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Abstract: The first abundant vertebrate and mollusc fauna from a travertine complex Dreveník (northern Slovakia) is prelimi-
narily reported. The greatly diversified community of small mammals (580 MNI, 38 spp.) is characterized by the simultaneous 
appearance of elements otherwise restricted to the earliest Biharian stage (such as Petenyia, Pitymimomys pitymyoides), those 
related to the late Biharian clades (Mimomys savini, Cricetus c. runtonenesis), and the typical elements of the late early Biharian 
(such as Pliomys episcopalis, Mimomys pusillus, Pliomys hollitzeri, including a derived form of Pliomys coronensis). A rich 
assemblage of early Microtus (s. l.) clade exhibiting an extreme phenotype diversity covering a broad spectrum of diverse tran-
sitional morphotypes is compared with the situation in other European sites of assumed age along the early/late Biharian tran-
sition. The common biostratigraphic characteristics of these sites and the stratigraphic setting of the transitional period between 
the early and late Biharian (Q 1 and Q 2 zones in terms of Horáček and Ložek 1988) are discussed. The record of non-mamma-
lian vertebrates and particularly the molluscs assemblage (2,452 MNI, 51 spp.), supposedly the richest reported for that stage in 
Europe, further supplement the report with detailed paleoenvironmental reconstructions.

Key words: early/late Biharian, vertebrates, molluscs, biostratigraphy, paleoenvironment, Microtus

Received: February 25, 2025 | Accepted: July 9, 2025 | Issued: December 18, 2025

Zoobank: http://zoobank.org:pub:6E0B9134-3BE2-4F3B-8683-E4C4DA469A0F

FOSSIL  IMPRINT •  vol .  81  •  2025 •  no.  1-2  •  pp.  43–59

Introduction

Dreveník Hill, located in Spiš Basin (northern Slovakia) 
near the town Spišské Podhradie (Text-fig. 1a–c), represents 
perhaps the largest travertine complex in Central Europe. 
Travertines form a 2 km long strip extending from NNW 
to SSE, reaching 1 km in width, covering with thickness 
up to 80 m the underlying flysch deposits of the Central 
Carpathian Paleogene Basin (Gross et al. 1999, Wroblewski 
et al. 2010).

The age of the travertine lithofacies is indicated first 
of all by a rich leaf flora, reported from Dreveník by 
Němejc (1967). It covers at least 43 taxa with the dominant 
representation of exotic trees (Torreya, Gingko, Parottia, 
Liquidambar, Pterocarya, Carya, Zelkova, Rhododendron, 
Styrax, Diospyros) supplementing ancient clades of extant 
thermophilous European elements (Picea, Cupressus, 
Fagus, Quercus, Carpinus, Alnus, Populus, Juglans, Ulmus, 

Daphne, Acer, Buxus, Cornus), all suggesting a Pliocene 
age. Rare vertebrate remains found in the travertine proper 
(cast of a tooth of a mastodon, “Mammut” borsoni (Hays, 
1834) or Anancus arvernensis (Croizet et Jobert, 1828), 
cast of a turtle carapace, Testudo sp.; Holec 1985, 1992, 
Krempaská 1993, Holec and Krempaská 2007, Tóth and 
Krempaská 2008, Danilov et al. 2012) are in accord with 
that dating.

The travertine complex has been exposed to a plethora of 
post-diagenetic and tectonic alternations, resulting in diverse 
erosion processes, gravitationally induced mass movements, 
and karstification (Füssgänger 1985, Tometz 1997, Tulis and 
Novotný 2008, Wroblewski et al. 2010, Pivko and Vojtko 
2021).

The cracks and veins in the travertine body are often 
associated with corrosion karstification either of an 
interstratal appearance or enlarged sub-vertical spaces with 
speleothems. Surface erosion produced even smaller rock 
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Text-fig. 1. Dreveník hill: geographical position (a, b) and western aerial view of travertine hill (c), position of fossiliferous sites report-
ed in this paper (d), detailed view of main site, no. 2 (e, f, g).
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towns along plateau margins, and several subhorizontal 
caves reaching up to 120 m in length, some with important 
archeological records (Horváthová and Soják 2012).

A number of such phenomena, mostly diverse fissures 
infilled by loose terra rossa deposits (supposedly of the 
Late Pliocene and Early Pleistocene age; Wroblewski et al. 
2010), are preserved at upper benches of the main quarry at 
the western slope of the hill (Text-fig. 1c), denoted here as 
bench 0. The occasional sampling for fossil remains in these 
sites (undertaken by IH in 1986, 1994, 2020, 2021) were 
mostly negative except for three (Text-fig. 1d):

• Site 03 – Myotis bechsteinii (Kuhl, 1817) (MNI 5), 
M.  cf. blythii (Tomes, 1857) (1), M. cf. nattereri (Kuhl, 
1817) (2), M. cf. exilis Heller, 1936 (7), Pliomys episcopalis 
Méhely, 1914 (1), Mustela sp. (1).

• Site 04 – M. cf. bechsteinii (1), Hypolagus Dice, 1917 
seu Lepus Linnaeus, 1758 (1).

• Site 05 – M. bechsteinii (3), M. cf. nattereri (1), M. cf. 
frater Allen, 1923 (1), M. cf. exilis (4).

Here we report a recent discovery of the first record of a 
rich mammal and mollusc fossil assemblages discovered in 
2020 in a small, abandoned quarry situated at the surface 
slope of the travertine plateau, ca. 500 meters N of the hilltop 
(Text-fig. 1d–g). The surprisingly diversified fauna obviously 
comes from a period along the Q 1/Q 2, i.e., the early/late 
Biharian boundary, i.e., the quite important yet still the least 
comprehended stage in the Quaternary faunal evolution. At 

least for that reason, the record is worth a brief preliminary 
report, before further additional sampling and detailed 
comparative analyses which are expected to substantially 
refine knowledge of the Q 1/Q 2 transition patterns.

The site 2 and sampling

A small gallery (ca. 30 m in length) in the eastern wall 
of the small, abandoned quarry disclosed in its ceiling 
a  loose accumulation of travertine blocks infilling a deep 
base of a  cavity concordant with E–W cracks apparent in 
a wall of the quarry above the gallery opening (Text-fig. 1e, 
f). The cavity might be somehow related to a sub-vertical 
vein mapped there by Pivko (2022). Most material was 
obtained from blocks of destructed infilling at the bottom of 
the gallery entrance (“Dreveník 2A”); the dark ochraceous 
sandy loam incompletely infilling the fissures in between 
the rock blocks at gallery ceiling (Text-fig. 1g) was sampled 
separately (“Dreveník 2B”).

After initial sampling in 2020, field excavations in 2021 
and 2022 provided about 600 kg of sediments, which were 
wet washed at 0.5 mm mesh. The fossils were manually 
extracted, sorted, and examined with the aid of standard 
laboratory equipment. The material is deposited in the 
collection of the Faculty of Science, Charles University, 
Prague.

Text-fig. 2. Selection of vertebrate fossils from Dreveník 2: bats. a, b: Myotis bechsteinii, mandible. c: Myotis cf. myotis, p4–m1; c1 – 
labial view, c2 – lingual view, c3 – occlusal view. d, e: Myotis cf. schaubi, mandible fragment. f, g: Myotis exilis/mystacinus, mandible 
fragment. h, i: Myotis cf. helleri, mandible fragment. j, k: Plecotus auritus, mandible fragment. Scale bar 1 mm.
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The fauna

Mammalia

At the present stage of the study, we collected the material 
of about 5,000 bone and teeth fragments providing ca. 1,200 
NISP (number of identified specimens), representing at least 
600 individuals (MNI – minimum number of individuals) 
of 43 species of vertebrates, mostly mammals (580 MNI, 
34 spp.), and remains of at least 2,452 (MNI) individuals 
of land snails representing 51 species and two families of 
slugs that cannot be determined to a species level. The list of 
records is in Table 1 and Table 2.

Remains of large vertebrates are invariantly absent; the 
dominant items of the vertebrate community are bats. The 
preservation of the bat material (as well as its composition) 
corresponds to a thanatocenosis, supposedly in situ dying 
individuals from communities of bats hibernating in the 
underground cavity before its destruction. In contrast, 
numerous fragmentary remains of small ground mammals 
presumably represent a taphocenosis supposedly accumulated 
by pellets of owls roosting at the cavity entrance sedimented 
synchronously with thanatocenosis of molluscs.

A preliminary view of the fauna is given below, 
supplementary sampling and more detailed analyses will 

follow. Since we did not recognize significant differences 
between samples 2A and 2B, in the following text we mostly 
take them as a single faunal unit.

Bats represent the most common component of Dreveník 2 
vertebrate fossil assemblages (Text-fig. 2). The vast majority 
of the bat remains (74 % in NISP, 70 % in MNI) belong to 
Myotis bechsteinii, a dominant element of the European bat 
communities throughout the Late Pliocene and Quaternary 
(Horáček et al. 2000). The subdominant elements are Myotis 
mystacinus/exilis, a small Myotis bat with considerably 
reduced p3, Plecotus auritus (Linnaeus, 1758), slightly 
larger than the extant form, and Myotis nattereri, another 
characteristic element of the Pleistocene bat communities, 
including a large Myotis schaubi Kormos, 1934, restricted in 
Europe to Early and early Middle Pleistocene sites (Horáček 
and Hanák 1984). Two other forms of the assemblages 
Myotis emarginatus (E. Geoffroy, 1806), and Barbastella 
barbastellus (Schreber, 1774), have been also recorded in 
more European sites of that age. However, the remaining 
two are worth a special comment. One is a small Myotis bat 
with rather unreduced premolars closely resembling Myotis 
helleri Kowalski, 1962, described from the MN 15 site of 
Gundersheim (Heller 1936) and reported in several Pliocene 
localities. The other is a fragment of p4–m1 of a very large 
myotodont bat. Its robust m1 trigonid (with particularly thick 

Text-fig. 3. Selection of vertebrate fossils from Dreveník 2: Eulipotyphla (a–n) and non-arvicoline rodents (o–w). a, b: Beremendia 
fissidens, mandible ramus (a), p4–m3 (b); b1 – labial view, b2 – lingual view, b3 – occlusal view. c: Petenyia hungarica, complete man-
dible; c1 – occlusal view, c2 – labial view. d–i: Sorex runtonensis, Z1–Z4 (d), P4–M2 (e), mandibles (f–i); f1, g1, h1, i1 – labial views, 
f2, g2, h2, i2 – lingual views. j: Sorex minutus, mandible fragment; j1 – labial view, j2 – lingual view. k: Crocidura leucodon, complete 
rostrum. l, m: Talpa cf. fossilis, i1–p2 (l), p3–m2 (m). n: Crocidura leucodon, mandible. o, p: Sicista praeloriger, M1–M2 (o), m1 (p). 
q–s: Apodemus (Sylvaemus) cf. sylvaticus, m1 (q), M1 (r), maxilla fragment with M1–M2 (s). t–v: Allocricetus bursae, rostral fragment 
with M1 (t), m1 (u), M1 (v). w: Cricetus cricetus runtonensis, M3. Scale bars 1 mm (left: a–n; right: o–w).
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paraconid) excludes a possible identification as Eptesicus 
serotinus (Schreber, 1774), and suggests its belonging to 
Myotis blythii-M. myotis clade, recorded by poor fragmentary 
items from just a few mid-European Early Pleistocene sites 
(Horáček 1976, Jánossy 1986). They have been referred to 
a smaller M. blythii, yet the present specimen suggests rather 
M. myotis (Borkhausen, 1797), the Mediterranean element 
which, to our knowledge, has not been recorded so far in the 
mid-European Pleistocene.

Insectivores (Eulipotyphla) are represented by five species 
of shrews and one mole (Text-fig. 3a–n). Beremendia fissidens 
Petényi, 1864 is a regular element in almost all communities 
from Early Pliocene to the Early Pleistocene age. Yet in numerous 
late Biharian sites throughout central Europe it is absent, except 
for few (Chlum 4B, Horáček and Ložek 1988; Villány 6 and 
8, Kretzoi 1956) which represent the last appearance data of 
the clade in the region. Petenyia hungarica Kormos, 1934, an 
index element of Villányian (MN 16, MN 17) communities, 
is consistently absent in the late Biharian assemblages. Its last 
appearances seem to take place in the sites associated with 
the Q 1/ Q 2 boundary, particularly in the Pannonian region 
(Somssichhegy 2, Nagyharsányhegy 2, Včeláre 4A). Sorex 
minutus Linnaeus, 1766 and Sorex runtonensis Hinton, 
1911 are both constant elements of the Biharian communities. 
The latter species exhibits a  gradual increase in body size 

during that stage (Horáček 1985). In Dreveník 2, its metric 
characteristics (comp. e.g., height of processus coronoideus, 
CrH: 3.70–4.00, 3.87 on average) clearly exceeds the variation 
span in the closely related Villanyian form S. fejfari Horáček 
et Ložek, 1988 (3.25–3.75), or in the earliest Biharian sites 
(Żabia, Včeláre 5, Mokrá 1), being at the same time distinctly 
smaller than the form recorded by abundant samples of the 
late Biharian age (3.70–4.55), including the type of the species 
from UFB West Runton (CrH 3.96 on average, 3.70–4.20). 
The medium-sized form of the species corresponding to the 
population from Dreveník 2 has been reported from Podumci, 
Les Valerots, Kövesvárad, Untermassfeld and Včeláre 4 (comp. 
Maul 2001).

A single specimen of Crocidura Wagler, 1832 (rostrum 
and mandible; Text-fig. 3k, n) shows perfect correspondence 
with the extant C. leucodon (Hermann, 1780). The Biharian 
Crocidura specimens (rather rare north of Pannonia) are 
mostly identified as C. kornfeldi Kormos, 1934. A larger 
form, C. obtusa Kretzoi, 1938, was described from Q 2 
Gombasek. However, the type is lost and Mészáros et al. 
(2020) established a neotype from Q 1/Q 2 site Osztramos 8. 
Following Kretzoi (1938), they stress the difference from 
extant leucodon in a larger and prolonged first mandibular 
antemolar (a1). Nevertheless, our specimen seems to 
correspond in this character rather to the extant species. As 

Text-fig. 4. Selection of vertebrate fossils from Dreveník 2: arvicoline rodents 1. a: Lemmus cf. kowalskii, M3. b–g: Pliomys episcopalis, 
m1 (b, c, g), m1–m2 (d, e), m1–m3 (f). h: Pliomys hollitzeri, m1. i–l: Clethrionomys cf. acrorhiza, m1. m–q: Clethrionomys hintonianus, 
m1. r–u: Pliomys coronensis, m1 (r), mandible with m1–m3 (s), m1–m2 (t), rostrum with M1–M3 (u). r1, s1 – occlusal views, r2 – labial 
view, s2 – lingual view. Scale bar = 1 mm.
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in other cases recalled from this preliminary report, further 
comparative analysis will follow in a consecutive paper. This 
also concerns several specimens of Talpa Linnaeus, 1758 
(two humeri, four clavicles, two femurs; Text-fig. 3l, m) not 
essentially differing from the extant T. europaea Linnaeus, 
1758, except for somewhat smaller size, yet larger than in 
Q 2 T. minor Freudenberg, 1914. Tentatively we identify 
them as T. cf. fossilis Petényi, 1864.

Except for a generalized murid, Apodemus (Sylvaemus) 
cf. sylvaticus (Linnaeus, 1758), the non-arvicoline rodents 
are represented with just a few specimens (Text-fig. 3o–w). 
Despite that, the group also shows a considerable diversity – 
besides Glis sackdillingensis Heller, 1930 and Allocricetus 
bursae Schaub, 1930, both index taxa of Biharian commu-
nities, it includes a rare zapodid, provisionally attributed to 
Sicista cf. praeloriger Kormos, 1930, and a conspicuously 
large specimen of Cricetus cricetus Linnaeus, 1758 (m3; 
Text-fig. 3w), which in its dimensions (L = 3.05, W = 2.85) 
even exceeds the variation span of most middle and late 
Biharian specimens (C. c. runtonensis Newton, 1909 sensu 
Horáček and Lebedová 2022).

We identified nine clades of rhizodont arvicolids. 
Pliomys episcopalis (Text-fig. 4b–g) was the most common 
of them. Worth mentioning is its tendency to mesial 
prolongation of anteroconid complex, apparent particularly 

in juvenile specimens (Text-fig. 4g). At least two small 
specimens showed a different morphology (Text-fig. 
4h), corresponding to Pliomys hollitzeri Rabeder, 1981 
described from Deutsch Altenburg 4B. Also within the genus 
Clethrionomys Tilesius, 1850 we recognized two distinct 
morphotypes: a more common, close to extant C. glareolus 
(von Schreber, 1780), differing from it by a laterally 
undulated anteroconid complex, preliminarily co-identified 
with C. acrorhiza Kormos, 1933, and a smaller form with 
narrower synclinales and mesially compressed anteroconid 
complex, corresponding to C. hintonianus Kretzoi, 1958 
(= C. hintoni Kormos, 1934) from Nagyharsányhegy 2 or 
Deutsch Altenburg 2 and 4, the form supposedly related to 
extant C. rufocanus (Sundevall, 1846) (comp. Rabeder 
1981). Perhaps the most exciting is the appearance of 
a  highly derived form of Pliomys coronensis (Méhely, 
1914) (= P. lenki Heller, 1930), somehow a mysterious 
clade with sparse records (often reported as separate species 
or subspecies: praevius, progressus, chalinei, relictus, 
ultimus, orghidani etc.) dispersed throughout Europe from 
the early Biharian to the Late Pleistocene (Bartolomei 
et al. 1975, Kowalski 2001). The asymmetric, distinctly 
separated, anteroconid complex in the Dreveník specimens 
even resembles the situation of the most derived Middle 
Pleistocene form P. coronensis relictus Chaline, 1975.

Text-fig. 5: Selection of vertebrate fossils from Dreveník 2: arvicoline rodents 2. a–b: cf. Pitymimomys pitymyoides, m1; b1 – occlusal 
view, b2 – labial view. c: Borsodia cf. hungarica, m1; c1 – occlusal view, c2 – labial view. d, e: Mimomys pusillus, m1–m2 (d), m1 (c). f–h: 
Mimomys ostramosensis/savini, mandibule fragment with m1–m2 (f), m1 (g), M3 (h); f1, h1 – occlusal views, f2, h2 – labial views. i–k: 
Lagurus arankae, m1; k1 – occlusal view, k2 – labial view, k3 – root view. l–w: Microtus spp., m1; l – Microtus (Allophaiomys) pliocae-
nicus deucalion/superpliocaenicus (l1 – occlusal view, l2 – root view), m–r – Microtus pitymyoides/thenii, s – nivaloides, t – coronensis, 
u, v – ratticepoides, w – gregalis. Scale bar = 1 mm.

https://de.wikipedia.org/wiki/Karl_Jakob_Sundevall
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Further, rhizodont arvicolids (Text-fig. 5a–g) represent 
four distinct clades. One is a large form, obviously close to the 
late Biharian index species Mimomys savini Hinton, 1910. 
Despite a nearly identical morphology of M3 (Text-fig. 5h), 
m1 seems to differ in somewhat smaller size and a low broad 
anteroconid complex, resembling the situation of derived 
forms of Mimomys ostramosensis Jánossy et Meulen, 1975, 
as reported from Deutsch Altenburg 4 by Rabeder (1981) and 
Döppes and Rabeder (1997). It possesses dental cementum 
in synclines, similar to a small form (Text-fig. 5d, e) that 
we identified as Mimomys pusillus (Méhely, 1914), an index 
species of the early Biharian (Q 1). Another hypsodont form 
(Text-fig. 5a, b) is characterized by a gracile morphology, 
a prolonged anteroconid complex with well-marked 
Mimomys-Kante and T3-T4 confluency. A detailed revision 
of the clade including M. pitymyoides Jánossy et Meulen, 
1975, by Tesakov (1998) resulted in its classification as 
a separated genus Pitymimomys Tesakov, 1998. This species 
was reported from at least 40 sites throughout Europe, all 
of the late Villanyian or (quite rarely) earliest Biharian age. 
The last item of that group is a form with an extreme degree 

of hypsodonty, yet without cementum, a relatively long m1 
anteroconid complex but without a marked undulation at its 
lingual wall. Just tentatively we identified it as Borsodia cf. 
hungarica (Kormos, 1938) in correspondence to references 
from multiple Villanyian and early Biharian sites of Central 
Europe. Whether the mid-European form could be directly 
synonymized with the late Villanyian Mimomys newtoni 
Forsyth Major, 1902, as proposed by Mayhew and Stuart 
(1986) should be carefully re-examined.

Three clades of arhizodont arvicolids were recorded, 
viz. Lemmus Link, 1795 (Text-fig. 4a), Lagurus Gloger, 
1841 (Text-fig. 5i–k), and Microtus Schrank, 1798 (Text-
figs 5l–w, 6). A few items of the first clade (M3, m3 and 
a fragment of M2) show characters of an extant European 
Lemmini (Lemmus, Myopus Miller, 1910); we tentatively 
identify them as Lemmus cf. kowalskii Carls et Rabeder, 
1988 sensu Arbez et al. (2024).

Lagurus: rootless molars without cementum with 
the predominance of juvenile teeth showing a closed 
anteroconid complex, mesially tapered and undulated. In 
these characters, the Dreveník 2 population seems to exceed 

Text-fig. 6. Variation in shape of m1 anteroconid complex in population of Microtus from Dreveník 2 site and alternative interpreta-
tion of particular morphotypes (in terms of Chaline 1972, Rabeder 1981, Fejfar and Horáček 1983, Maul 2001). a–j: nivaloides (sensu 
Pazonyi et al. 2017); a, b – arvalinus/arvalis, c, d – coronensis, e–g – nivalinus, h, i – ratticepoides, praeratticepoides, j – gregalis. k–t: 
pitymyoides/thenii (sensu Fejfar and Horáček 1983); k, l – pitymyoides-prearvalidens, m, p – thenii, n – mesoarvalidens, o, q – arvalidens/
maskii, r – preahenseli/henseli, s – praehintoni/hintoni, t – gregaloides.
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variation both of L. arankae Kretzoi, 1954, from other sites 
and extant L. lagurus Pallas, 1773. However, it cannot be 
ruled out that some of these items represent juvenile teeth of 
Pliomys coronensis (Méhely, 1914).

The remains of Microtus s. l. (for the reasons of this 
naming, see Horáček (in press); we do not follow the current 
splitting Microtus in a number of separate genera – comp. 
Abramson et al. 2021, Kryštufek and Schenbrot 2023) form 
the major components of the community, and not only for 
that reason, they are worth a more detailed comment below.

A dominant representation of the genus Microtus, easily 
distinguished by arhizodont molars with a cementum infill 
in reentrant angles, is an index characteristic of small ground 
mammal communities of the Biharian and post-Biharian 
age. In the earliest stage of the Biharian (Q 1 sensu Horáček 
and Ložek 1988), the populations of the genus exhibit 
a  pronounced predominance of ancestral phenotype with 
a broad undifferentiated m1 anteroconid, attributed to the 
subgenus Allophaiomys Kormos, 1932. In contrast, since the 
late Biharian (Q 2), Allophaiomys phenotypes are invariantly 
absent while the genus is represented by more or less well 
defined taxa (in most instances clearly related to extant 
species groups), distinguished by the specific arrangement of 
m1 anteroconid complex, combined with either confluency 
of T4-T5 m1 triangles (hintoni-gregaloides, arvalidens-
subterraneus), or the absence of that ancestral arrangement 
(arvalinus-arvalis, ratticepoides-oeconomus, nivaloides-
nivalis, coronensis-agrestis). The situation recorded in 
Dreveník 2 differs significantly from both these patterns. 
With a single tooth, it included the phenotype corresponding 
to the most ancestral morphotype of the genus, Microtus 
(Allophaiomys) deucalion (Kretzoi, 1969) (Text-fig. 5l), 
while the remaining items cover an enormously broad 
spectrum of phenotypes. They cover, besides unique 
transitional morphotypes, the items corresponding to all Q 2 
species, some even to the extant forms not appearing during 
Q 2 stage (M. gregalis (Pallas, 1779)). Enormous diversity 
in m1 morphology and predominance of transitional 
morphotypes makes a proper taxonomic interpretation of 
Microtus population of that stage an extremely hard task.

Perhaps Chaline (1972) and Van der Meulen (1973) 
were the first who stressed this topic in detail. The latter 
demonstrated different phenotype variations within particular 
horizons in Monte Peglia, the upper one bearing a derived form 
with a predominance of diverse transitional morphotypes. He 
denoted it as Allophaiomys sp. B, and later co-identified it 
with M. (A.) burgondiae Chaline, 1972, from Les Valerots, 
another site with a derived form of Allophaiomys. The more 
recent analyses by Laplana et al. (2000) identified in Les 
Valerots three clades reported as separate species (despite 
considerable overlaps among them): burgondiae (assumed 
ancestor of Chionomys Miller, 1908), valerotensis Laplana, 
Montuire, Brunet-Lecomte et Chaline, 2000, (assumed 
ancestor of Stenocranius Kastschenko, 1901), and nutiensis 
Chaline, 1972, (an ancestor of Iberomys Chaline, 1972), 
which they attributed as a subspecies to hintoni Kretzoi, 
1941. Yet, hintoni s. str. is a widespread index fossil of the 
early Biharian, from Russia to France, transforming during 
the late Biharian via gregaloides Hinton, 1923, to gregalis, 
i.e., subgenus Stenocranius or Lasiopodomys Lataste, 1887 
(Kowalski 2001, Krokhmal et al. 2023).

Corresponding patterns of variation were reported, of 
course, with quite different taxonomic interpretations, from 
several other sites bearing relevant population samples, for 
instance, Atapuerca Sima del Elefante (Laplana and Cuenca-
Bescós 2000, Cuenca-Bescós et al. 2013). Rabeder (1981) 
reports it from Deutsch Altenburg 4, distinguishing here 
three separate species: praehintoni Rabeder, 1981, hintoni 
Kretzoi, 1941, superpliocaenicus Rabeder, 1981, and 
a number of transitional morphotypes. In Somssichhegy 2, 
where Allophaiomys morphotypes form a mere 2 % of 
individuals, Pazonyi et al. (2017) and Pazonyi and Virág 
(2025), using techniques of geometric morphometry, 
identified three distinct clades co-identified with the 
widespread late Biharian taxa: two arranged by m1 T4-
T5 confluence in the subgenus Terricola Fatio, 1867, viz. 
hintoni and arvalidens Kretzoi, 1958 (assumed ancestor of 
subterraneus), and nivaloides Hinton, 1929 lacking the T4-
T5 confluence (assumed as an ancestor of arvalis-agrestis and 
oeconomus). In some sites, the form with T4-T5 confluence 
clearly predominates, yet instead of a distinct difference 
between hintoni and arvalidens, it shows rather a dominance 
of the transitional morphotypes, sharing characters of both. 
It was described as a separate species pitymyoides Chaline, 
1975 from Bourgade, and thenii Malez et Rabeder, 1984 
from Podumci, reported also from Untermassfeld by Maul 
(2001) or as pitymyoides from Včeláre 4D by Fejfar and 
Horáček (1983).

In any case, the controversial taxonomies suggest for 
Microtus from the Q 1/Q 2 transitional period (i) consid-
erable enlargement of phenotype variation, (ii) incipient 
appearances of the morphotypes resembling the late 
Biharian or even extant clades, (iii) pronounced between-
site/between-population differences in the representation of 
particular morphotypes, including appearances of unique 
phenotypes not reported from other sites. Yet obviously there 
is little chance to decide whether they indeed represented 
real crown taxa – separate biological species with a restricted 
stratigraphic or geographic distribution, and/or ancestors of 
modern species in statu nascendi – or just temporal offshoots 
of abrupt swelling of incipient adaptive dynamics from 
a common stem group.

In these regards, the approach proposed by Fejfar and 
Horáček (1983), considering whole Microtus populations 
of individual sites as primary OTUs (operational taxonomic 
units), seems to be quite substantiated. It revealed gradual 
enlargements of variation since the beginning of Biharian, 
retaining a unimodal variation pattern in all scored dental 
characters in the populations dated to the early stage of Q 1, 
contrasting to populations dated to the late stage of Q 1 (Chlum 
6, Holštejn, Včeláre 4D), which show clear bimodalities 
in some characters, indicating the presence of distinctly 
separated clades. The population from Dreveník  2 seems 
to fall in the former variation type. Besides the specimens 
exhibiting T4-T5 confluence, tentatively presented here as 
pitymyoides/thenii, those lacking the confluence include 
a plethora of intermediate morphotypes, excluding the 
possibility to consider them as a single separate taxon (such 
as nivaloides in sense of Pazonyi et al. 2017). In these 
regards, we propose to consider the Microtus assemblage 
found in Dreveník as an example of an advanced stem clade, 
whose variation prefigured the morphogenetic potential of 
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Dreveník 2 
NISP MNI NISP MNI %

B A B A Total

Small ground mammals

Talpa cf. fossilis Petényi, 1864 / europaea Linnaeus, 1758 6 7 2 2 13 4 2.03

Crocidura leucodon (Hermann, 1780) / obtusa Kretzoi, 1938 1 1 1 1 0.51

Petenyia hungarica Kormos, 1934 1 1 1 1 0.51

Sorex minutus Linnaeus, 1766 3 1 3 1 0.51

Sorex runtonensis Hinton, 1911 30 21 11 9 51 20 10.15

Beremendia fissidens (Petényi, 1864) 2 5 1 2 7 3 1.52

Glis sackdillingensis Heller, 1930 1 1 1 1 2 2 1.02

Sicista praeloriger Kormos, 1930 1 1 1 1 2 2 1.02

Apodemus cf. sylvaticus (Linnaeus, 1758) 7 41 4 11 48 15 7.61

Allocricetus bursae Schaub, 1930 1 4 1 2 5 3 1.52

Cricetus cricetus runtonensis Newton, 1909 1 1 1 1 0.51

Mimomys ostramosensis Jánossy et Meulen, 1975 / M. savini Hinton, 1910 9 3 9 3 1.52

Mimomys pusillus (Méhely, 1914) 5 11 4 7 16 11 5.58

Pitymimomys cf. pitymyoides (Jánossy et Meulen, 1975) 6 5 6 5 2.54

Borsodia cf. hungarica (Kormos, 1938) 1 1 1 1 0.51

Lemmus cf. kowalski Carls et Rabeder, 1988 3 2 3 2 1.02

Lagurus cf. arankae Kretzoi, 1954 12 6 12 6 3.05

Pliomys episcopalis (Méhely, 1914) 5 33 3 14 38 17 8.63

Pliomys hollitzeri Rabeder, 1981 2 2 2 2 1.02

Pliomys cf. coronensis (Méhely, 1914) / lenki Heller, 1930 12 18 4 7 30 11 5.58

Clethrionomys hintonianus Kretzoi, 1975 4 14 3 10 18 13 6.60

Clethrionomys cf. acrorhiza Kormos, 1933 9 55 6 19 64 25 12.69

Microtus s. l. altogether 142 48 24.37

Microtus morphotypes

Microtus morphotype pliocaenicus 1 1 2.08

Microtus morphotype arvalidens 16 10 20.83

Microtus morphotype hintoni 11 9 18.75

Microtus morphotype gregaloides 1 1 2.08

Microtus morphotype nivalinus 8 8 16.67

Microtus morphotype arvalinus 14 10 20.83

Microtus morphotype ratticepoides 6 12.50

Microtus morphotype coronensis 2 2 4.17

Microtus morphotype gregalis 1 1 2.08

Chiroptera

Myotis bechsteinii (Kuhl,1817) 71 454 48 222 525 270 70.50

Myotis cf. nattereri (Kuhl, 1817) 4 33 4 21 37 25 6.527

Myotis schaubi Kormos, 1934 2 2 2 2 0.522

Myotis emarginatus (E. Geoffroy, 1806) 10 6 10 6 1.567

Myotis cf. exilis Heller, 1936 / mystacinus (Kuhl, 1817) 22 71 15 32 93 47 12.27

Myotis cf. helleri Kowalski, 1962 2 2 2 2 4 1.044

Myotis cf. myotis (Borkhausen, 1797) 1 1 1 1 0.261

Plecotus auritus (Linnaeus, 1758) 3 29 3 20 32 23 6.005

Barbastella cf. barbastellus (Schreber, 1774) 6 5 6 5 1.305

Total Small ground mammals 84 249 42 107 475 197

Total Chiroptera 100 608 72 311 708 383

Total Mammals 184 857 114 418 1,183 580

Table 1: List of mammalian records from Dreveník 2 site.
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the early Microtus population, later canalized into distinct 
morphotypes of the modern late Biharian taxa. In terms of 
a degree of anteroconid complex differentiation (a common 
morphocline in Microtus evolution) expressed by A/L ratio, 
the Dreveník 2 population with an average value 46.5 (38.2–
53.3) fall in between the variation in Chlum 6 (35.7–49.2) or 
Deutsch Altenburg 4 (39.6–50) and Sommsichhegy 2 (41–
55) or Včeláre 4D (45.6–53), respectively. These relations 
conform to the stratigraphic interpretation suggested below 
(Text-figs 7, 8).

Amphibia and Reptilia

The amphibian and reptile community from Dreveník 2 
consists of at least nine species, including caudates (Triturus 
cristatus (Laurenti, 1768), Lissotriton cf. vulgaris 
(Linnaeus, 1758)), frogs and toads (Rana arvalis Nilsson, 
1842, Bufotes cf. viridis (Laurenti, 1768)), anguid lizards 
(Anguis fragilis Linnaeus, 1758), and snakes (Zamenis 
cf. longissimus (Laurenti, 1768), Coronella austriaca 
Laurenti, 1768, Natrix natrix (Linnaeus, 1758), Vipera 
berus (Linnaeus, 1758)). An indeterminate colubrid 
(Colubridae gen. et sp. indet. 1) is different from snakes 
recently inhabiting Central Europe, and might represent an 
invader from southern European regions. The presence of 
“Mediterranean” snake taxa (sensu Szyndlar 1984, Ivanov 
2007) in early Biharian (Q 1) of Central Europe is not 
surprising. For example, whip snakes of the genera Hierophis 
Fitzinger, 1834 or Dolichophis Gistel, 1868, currently 
inhabiting large areas of southern Europe (e.g., Heimes 1993, 
Ščerbak and Böhme 1993) have been documented from 
Deutsch Altenburg 2 and 4 and Malá Dohoda Quarry (Ivanov 
1996, 2007). Ivanov (2007) considered the Q 1/Q 2 transition 
an important boundary, beyond which “Mediterranean” taxa 
of amphibians and reptiles no longer occurred in the Central 
European fossil record. However, a recent study of a small 
mammal assemblage from Mladeč – excavation II, where an 
unusually diversified snake community has been described, 
including multiple “Mediterranean” taxa (Ivanov 1997, 
2007), now appears to be of Middle Pleistocene age, and 
most probably corresponding to the early warm stage of the 
Saalian complex (Děkanovský 2018).

The most thermophilic species, Zamenis cf. longissimus, 
is typical for the interglacial phase of the Quaternary 
climatic cycle (Böhme 1996). Its occurrence indicates 
warm and moderately humid climate and forest or bush 
complexes, with rocky ravines in close proximity to the 
site (Rehák 1992a, Musilová et al. 2015). The common 
European adder (Vipera berus), which is strongly dominant 
in Dreveník 2 community (90 %) is a forest species well 
adapted to temperature fluctuations, and usually inhabiting 
exposed biotopes in humid habitats (Rehák 1992b, Fric and 
Moravec 2015). The presence of semi-open humid to dry 
habitats is documented by the occurrence of the common 
slow worm (Anguis fragilis) (Kminiak 1992, Gvoždík and 
Moravec 2015). The smooth snake (Coronella austriaca) 
prefers semi-open to open landscapes with xerotherm rocky 
outcrops (Rehák 1992c, Moravec 2015). The grass-snake 
(Natrix natrix) indicates the presence of water reservoirs with 
shrub-covered banks (Rehák 1992d, Kabisch 1999, Berec et 

al. 2015). Permanent water reservoirs are also documented 
by the occurrence of newts (Triturus cristatus, Lissotriton 
cf. vulgaris). However, European green toad (Bufotes cf. 
viridis) and moor frog (Rana arvalis) can inhabit even open 
and dry steppe environments (Rehák 1992e).

An amphibian and reptile community documents 
a  warm and moderately humid climate with a mosaic of 
various, mostly semi-open or open environments, where 
sometimes rather dry surface conditions alternated with 
local occurrences of more humid biotopes around stagnant 
to slow-flowing water reservoirs.

Molluscs

The mollusc communities found consist of 51 species of 
land snails and indeterminate representatives of two families 
of slugs (Tab. 2), which makes the site one of the richest 
in species diversity from the Q 1, Q 2 periods. Localities 
of comparable age from Slovakia, Nové Mesto n. Váhom – 
Skalka/Bzince (Ložek 1962, Ložek and Horáček 1984) or 
Plešivec – Cöpke (Ložek 1958), do not have even half the 
number of species. The Hungarian locality Somssichhegy 
2 is also poorer in species, and the forest communities 
do not correspond to the interglacial climatic optimum 
conditions that existed at Dreveník (Krolopp 2000, Pazonyi 
et al. 2018). Only the classical locality Deutsch Altenburg 
4B (Frank and Rabeder 1997, Döppes and Rabeder 1997) 
is richer (66 species), which is given by the species that 
perhaps never extended their ranges north of the Donau 
River (Archaegopis acutus H. Binder, 1977, Helicopsis 
hungarica (Soós et H. Wagner, 1935), Helix aff. lutescens 
Rossmässler, 1837, Neostyriaca corynodes (Held, 1836), 
Pseudoklikia altenburgensis (H. Binder, 1977)).

The mollusc assemblages of Dreveník 2 are characteristic 
of the fully developed fauna of the interglacial climatic 
optimum. Mollusc shells did not undergo such major 
morphological changes in the Pleistocene as did mammalian 
teeth, and are therefore less useful for stratigraphic purposes. 
Nevertheless, there are several species of significant 
stratigraphic value. In the case of Dreveník 2, these are 
mainly Campylea capeki Petrbok, 1922, which became 
extinct around the Early-Middle Pleistocene transition. 
Other stratigraphically important species are Aegopis 
klemmi Schlickum et Ložek, 1965 (two sites in Slovakia, 
Q 2 Nové Mesto n. Váhom (= Skalka-Bzince) – Ložek 
1962, Ložek and Horáček 1984, and Dreveník representing 
the easternmost known site of the species) and Zonitoides 
sepultus Ložek, 1964, which are considered characteristic 
of the Early Pleistocene in Austrian and Hungarian localities 
(Füköh et al. 1995, Frank 2006). In the Czech Republic and 
Slovakia, however, they survive into the Middle Pleistocene 
(Ložek 1964, Horáček and Ložek 1988). Interesting is the 
first and oldest site in Slovakia of the South Carpathian 
species Mastus bielzi (M. Kimakowicz, 1890), previously 
known from Central Europe only from the EMTP.

The vast majority of species found (76 %) and individuals 
found (85 %) are species of humid canopy forests with a high 
proportion of Carpathian endemics. Vestia gulo (E. A. Bielz, 
1859) was previously known only from Remeniny (Harčár 
and Kovanda 2012), which was later dated to MIS 3 (Juřičková 

https://www.molluscabase.org/aphia.php?p=taxdetails&id=1004899
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Dreveník 2 B A Total Total
Ecol. group Biostratigraphy Species n n n % %

A

1

Aegopis klemmi Schlickum et Ložek, 1965 9 32 41 1.67

54.28

!! Aegopis verticillus (A. Férussac, 1819) 2 2 0.08

! Aegopinella nitens/epipedostoma Lindholm, 1927 2 2 0.08

! Aegopinella pura (Alder, 1830) 6 6 0.24

!! Campylea capeki Petrbok, 1922 30 95 125 5.10

Bulgarica cana (Held, 1836) 10 23 33 1.35

! Cochlodina laminata (Montagu, 1803) 63 387 450 18.35

! Cochlodina orthostoma (Menke, 1828) 15 15 0.61

!! Gonyodiscus perspectivus (Megerle von Mühlfeld, 1816) 2 2 0.08

(G) Discus ruderatus (W. Hartmann, 1821) 4 4 0.16

! Helicodonta obvoluta (O. F. Müller, 1774) 18 117 135 5.51

(!) Faustina faustina (Rossmässler, 1835) 5 11 16 0.65

! Isognomostoma isognomostomos (Schröter, 1784) 10 18 28 1.14

!! Macrogastra borealis (O. Boettger, 1878) 3 3 0.12

! Macrogastra plicatula (Draparnaud, 1801) 3 8 11 0.45

!! Mastus bielzi (M. Kimakowicz, 1890) 6 7 13 0.53

(G) Mediterranea depressa (Sterki, 1880) 25 143 168 6.85

!! Pagodulina pagodula (Des Moulins, 1830) 1 1 0.04

! Perforatella dibothrion (E. A. Bielz, 1860) 39 156 195 7.95

! Platyla polita (W. Hartmann, 1840) 2 2 0.08

! Ruthenica filograna (Rossmässler, 1836) 4 21 25 1.02

0 Semilimax semilimax (J. B. Férussac, 1802) 2 2 0.08

!! Soosia diodonta (A. Férussac, 1832) 1 16 17 0.69

! Sphyradium doliolum (Bruguière, 1792) 9 9 0.37

! Vitrea diaphana (S. Studer, 1820) 3 11 14 0.57

! Vitrea subrimata (Reinhardt, 1871) 2 2 4 0.16

!! Zonitoides sepultus Ložek, 1964 8 8 0.33

2

! Aegopinella minor (Stabile, 1864) 33 33 1.35

7.75

! Gonyodiscus rotundatus (O. F. Müller, 1774) 3 35 38 1.55

(!) Fruticicola fruticum (O. F. Müller, 1774) 8 80 88 3.59

! Helix pomatia Linnaeus, 1758 1 12 13 0.53

! Perforatella incarnata (O. F. Müller, 1774) 3 14 17 0.69

(+) Vitrea crystallina (O. F. Müller, 1774) 1 1 0.04

3

!! Drobacia banatica (Rossmässler, 1838) 61 155 216 8.81

23.41

(G) Clausilia pumila (C. Pfeiffer, 1828) 20 19 39 1.59

(G) Perforatella vicina (Rossmässler, 1842) 51 249 300 12.23

(+) Vestia turgida (Rossmässler, 1836) 3 3 0.12

! Macrogastra ventricosa (Draparnaud, 1801) 12 12 0.49

! Urticicola umbrosus (C. Pfeiffer, 1828) 3 3 0.12

! Vestia gulo (E. A. Bielz, 1859) 1 1 0.04

B

4
!! Caucasotachea vindobonensis (C. Pfeiffer, 1828) 1 3 4 0.16

0.77

(+) Granaria frumentum (Draparnaud, 1801) 2 2 0.08

5

+ Pupilla muscorum (Linnaeus, 1758) 1 1 0.04

G Vallonia pulchella (O. F. Müller, 1774) 7 7 0.29

(+) Vallonia costata (O. F. Müller, 1774) 1 4 5 0.20

C

6

(!) Euomphalia strigella (Draparnaud, 1801) 4 85 89 3.63

13.78

Limacidae Batsch, 1789 48 106 154 6.28

Milacidae Ellis, 1926 3 4 7 0.29

(+) Clausilia rugosa parvula (A. Férussac, 1807) 5 15 20 0.82

7

(+) Nesovitrea hammonis (Strøm, 1765) 2 2 0.08

(+) Orcula dolium (Draparnaud, 1801) 2 1 3 0.12

! Vitrea contracta (Westerlund, 1871) 1 2 3 0.12

(+) Clausilia dubia Draparnaud, 1805 11 49 60 2.45
 Number of species 35 49
Total 461 1,991 2,452

Table 2: List of molluscs records from Dreveník 2 site. Ecological characteristics: General ecological groups: A – woodland (in 
general); B – open country; C – woodland/open country. Ecological groups: 1 – woodland (sensu stricto); 2 – woodland, part-
ly semi-opened habitats; 3 – damp woodland; 4 – xeric open habitat; 5 – open habitats in general (moist meadows to steppes); 
6 – predominantly dry;   7 – mesic or various. Biostratigraphic characteristics: + – characteristic loess species; (+) – local or oc-
casional loess species; ! – species of warm phases; (!) – eurythermic species of warm phases; !! – index species of warm phases;  
G – species surviving glacial out of loess zone; (G) – ditto as relics.
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et al. 2025), making Dreveník 2 its oldest and second known 
site. The East Carpathian endemic Perforatela dibothrion 
(E. A. Bielz, 1860) is also a significant find, as this is the 
second locality of this species from the Early Pleistocene 
(Ložek 1958). Another Carpathian endemic, Macrogastra 
borealis (O. Bottger, 1878), was previously known only 
from an early Middle Pleistocene interglacial assemblage in 
Mladečské Cave 2 (Horáček and Ložek 1984), apart from 
two Eemian localities. It is therefore the oldest known find. 
The Alpine element Pagodulina pagodula (Des Moulins, 
1830) is also the oldest known find in the Carpathians.

The occurrence of two thermophilous species indicates the 
presence of dry open scree in the forest. For Caucasotachea 
vindobonensis (C. Pfeiffer, 1828), Dreveník together with 
Q 2 Nové Mesto (Ložek and Horáček 1984) are the only 
Early Pleistocene record of this species in the Slovakian 
Carpathians.

All of the above-mentioned findings make the Dreveník 2 
a highly significant site for the Early Pleistocene mollusc 
record.

Concluding remarks

Stratigraphy and faunal setting

Not only in the pattern of Microtus phenotype diversity, 
but also in the composition of the mammal community, the 
above surveyed faunal sample differs distinctly from typical 
communities of either the early or late Biharian (Q 1, Q 2) 
communities, conforming to a stage of Q 1/Q 2 transition. 
It includes forms otherwise disappearing during the early 
Biharian (Petenyia hungarica, Pitymimomys pitymyoides, 

Borsodia hungarica), and at the same time, some elements 
characterizing rather the Q 2 stage (Mimomys savini, 
Cricetus c. runtonensis), notwithstanding a subdominant 
representation of several clades otherwise less numerous 
both in the early and late Biharian assemblages (Pliomys 
Méhely, 1914, Clethrionomys, Apodemus Kaup, 1829).

Some of the curious faunal characteristics recorded in 
Dreveník 2 (in particular, the appearance of the early Biharian 
elements) might even be understood as locally specific 
phenomenon. The Spiš Basin, where the site is situated, an 
islet of a middle altitude undulated landscape surrounded by 
belts of the Carpathian high mountains (comp. Text-fig. 1b), 
has been steadily disposed to act as an isolated refugium. It 
could provide conditions suitable for the survival of clades 
already disappearing elsewhere, and at the same time, those 
promoting locally specific phenotype divergences (comp. 
curious items in Lagurus, Pliomys coronensis, etc.). In any 
case, in further comparisons, such hypotheses should also be 
taken into account.

The faunal record from Dreveník 2 shows clear similarity 
to other sites of the Q 1/Q 2 stage (for a detailed list of them 
see Maul 1990, 2001, Maul and Markova 2007). Thus, we 
can hypothesize that the drivers patterning the common 
characteristics proposed for Microtus diversity here above 
attributed also to patterning the structure and composition 
of mammalian communities of that stage in general. Namely 
the Q 1/Q 2 assemblages exhibit (i) relatively high alpha 
diversity due to the presence of the early Biharian clades 
largely missing in the late Biharian (Beremendia Kormos, 
1930, Petenyia Kormos, 1934, Pitymimomys, Borsodia 
Jánossy et Meulen, 1975, Mimomys pusillus), increased 
taxonomic diversity in the genera forming subdominant 
elements of the community (Pliomys, Clethrionomys), 

Text-fig. 7. Synoptic survey of EMPT (Early/Middle Pleistocene Transition) small ground mammal communities in Czech Republic. 
Left: sketch of time slots covered by major sites (mostly multilayered sedimentary sequences) fixed by records of Brunhes/Matuyama 
boundary and/or Q 2/Q 3 biozones, and lithostratigraphic interpretations of particular series (soil/loess colluvia, etc.). Central panel: 
Mean dominances of particular taxa arranged in groups of community samples corresponding to individual MIS units (right: with 
data on number of included communities = n, and total MNI of covered records).



55

and appearance of novel clades prefiguring the late 
Biharian faunal pattern (Microtus spp., Mimomys savini, 
C. c. runtonensis). (ii) In frame of Central Europe, one meets 
at that stage the morphotypes or clades which phenotypes 
exceed the variation of their relatives reported from both the 
early and late Biharian (Lagurus cf. arankae in Dreveník, 
Dimylosorex tholodus Rabeder, 1972 and Dimylosorex 
leptoklon Rabeder, 1982 in Deutsch Altenburg 2, 4 etc.). 
(iii) The beta diversity among Q 1/Q 2 assemblages seems 
to be particularly well pronounced – the above-mentioned 
characteristics exhibit a considerable between-site and 
between-region variation. In short, it can be hypothesized 
that the putative environmental changes accompanying 
the Q 1/Q 2 transition established a situation of ecological 
release, promoting multiple adaptive rearrangements in 
community structure and in phenotype dynamics of its 
members, both with diverse local and regional variations.

Regarding these specifities, a common biostratigraphic 
signal compared to that which separates the early and late 
Biharian assemblages (comp., e.g., Horáček and Ložek 1988) 
can barely be identified for the Q 1/Q 2 transition period. 
Last but not least, the essential uncertainties concerning the 
chronology of the Q 1/Q 2 transition must be mentioned. 
Besides biostratigraphic estimates, no sufficiently robust 
instrumental dating is available for the vast majority of 
European Q 1/Q 2 sites. The records from the loess series 
(Krems) are biased by massive erosion events (Kovanda et 
al. 1995). Thus, Untermassfeld, one of the few sites for which 

a reliable magnetostratigraphic record is available (a reversal 
interpreted as the onset of Jaramillo event), is to be taken 
as the most relevant fixing point (Maul 2001). However, 
its validity was disproved by records of much less derived 
Microtus, including Allophaiomys pliocaenicus Kormos, 
1933, from sequences of fluviatile deposits in Eastern Europe 
accompanied by magnetostratigraphic records interpreted as 
the Brunhes/Matuyama reversal (comp. Maul and Markova 
2007). Nevertheless, a particularly rich faunal record along 
the Brunhes/Matuyama boundary, available from the Czech 
Republic for all cycles of EMPT (MIS 22–14) (comp. 
Text-fig. 7, shows invariantly the fauna which reveals the 
index characteristics of Q 2 biozone (comp. Horáček and 
Ložek 1988, Horáček et al. 2018), i.e., distinctly different 
from the situation associated with Q 1/Q 2 transition. 
This obviously provides a robust support against the 
latter interpretation (see also Discussion in Maul and 
Markova op. cit.). Concerning the East European record, 
consideration should be given to the possible stratigraphic 
hiatus caused by large-scale erosion of the late Matuyama 
terrace deposits as a result of massive global uplift during 
the early stage of EMPT.

A tentative estimation of the stratigraphic context of the 
Q 1/Q 2 transition corresponding to these issues is presented 
in Text-fig. 8. The Q 1/Q 2 transition is expected to be 
correlated with the stage of relatively stable warm climate, 
with minute amplitudes of glacial-interglacial cycles that 
took part from MIS 47 to MIS 26, i.e., 1.4–1.0 Ma.

Text-fig. 8: Summary of stratigraphic context of early/late Biharian (Q 1/ Q 2) transition. A: chronology and standard subdivision;  
B: magnetostratigraphy; C: climatostratigraphy: δ18O paleotemperatures and MIS units after Lisiecki and Reymo (2005); D: Biostra-
tigraphy, MN and Q stages after Mein (1975, 1989) and Horáček and Ložek (1988), hierarchical subdivision after Fejfar and Heinrich 
(1990); E: assumed stratigraphical position of selected European sites; F: assumed stratigraphic distribution of selected clades con-
tributing to Q 1/Q 2 communities. EMPT – Early/Middle Pleistocene Transition, Q 1/Q 2 – early/late Biharian transition.
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Paleoenvironmental implications

The composition of the mammal community covers 
the elements indicating either a subxerothermic arboreal 
vegetation (Clethrionomys, but note the low percentage 
of glirids) or semi-open habitats (comp. cricetids, Pliomys 
spp., Microtus, Lemmus, Lagurus), including habitats rich 
in diversified herbal cover (Sicista Gray, 1827, Apodemus, 
Sorex spp.). Elements characterizing wetland habitats are 
invariantly absent. Dreponosorex margaritodon/savini and 
Asoriculus/Neomys are worth mentioning, as they appear 
fairly regularly in other Biharian sites (Botka and Meszáros 
2016, 2018, Pažitková and Horáček 2024). Also, reptiles 
(Zamenis, Coronella, Anguis Linnaeus, 1758) and frogs 
(Bufotes viridis, Rana arvalis) suggest warm and dry surface 
conditions, far from the fluid water. However, newts and 
grass-snakes suggest at least a small water reservoir, perhaps 
canopy-covered, in a more distant vicinity.

While vertebrates characterize the wider environment 
of the site, molluscs indicate the environment directly 
surrounding the sedimentation site. The molluscs at Dreveník 
2 clearly indicate a canopy forest, rather humid, with lots of 
fallen wood and rich herbaceous vegetation. Directly at the 
site, there was a drier, partly sun-exposed scree, which was 
indicated by Granaria frumentum (Draparnaud, 1801). 
Although the differences in community structure between 
samples A and B are not clear, the former seems to indicate 
slightly wetter conditions than the latter, indicated by the 
species of ecological group 3, especially Vestia gulo, which 
occurs on forest seepages. Many species are thermophilic, 
indicating the temperatures that now prevail in the southern 
Carpathians, where they have their modern range limits 
(Drobacia banatica Rossmässler, 1838, Mastus bielzi, 
Soosia diodonta (A. Férussac, 1832)).

The bat guild is dominated by dendrophilous forms 
foraging in spatially diversified arboreal or semi-opened 
habitats. They typically form dense hibernation clusters, 
often in rather small subterranean cavities (M. bechsteinii, 
Plecotus, M. nattereri, M.  mystacinus). The absence of 
thermophilous horseshoe bats or Miniopterus, regularly 
occurring in the Early Pleistocene bat assemblages of the 
Carpathian basin can be ascribed to the absence of spatial 
caves in the region.

All these issues suggest a densely patched mosaic of 
diverse arboreal and non-arboreal habitats, a climate warmer 
than today and perhaps with relatively shallow effects of 
seasonality.
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