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Early Miocene small mammal remains (Metatheria, Chiroptera, Eulipotyphla) from Mokrd-Quarry fissures
(South Moravia, Czech Republic) - preliminary results

Mokra-Quarry (South Moravia, Czech Republic) constitutes a unique fossil site with an extraordinary
diversity of vertebrate remains. Most of the research on Mokra-Quarry localities has focused on herpe-
tofauna and, in most recent years, also in rodent remains. However, non-rodent small mammals have
not been studied in detail. In this work, preliminary results of the small mammal assemblage belonging
to the orders Chiroptera and Eulipotyphla, together with remains of Amphiperatherium from Mokra-
Quarry fissures are presented for the first time. The paleoecology inferred from these taxa agrees with
previous studies, depicting Mokra-Quarry as a karst landscape with open steppes, patches of woodland
and close water bodies.
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INTRODUCTION

Early Miocene fossil mammal assemblages are relatively frequent in Central Europe.
In the case of the Czech Republic, several localities are known (CICHA ef al. 1972; FEIFAR
1974, 1990; FEJFAR and ROCEK 1986; FEJFAR and KVACEK 1993; FEJFAR ef al. 2003; EXRT
et al. 2016). Biostratigraphically, the oldest ones come from the early Burdigalian of Most
Basin (Ohre/Eger Graben, NW Czech Republic) in Northern Bohemia. From this area, de-
posits of the brown coal seam of Ahnikov (MN3a) and the travertine limestones of Tucho-
fice (MN3b) have been identified. Regarding MN4 sites, Dolnice 1-3 in Cheb basin (Bur-
digalian, late Ottnangian-Karpatian) and Ofechov in South Moravia (Burdigalian, late
Ottnangian) yielded abundant vertebrate remains (FEJFAR 1974, 1990). However, one of
the most recent early Miocene vertebrate-bearing sites found in the territory of the Czech
Republic is the open-cast limestone mine of Mokra-Quarry, placed 12 km ENE of Brno,
see IVANOV ef al. (2006) and BONILLA-SALOMON et al. (2021a) for a detailed geological set-
ting. Up to present, five different karst fissures have been found in Mokra-Quarry (fig. 1):
1/2001 Turtle Joint, 2/2003 Reptile Fissure, Turtle Cave, and 4/2018 in the Western Quar-
ry (hereinafter MWQ 1/2001, MWQ 2/2003, MWQ TC4 2001, and MWQ 4/2018, respec-
tively); 3/2005 in the Central Quarry (MCQ 3/2005 from here on). Most of the research
has focused on herpetofauna from the different fissures (IVANOV et al. 2006, 2018, 2020;
IvaNov 2008; LUJAN et al. 2017, 2021). Regarding mammals, the first preliminary ascrip-
tions of medium-sized specimens were conducted by Ivanov and MusiL (2004). Later,
a faunal list of medium-sized and large mammals from MWQ 1/2001 and MWQ2 /2003
was published (IvaNov et al. 2006), but neither descriptions nor measurements of the fos-
sil material were provided. As for small mammals, the first preliminary study of fauna from
MWQ 1/2001 was conducted by SABOL et al. (2007). More recently BONILLA-SALOMON
etal (2021a) described for the first time in detail the small mammal remains of MWQ
1/2001, including non-rodent small mammal remains. BONILLA-SALOMON et al. (2021b) al-
so published the sciurid material from MWQ 2/2003 and MCQ 3/2005. However, the non-
rodent remains from MWQ 2/2003, MCQ 3/2005 and MWQ 4/2018 have not yet been stu-
died in detail. In this work, preliminary results on the non-rodent small mammal fauna
from all fissures in Mokra-Quarry are presented, and the palaeoecological implications
from are confronted with our current knowledge on the matter.

MATERIAL AND METHODS

The micromammal assemblages from MWQ 1/2001, MWQ 2/2003 and MCQ 3/2005
were discovered during the field campaigns led by M. Ivanov and R. Musil (Masaryk Uni-
versity, Brno, Czech Republic) during the years 2002-2005 (IvaNov and MusiL 2004). Mo-
re recently, Mokra-Quarry has yielded another mammal-bearing fissure: MWQ4/2018. The
fossil remains, mixed in sand and clays, were obtained by washing in sieves of 0.5 mm mesh
(see IvaNov et al. 2006; LUJAN et al. 2021). The material is currently housed in the col-
lections of the Department of Geological Sciences (Faculty of Science, Masaryk Universi-
ty) under the inventory numbers SMM/009-09-11/372,009, Pal. 3000-4210.

The upper cheek teeth are indicated by upper case letters (DP4, P4, M1, M2, M3), whe-
reas the lower cheek teeth by the lower case (dp4, p4, m1, m2, m3). When the distinction bet-
ween first and second molars is dubious, these are indicated as M1/2 or m1/2. Micrographs
were taken using a Quanta FEG 250 Scanning Electron Microscope (SEM) at Institute of
Electrical Engineering of the Slovak Academy of Sciences (SAS) in Bratislava (Slovakia).

Miocene time scale and biostratigraphy are based on International Chronostratigrap-
hic Chart (COHEN ef al. 2020), Central and Eastern Paratethys boundaries follow GOZHYK
et al. (2015) and KovAC et al. (2018); modified MN-zonations follow STEININGER (1999)
and HILGEN et al. (2012).
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Figure 1. Location of Mokra-Quarry. A - Geographical position of Mokra-Quarry in the Czech Republic. B - Po-
sition of Mokra Western and Central Quarries, as well as the location of MWQ 1/2001, MWQ 2/2003,
MCQ 3/2005, MWQ 4/2018 sites; source Mapy.cz (modified).

Obr. 1. Poloha lokality Mokra-lom. A - geograficka pozice lomu Mokra v Ceské republice. B - pozice Zapadniho
a Stfedniho lomu, umisténi lokalit MWQ 1/2001, MWQ 2/2003, MCQ 3/2005, MWQ 4/2018; zdroj
Mapy.cz (upraveno).

SYSTEMATIC PALEONTOLOGY

Infraclass: METATHERIA Huxley, 1880

Family: HERPETOTHERIIDAE Trouessart, 1879
Genus: Amphiperatherium Filhol, 1879
Amphiperatherium frequens (von Meyer, 1846)

Included material: Four isolated teeth belonging to Amphiperatherium frequens have
been identified in MWQ 2/2003, including an M2 and a M4 (fig. 2A, B). Furthermore,
a fragment of mandible with m3 and m4 from MWQ 4/2018 has also been attributed to the
species.

Remarks: The teeth, even though they are scarce, show clear and distinct morpholo-
gy of Metatheria, such as the presence of a fourth molar. This allows straightforward attri-
bution of the species. Amphiperatherium frequens represents the last occurrence of an her-
petotheriid species in Europe and even the last herpetotheriid ever. Herpetotheriidae is an
extinct metatherian family, a sister group of all living marsupials (SANCHEZ-VILLAGRA ef al.
2007; Horovitz et al. 2009), but with no extant relatives. This metatherian group reached
its diversity peak during the early Eocene, from which started to decrease in both relative
abundance and number of species within mammal associations. The species A. frequens has
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been recorded in other MN4 localities in Central Europe, such as Forsthart and Rembach
(Z1EGLER and FAHLBUSCH 1986), Petersbuch 28 (KLIETMAN ef al. 2014) or Oberdorf 3 and
4 (DAXNER-HOCK 1998). As for Czech sites, it has also been recorded in Ahnikov I and Tu-
chofice (FEJFAR et al. 2003) and in Dolnice 1-3 (FEJFAR and KVACEK 1993). The genus is
no longer recorded in Czech sites during the middle Miocene; however, one of the latest
records of the genus come from the German locality of Sandelzhausen (MNS5; FAHLBUSCH,
2003).

Figure 2. Scanning electron micrographs of small mammal remains from Mokra-Quarry in occlusal view. A - Left
M2 of Amphiperatherium frequens (Pal. 3546); B - Right M4 of Amphiperatherium frequens (Pal. 3547);
C - Right P3 of Galerix sp. I (Pal. 3525); D - Right P3 of Galerix sp. I (Pal. 3543). E - Upper premolar
of Talpa sp. (Pal. 3522); F - left M1 of Rhinolophus sp. Il (Pal. 3676); G - fragment of left m1/2 of RAi-
nolophus sp. 11 (Pal. 3670); H - Fragment of left mandible with m1-m2 of Rhinolophus sp. 1 (Pal. 3628).

Scale bar represents 1 mm. All teeth are figured as left elements.

Obr. 2. Mikrosnimky ze skenovaciho elektronového mikroskopu zachycujici zbytky drobnych savcl z okluzalni
strany na lokalité Mokralom. A - levy M2 druhu Amphiperatherium frequens (Pal. 3546); B - pravy M4
druhu Amphiperatherium frequens (Pal. 3547); C - pravy P3 druhu Galerix sp. I (Pal. 3525); D - pravy P3
druhu Galerix sp. 11 (Pal. 3543). E - horni premolar Talpa sp. (Pal. 3522); F - levy M1 druhu Rhino-
lophus sp. 11 (Pal. 3676); G - fragment levého m1/2 druhu Rhinolophus sp. 11 (Pal. 3670); H - fragment
levé mandibuly s m1-m2 druhu Rhinolophus sp. I (Pal. 3628). Méfitko odpovida 1 mm. VSechny zuby jsou
zobrazeny jako levé elementy.
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Infraclass: EUTHERIA Huxley 1880

Order: ERINACEOMORPHA Gregory, 1910

Family: ERINACEIDAE Fischer von Waldheim, 1817
Subfamily: Erinaceinae Fischer von Waldheim, 1817
Genus Amphechinus Aymard, 1850

Amphechinus sp.

Included material: 12 isolated teeth of the genus Amphechinus have been identified
from MWQ 2/2003, the only fissure that has yielded remains of this genus.

Remarks: Amphechinus is characterized by its more rectangular shape in upper molars
and the relative size of M2. Despite the scarce assemblage, it constitutes one of the richest
collections of Amphechinus from the lower Miocene in Central Europe, because Amphechi-
nus is a very rare finding in early Miocene assemblages in this area. It has also been recor-
ded in other few MN4 sites in Central Europe, but in smaller amount: from Petersbuch 2
and Erkertshofen, both sites in Germany, only 6 teeth and an M2 fragment have been
found, respectively (ZIEGLER 1990). In the Iberian Peninsula there are more records of
Amphechinus, although no detailed description has been provided (HOEK OSTENDE and Fu-
RIO 2005). In all, this genus is still poorly known in European assemblages during the ear-
ly Miocene. The detailed description of the material from Mokra-Quarry will help under-
stand its characteristics and ecological requirements.

Subfamily: Galericinae Pomel, 1848
Genus Galerix Pomel, 1848
Galerix sp. I and 11

Included material: The genus Galerix is found in three fissures in Mokra-Quarry:
MWQ 2/2003, MCQ 3/2005 and MWQ 4/2018. The remains of the genus are more abun-
dant in MWQ 2/2003, whereas in MCQ 3/2005 the assemblage consists only of 5 isolated
teeth and in MWQ 4/2018 even scarcer, with only 2 recovered so far.

Remarks: The overall assemblage recovered from Mokra-Quarry could represent the
presence of two species of this genus. This is well supported by the presence of two diffe-
rent P3 morphologies in fissure MWQ 2/2003. One of them (Pal. 3525, fig. 2C) shows the
diagnostic features of Galerix symeonidisi, such as the presence of a second cusp, the hypo-
cone, on the lingual side (Doukas 1986). There is, however, another P3 (Pal. 3543, fig. 2D)
that lacks hypocone, which could indicate that belongs to a different species of the same
genus. A few localities in the lower Miocene are known to have yielded two different
species of Galerix, such as Erkertshofen 1 and 2 and Petersbuch 2 in Germany (ZIEGLER
2006), where the forms G. aurelianensis and G. symeonidisi coexist. At any rate, the com-
plete study of the available remains of Galerix from Mokra-Quarry will help elucidate the
taxonomic content of the genus and the implications of its presence in the paleoenviron-
mental reconstruction.

Family: TALPIDAE Fischer von Waldheim, 1817
Subfamily: Talpinae Fischer von Waldheim, 1817
Genus Talpa Linnaeus, 1758

Talpa sp.

Included material: one upper premolar from MQW 2/2003 and isolated postcranial
elements of MWQ 2/2003 and MCQ 3/2005.

Remarks: A single tooth has been recovered from MWQ 2/2003 (fig. 2E), which ma-
kes it difficult to provide a definitive attribution at the species level. However, the slender-
ness of the premolar together with the unequivocal morphology of the identified humerus
point towards the genus 7alpa. Besides the presence of this genus in Mokra-Quarry, rema-
ins of the species 7alpa minuta have also been found in other Czech localities of roughly
the same age as Mokra-Quarry (i.e., Dolnice 1-3 and Ofechov). As for other MN4 locali-
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ties in Central Europe, Petersbuch 2 and Oberdorf 3 (Germany and Austria, respectively)
have also yielded remains of the species (ZIEGLER 2006).

Talpa is a very rare find within early Miocene small mammal assemblages; its presen-
ce is indicative of a very rich diversity among Eulipotyphla and is very relevant for paleo-
ecological reconstructions (see the section below). Talpa minuta is the only species of the
genus known in Central Europe during the early Miocene. The type population of the spe-
cies comes from Sansan (ENGERSSER 2009; middle Miocene, MN®6), so its use for stratig-
raphical purposes is irrelevant.

Order: CHIROPTERA Blumenbach, 1779
Family: RHINOLOPHIDAE Gray, 1825
Genus: Rhinolophus Lacépéde, 1799
Rhinolophus sp. 1 and 1T

Included material: 100 dentognathic elements from MWQ 2/2003; a single fragment
of mandible with m1-m2 from MCQ3/2005.

Remarks: Chiroptera remains are very abundant in MWQ 2/2003, with 100 elements
including fragments of mandible and maxilla. However, the most abundant remains are iso-
lated teeth. They constitute around 25% of all small mammal remains recovered from this
fissure. In MCQ 3/2005, howeyver, their relative abundance is much less relevant, since on-
ly a fragment of mandible with m1-m2 has been recovered. In MWQ 4/2018 no tooth re-
mains of bats have been recovered. This fissure has yielded a very poor assemblage of small
mammals so far (only 7 teeth have been found). However, the absence of Chiroptera in this
karst fissure, where they constitute one of the most present groups (ZIEGLER, 2003), is still
relevant. In the previously studied MWQ 1/2001 two different species of the genus Rhino-
lophus were found: one large form attributed to R. cf. cluzeli, and a smaller one identified
as R. cf. grivensis (see BONILLA-SALOMON et al. 2021a, for a detailed discussion). In MWQ
2/2003 two different groups of rhinolophid bats have also been identified: one small (fig.
2F, G) and another one of larger dimensions (fig. 2H). The assemblage from MWQ 2/2003
is much richer than the already studied MWQ 1/2001, so a complete study of these ele-
ments would provide a much deeper insight into the Chiroptera populations from Mokra-
Quarry, thereby expanding our knowledge of early Miocene rhinolophid bats from Central
Europe. For the time being and waiting for a detailed study, the Chiroptera elements from
MWQ 2/2003 are identified as Rhinolophus sp. I and II.

PALAEOECOLOGY AND BIOCHRONOLOGY

For biochronologic purposes, the record of rodents is very important. The recent stu-
dy conducted by BONILLA-SALOMON et al. (2021a) on the rodent assemblage from MWQ
1/2001 determined an early Miocene age for Mokra-Quarry (Burdigalian, MN4). These
conclusions agreed with the preliminary results on the small mammal fauna presented by
SaBOL et al. (2007). Furthermore, MWQ 1/2001 assemblage yielded a similar small mam-
mal fauna than other early Miocene Czech localities, such as Dolnice 1-3 and Ofechov.
For that reason, Mokra-Quarry is considered to be roughly the same age. The small mam-
mal assemblages from the rest of the fissures are currently under study by the authors, but
the first results points towards a similar age for all fissures from Mokra-Quarry.

Regarding the palacoenvironment, the small mammal fauna presented here agree with
the previous research on ecological conditions in Mokra-Quarry. Amphiperatherium is a ge-
nus that during the early Miocene was mostly present in Central European localities. The
limited presence of this taxon is probably a result of the limited tolerance towards climatic
and environmental changes. During the early Miocene, environmental conditions were mo-
re humid in Central Europe than in other regions (UTESCHER ef al. 2011), which could ex-
plain the higher presence of Amphiperatherium in this region.
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Amphechinus, and the subfamily Erinaceinae, are in general not abundant in Europe
during the Miocene. Moreover, there are very few localities in which they are more abun-
dant than Galericinae. Mokra-Quarry is one of those few sites. The genus Galerix, on the
other hand, is characterized by its presence in forested environments and close to water bo-
dies, where they would feed on plant matter and invertebrates (ZIEGLER 1999). However,
GARCIA-ALIX et al. (2008) consider that Galerix and other Miocene Galericini were adap-
ted to a high diversity of habitats. At any rate, the presence of open steppes, with wood-
land and close water bodies, would constitute a good habitat for Galerix. The representati-
ves of the genus Talpa are adapted to the subterranean lifestyle, where they dig burrows and
feed mostly on invertebrates (e.g., earthworms). Therefore, they have a clear preference for
relatively humid environments. Rhinolophid bats, according to STORCH (1999), are strict
cave-dwellers that feed on invertebrates they find on foliage. Furthermore, the presence of
this group of bats is indicative of a large cave in time of deposition.

In all, the small mammal fauna presented here agrees with previous studies on the pa-
laeoecology of Mokra-Quarry (IvANov et al. 2006, 2018, 2020; SABOL et al. 2007; IVANOV
2008; LUJAN et al. 2017, 2021; BONILLA- SALOMON et al. 2021a), which has been characte-
rized as a karst landscape, with patches of forest and steppes and close to water bodies. Bo-
NILLA-SALOMON et al. (2021b) described the sciurid remains from fissures MWQ 2/2003,
MCQ 3/2005 and MWQ 4/2018, and noticed a higher number of flying squirrel teeth in
MCQ 3/2005. The authors interpreted the high accumulation of these remains as the pre-
sence of nocturnal predators feeding on them. These nocturnal predators would find a pla-
ce to rest in the karst rocks. Since bats are solely represented by one tooth in this fissure it
would indicate that the predators had a preference for other groups of small mammals,
such as rodents, which are much more abundant.

CONCLUSIONS

The small mammal fauna presented here include non-rodent remains recovered from
MWQ 2/2003, MCQ 3/2005 and MWQ 4/2018. In the preliminary study several taxa ha-
ve been identified: Amphiperatherium frequens, Amphechinus sp., Galerix sp. I and 11, Tal-
pa sp., and two species of Rhinolophus. This faunal assemblage represents a wide diversi-
ty of non-rodent small mammal taxa. The preliminary results agree with the previous
paleoenvironmental conditions estimated for the locality, depicting Mokra-Quarry as a
karst landscape, with open steppe and patches of a forest close to water bodies. The com-
plete study of these remains, together with the detailed description of the rodent assem-
blage will broaden our knowledge on small mammal faunas during the early Miocene in
Central Europe.

SOUHRN

Pii tézbé vapence v prostoru velkolomu Mokra (Jizni Morava, Ceska republika) se
v prubéhu poslednich asi 20 let podafilo objevit nékolik krasovych puklin vyplnénych fosi-
lifernimi sedimenty spodniho miocénu. Jedna se o unikatni nalezisté fosilii s mimofadnou
rozmanitosti poziistatki obratlovcl. Vétsina vyzkumil obratlovcl z téchto puklin vSak byla
zaméfena na vyzkum herpetofauny a v poslednich letech i na pozistatky hlodavci. Ostat-
ni drobni savci nebyli dosud podrobné studovani. V této praci jsou z puklin MWQ 2/2003,
MCQ 3/2005 a MWQ 4/2018 poprvé prezentovany predbézné vysledky studia zastupcu fa-
dt Chiroptera a Eulipotyphla spolu s pozlstatky Metatheria, pficemz identifikovany byly
nasledujici taxony: Amphiperatherium frequens, Amphechinus sp., Galerix sp. 1 a 11, Talpa sp.
a dva druhy rodu Rhinolophus. Paleoekologie odvozena z téchto taxoni souhlasi s pred-
chozimi studiemi zobrazujicimi lokalitu Mokra jako soucast krasové krajiny s mozaikou
otevienych stepnich biotopti a lesti v blizkosti vodnich rezervoarti. Kompletni studium téch-
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to pozustatkl spolu s podrobnym popisem hlodavci rozsifi nase znalosti o spodnomiocen-
ni fauné drobnych savcl v oblasti stfedni Evropy.
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