Talpidae to fill and explore new ecological niches, which surely
led to an increase of competition for specialization and, conse-
quently, an increase of local diversity.

In heterogeneous and resource-rich areas, the diversity of
Talpidae is therefore expected to be high. This assumption can
barely be tested in modern faunas because Talpidae now display
a low diversity. In contrast, the Miocene and Early Pliocene
diversity of Talpidae at a single site was usually high in Europe,
exceptionally reaching 10 species in the Late Miocene of
Schernham, Austria (Ziegler, 2006a, b), and up to eleven species
in the Early Pliocene of Wolfersheim, Germany (Dahlmann,
2001). Neither of these two examples is a fissure filling, where*Corresponding author.
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the specific paleodiversity of Talpidae is overall higher (Ziegler,
2003), but probably related to taphonomic biases. The paleodi-
versity of Talpidae appears to be a good indicator of local
resources and ecological richness.

The Late Miocene localities of Slovakia have yielded abun-
dant material of Eulipotyphla, of which the Erinaceidae and
Dimylidae recently have been described (Cailleux et al.,
2023). As a second step, the present paper aims to investigate
the diversity of Talpidae from the Slovak part of the Vienna
and Danube basins, and their relationship to the talpid assem-
blages of adjacent regions.

Material and methods

The studied material derives from six Late Miocene localities:
Borský Svätý Jur (MN9), Studienka A and E (MN9), Pezinok
(MN10), Triblavina (MN11), Krásno (MN11), and Šalgovce 4
and 5 (MN12) (ages according to Joniak, 2005, 2016; Šujan
et al., 2016; Joniak and Šujan, 2020; Sabol et al., 2021; Cailleux
et al., 2023). The geological setting has been summarized by
Cailleux et al. (2023).

The material described here encompasses 396 dento-
gnathic specimens and two humeri. The terminology and mea-
surements methods are presented in Figure 1. Within Talpidae,
the identification process of Desmanini mostly relies on the
measurement method of Rümke (1985), which is followed
here. According to the dental terminology of Rümke, the most
posterolingual cusp on upper molars is called ‘metaconule’,
which has been used in numerous taxonomic works dealing
with desmans (e.g., Dahlmann, 2001; Ziegler, 2005, 2006a;
Furió, 2007; Minwer-Barakat et al., 2020); this structure is
referred to as the ‘hypocone’ in all other talpid groups.We prefer
to unify the dental terminology of all talpid groups, and thus sys-
tematically use the term ‘hypocone’ (Fig. 1). To avoid any con-
fusion, the term ‘metaconule’ is used in parentheses when
referring to desmans. We mainly follow van den Hoek Ostende
(1989) and Klietmann (2013) for the dental terminology of other
Talpidae. In all cases, we prefer the use of lophid instead of cris-
tid for paralophid and protolophid (Fig. 1).

We use the measurement protocol of Furió (2007) for Des-
manella, because this method appeared accurate (García-Alix
et al., 2011). We follow Hutchison (1974) for other talpids.
We note that the Austrian material described by Ziegler
(2006a) was measured with a modified version of the Hutchison
method for upper molars, which led to slightly larger values for
length and width. We took new measurements for the type
material of Proscapanus minor Ziegler, 2006a, and Proscapa-
nus austriacus Ziegler, 2006a, for comparison purposes. The
measurement method and terminology for postcranial elements
follow Klietmann (2013).

All measurements are given in millimeters (mm). The den-
tal elements were measured using a digital measuring micro-
scope with a mechanical stage and digital measuring clocks.
The identification numbers, laterality, and measurements of spe-
cimens are provided in Supplementary Data 1. Specimens in fig-
ures are represented in left orientation. Reversed specimens are
indicated by an underlined number. Unless otherwise noted,
SEM pictures are made in occlusal view. Drawings were

obtained with a graphic tablet (Wacom Intuos Pro) and the
software Autodesk SketchBook (v. 8.7.1). All the described spe-
cimens are housed at the Department of Geology and Paleon-
tology of Comenius University, Bratislava.

List of abbreviations.—H = height; L = length; Lttd = length
to tuberculum teres posterior; Lpt = length to pectoral tubercle;
Ltm = length to Tuber major; Wcf = width from capitulum to
fossa; Mdd =minimum diaphysis diameter; Mdd ref =minimum
diaphysis diameter parallel to reference line; N = number of
specimens; W=width; W1 = anterior width; W2 = posterior
width.

List of localities.—BJ, Borský Svätý Jur; KR, Krásno; PK,
Pezinok; SG, Šalgovce; ST, Studienka; TB, Triblavina.

Repositories and institutional abbreviations.—AMPG =Athens
Museum of Palaeontology and Geology, Greece; LMJG =
Landesmuseum Joanneum of Graz, Austria; NHMV=Natural
History Museum of Vienna, Austria; SMF = Senckenberg
Research Institute and Natural History, Frankfurt, Germany.

Systematic paleontology

Order Eulipotyphla Waddell, Okada, and Hasegawa, 1999
Family Talpidae Fischer, 1814

Subfamily Uropsilinae Dobson, 1883
Genus Desmanella Engesser, 1972

Type species.—Desmanella stehlini Engesser, 1972.

Other species.—Desmanella crusafonti Rümke, 1974;D. fejfari
Gibert, 1975; D. dubia Rümke, 1976; D. amasyae Engesser,
1980; D. cingulata Engesser, 1980; D. sickenbergi Engesser,
1980; D. engesseri Ziegler, 1985; D. gardiolensis Crochet,
1986; D. storchi Qiu, 1996; D. rietscheli Storch and
Dahlmann, 2000; D. woelfersheimensis Dahlmann, 2001; and
D. gudrunae van den Hoek Ostende and Fejfar, 2006.

Diagnosis.—See Engesser (1972, p. 80).

Occurrence.—Late Oligocene to Late Pliocene of Europe
(Engesser, 1972; Crochet, 1986; Ziegler, 1998; Dahlmann,
2001). Also identified in the Miocene of Asia (Engesser,
1980; Qiu, 1996).

Desmanella rietscheli Storch and Dahlmann, 2000, and
Desmanella cf. D. rietscheli Storch and Dahlmann, 2000

Figure 2.1–2.20; Table 1

Holotype.—Left M1, SMF 75/485, Dorn-Dürkheim, Germany
(Storch and Dahlmann, 2000).

Diagnosis.—See Storch and Dahlmann (2000, p. 65).

Occurrence.—From MN9 to MN11 of Central Europe (Storch
and Dahlmann, 2000; Fejfar and Sabol, 2005; Ziegler, 2006a)
and MN10 of France (Ménouret and Mein, 2008).
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Description.—The I1 shows an asymmetry with a convex
anterodistal face and concave posteromesial face (Fig. 2.1).
From the central main cusp extends an anteromesial crest
reaching the anterior margin. A shorter and lower posterior
crest connects the base of the cusp to the posterior margin.
Narrow posteromesial and posterodistal cingula are present.

The P3 is a two-rooted ovoid premolar with a main cusp in
anterior position. A sharp and high crest extends from its tip to
the posterior margin of the tooth. A short cingulum is present on
the posterolingual border. The P4 has a conical and central para-
cone. The metacone is incorporated in a short and slightly
curved posterior crest. Rarely, this crest turns lingually and con-
nects with the cingulum. A tiny parastyle is often distinguishable
on the anterior cingulum (Fig. 2.6). A strong but low protocone

is found at the anterolingual margin, in a more anterior position
than the paracone. A cingulum is present all around the premolar
except at the most lingual and labial part. The deciduous dP4 has
a short labial part and a stretched posterolingual border. The
paracone is conical and situated in the middle of the labial
part. The metacone is indistinct from the short postparacrista.
A weak constriction separates the lingual part from the labial
part on both anterior and posterior margins. A cuspule is distin-
guishable in the posterolingual border of the most unworn spe-
cimen (Fig. 2.5). A flat surface is present on the anterolingual
side of the tooth, bordered by a broad cingulum.

The M1 is a stout three-rooted element. The high metacone
is connected to a straight metastyle by a sharp postmetacrista.
The premetacrista is short. The mesostyles are adjoining. The

Figure 1. Terminology used for the (1) M1 and (2) m1 of Talpidae, and measurements protocol for P4, M1, M3, p4, and m1 of (3) Desmanini, (4)Desmanella, and
(5) other Talpidae. L = Length; W =width; W1 = anterior width; W2 = posterior width.
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Figure 2. Scanning electron photomicrographs of (1–18) Desmanella rietscheli Storch and Dahlmann, 2000, from Borský Svätý Jur; (19, 20) D. cf. D. dubia
Rümke, 1976, from Krásno; (21–29) D. dubia Rümke, 1976, from Šalgovce 5. (1) I1, BJ213250; (2) P3, BJ213340; (3) dP4, BJ213264; (4) dP4, BJ213269; (5)
dP4, BJ213270; (6) P4, BJ213260; (7) M1, BJ213272; (8) M1, BJ213275; (9) M2, BJ213280; (10) M2, BJ213287; (11) M3, BJ213297; (12) I1, BJ213252;
(13) p1?, BJ213253; (14) p2?, BJ213254; (15) p4, BJ213305; (16) m1, BJ213311; (17) m2, BJ213325; (18) m3, BJ213336; (19) M2, KR1270083; (20) M3,
KR1270076; (21) I1, SG1980102; (22) P4, SG1980098; (23) M2, SG1980080; (24) i2, SG1980087; (25) p3, SG1980104; (26) p4, SG1980110; (27) m1,
SG1980093; (28) m3, SG1980095; (29) mandible with p4, SG1980118, labial view. Images with underlined numbers are reversed.

Table 1. Measurements (in mm) of Desmanella rietscheli Storch and Dahlmann, 2000, from Borský Svätý Jur (MN9), Slovakia. L = Length; N = number of
specimens; W =width; W1 = anterior width; W2 = posterior width.

I1 P3 P4 dP4 M1 M2 M3 i2
L W L W L W L W L W L W L W L W

N 2 2 1 1 5 6 3 1 4 5 4 5 4 3 2 2
Min 0.89 0.80 1.13 1.06 1.25 1.86 1.70 1.55 1.87 0.91 1.44 0.73 0.57
Max 1.04 0.82 1.38 1.21 1.34 2.01 1.89 1.71 1.97 0.97 1.49 0.90 0.64
Mean 0.96 0.81 0.95 0.57 1.29 1.16 1.29 1.22 1.96 1.78 1.65 1.93 0.93 1.47 0.80 0.60

p1? p2? p3 p4 m1 m2 m3
L W L W L L L W L W1 W2 L W1 W2 L W1 W2

N 1 1 1 1 2 3 6 6 13 13 16 8 8 9 5 6 5
Min 0.73 0.45 0.89 0.62 1.45 0.93 1.11 1.62 1.06 1.07 1.18 0.74 0.66
Max 0.77 0.50 0.95 0.68 1.59 1.10 1.27 1.77 1.16 1.20 1.41 0.89 0.78
Mean 0.55 0.53 0.51 0.53 0.75 0.48 0.92 0.66 1.53 1.01 1.18 1.69 1.10 1.14 1.30 0.82 0.71
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paracone is lower than the metacone but reaches twice the height
of the mesostyles. A minute parastyle marks the angular antero-
labial corner of the tooth. A thin preprotoconulecrista connects
the parastyle to the base of the weak protoconule. This cusp is
anterolabially attached to the protocone. The hypocone, inter-
mediate in height between the protocone and the protoconule,
is anteroposteriorly elongated. The posthypocrista ends without
touching the cingulum. The hypocone lies on a strong posterior
extension. The posterior basin is largely open. The outline of the
posterior margin is S-shaped. The posterior cingulum is found
from the metastyle to the posterior side of the hypocone
(Fig. 2.7, 2.8). In three out of seven specimens from Borský
Svätý Jur, this cingulum continues onto the lingual side of the
hypocone. Short and narrow cingula are punctually found on
the labial margin.

The M2 is a three-rooted compact tooth. The metacone is
slightly higher than the paracone. The preparacrista and postme-
tacrista are convex, but both the parastyle and the metastyle cre-
ate a small external hook. The mesostyle is undivided. The
preprotoconulecrista is weak but complete. The protoconule is
attached to the protocone. The latter is situated more posteriorly
than the paracone. The base of the paracone is wider than in M1.
The tip of the protocone is connected to the tip of the hypocone
by the ridge extending over the lingual complex. The posthypo-
crista does not touch the cingulum. The posterolingual margin is
straight. The posterior cingulum is narrow and stops at the base
of the hypocone. Discontinuous cingulums can be punctually
present on the most-lingual margin of the tooth.

TheM3 is a small tooth, wider than long. The metacone is a
transversely elongated cusp lower than the paracone. There is
neither a postmetacrista nor a metastyle. Metacone and paracone
are connected by adjoining mesostyles, forming a relatively
pointy labial margin (Fig. 2.11). The preparacrista is short and
convex before the slightly concave parastyle. The lingual part
is mainly occupied by an angular protocone. A protoconule is
distinguished on the less-worn specimens and is connected to
the anterior cingulum. A hypocone is attached to the lingual
base of the metacone. No cingulum are found other than the
anterior one.

The only available fragment of mandible preserves the
seven posterior alveoli. The alveoli of m2 are slightly larger
than the alveoli of m1. The corpus is narrow and the foramen
mandibulae is situated below the anterior root of m1. The frag-
ment of ramus mandibulae is straight. The lowest part of the
masseteric fossa consists of a low slope.

The i2 is spatulate but with an oblique orientation. A thin
transverse ridge is visible, hardly reaching the posterior margin.
Near this ridge a posterolabial bulge is found, fromwhich a short
and narrow distal cingulid starts. A continuous mesial cingulid
connects the low posterior margin to the anterior crest.

The p1? is a small premolar with a low, sturdy cuspid. An
anterior crest connects the cuspid to the anterior border before
turning lingually. The posterior crest is weak but connected to
a small posterior cuspule on the posterolingual margin. Broad
posterolabial and anterolingual cingulids are present. The p2?
can be distinguished from the p1? by its subtriangular occlusal
outline, the thinner and shorter anterior crest, and the lack of pos-
terior cuspule (Fig. 2.14 vs Fig. 2.13). The cingulid is found all
along the tooth except for the anterolabial flank.

The p3 is a one-rooted asymmetrical tooth with a small con-
ical cuspid. From its tip extends a short anterior crest turning
labially at the anterior border. A low posterior crest connects
the base of the cuspid to the posterior margin. Both central crests
connect to the broad lingual cingulid. A posterolabial cingulid is
present. The large two-rooted p4 has a robust, almost conical
protoconid in an anterior position. A short talonid is present,
broader on the lingual side where a longitudinal crest joins a
small posterior cuspule. A complete cingulid surrounds the pre-
molar, narrower on the most lingual and labial sides.

The m1 has a trigonid shorter than the talonid. The paraco-
nid is included in a curved and low paralophid connected to the
high protoconid. The metaconid is conical, higher than the para-
conid and in a more posterior position than the protoconid. The
trigonid basin consists of a slope that is open on the lingual side.
The oblique cristid reaches the central part of the trigonid wall.
There is no entocristid, but the entoconid is slightly elongated.
The entostylid is well developed. The posterior cingulid is nar-
row. The labial cingulid is missing below the hypoconid and the
protoconid.

The m2 differs from the m1 by usually being longer, by a
wider trigonid, an oblique cristid reaching the metaconid–proto-
conid wall in a more lingual position, and a continuous labial
and anterior cingulid (Fig. 2.17 vs Fig. 2.16). On the m3, the tri-
gonid is wider than the talonid but has a similar length. The para-
conid is not distinguishable from the low and curved paralophid.
The protoconid is triangular and not compressed. The conical
metaconid is isolated and situated in a slightly more posterior
position than the protoconid. The talonid is reduced, with a
very low hypoconid and a slightly higher entoconid. The
oblique cristid is similar to that in m2. There is neither an entos-
tylid nor a posterior cingulid. The labial and anterior cingulids
are complete.

Material.—Borský Svätý Jur (D. rietscheli): two I1, one P3,
nine P4, three dP4, eight M1, 17 M2, five M3, two i2, one
p1?, one p2?, four p3, one fragment of mandible with p4, six
p4, 16 m1, 11 m2, six m3; one fragment of edentulous
mandible. Measurements are provided in Table 1.

Studienka A (Desmanella cf. D. rietscheli): one M3 (L =
0.96), one m1 (L = 1.59, W1 = 1.01, W2 = 1.07).

Studienka E (Desmanella cf. D. rietscheli): one m3 (L =
1.38, W1 = 0.99, W2 = 0.82).

Remarks.—Four species of Desmanella are identified in the late
Middle Miocene to Late Miocene of Europe: D. stehlini from
MN7/8 of Anwil (Switzerland), D. rietscheli from MN11 of
Dorn-Dürkheim (Germany), D. crusafonti from MN12 of
Concud (Spain), and D. dubia from MN12 of Pikermi
(Greece). Desmanella stehlini is found in few MN7/8
localities (Engesser, 1972; Ziegler, 2003) and D. dubia in
localities younger than Pikermi (Doukas et al., 1995;
Vasileiadou and Doukas, 2022). However, despite the
common presence of Desmanella during the Vallesian,
material is rarely identified at the species level (e.g.,
Bachmayer and Wilson, 1978; Crochet and Green, 1982;
Rzebik-Kowalska, 2005; Ziegler, 2006a, b; Ménouret and
Mein, 2008). The taxonomic situation of the Vallesian
Desmanella assemblages is somewhat problematic, which is a
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consequence of the limited type material of D. stehlini and
D. rietscheli.

The Desmanella from Borský Svätý Jur is not differentiable
from the Austrian material identified as Desmanella aff.
D. rietscheli. The use of such open nomenclature by Ziegler
(2006a) was motivated by a difference in the measurements of
lower molars because the Austrian specimens are narrower than
the type material of the species (based on Storch and Dahlmann,
2000). This size variation is actually an artifact related to different
measurement methodologies. Despite both papers mentioning
the method of Hutchison (1974), Ziegler (2006a) used the occlu-
sal surface to calculate width whereas Storch and Dahlmann
(2000) apparently used the dental plane as a reference orientation,
leading to a larger width. In supplementary material (S2) are pro-
vided new measurements and collection numbers of the lower
molars of D. rietscheli from its type locality, Dorn-Dürkheim
1. These measurements show that Desmanella aff. D. rietscheli
from Götzendorf, Richardhof-Wald, Schernham, and Eichkogel
can be attributed to D. rietscheli without reservation.

Although the diagnostic features of Desmanella rietscheli
are already found in the MN9 assemblage from Borský Svätý
Jur, we noticed in our material that the protoconule on M1–
M2 is relatively small and the posterior margin of M1 is some-
times less concave (e.g., Fig. 2.8). These features are exclusively
found in D. stehlini, therefore suggesting a close affinity
between D. stehlini and D. rietscheli. The material from Stu-
dienka A falls within the range of variation observed in the
material described by Ziegler (2006a), but is attributed to
Desmanella cf. D. rietscheli because of the limited sample
size and the relatively small dimensions of the m2. Crochet
and Green (1982) described Desmanella cf. D. stehlini from
the MN10 of Montredon. This form is different from D. stehlini
because of the stronger hypocones on M1 and M2 and the m1
shorter than the m2. Crochet and Green (1982) mentioned fea-
tures that have later been included in the diagnosis of D.
rietscheli by Storch and Dahlmann (2000). No differences
have been found with our sample. Consequently, we reclassify
this material as Desmanella cf. D. rietscheli. The material
from the MN10 locality of Soblay, identified as Desmanella
cf. D. rietscheli by Ménouret and Mein (2008), probably
belongs to the same species.

The dentition anterior to P4/p4 can only be confidently
attributed to a species when preserved in maxillary andmandible
fragments (e.g., Engesser, 1980; Klietmann et al., 2015), and
therefore generally is not mentioned except for a few exceptions
(e.g., Dahlmann, 2001). Small premolars with low, conical cus-
pids and developed cingulids are here attributed to p1, p2, p3,
and P3 of Desmanella rietscheli, the former two being tentative
attributions. Although the evolutionary degree of these two
elements coincides with Desmanella, their position along the
dental row cannot be fully confirmed. Nevertheless, a clear simi-
larity is found with the deciduous teeth attributed toD. engesseri
by Klietmann et al. (2015).

Finds of milk teeth attributed to Desmanella are exceed-
ingly rare. The only described specimens so far were found in
the Early Miocene of Petersbuch 28 (Klietmann et al., 2013)
and attributed toD. engesseri. The three specimens from Borský
Svätý Jur (Fig. 2.3–2.5) differ from this unique deciduous P4 by
the more rounded lingual extension, but share a similar moderate

transversal elongation on which the “protocone” consists of a
strengthening of the lingual cingulum.

Desmanella dubia Rümke, 1976
and Desmanella cf. D. dubia Rümke, 1976

Figure 2.21–2.29; Table 2

Holotype.—Right M1, AMPG PK-565, Pikermi, Greece
(Rümke, 1976).

Diagnosis.—See Rümke (1976).

Occurrence.—From MN11 to MN14 of Europe (Rümke, 1976;
Crochet, 1986; Harrison and Rzebik-Kowalska, 1994; Doukas
et al., 1995; Furió, 2007; this paper).

Description.—The asymmetrical I1 is characterized by a high
cusp from which extend two sharp anteromesial and posterior
crests. The posterior crest reaches the base of a posterior
cuspule, connected by the continuous lingual cingulum to the
anterior margin. The convex distal side only bears a cingulum
at its posteriormost margin.

The P4 possesses a strong, almost conical paracone. The
postparacrista is laterally compressed. In one of the two speci-
mens, the postparacrista turns lingually and connects the cingu-
lum. The parastyle is hardly visible. The lingual extension bears
a low and conical protocone. There is a complete, relatively
broad cingulum.

The lingual part of M1 is broad with three well-
differentiated cusps. The protoconule is as high as the protocone
and both are interconnected by a thin ridge. Similarly, the proto-
cone is connected to the hypocone by a thin crest. The protoco-
nule and the hypocone display a short labial elevation. The
posthypocrista is short and the posterior cingulum is broad.

The M2 is a robust tooth. The metacone is slightly higher
than the protocone. The postmetacrista is almost straight and
joins a hook-like metastyle touching the posterior cingulum
(Fig. 2.23). The protoconule, from which the anterior cingulum
extends, is large and slightly anterolingually compressed. A thin
ridge connects it to the conical protocone. A ridge connects the
protocone to the base of the large hypocone. The posthypocrista
is thick and touches the cingulum in two out of three specimens.
Strong anterior and posterior cingulums are present, such as a
thick but short posterolingual cingulum and an anterolingual
cingulum that varies in size.

The M3 is rather small. The metacone and paracone are
connected by a curved crest. The preparacrista is straight. The
lingual part is rounded and bears a low protocone connected
to the anterior cingulum. A short and straight posterior crest
extends from the protocone. The hypocone is massive and iso-
lated. It creates a noticeable bulge on the posterior margin of
the tooth.

The ramus of the mandible is straight and slightly thicker
near the molars (Fig. 2.29). Three alveoli anterior to p4 are pre-
served, along with the p4 and four posterior alveoli correspond-
ing to m1 and m2. The two alveoli directly anterior to the p4
have a similar ovoid shape and their total length is similar to
the total length of the p4 alveoli. This indicates the presence
of a single-rooted p3 and p2. The alveolus of p2 is situated
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slightly more labially than the other ones. Foramina are found
below the anterior alveole of the m1 and below the p2.

The tear-shaped i2 has a laterally compressed cuspid with
an oblique anterior crest and a low but thick posterior ridge.
The latter is split in two: the largest part of the ridge is connected
to a posterior cuspule whereas the thinnest part of the ridge leads
to the continuous lingual cingulid. A strong posterolabial cingu-
lid is present.

The p3 is a one-rooted, asymmetrical tooth. Two sharp,
slightly labially oriented crests connect the tip of the conical cus-
pid to the anterior and posterior border. A complete cingulid is
present, broader on the lingual and posterior sides. The sturdy
two-rooted p4 has a slightly bent protoconid in anterior position.
The distinct talonid bears a central ridge. The crest at the margin
of the tooth is thicker on the posterolingual side. The cingulid is
continuous in two specimens but is lingually and labially inter-
rupted in the four other complete specimens.

The m1 has a trigonid shorter than the talonid. The low
paralophid is narrow. The paraconid is indistinct. The metaconid
is a conical cuspid in a more posterior position than the high pro-
toconid. The trigonid basin is widely open on the lingual side
and partially bordered by a thin cingulid. The entoconid is a
high, laterally compressed cuspid whereas the hypoconid is
low and subtriangular in cross section. The slightly curved
oblique cristid reaches the central part of the trigonid wall.
There is no distinct entocristid but the talonid is closed by a
low metacristid. The entostylid is strong. The posterior cingulid
is narrow but always present. The labial cingulid is only slightly
disrupted below the hypoconid and the protoconid.

The m2 differs from m1 by the larger trigonid, the longer
protolophid, and the stronger-curved oblique cristid. The latter
ends high on the trigonid wall. A connection is found between
the labial and the posterior cingulid. The trigonid of m3 is
wider than the talonid but has a similar length. The paraconid
is indistinct from the paralophid. The metaconid is situated in
a slightly more posterior position than the protoconid. The

reduced talonid has a low hypoconid, higher entoconid, and
straight oblique cristid.

Material.—Krásno (Desmanella cf. D. dubia): one I1, four P4,
one M1, four M2, eight M3, three i2, five p3, three p4, five m1,
three m2, one m3. Measurements are provided in Table 2.

Šalgovce 4 (Desmanella cf. D. dubia): one I1 (L = 0.78, W
= 0.60).

Šalgovce 5 (D. dubia): four I1, two P4, two M1, five M2,
one M3, two i2, six p3, one fragment of mandible with p4,
eight p4, four m1, three m2, two m3. Measurements are pro-
vided in Table 2.

Remarks.—Only a few features allow the distinction between
Desmanella rietscheli and D. dubia. The latter has overall a
more robust morphology of the M2 with a thicker hypocone,
larger lingual area and less lingually elongated protocone.
Both upper and lower molars have thicker and more
continuous cingula. Desmanella dubia is also one of the
smallest species of its genus. These distinctions are all found
in our material. Desmanella gardiolensis, D. crusafonti, and
D. woelfersheimensis can be differentiated from D. dubia by
their larger to significantly larger size (Dahlmann, 2001;
Furió, 2007).

Although abundant, the MN11 material from Krásno is
badly preserved. The presence of D. rietscheli was expected
because it is the only Desmanella species recorded during the
early part of the Late Miocene (MN9–MN11) and because
this species is recorded in Eichkogel and Kohfidisch (Ziegler,
2006a; this paper). However, our material has smaller dimen-
sions than that from Eichkogel and the complete specimens
are morphologically closer to the species from Šalgovce 5
than to any older and contemporaneous samples (e.g.,
Fig. 2.19 and Fig 2.23). Although the poor preservation in
Krásno hampers a firm identification, D. dubia probably
emerged during the MN11.

Table 2. Measurements (in mm) of Desmanella cf. D. dubia Rümke, 1976, from Krásno (MN11) and Desmanella dubia Rümke, 1976, from Šalgovce 5 (MN12),
Slovakia. L = Length; N = number of specimens; W =width; W1 = anterior width; W2 = posterior width.

Desmanella cf. D. dubia, Krásno
I1 P4 M2 M3 i2 p3 p4 m1
L W L L W L W L W L W L W L W1 W2

N 1 1 1 2 2 3 3 3 3 5 5 3 3 1 1 4
Min 1.52 1.69 0.86 1.25 0.79 0.53 0.76 0.50 0.81 0.59 1.04
Max 1.56 1.70 0.96 1.49 0.88 0.54 0.90 0.61 0.85 0.61 1.20
Mean 0.97 0.64 1.33 1.54 1.69 0.90 1.36 0.82 0.53 0.80 0.54 0.84 0.60 1.39 0.85 1.13

m2 m3
W2 L W1 W2

N 1 1 1 1
Mean 1.02 1.07 0.71 0.59

Desmanella dubia, Šalgovce 5
I1 P4 M2 i2 p3? p4 m1 m2
L W L W W L W L W L W L W1 W2 W1 W2

N 3 3 2 1 1 2 2 6 6 6 6 1 1 4 1 3
Min 0.81 0.62 1.29 0.93 0.50 0.88 0.51 0.79 0.64 0.99 0.88
Max 0.99 0.77 1.31 0.95 0.51 0.92 0.55 1.00 0.68 1.06 0.97
Mean 0.90 0.70 1.30 1.13 1.61 0.94 0.50 0.90 0.53 0.90 0.66 1.48 0.83 1.02 0.87 0.94

m3
L W1 W2

N 1 1 2
Min 0.59
Max 0.60
Mean 1.09 0.73 0.60

Journal of Paleontology 98(1):128–151134



Subfamily Talpinae Fischer, 1814
Tribe Desmanini Thomas, 1912

Genus Archaeodesmana Topachevsky and Pashkov, 1983

Type species.—Archaeodesmana pontica (Schreuder, 1940).

Other referred species.—Archaeodesmana vinea (Storch,
1978); A. bifida (Engesser, 1980); A. adroveri (Rümke, 1985);
A. brailloni (Rümke, 1985); A. getica (Terzea, 1980); A.
luteyni (Rümke, 1985); A. major (Rümke, 1985); A. turolense
(Rümke, 1985); A. acies Dahlmann, 2001; A. baetica
Martín-Suárez et al., 2001; A. primigenia Ziegler, 2006a; A.
elvirae Minwer-Barakat et al., 2008.

Diagnosis.—See Rümke (1985, p. 85), under the name Dibolia.

Occurrence.—Archaeodesmana is identified from MN9 of
Central Europe (Ziegler, 2005, 2006a, b), in the Late Miocene
and until the latest Pliocene of Europe (e.g., Rümke, 1985;
Dahlmann 2001; Martín-Suárez et al., 2001).

Remarks.—In the paleontological literature, desmans are
traditionally considered as a subfamily. However, genetic data
(e.g., He et al., 2016) suggest its inclusion within the
Talpinae, which is followed here. Additionally, we refer here
to the genus Archaeodesmana Topachevsky and Pashkov,
1983, rather than Ruemkelia Rzebik-Kowalska and
Pawłowski, 1994, an alternative name meant to replace
Dibolia (see Rzebik-Kowalska and Rekovets, 2016). The
generic attribution of Archaeodesmana primigenia has been
considered uncertain by Ziegler (2005), based on both the lack
of upper incisor and the chronological gap between this
species and the other Archaeodesmana species. The latter
problem has been resolved with the occurrence of MN9 and
MN10 Archaeodesmana (Ziegler, 2006b; Ménouret and Mein,
2008). Despite the lack of I1, the strong similarities between
A. primigenia and A. vinea leaves little doubt on the generic
attribution of the former.

Archaeodesmana vinea (Storch, 1978)
Figure 3; Table 3

Holotype.—Fragment of mandible with p1, p2, p4, m1, and m2,
SMF 75/1260, Dorn-Dürkheim, Germany (Storch, 1978).

Diagnosis.—See Rümke (1985, p. 88).

Occurrence.—From MN9 to MN11 of Slovakia, Austria,
Germany, and France (Rümke, 1985; Mein, 1999; Ziegler,
2006b; Ménouret and Mein, 2008; this paper).

Description.—The I1 corresponds to the AW morphotype
sensu Rümke (1985) (Fig. 3.1). This triangular tooth has an
almost flat anterior face and a convex distal face. The
posteromesial side is concave. The transverse crest is bilobed,
the labial lobe being the stronger. The inner cingulum is
hardly distinguishable. The upper canine is an elliptical
two-rooted tooth with an almost straight conical cusp in its
middle part. Anterior and posterior cingulums are present: the

anterior cingulum is longer, but less robust than the posterior
one.

The P1 is a rounded, two-rooted tooth with a configuration
similar to the upper canine. It differs by its smaller size and its
less transversely compressed cusp (Fig. 3.3). A faint posterior
crest is present. The anterior cingulum is short. The thick poster-
olingual cingulum starts in the middle of the posterior flank and
almost reaches the anterior cingulum. The P2 is a big,
two-rooted tooth with a strong cusp slightly inclined backwards.
A thin crest is distinguishable between the tip of the cusp and the
posterior border. The anterior cingulum is weak; the posterior
cingulum is wide and extends lingually until the middle of the
premolar. The two roots have the same dimensions. The
two-rooted P3 has a more compact outline than the P2. The para-
cone is situated in the middle of the tooth whereas a small pro-
tocone is attached on the lingual side. The anterior, posterior,
and lingual cingulums are weak. The three-rooted P4 has a cen-
tral paracone with a broad base. A low crest connects it to a
small, conical metacone. Smaller than the latter, the protocone
is connected to the base of the paracone. Next to the protocone,
a small and almost isolated accessory cusp is distinguishable.
Anterior and lingual cingula are strong whereas the posterolabial
cingulum is less developed.

The lingual margin of the M1 is rounded. The paracone is
transversely compressed and connected to the anterior mesos-
tyle. The postparacrista is deeply notched. The parastyle is circu-
lar and connected by a thin crest to the base of the paracone. The
metacone is more transversely compressed than the paracone.
The posterior mesostyle is slightly lower than the anterior
mesostyle. They are separated by a deep valley. The postmeta-
crista is almost straight. The metastyle is lower than the two
mesostyles. The protoconule is bigger than the hypocone (=
metaconule) and is connected to the parastyle by a preprotoco-
nulecrista. The robust protocone is connected by a short crest
to the low accessory cusp. The protocone and the hypocone (=
metaconule) are weakly separated. From the latter descends a
thin posthypocrista joining the margin. The labial cingulum is
discontinuous.

The only available M2 is damaged (Fig. 3.8). The paracone
is more extended lingually than the metacone. The postparacrista
leads to a robust anterior mesostyle. The preparacrista ends
freely near an isolated and sturdy parastyle. The latter is lower
than the anterior mesostyle. The protoconule is small but robust
and is connected to the parastyle by a complete preprotoconule-
crista. The hypocone (= metaconule) is bigger than the protoco-
nule and is connected to the posterolabial end of the tooth. The
conical protocone has a posterior crest connected to a small
accessory cusp.

On M3, the paracone is connected to both the anterior
mesostyle and the parastyle by a U-shaped crest. The metacone
is as strong as the paracone, but more transversely compressed.
The posterior mesostyle is weaker than the anterior one. The
hypocone (= metaconule) is isolated and placed in a very poster-
ior position. The protocone is strong and displays a short posterior
crest in contact with the anterior base of the hypocone (= metaco-
nule). The protoconule is strong and connected to the parastyle.

The i2 bears a high central crest in anterior position, des-
cending posteriorly and joining a small cuspule at the posterior-
most margin. The anterior flank is relatively straight. The
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Figure 3. Scanning electron photomicrographs of Archaeodesmana vinea (Storch, 1978), from Triblavina. (1) I1, TB170231, anterior view; (2) C, TB170258; (3)
P1, TB170266; (4) P2, TB170257; (5) P3, TB170218; (6) P4, TB170217; (7) M1, TB170210; (8) M2, TB170211; (9) M3, TB170212; (10) i2, TB170291, labial
view; (11) i3, TB170267, labial view; (12) c, TB170278, labial view; (13) p1, TB170289; (14) p2, TB170276; (15) p3 TB170287; (16) p4, TB170286; (17) m1,
TB170232; (18) m2, TB170233; (19) m3, TB170294. Images with underlined numbers are reversed.

Table 3. Measurements (in mm) of Archaeodesmana vinea (Storch, 1978), from Triblavina (MN11) and Krásno (MN11), Slovakia. L = Length; N = number of
specimens; W =width; W1 = anterior width; W2 = posterior width.

Archaeodesmana vinea, Triblavina
I1 C P1 P2 P3 P4 M1 M2
L W L W L W L W L W L W L W L W

N 2 2 1 1 3 3 1 1 1 1 1 1 1 1 1 1
Min 1.52 1.68 1.15 0.85
Max 1.59 1.86 1.23 0.91
Mean 1.42 0.82 1.20 0.87 1.68 1.12 1.27 1.19 1.95 1.73 2.88 2.03 2.11 2.48

M3 i2 i3 c p1 p2 p3 p4
L W L W L W L W L W L W L W L W

N 1 1 1 1 1 1 2 2 1 1 1 1 1 1 1 1
Min 0.97 0.83
Max 0.97 0.89
Mean 1.35 2.00 1.12 0.87 0.98 0.67 0.97 0.86 1.05 0.85 1.46 0.98 1.10 0.88 1.70 1.03

m1 m2 m3
L W1 W2 L W1 W2 W1

N 1 1 1 1 1 1 1
Mean 2.27 1.49 1.75 2.20 1.61 1.70 1.22

Archaeodesmana vinea, Krásno
i2 c p1 p2 p3 m1 m3
L W L W L W L W L W W1 W2 W2

N 1 1 2 2 1 1 1 1 2 2 2 1 1
Min 0.93 0.73 1.15 0.89 1.40
Max 1.03 0.76 1.21 0.92 1.43
Mean 1.26 1.07 0.98 0.75 0.87 0.63 1.50 1.12 1.18 0.91 1.42 1.68 1.16
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anterior root insertion is high. The labial flank of the high crown
is more convex than the mesial one. Posteromesially a talon is
found, surrounded by a thin cingulid connected to the posterior
cuspule. The i3 has an asymmetrical outline. From the com-
pressed cuspid descends a mesial slope. A low, longitudinal pos-
terior crest is present. A posterior cingulid is also present,
slightly more developed in its most lingual part. The lower
canine is a small, rounded tooth that has a more symmetrical out-
line than the i3. The cuspid is conical and only bears a thin cen-
tral crest hardly reaching the posterior border. A posterior
cingulid is present, more developed on the lingual side.

The p1 is ellipsoidal. It has a pointy anterior border and a
straight posterior margin. The only cuspid is in an anteromedial
position. A short posterolingual cingulid is distinguishable. The
p1 has two distinct roots. The p2 is a big, ovoid tooth with a
strong cuspid. A thin crest extends anteriorly and reaches a
small pointy bulge. Similarly, a posterior crest reaches the pos-
terior border of the tooth. A posterior cingulid is present. The
surface of the tooth is rough (Fig. 3.14). The p3 is a small,
rounded tooth with one cuspid. Short centrocristids are present
on both the anterior and the posterior side. There is a very
reduced posterior cingulid. As on p2, the surface is rough
(Fig. 3.15). The p4 is a well-molarized tooth. The protoconid
is situated in an anterior position and is connected to a small
paraconid by a thin crest. A very weak metaconid is distinguish-
able on the posterolingual face of the protoconid. A strong crest
descends from the posterolabial part of the protoconid and
extends transversely, reaching a weak hypoconid. A postcristid
is present, connecting the hypoconid to a hardly distinguishable
bulge (entoconid). A posterior cingulid is present, with an espe-
cially broad labial part. As in p2 and p3, this tooth has a rough
surface (Fig. 3.16).

The m1 has a narrow trigonid. The high protoconid is con-
nected to the metaconid by a blunt protolophid. The entoconid is
strong with a high and short entocristid. It is connected to the
hypoconid by a thin postcristid. The hypoconid is weakly devel-
oped. A small ridge between the postcristid and the oblique cris-
tid is present, ending before the wide talonid basin. The oblique
cristid is connected to the labial base of the metaconid. The
entostylid is robust and connected to a short posterior cingulid.
The anterior cingulid is wide but becomes narrower near the
paraconid crest. The labial and posterior cingula are well devel-
oped. The m2 has a structure similar to the m1 (Fig. 3.17 vs
Fig. 3.18). It differs by the broader trigonid, the slightly more
compressed paraconid, and the oblique cristid ending more lin-
gually. Only a trigonid of m3 is preserved. It differs from the m1
and m2 by the smaller size, the more curved paraconid crest, a
protoconid in a less-anterior position, an oblique cristid clearly
connected to the metaconid, and a narrower anterior cingulid.

Material.—Pezinok (Archaeodesmana cf. A. vinea): one P3,
one p1 (L = 1.00, W = 0.79).

Triblavina (A. vinea): two I1, one C, three P1, one P2, one
P3, one P4, one M1, one M2, one M3, one i2, one i3, two c, one
p1, one p2, one p3, one p4, one m1, one m2, one m3. Measure-
ments are provided in Table 3.

Krásno (A. vinea): one P2, one i2, two c, one p1, one p2,
two p3, two m1, one fragment of m1–m2, one fragment of
m3. Measurements are provided in Table 3.

Remarks.—Archaeodesmana vinea is a frequently identified
species in the Vallesian and early Turolian of Central Europe
(Rümke, 1985; Fejfar and Sabol, 2005; Ziegler, 2006a).
Because desmans are conservative in shape, they are mostly
identified based on morphometric data, mainly the size
proportion of the premolars (Rümke, 1985). Despite that the
dental elements of A. vinea are relatively homogeneous in
size, they display morphological variation in time. Typically,
the Vallesian-aged P2 and P3 are double-rooted, whereas
Turolian-aged P2 and P3 are triple-rooted (Ziegler, 2006a).
Triblavina is an exception as the P2 and P3 still display two
roots, whereas this locality is correlated to the lowermost
MN11 (Joniak and Šujan, 2020; Joniak et al., 2020). The
presence of two roots in A. vinea from Triblavina is in line
with this locality being older than Eichkogel and Kohfidisch.

The Archaeodesmana species from the MN10 of Schern-
ham has been identified as Archaeodesmana aff. A. vinea by
Ziegler (2006a), based on several differences. Even though
some of the differences (metaconid on p4, number of roots in
P2 and P3) might be attributable to variability and temporal evo-
lution, the very peculiar size ratios of the lower premolars, the
large P2, and the overall slenderness of the dental elements
make the species from Schernham clearly distinct from other
Late Miocene findings. In particular, the p1 of Archaeodesmana
aff. A. vinea is longer than in any other species of Archaeodes-
mana. Additionally, the p1 has significantly larger dimensions
than the canine, which is atypical in desmans. The material
from Schernham includes mandibles with p1 and canine in pos-
ition, reducing the possibility of misidentification. Ziegler also
separated the measurements of the specimens with uncertain
identification (Ziegler, 2006a; Table 5). This supports that the
material from Schernham belongs to a new species that evolved
in parallel with Archaeodesmana vinea.

Archaeodesmana dissona new species
Figure 4; Table 4

Holotype.—Right p2 (L = 1.93, W = 1.16), SG1980027,
Šalgovce 5, Slovakia (Fig. 4.14).

Paratypes.—From SG1980020 to SG1980054 (excluding
SG1980027 = holotype): one P1, one P2, three P3, one
fragment of M1, two i1, four i2, three i3, three c, two p1, four
p2, two p3, three p4, two fragments of m1, one fragment of
m2, one fragment of m3, one posterior fragment of humerus
(Lttd = 3.31, Lpt = 2.90, Wcf ≈ 3.26, MDD = 1.41, MDD ref
= 1.40). Dental measurements are provided in Table 4.

Diagnosis.—Species of Archaeodesmana differing from all
Desmanini by the following combination of characters:
medium size; two-rooted P1; large P2 similar in size to p2;
reduced parastyle and accessory cusp on M1; i1 with “a”
morphotype (sensu Rümke, 1985); large cingulids on i2;
one-rooted p1; high p2/p3 ratio (around 1.45); p2 longer than
p4; paraconid distinct on p3, variable on p2; lack of metaconid
on p4.

Differential diagnosis.—Archaeodesmana dissona n. sp. differs
from all Archaeodesmana species except A. baetica by the
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significantly larger dimensions of its p2 (Fig. 5), resulting in
much stronger Lp2/Lp3 and Lp2/Lp4 ratios (Table 5); from all
Archaeodesmana species except A. major by the massive P2;
from all Archaeodesmana species except A. turolense, A.
getica, and A. acies by the presence of a paraconid on p3 and
p4; from A. vinea, A. adroveri, A. turolense, A. pontica, and
A. elvirae by its single-rooted p1; from A. baetica by its
significantly smaller p4 and smaller, lower canine (Fig. 5)
resulting in a much higher Lp2/Lp4 ratio (Table 5), and the
presence of a double-rooted P1.

Occurrence.—Šalgovce 5, Topoľc any district, Nitra Region
(Slovakia), Danube basin. Correlated to middle Turolian,
MN12.

Description.—The P1 is a robust, ovoid, and two-rooted
premolar. The main cusp is laterally compressed. Straight
anterior and posterior ridges start from this cusp and reach the
anterior and posterior margin, respectively. A continuous
cingulum is present, narrower on the lingual and labial sides.
The P2 is an ovoid premolar almost entirely occupied by a
conical paracone in central position. A thin posterior ridge is
present between the cusp and the posterior cingulum. A weak
and low bulge is found at the most-lingual flank of the cusp.
A narrow anterior cingulum is present. The P3 is smaller
than the P2 but they share a similar labial area. Extending
from the paracone, two ridges (anterior and posterior) are
distinguishable. A distinct bulge is attached on the lingual
flank. This bulge is connected to the lingual cingulum by a

Figure 4. Scanning electron photomicrographs of Archaeodesmana dissona n. sp. from Šalgovce 5. (1) P1, SG1980040 (paratype); (2) P2, SG1980022 (paratype);
(3) M1, SG1980028 (paratype); (4) i1, SG1980042 (paratype); (5) i2, SG1980041 (paratype); (6) i3, SG1980038 (paratype); (7) c, SG1980047 (paratype); (8) p1,
SG1980044 (paratype); (9) p1, SG1980045 (paratype); (10) p2, SG1980021 (paratype); (11) humerus, SG1980056, posterior view; (12) p2, SG1980025 (paratype);
(13) p2, SG1980026 (paratype); (14) p2, SG1980027 (holotype); (15) p3, SG1980030 (paratype); (16) p4, SG1980031 (paratype); (17) p4, SG1980033 (paratype);
(18) m1, SG1980034 (paratype); (19) m3, SG1980037 (paratype). Images with underlined numbers are reversed.

Table 4. Measurements (in mm) of Archaeodesmana dissona n. sp. from Šalgovce 5 (MN12), Slovakia. L = Length; N = number of specimens; W =width; W1 =
anterior width; W2 = posterior width.

P1 P2 P3 i1 i2 i3 c
L W L W L W L W L W L W L W

N 1 1 1 1 3 3 2 2 2 2 3 3 3 3
Min 1.42 1.05 0.75 0.91 0.85 1.10 0.93 0.83 1.00 0.70
Max 1.48 1.15 0.81 1.05 1.02 1.27 0.99 1.07 1.05 0.86
Mean 1.20 0.99 1.85 1.39 1.45 1.10 0.78 0.98 0.89 1.18 0.96 0.92 1.03 0.80

p1 p2 p3 p4 m1 m2 m3
L W L W L W L W W1 W2 W2

N 2 2 4 4 3 2 3 3 1 1 1
Min 1.05 0.75 1.74 1.12 1.28 1.02 1.59 1.06
Max 1.13 0.77 1.99 1.22 1.34 1.06 1.59 1.11
Mean 1.09 0.76 1.89 1.16 1.30 1.04 1.59 1.09 1.49 1.51 1.08
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thin and curved crest. It leads to a slight enlargement of the
lingual area. The anterior cingulum shows a thin crest at its
margin, barely joining the lingual cingulum.

Only an anterior fragment of M1 has been discovered so far
(Fig. 4.3). The paracone is moderately compressed and is con-
nected by a postparacrista to a conical mesostyle. The height
of the anterior mesostyle is almost reaching the height of the
paracone. The postparacrista is curved. The parastyle is isolated
from the paracone and does not create an extension on the anter-
ior margin. It is connected to a labial cingulum ending below the
anterior mesostyle, and to an anterior cingulum connected to the
well-developed protoconule. A short and thin connection is
found between the protoconule and the paracone. A deep valley
separates the protoconule from the protocone lingually. On the
posterior flank of the protocone a short and straight crest is
attached, ending as a blade-like accessory cusp. Broad cingu-
lums are found between the protocone and the protoconule
and posteriorly to the protocone.

The i1 has a large chisel-shape crown. The posterior side
presents a low talonid resulting in a concave face. A distinct cen-
tral ridge is present on the posterior flank. The i1 corresponds
thus to the “a” morphotype (sensu Rümke, 1985; Fig. 4.4).
The i2 is an asymmetrical tooth. Its occlusal outline is quadran-
gular. The cuspid has a slight anterolingual/posterolabial orien-
tation. Its external flank is slightly concave. An oblique posterior
ridge extends from the blade-like apex and ends as a minute tip
on the posterolabial margin. The inner cingulid is stronger than
the narrow external cingulid. The former extends from the pos-
terior tip of the cuspid as a curve until reaching the higher anter-
ior border of the tooth, where it joins the posterior cristid. The i3
is a small subtriangular tooth bearing one main cuspid in anter-
ior position, from which extends a short anterior crest. An
oblique posterior crest connects the cuspid to the posterolabial
border. The lower canine is a small ovoid tooth similar to the
i3. It differs from the i3 by the more rounded outline, the straigh-
ter posterior crest, and the more conical aspect of the cuspid.

The p1 is an ellipsoid premolar with a single, robust root.
The cuspid is included in a central ridge extending from the
anterior border and reaching the posterior border as a slightly
curved crest. The labial side is convex and the lingual side
only slightly concave. A barely visible posterior cingulid is pre-
sent. The p2 is a massive, ellipsoid tooth with two divergent
roots. The cuspid is laterally compressed. The anterior end is
pointy in occlusal view and presents a distinct shoulder in two
out of four specimens. A posterior crest extends from the cuspid
and reaches the large and straight cingulid. A narrow cingulid is
present all along the labial side. The p3 has a rounded outline
and a conical cuspid. A short ridge connects its tip to a minute
anterior bulge (paraconid), in a slightly lingual position. The
posterior crest is connected to the posterior cingulid. An
extremely narrow cingulid is found on the labial side of the
tooth. The lingual cingulid is broader and connects the posterior
cingulid to the base of the anterior bulge. This creates an asym-
metry in which the lingual length is longer than the labial one.
The surface of the tooth is slightly rough, as in p3 (Fig. 4.15).
The p4 is a double-rooted tooth with a sturdy and conical proto-
conid. The low paraconid is connected to the protoconid by a
thin central ridge. There is no distinguishable metaconid. A
crest extends from the posterior part of the protoconid andT
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turns lingually at the posterior border of the premolar before
joining a posterolingual bulge. The posterolabial border pos-
sesses a narrow cingulid. A short anterolabial cingulid is present.
The surface of the p4 is slightly rough (Fig. 4.16, 4.17).

The trigonid of m1 is slightly laterally compressed. The
protoconid is a high subtriangular cuspid connected to a
pointy paraconid by a sharply bent paralophid. The metaconid
is subtriangular and higher than the paraconid. The oblique
cristid is connected to the posterolabial side of the metaconid.
The hypoconid is low. The anterior cingulid is broad and con-
tinuous. The m2 shares numerous common features with the
m1. It differs by its smaller size, the more anteroposteriorly
compressed and wider trigonid, and the slightly lower paraco-
nid and hypoconid. The trigonid of m3 is anteroposteriorly
compressed. The paraconid is included in the paralophid.
The conical metaconid and the trifaced protoconid have the

same height. The talonid of m3 is wider than long. The low
hypoconid is connected to the posterior base of the conical
metaconid by the oblique cristid. The entoconid is laterally
compressed and leads to a short entocristid stopped by a
notch. The postcristid is straight.

The posterior fragment of humerus shows clear desmanine
affinities (Fig. 4.11). The diaphysis is narrow but with a rela-
tively low pectoral tubercle and short tuberculum teres. The
capitulum area is large. A noticeable groove is present between
the stout trochlea and the fossa for the musculus flexor digitorum
ligament. The entepicondyle is broken; it is thin on its anterior-
most part. It continues as a thicker ridge on the posterior view,
stopping at the central part of the diaphysis. The fossa supratro-
chlearis is broad, deep, and has a rounded shape. The fossa ole-
crani is shallower and more compressed. The foramen
entepicondylaris is elongate.

Figure 5. Length diagram of the c–p4 of Archaeodesmana dissona n. sp. compared to (1) Archaeodesmana species; (2)Galemys species; (3)Desmana species; (4)
A. baetica, D. marci, and D. verestchagini. Based on Rümke (1985), Dahlmann (2001), Martín-Suárez et al. (2001), Ziegler (2005, 2006a), Minwer-Barakat et al.
(2008, 2020).
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Etymology.—From the Latin “dissonus, -a, -um”: dissonant,
discordant. In reference to the unusual dental ratio of the
premolars.

Remarks.—The identification of a single species of
Archaeodesmana in the material from Šalgovce 5 is supported
by the homogeneity of the lower dentition. Overall, the dental
pattern of Archaeodesmana dissona n. sp. is similar to
Turolian species such as A. getica, but the combination of
one-rooted p1 and extraordinarily robust p2 are enough to
differentiate our material from any Late Miocene species
(Fig. 5). The single exception is A. baetica, which, however,
shows a much stouter and larger p4 whereas our species
retained a p4 with ancestral shape and dimensions.

The ratio of the lower premolars (Fig. 5) highlights the
strong similarities between our species and Archaeodesmana
baetica (MN13/14), Desmana marci Minwer-Barakat et al.,
2020 (MN14), and Desmana verestchagini (Topachevski,
1961) (MN14). These three species represent Archaeodes-
mana–Desmana transitional forms because each species
acquired new features typical of Desmana (see Minwer-Barakat
et al., 2020), strongly anchoring the origin of Desmana on the
Iberian Peninsula. The found similarities likely correspond to
convergent evolution. Similarly, the root reduction of p1 was
previously attested only from theMN13 with A. getica. This fea-
ture is not present in the third late Turolian species from Central
Europe, A. pontica. The scarcity of the Central European fossil
record greatly limits phylogenetic discussion. Nevertheless,
the distinctions found between A. getica, A. pontica, and A. dis-
sona n. sp. support the presence of several Central European
lineages evolving in parallel during the Turolian. Additionally,
the early acquisition of convergent features in A. dissona
n. sp. makes this species a good example of mosaic evolution.

A humerus is tentatively attributed to Archaeodesmana dis-
sona n. sp. on the grounds of its resemblance with the humeri of
A. baetica (see Martín-Suárez et al., 2001) and A. getica (see
Terzea, 1980; Rümke, 1985). Because Šalgovce 5 also contains
a second desmanine whose humerus is unknown, we refrain
from providing a firm attribution.

Genus Gerhardstorchia Dahlmann and Doğan, 2011

Type species.—Gerhardstorchia wedrevis (Dahlmann, 2001).

Other referred species.—Gerhardstorchia quinquecuspidata
(Mayr and Fahlbusch, 1975); G. biradicata (Ziegler, 2006a);
G. meszaroshi (Sabol, 2005).

Diagnosis.—See Dahlmann (2001, p. 35).

Occurrence.—This genus is identified from MN6 to MN15 of
Central Europe (Dahlmann, 2001; Sabol, 2005; Ziegler, 2006b).

Remarks.—Dahlmann and Doğan (2011) erected
Gerhardstorchia as nomen novum for the genus Storchia
Dahlmann, 2001, preoccupied by Storchia Oudemans, 1923.

Gerhardstorchia biradicata (Ziegler, 2006)
Figure 6.1–6.5

Holotype.—Left fragment of mandible with p1–m2, NHMV
2004z0190/0001, Schernham, Austria (Ziegler, 2006a).

Diagnosis.—See Ziegler (2006a, p. 118).

Occurrence.—FromMN9 to MN11 of Austria (Ziegler, 2006a),
and MN9 of Slovakia (this paper).

Description.—The I1 is a massive tooth with a high crown that
is oblique in occlusal view. A ridge starts from the most external
crest, extending all along the posterior side of the tooth and
reaching a protruding posterolabial bulge. A hardly visible
ridge is also present on the other side of the tooth. A narrow
posterior cingulum is present.

The c is a compressed, one-rooted tooth with a single, lat-
erally compressed cuspid in an anterior position. A crest con-
nects the tip of the cuspid to the anterior margin. A posterior
crest is also present but does not reach the posterior border of
the tooth. A narrow cingulid is found along the posterior and lin-
gual sides.

The p1 has a single, ellipsoid root. The protoconid is pointy
and in anterior position. A short, low, and curved anterior crest is
present. The posterior crest is strong but does not reach the pos-
terior margin. The posterior and lingual sides bear a cingulid. On
the labial side, a hardly distinguishable cingulid is found.

The m2 is relatively stout and elongated (Fig. 6.4). The
paraconid is the lowest cuspid of the tooth. The protoconid is
high and triangular in cross-section. It is separated from the con-
ical metaconid by a distinct protolophid. The trigonid basin is
reduced but lingually open. The entoconid is slightly higher
than the hypoconid and is connected to it by a low postcristid.
The oblique cristid reaches a distinct metacristid. The entostylid
is attached to the wall of the entoconid. The anterior cingulid is
large, especially below the paraconid. The m3 has a similar con-
figuration as the m2 but with a longer protolophid and a narrower
talonid. The hypoconid is especially low (Fig. 6.5). There is no
entostylid.

Material.—Studienka E: one I1 (L = 1.32, W = 0.76), two
c (L = 1.19, W = 0.61; L = 1.22, W = 0.64), one p1 (L = 1.41,
W = 0.58), one m2 (L = 2.37, W1 = 1.34, W2 = 1.45), one m3
(L = 1.38, W1 = 0.86, W2 = 0.70).

Remarks.—The massive desman-like I1 is more gracile than in
Archaeodesmana, Desmana, and Galemys, and fits perfectly
with the genus Gerhardstorchia as defined by Dahlmann
(2001). The presence of a metacristid on m2 and m3 is found
in Gerhardstorchia biradicata, already identified in the MN9
and MN10 of the Vienna basin by Ziegler (2006a). After
direct comparison, no differences are found with the type
material from Schernham.

Gerhardstorchia sp.
Figure 6.6, 6.7.

Description.—The P4 is slightly broken (Fig. 6.6). This
relatively flat, subtriangular premolar displays a low, conical
paracone in a slightly anterior position, connected by two thin
ridges to a broad posterior cingulum and a narrower anterior
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cingulum. A short lingual extension is present, only bearing a
small elevation at the most lingual margin.

The single m1 is damaged (Fig. 6.7). The trigonid has a tri-
angular shape and a very reduced configuration. The low paraco-
nid is included in the paralophid, the anteriormost segment of
which is short. The conical metaconid is partly attached to the
higher protoconid. The talonid displays a low but robust entoco-
nid and hypoconid. The oblique cristid reaches the central part of
the trigonid wall. The entostylid corresponds to a bulge attached
behind the entoconid. The anterior cingulid is broad whereas the
posterior one is narrow.

Material.—Šalgovce 5: one broken P4, one broken m1
(L = 2.30, W2 = 1.46).

Remarks.—The stout m1 with a central paraconid is distinct
from Archaeodesmana and Mygalinia hungarica (Kormos,
1913). The overall morphology of this element reveals strong
affinities with Gerhardstorchia. The m1 is broader than in G.
biradicata and Gerhardstorchia sp. from Dorn-Dürkheim
(Dahlmann, 2001). It is similar in size and shape with the
MN9 G. quinquecuspidata from Hammerschmiede (Mayr and
Fahlbusch, 1975). The persistence of the latter species until
the MN12 is rather unlikely. At least, the Gerhardstorchia
species from Šalgovce 5 fill the temporal gap between Late
Miocene and Pliocene occurrences of the genus. It also tends
to contradict the idea of a slendering of the dentition in
Gerhardstorchia over time (Dahlmann, 2001), as already
discussed by Ziegler (2006a).

Tribe Scalopini Trouessart, 1879
Proscapanus Gaillard, 1899

Type species.—Proscapanus sansaniensis (Lartet, 1851).

Other referred species.—Proscapanus lehmanni (Gibert,
1975); P. intercedens Ziegler, 1985; P. austriacus Ziegler,
2006a; P. minor Ziegler, 2006a; P. metastylidus
Rzebik-Kowalska and Lungu, 2009.

Diagnosis.—See Gaillard (1899, p. 23).

Occurrence.—Proscapanus is encountered in Europe from the
Early Miocene (MN2) to the Late Miocene (MN10) (Ziegler,
2006a, b; Rzebik-Kowalska and Lungu, 2009; Klietmann
et al., 2015). Its presence in China is attested in several Early
and Middle Miocene faunas (Tao, 2006; Qiu et al., 2013).

Proscapanus minor Ziegler, 2006
Figure 7.1–7.15; Table 6

Holotype.—Right M1, NHMV 2004z0197/0001, Schernham,
Austria (Ziegler, 2006a).

Diagnosis.—See Ziegler (2006a, p. 128).

Occurrence.—MN9 andMN10 of Austria (Ziegler, 2006a), and
MN9 of Slovakia (this paper).

Description.—The P3 is an elliptical, one-rooted premolar with
a cusp in anterior position. The tip of the cusp is slightly laterally
compressed. A short anterior crest is distinguishable. The
posterior crest is thin and elongated. It joins a broad and
rounded cingulum that is lacking beneath the anterior flank of
the cusp. The P4 is a triangular, three-rooted premolar bearing
a conical paracone situated in an anterior position. The
parastyle is weak. It is bent in one specimen out of four. The
metastyle is weakly to moderately connected to the straight
labial crest. From the posterolabial margin (from the metastyle
when present) extends a low lingual cingulum connected to a
slightly laterally compressed protocone. The anteriormost base
of the protocone is connected to the parastyle by a very
reduced anterior cingulum.

The three-rooted M1 has a stretched outline (Fig. 7.2). The
metacone is a strong, elongated cusp connected to an almost
straight postmetacrista. The premetacrista is connected to a
mesostyle whose height is similar to that of the metastyle. The
two mesostyles are superficially divided. Whereas the posterior
mesostyle only has a pointy tip, a short, descending crest is

Figure 6. Scanning electron photomicrographs of (1–5) Gerhardstorchia biradicata (Ziegler, 2006a) from Studienka E and (6, 7) Gerhardstorchia sp. (1) I1,
ST220043, labial view; (2) c, ST220042; (3) p1, ST220040; (4) m2, ST220044; (5) m3, ST220045; (6) P4, SG1980060; (7) m1, SG1980061. Images with underlined
numbers are reversed.
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posteriorly attached to the anterior mesostyle. The paracone is
weaker than the metacone. A projected parastyle is attached to
its anterior base. The parastyle is connected by a thin preproto-
conulecrista to a high protoconule, which is attached to the
anterior slope of the protocone. The latter is connected by a nar-
row ridge to the conical hypocone. From the hypocone starts a
short ridge extending along the posterior cingulum, ending
below the metastyle as a pointy, projected bulge.

The M2 has three roots and a symmetrical labial aspect
(Fig. 7.3, 7.4). Metacone and paracone are high, lingually elon-
gated cusps. The base of the metacone is situated slightly more
labially than that of the paracone. Both cusps lead to two adjoin-
ing mesostyles. The protoconule is placed more anteriorly than
the paracone. It is better separated from the protocone than in

M1, but is still connected to this cusp by a high and narrow
crest. The protocone is conical. The hypocone is more labial
than the protocone and the protoconule and it has an intermedi-
ate height. It is connected to the protocone by a narrow oblique
crest. From the posterior base of the hypocone and the anterior
base of the protoconule start short crests reaching the posterior
and anterior margin of the tooth, respectively.

The M3 is a reduced molar with three roots, the posterior
root being almost divided. The metacone is an obliquely com-
pressed cusp with no postmetacrista. The small posterior tip of
the mesostyle is sometimes not distinguishable from the curved
premetacrista. The anterior mesostyle is slightly higher and
stronger than the posterior one. The paracone is in a more lingual
position than the metacone. The preparacrista leads to a curved

Figure 7. Scanning electron photomicrographs of (1–15) Proscapanus minor Ziegler, 2006a, from (1–10) Borský Svätý Jur and (11–15) Studienka A; and (16–18)
P. austriacus Ziegler, 2006a, from Studienka A. (1) P4, BJ213376; (2) M1, BJ213350; (3) M2, BJ213358; (4) M2, BJ213365; (5) M3, BJ213382; (6) humerus,
BJ213443, posterior view; (7) p4, BJ213389; (8) m1, BJ213395; (9) m2, BJ213413; (10) m3, BJ213428; (11) P3, ST214281; (12) M1, ST214250; (13), M2,
ST214258; (14) M3, ST214261; (15) mandiblewith broken p1 and p4, labial view; (16) M2, ST214221; (17) M3, ST214222; (18) P4, ST214223. Images with under-
lined numbers are reversed.
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and unreduced parastyle. The protoconule is small, attached to
the base of the paracone and connected to the protocone by a
low ridge. The protocone is almost conical and connected to a
small hypocone.

Three circular alveoli are found anterior to the p4, inter-
preted as belonging to the p1, p2, and p3. The coronoid process
is high and slightly posteriorly projected. The angular process is
only preserved in its anterior part and shows an extended con-
cave surface. The masseteric fossa is as deep as the internal tem-
poral fossa. A broad and low central crest separates the internal
temporal fossa from an enlarged mandibular foramen, situated
below the posterior tip of the coronoid process. A foramen is
found below the root of the p3 and the anterior root of the p4
(Fig. 7.15).

The two-rooted p4 is an elliptical premolar with a bent
protoconid in an anterior position. A small projecting and inde-
pendent paraconid is found at the anterolingual border. A poster-
olingual swelling extends from the tip of the protoconid until the
talonid but is interrupted by a notch. The posterior cingulid
encloses the talonid. A cuspule is distinguishable on the lingual
part of that cingulid.

The m1 has two roots. The trigonid is narrow. The paraco-
nid is the lowest cuspid of the trigonid, followed by the metaco-
nid. The paralophid and the protolophid are bi-partitioned. The
protoconid is situated in a central position and is more anterior
than the metaconid. The talonid is larger than the trigonid.
The hypoconid is as high as the protoconid. The oblique cristid
is connected to a pointy metacristid (six out of eight specimens)
or is attached to the trigonid wall near a shorter metacristid
(Fig. 7.8). The entoconid has an oval base and is slightly shorter
than the metaconid. There is an entocristid in six out of eight
specimens. When absent, the talonid basin is open lingually.
The entostylid corresponds to a small bulge below the entoco-
nid. The short anterior cingulid (present in six out of seven spe-
cimens) is not connected to the narrow labial cingulid. The m2 is
similar to the m1, but longer and larger. The trigonid and talonid
are of similar width. The m2 shows a stronger metastylid
(Fig. 7.9), connected to the base of the metaconid. The talonid
basin is always closed by a low entocristid. The anterior cingulid
of m2 is broader than in m1. The m3 has two roots, an anteropos-
teriorly compressed trigonid and a narrow talonid. The paraconid
is the lowest cuspid of the trigonid. It is connected by a straight
crest to the protoconid. The oblique cristid leads to a low cuspule
attached to the metaconid. The entocristid closes the narrow talo-
nid basin. The anterior and labial cingulids are broad.

The humerus (Fig. 7.6) is moderately stout, with a broad
pectoral area and a slightly curved diaphysis. The pectoral
area is damaged, but a thin transversal ridge is distinguishable.
The fossa brachialis consists of a superficial basin. The groove
between the greater tuberosity and pectoral crest is large in anter-
ior view but shallow in posterior view. The partially preserved
tuberculum teres is slightly curved. It is connected to the pec-
toral tubercule by a thin pectoral ridge. A second straight ridge
reaches the pectoral tubercle. On the posterior side, the capit-
ulum is bulbous and elongated whereas the ectepicondyle is
reduced. This creates a strong, transversal extension on the pos-
terior epiphysis. The supratrochlear fossa is short, slightly com-
pressed, and deep. The notch between the trochlea and the
insertion fossa for the musculus flexor digitorum ligament is

shallow. The entepicondyle is reduced and does not show any
spine but a thin angular rib. The foramen entepicondylaris is
enlarged.

Material.—Borský Svätý Jur: one P3, four P4, seven M1, 16
M2, 12 M3, six p4, three fragment of mandibles with m1 and
m2, 10 m1, 16 m2, 14 m3, one humerus (BJ213443: Lttd =
4.55, Lpt ≈ 3.50, Ltm ≈ 9.04, Wcf = 4.76, Mdd = 2.40, Mdd
ref = 2.34). Dental measurements are provided in Table 6.

Studienka A: one P3, three P4, five M1, three M2, three
M3, one fragment of mandible with p4, one p4, six m1, four
m2, six m3. Measurements are provided in Table 6.

Remarks.—Although the Austrian Proscapanus material from
Schernham shows a bimodal size distribution, only small-
sized specimens are recorded in Richardhof–Wald and
Richardhof–Golfplatz, motivating the erection of the small
P. minor and the bigger P. austriacus (see Ziegler, 2006a). As
in Schernham, an enlarged morphological and morphometrical
variability is found in the material from Studienka A. On the
other hand, the material from Borský Svätý Jur is rather
intermediate in size between P. minor and P. austriacus
(Fig. 8). The specimens from Borský Svätý Jur do not exhibit
the few morphological autapomorphies of P. austriacus,
supporting their attribution to the ancestral P. minor. The
gradual acquisition of the divergent, diagnostic peculiarities of
both species in MN9 (Fig. 8) highlights the impact of
competition in their evolution (see Discussion).

Proscapanus austriacus Ziegler, 2006
Figure 7.16–7.18

Holotype.—Left M1, NHMV 2004z0196/0001, Schernham,
Austria (Ziegler, 2006a).

Diagnosis.—See Ziegler (2006a, p. 124).

Occurrence.—MN9 of Moldova (Rzebik-Kowalska and Lungu,
2009) and Slovakia (this paper), and MN10 of Austria (Ziegler,
2006a).

Description.—On M2, the paracone is slightly larger than the
metacone but has a similar height. The tips of the mesostyles
are adjoining. The parastyle is slightly higher than the
metastyle. The lingual cusps are well differentiated.
The protoconule is laterally compressed and connected to the
protocone by a very short crest. The protocone is connected to
the base of the pointy hypocone by a straight ridge. Two
external ridges start from the hypocone, ending beneath the
anterolingual flank of the protocone and the posterolingual
flank of the metacone, respectively. The M3 is almost
triangular in the occlusal view (Fig. 7.17). The metacone is
compressed and without postmetacrista. Its dimensions are
clearly smaller than the paracone. The anterior mesostyle is
stronger than the posterior one. Their tips are adjoining. The
preparacrista leads to a curved and stout parastyle. Between
the mesostyles and the parastyle is a distinct mortar-like basin,
largely open labially. The protocone is almost conical and
connected to a cingulum ending beneath the anterolingual
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flank of the protocone. The hypocone corresponds to a rib on the
cingular crest.

The p4 is an elliptical tooth with a massive, conical main
cuspid in anterior position. A short anterior crest is found at
the anterior flank of this cuspid, turning lingually after reaching
the anterior margin. There is no posterior crest. The talonid is
broad lingually but narrower labially. The thin cingulid encapsu-
lates a reduced posterolingual basin.

Lower molars are poorly preserved. They do not have a pos-
terior cingulid but a strong entostylid. The trigonid of m2 has a
width similar to that of the talonid. The trigonid is compressed
and triangular in cross-section. The protoconid is the highest cus-
pid. The talonid has twowell-developed cuspids. The metacristid

and the entocristid are slightly separated. The oblique cristid is
attached to the metaconid. The m3 has rather large dimensions.
The talonid is strongly compressed whereas the trigonid pre-
serves its triangular occlusal outline. The hypoconid and entoco-
nid are reduced and hardly distinguishable from the postcristid on
worn specimens. A thin metacristid connects the base of the
metaconid to the base of the entoconid. The posterolabial cingu-
lum is present. The anterior cingulid is prominent.

Material.—Studienka A: two M2 (L = 2.11, W = 2.15), one M3
(L = 1.45, W = 2.15), one p4 (L = 1.38, W = 2.03), one m1
(W2 = 1.33), two m2 (W2 = 1.35), two m3 (L = 1.99, W1 =
1.05, W2 = 0.98; W2 = 0.84).

Table 6.Measurements (in mm) of Proscapanus minor Ziegler, 2006a, from Borský Svätý Jur (MN9) and Studienka A (MN9), Slovakia. L = Length; N = number of
specimens; W =width; W1 = anterior width; W2 = posterior width.

Proscapanus minor, Borský Svätý Jur
P4 M1 M2 M3 p4 m1 m2
L W L W L W L W L W L W1 W2 L W1 W2

N 4 3 3 1 8 10 6 5 6 6 8 9 10 3 8 9
Min 1.38 1.16 2.07 1.84 1.95 1.18 1.79 0.98 0.60 1.91 0.97 1.15 1.94 1.21 1.16
Max 1.65 1.19 2.21 2.03 2.18 1.31 1.95 1.12 0.67 2.09 1.07 1.32 2.08 1.32 1.38
Mean 1.51 1.17 2.14 2.34 1.90 2.07 1.26 1.81 1.06 0.64 1.95 1.03 1.26 2.03 1.26 1.23

m3
L W1 W2

N 8 14 11
Min 1.64 1.02 0.81
Max 1.89 1.18 0.98
Mean 1.75 1.08 0.91

Proscapanus minor, Studienka A
P3 P4 M1 M2 M3 p4 m1 m2
L W L L W L W L W L W W1 W2 W2

N 1 1 3 3 3 2 3 1 2 2 2 1 4 3
Min 1.56 2.06 2.15 1.85 2.01 1.71 1.01 0.58 1.21 1.22
Max 1.61 2.35 2.40 1.94 2.07 1.77 1.24 0.70 1.28 1.37
Mean 0.86 0.67 1.58 2.21 2.24 1.89 2.04 1.29 1.74 1.13 0.64 1.11 1.24 1.28

m3
W1 W2

N 3 2
Min 1.14 1.08
Max 1.22 1.10
Mean 1.19 1.09

Figure 8. Hypothetical reconstruction of the speciation process of Proscapanus in the Late Miocene of Austria and Slovakia, showing the length measurement of
M2, M3, and m1 of (1–3) P. minor Ziegler, 2006a, and (4, 5) P. austriacus Ziegler, 2006a. (1) NHMV 2004z0197/0007, Schernham; (2) ST214260; (3) BJ213365;
(4) NHMV 2004z0196/0009, Schernham; (5) ST214221.
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Remarks.—These few specimens already display the diagnostic
features acquired by Proscapanus austriacus. Namely, the
larger size, the better differentiated lingual conules on M1–2
and the reduced cingulid on m1. This indicates that
P. austriacus emerged during latest MN9 (Fig. 8).

Tribe Talpini Fischer, 1814
Talpa Linnaeus, 1758

Type species.—Talpa europaea Linnaeus, 1758.

Other referred species.—Talpa minuta de Blainville, 1840;
T. fossilis Petenyi, 1864; T. minor Freudenberg, 1914;
T. gracilis Kormos, 1930; T. praeglacialis Kormos, 1930;
T. vallesensis Villalta and Crusafont, 1944; T. gilothi Storch,
1978; T. neagui Radulescu et al., 1989; T. tenuidentata
Ziegler, 1990. All modern species distinguished by Bannikova
et al. (2015) are also included.

Occurrence.—Talpa is an extant, widely spread Eurasian genus
(e.g., Villalta and Crusafont, 1944; Radulescu et al., 1989;
Bannikova et al., 2015). Its earliest record is in MN 2 in the
locality of Ulm-Westtangente, Germany (Ziegler, 1990).

Talpa cf. T. minuta de Blainville, 1840
Figure 9.1, 9.2

Lectotype.—Right humerus, Sa. 12020 MNHN, Sansan, France
(Engesser, 2009).

Diagnosis.—See Engesser (2009, p. 44).

Occurrence.—MN3 to MN9 of Europe (Ziegler, 1994, 2003;
Kälin and Engesser, 2001; Sabol, 2005; Engesser, 2009).

Description.—The P4 is a gracile tooth (Fig. 9.1) with a slightly
elongated paracone in anterior position. A short anterior
extension is attached to the paracone with a hardly
distinguishable parastyle. A straight posterocrista extends from
the tip of the paracone and reaches the posteriormost margin.
The lingual part of the P4 is narrow and bears a strong conical
protocone.

The subtriangular M3 has a broken preparacrista. The para-
cone is subtriangular in cross section whereas the metacone is
conical. The mesostyles are not distinguishable from the conflu-
ent postparacrista and premetacrista. The lingual area is simpli-
fied. From the small protocone, two ridges start: the anterior
ends aside the base of the paracone whereas the posterior one
reaches the lingual face of the metacone. The only cingulum is
found between the mesostyle and the parastyle.

Material.—Studienka A: one P4 (L = 1.13, W = 0.87), one M3
(L = 1.12).

Remarks.—These two elements are grouped together because of
their correspondence with the Talpa morphotype. Their sizes
coincide with the smallest Talpa recorded from the Late
Miocene, Talpa aff. T. minuta, identified in the MN10 and
MN11 of Austria (Ziegler, 2006a). This Late Miocene

Austrian species displays a P4 without a protocone, which is a
morphological feature not found in T. minuta from Sansan.
The P4 from Studienka A still preserves this cusp.

Tribe Urotrichini
Urotrichini gen. and sp. indet.

Figure 9.3

Description.—The P4 (Fig. 9.3) has a slightly elongated
paracone and a small projected parastyle. The lingual
extension is narrow and bears a distinct protocone. The M1 is
a tiny molar with slightly stretched paracone and metacone.
The postparacrista is almost parallel to the labial margin. The
mesostyle is not divided on the single worn specimen. The
lingual area is weakly developed. The parastyle is projected
anteriorly. From the hypocone extends a crest reaching the
posterolingual base of the metacone.

The p4 is a gracile, two-rooted premolar with a main con-
ical cuspid in anterior position. The base of the protoconid is
slightly extended anteriorly. A ridge extends from the postero-
lingual tip of the protoconid to the posterior margin before join-
ing a hardly visible cingulid.

Material.—Triblavina: one fragment of P4, one fragment of M1.
Krásno: one p4 (L = 0.95, W = 0.50).

Remarks.—These findings are lumped together considering their
very small size and similar evolutionary stage. The M1 of Talpa
minuta displays a more oblique postparacrista (Engesser, 2009)
and Turolian affinis forms have a more reduced P4 (Ziegler,
2006a). The configuration of P4 and p4 and the slight obliquity
of M1 are consistent with a small urotrichine species. They are
tentatively attributed to the latter tribe.

Subfamily Incertae sedis
Genus Desmanodon Engesser, 1980

Type species.—Desmanodon major Engesser, 1980.

Other referred species.—Desmanodon minor Engesser, 1980;
D. antiquus Ziegler, 1985; D. daamsi van den Hoek Ostende,
1997; D. ziegleri van den Hoek Ostende, 1997; D. burkarti
van den Hoek Ostende, 1997; D. crocheti Prieto, 2010; D.
fluegeli Prieto et al., 2010; D. larsi Furió et al., 2014.

Diagnosis.—See Engesser (1980, p. 116).

Occurrence.—Desmanodon is encountered from the Early to
Late Miocene of Anatolia (Engesser, 1980; van den Hoek
Ostende, 1997; Furió et al., 2014; Bilgin et al., 2019) and
from the Early to early Late Miocene of Europe (van den
Hoek Ostende, 1997; Ziegler, 2003; Prieto, 2010; Prieto et al.,
2010, 2015; this paper).

Desmanodon cf. D. fluegeli Prieto et al., 2010
Figure 9.4–9.9

Holotype.—Fragment of right mandible with c, p3–m3, LMJG
204.164, Gratkorn, Austria (Prieto et al., 2010).
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Diagnosis.—See Prieto et al. (2010, p. 111).

Occurrence.—MN7/8 of Austria and MN9 of Slovakia (Prieto
et al., 2010; this paper).

Description.—The P4 is a reduced tooth with a high paracone in
an anterior position. The parastyle is a minute extension of the
anterolabial border. At the center of the labial margin, a
pointy cuspule is attached to the base of the paracone. This
creates a small, open basin between this cuspule and the
posterocrista. The latter is sharp and almost straight. It ends
before reaching the posterior margin by displaying a thicker
tip (metacone; Fig. 9.4). A low metastyle is present. The
conical protocone is small and connected to the posterolingual
cingulum. This cingulum stops beneath the posterolingual end
of the posterocrista. Consequently, the P4 fits the morphotype
A (sensu van den Hoek Ostende, 1989).

The M1 has a strong transversal development (Fig. 9.5).
The parastyle is reduced and creates an angular anterolabial
corner. The metacone is high and triangular in cross-section.
This cusp leads posterolabially to a high and straight postmeta-
crista. An almost independent metastyle is attached to the
anterior flank of the postmetacrista. On the posterolabial side
of this crest, a second, independent, and pointy cuspule is pre-
sent. The mesostyles are strongly separated. The lingual cusps
are poorly differentiated. The protocone is high and anterolin-
gually stretched. The protoconule is found near the protocone
and is separated from it only by a superficial notch. The proto-
conule leads to two crests: the shorter posterior arm reaches the
paracone whereas the slightly curved anterior arm ends at the
anterior margin. The protocone is connected to a relatively
low hypocone, from which starts a short posthypocrista ending
at the middle of the oblique posterior border. On the posthypo-
crista, a hardly distinguishable bulge is found. The only avail-
able, subtriangular M3 is heavily worn (Fig. 9.6). The
mesostyles are robust and clearly separated. The anterior
branch of the paracone leads to a curved and eccentric para-
style. The hypocone is robust and well separated from the com-
pressed metacone.

The anteroposteriorly compressed trigonid of the m2 is
shorter and slightly narrower than the talonid (Fig. 9.7). The cus-
pids are high. The paralophid and the protolophid are similarly
shaped. The talonid basin is extremely narrow. The entoconid is
connected to the trigonid wall by a low ridge. The low oblique
cristid reaches the middle part of the trigonid wall. The anterior
cingulid is thick. The labial cingulid does not join the anterior
one. The posterior cingulid only consists of a weak entostylid.
The length of our two m3s equals 80.8% and 81.4% the length
of m2. The trigonid has a configuration similar to the one of m2.
As in m2, the m3 has high cuspids. The entoconid is only slightly
higher than the hypoconid. The talonid basin is open and elliptical.
The anteriorcingulid is as strong as onm2andnot connected to the
labial cingulid. There is no posterior cingulid.

Material.—Borský Svätý Jur: one P4 (L = 1.32, W = 1.05), one
M1 (L = 1.70, W = 2.07), one M3 (L = 1.11, W = 1.55), one m2
(L = 1.72, W1 = 1.19, W2 = 1.07), two m3 (L = 1.39, W1 =
0.93, W2 = 0.87; L = 1.40, W1 = 0.88, W2 = 0.73).

Remarks.—The presence of a talpid with a reduced parastyle on
P4 (Fig. 9.4) and a stretchedM1with strongly divided mesostyle
(Fig. 9.5) is unexpected in the Late Miocene of Europe. These
features are found in older deposits and correspond to the
configuration of Desmanodon (see Engesser, 1980; van den
Hoek Ostende, 1989; Prieto et al., 2010). Within
Desmanodon, the species from Borský Svätý Jur is easily
distinguishable from D. major and D. larsi by its smaller size,
the more reduced parastyle on P4, and the incomplete
posterior and anterior cingulum on M1; from D. antiquus and
D. burkarti by its smaller size and weaker parastyle on M1;
from D. crocheti by its smaller size and less strongly split
mesostyles; from the similar-sized D. ziegleri by its weaker
parastyle on M1, reduced lingual area, and incomplete
posterior cingulum; and from the smaller D. daamsi by the
more gracile cusp structure and more divided mesostyles.
Stronger similarities are found with D. minor from the MN7/8
of Sarıçay but especially with D. fluegeli from the MN7/8 of
Gratkorn. Namely the stretched protocone, reduced hypocone,

Figure 9. Scanning electron photomicrographs of (1, 2) Talpa cf. T.minuta from Studienka A de Blainville, 1840, (3) Urotrichini indet. from Triblavina, and (4–9)
Desmanodon cf. D. fluegeli Prieto et al., 2010, from Borský Svätý Jur. (1) P4, ST214210; (2) M3, ST214212; (3) M1, TB170245; (4) P4, BJ213450; (5) M1,
BJ213451; (6) M3, BJ213452; (7) m2, BJ213455; (8) m3, BJ213456; (9), m3, BJ213457. Images with underlined numbers are reversed.
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and incomplete anterior and posterior cingula on upper molars
(Engesser, 1980; Prieto et al., 2010; Vasileiadou and Doukas,
2022). The material from Borský Svätý Jur can be
distinguished from the type material of D. fluegeli by the lack
of cingulum near the protocone on M1, the weaker labial
cingulid on m2, and the overall smaller size: the mean length
of our m2 and m3 both equal ∼84% of the mean length of the
type material. These morphological features are subject to
variation, and it has been attested that the dimensions of the
lower molars of Desmanodon can vary greatly (Engesser,
1980, fig. 63). In view of the minor differences, our material
is attributed to Desmanodon cf. D. fluegeli.

Discussion

The diversity of Talpidae from Slovakia confirms the high diver-
sity in Eulipotyphla observed in Central Europe during the Late
Miocene. Eleven species of Talpidae are identified in the Late
Miocene of Slovakia (Table 7), which is equal to the number of
identified species in Austria (Ziegler, 2006a). The last European
occurrence of Desmanodon is attested in Borský Svätý Jur, dem-
onstrating its survival into the Late Miocene. The northwestern
margin of the Pannonian basins system may correspond to a refu-
gium for the last European populations, the presence of whichmay
represent a late migration of aDesmanodon species fromAnatolia,
given the similarity with the Turkish late Middle Miocene species
D.minor. TheUropsilinae are continuously present throughout the
Late Miocene of Slovakia; Desmanella being the most abundant
talpid genus in numerous localities (number of identified speci-
mens; Table 7). Additionally, the Desmanini are well represented
in our samples with four species. The two species from Šalgovce 5
are not found elsewhere, which is most likely attributable to the
scarcity of MN12-aged deposits in Central Europe.

The subfamily Talpinae represents an important part of the
species richness of the family Talpidae in the early Late Mio-
cene faunas from Slovakia and Austria. The material from Slo-
vakia is distinct from the Austrian material by the lack of large
forms, namely Talpa vallesensis and Talpa aff./cf. T. gilothi,
alongside the urotrichine Urotrichus giganteus Ziegler, 2006a.
Urotrichus giganteus is known only by humeri, which are
poorly represented in our material, and T. vallesensis is only
identified in the MN10 of Schernham. The maximal geographic
distribution of the scalopine Proscapanus occurred in the

earliest Middle Miocene, where it is recorded from Spain (van
den Hoek Ostende and Furió, 2005) to China (Tao, 2006; Qiu
et al., 2013). The apparent retreat of this genus from Western
Europe and Asia occurred during the late Middle Miocene.
A stock of Proscapanus was, however, still present in the
Carpathian area during the Late Miocene, as shown by
P. minor, P. austriacus, and P. metastylidus. In the Vallesian
of Slovakia, the remains of Proscapanus even represent 55%
of all the Talpidae material (Table 7).

In Austria, Talpini are diverse and omnipresent in Late
Miocene localities; Scalopini are more rarely recorded (Ziegler,
2006a). By opposition, in Slovakia, only few Talpini are found
in a single locality (Studienka A) during the Vallesian, whereas
Scalopini are relatively abundant in both Borský Svätý Jur and
Studienka (number of identified specimens; Table 7). The Late
Miocene localities with the highest specific diversity of Talpidae
in Austria and Slovakia are the ones containing both tribes—
namely, Richardshof-Golfplatz (RH-A/2), Studienka,
Richardshof-Wald (Rh-94/1), and Schernham. This partly
explains why the North Alpine Foreland and the Western Car-
pathians basins contain localities with high diversity compared
to other European regions during the Late Miocene.

The common co-occurrence of Scalopini and Talpini in the
region has several implications. Burrowing moles became a sig-
nificant portion of talpid specific diversity during the Miocene.
It is probable that the large spectrum of fossoriality inferred for
mole tribes and genera (Schwermann and Thompson, 2015) led
to a decrease in ecological niche overlap, therefore leading to an
increase of the number of local species (Klietmann et al., 2015).
However, Scalopini and Talpini have a very comparable dental
morphology, and both tribes show an extreme adaptation to
fully subterranean life, the latter being the result of convergent
evolution (Schwermann and Thompson, 2015). Since Scalopini
and Talpini are recorded in similar environments and display
strongly similar ecomorphology (See Klietmann, 2013), they
are likely occupying overlapping ecological niches.

A non-overlapping distribution of the Scalopini and Talpini
would be coherent with the competitive exclusion principle, but
this is not observed in the LateMiocene of Austria and, to a lesser
degree, in Slovakia. Indeed, both tribes underwent contemporan-
eous diversifications. In the fauna of Schernham, where both
tribes are similarly abundant (number of specimens and number
of most-common elements; data according to Ziegler, 2006a),

Table 7. Composition of the Talpidae from the Late Miocene of Slovakia (in number of identified specimens).

MN9
MN10

MN11 MN12

Borský Svätý Jur

Studienka

Pezinok Triblavina Krásno

Šalgovce

A E 4 5

Talpidae
Desmanella rietscheli Storch and Dahlmann, 2000 94 2 (cf.) 1 (cf.)
Desmanella dubia Rümke, 1976 38 (cf.) 1 (cf.) 40
Archaeodesmana vinea (Storch, 1978) 2 (cf.) 23 12
Archaeodesmana dissona n. sp. 34
Gerhardstorchia biradicata (Ziegler, 2006a) 6
Gerhardstorchia sp. 2
Proscapanus minor Ziegler, 2006a 89 32
Proscapanus austriacus Ziegler, 2006a 9
Talpa cf. T. minuta de Blainville, 1840 2
Urotrichini gen. and sp. indet. 2 1
Desmanodon cf. D. fluegeli Prieto et al., 2010 6
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slight differences in size are observed among Talpa aff. T.minuta
(mean Lm1 = 1.50), Talpa vallesensis (mean Lm1 = 1.79), Pros-
capanus minor (mean Lm1 = 1.88), and Proscapanus austriacus
(mean Lm1 = 2.05). It is also worth noting that P. austriacus has
a stouter dental morphology than P.minor. This supports the pro-
gressive acquisition of slightly different dietary preferences
alongside a divergence in size (Fig. 8). The co-occurrence and
diversification of these highly fossorial talpid species during
the Vallesian suggests peculiarly favorable parameters, notably
with regard to available resources.

Overall, the high morphological and specific diversities of
talpid species support the presence of heterogeneous environ-
ments at the regional scale during the Vallesian. The strong
decline of fossorial Talpidae in Austria and Slovakia during
the latest Vallesian/early Turolian is followed by the growing
success of Desmanini, a tribe with a lesser diversity that filled
a completely different ecological niche (see Rümke, 1985).
Only the generalist and probably litter-burrower (García-Alix
et al., 2011)Desmanella remained unaffected during this period.
The success of thewater-moles in Šalgovce 5 (MN12) supports a
change towards more homogeneous environments with a preva-
lence of lakes, low-energy rivers, and floodplains. Such inter-
pretation matches the paleoenvironmental reconstruction of
Joniak et al. (2020).
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