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Text-fig. 19. Occlusal surfaces of Murinae molars. Progonomys hispanicus. a: left M1 (VER 2024.493.6), b: left M2 (VER 2024.494.7),
c: right M3 (VER 2024.495.1, reversed), d: left m1 (VER 2024.496.4), e: left m2 (VER 2024.497.1), f: left m3 (VER 2024.498.3). Apode-
mus lugdunensis. g: right M1 (VER 2024.499.29, reversed), h: right M2 (VER 2024.500.131, reversed), i: left M3 (VER 2024.501.41),
j: rights m1 (VER 2024.502.30, reversed), k: left m2 (VER 2024.503.24), I: left m3 (VER 2024.504.60).

M2. The t6-t9 connection and the t1bis are absent. The
connection of t4-t8 is usually a low crest (91 %) or absent
(9 %), and the t4-t5 connection is also missing in two
specimens. The t1 and t4 are elongated. The t1 is much larger
than t3, whereas t2 is absent. The tooth has three roots.

M3. The tl is large, the t2 is absent, and the t3 is usually
small (85 %) or absent (15 %). The t4, t5 and t6 are connected
and arranged in a chevron, but the t4-t5 connection is
missing on one specimen. The chevron is asymmetric in
some specimens (38 %), because of the reduction of t6. The
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Table 18. Measurements of Progonomys hispanicus material from the Csodabogyos Cave. Abbreviations: SD - standard deviation;

CV - coefficient of variation.

Length Width
Tooth

n min—max mean SD CvV n min—-max mean SD Ccv
M1 6 1.72-1.97 1.86 0.109 5.86 6 1.08-1.33 1.18 0.101 8.54
M2 23 1.14-1.40 1.27 0.074 5.81 23 1.03-1.24 1.15 0.051 443
M3 13 0.80-1.01 0.88 0.065 7.32 13 0.78-0.91 0.85 0.038 4.41
ml 9 1.55-1.82 1.63 0.103 6.29 9 0.93-1.17 1.01 0.087 8.59
m2 8 1.15-1.38 1.29 0.068 5.27 8 0.99-1.20 1.09 0.071 6.52
m3 9 0.86-1.06 0.99 0.059 5.98 9 0.86-0.99 0.91 0.049 5.42

t8 and t9 are fused (69 %) or t9 is reduced (31 %). The tooth
has three roots.

m1. The antero-central cusp is very weak and low (78 %)
or absent (22 %). The longitudinal spur is absent. The cl
and the other accessory cusps are weak (56 %), or the cusps
cannot be separated; only a cingulum extends along the
labial side of the tooth (44 %). The elliptical terminal heel
and the anteroconid-metaconid connection are positioned
lingually concerning the longitudinal axis. This connection
is weak or may be absent. The tooth has two roots.

m2. The longitudinal spur is absent, and the labial
accessory cusps are weak. The elliptical terminal heel is
positioned lingually with respect to the longitudinal axis.
The labial and lingual conids form transverse lobes. The
tooth has two roots.

m3. The protoconid and metaconid are fused to
a transverse lobe, whereas the hypoconid and entoconid are
fused to an elliptical lobe positioned lingually with respect
to the longitudinal axis. The antero-labial cusp and cl are
small. The tooth has two roots.

Comments. The majority of the Murinae material from
the Csodabogyds Cave consists of teeth belonging to the
species Apodemus lugdunensis (see below). However, based
on morphology, we also clearly identified some specimens
of Progonomys hispanicus. The two species are compared in
size and morphology.

Using the R software environment (v. 4.3.1; R Core
Team 2023), the distribution of tooth length and width was
analyzed separately for each tooth, plotted on a boxplot, and
the means of the sizes of the two species were compared
using Welch’s t-test. The results indicate that the two
species cannot be separated by size, with the only statistical
difference in the length of M1 (p = 0.04); however, this
may be due to the small sample size of P. hispanicus M1
(n = 6). Morphologically, the main difference between
the two species is the lack of longitudinal connections in
Progonomys. On the M1, the t3 has no spur, the t6-t9
connection is absent, while on the ml, the antero-central
cusp is either poorly developed or entirely missing.

Although the material of Progonomys hispanicus from
the Csodabogyds Cave is relatively poor, we attempted to
compare the teeth morphologically and in size with material
from the type locality, the Teruel-Alfambra region, and to
place them within the evolutionary sequence suggested
by van Dam (1997). M1 is morphologically similar to the
more evolutionarily advanced Progonomys hispanicus, with
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all specimens lacking the t6-t9 connection and tlbis, still,
with t4-t8 connection common (van Dam 1997: fig. 3.6).
The antero-central cusp, which is abundant on ml, is also
characteristic of the more advanced P, hispanicus specimens,
but none of the specimens has a longitudinal spur. Based
on the size and W/L ratio of the teeth (M1, M2, m1, m2),
the material from the Csodabogyds Cave is similar to that
of P. hispanicus from Peralejos C (8.8 Ma) and Peralejos
D (8.7 Ma) in Spain (van Dam 1997), suggesting that the
accumulation of the fossiliferous sediment occurred around
the MN 10/11 zonal boundary, in the latest Vallesian or
earliest Turolian (Tab. 2).

Genus Apodemus Kaup, 1829

Apodemus lugdunensis (SCHAUB, 1938)
Text-fig. 19g-1

Material. Maxilla fragment with M1-M2, 1 mandible
fragment with m1-m3, 1 mandible fragment with m2—-m3;
isolated teeth: 205 M1, 205 M2, 116 M3, 158 m1, 187 m2,
112 m3.

Measurements. Raw measurement data are provided in
the supplementary material, and summary data are presented
in Table 19.

Description. M1. The t6-t9 connection is always present
(100 %), although in some cases only a low ridge connects the
two cusps. The t4-t8 connection is also present (98 %). There is
asmall t7 on a few specimens (3 %). The t12 is well developed,
often comma-shaped (76 %). There is a small tlbis on a few
specimens (2 %). The tooth usually has three roots, but a minute
central fourth root can be present on few specimens (3 %).

M2. The t6-t9 connection (99 %) and the t4-t8 connection
are present (100 %). There is a small t7 (1 %), and a small
t1bis on a few specimens (1 %). The t12 is well developed.
The tooth usually has three roots, but a minute central fourth
root can be present in a few specimens (4 %).

M3. The tl is well developed, whereas t3 is present
but very small. The t4-t5 and t5-t6 connections are always
present and strong, but the t6-t8 connection is weaker.
Thirty per cent of the specimens had a central enamel ring
connected by t4-t5-t6-t8. The t8 and t9 are fused in most
cases. The tooth has three roots.

m1. The antero-central cusp is weak (22 %) to pronounced
(78 %). The anteroconid-metaconid connection is close to



Table 19. Measurements of Apodemus lugdunensis material from the Csodabogydés Cave. Abbreviations: SD — standard deviation,

CV - coefficient of variation.

Length Width
Tooth

n min—max mean SD CvV n min—max mean SD CvV
M1 203 1.50-1.95 1.73 0.089 5.15 206 0.96-1.28 1.13 0.051 4.53
M2 202 1.11-1.44 1.25 0.065 5.21 206 0.99-1.31 1.15 0.054 4.73
M3 116 0.71-1.06 0.86 0.062 7.25 115 0.76-1.06 0.86 0.056 6.45
ml 154 1.51-1.83 1.64 0.073 4.43 159 0.88-1.13 0.99 0.047 4.71
m2 184 1.08-1.41 1.24 0.061 491 188 0.92-1.23 1.08 0.056 5.18
m3 113 0.84-1.14 0.98 0.055 5.64 114 0.78-1.04 0.89 0.055 6.11

the longitudinal axis (68 %), or weak and slightly lingual
position (32 %). The longitudinal spur is absent or very
weak in a few specimens (5%). The terminal heel is elliptical
or round (3 %). The accessory cusps on the labial cingulum
are well developed (60 %), the posterior accessory cusps
pronounced, others weak or variable (40 %). The tooth has
two roots.

m2. The antero-labial cusp is pronounced, whereas the
other accessory cusps on the cingulum are variable. The
terminal heel is elliptical to more rounded.

m3. The protoconid and metaconid are connected,
whereas the hypoconid and entoconid are fused to form an
elliptical conid. The antero-labial cusp is present, but weak
in some specimens (31 %).

Comments. The rich Apodemus material in the
Csodabogyos Cave also provides the opportunity to carry
out statistical analyses. In all cases, the length and width
of the molars are normally distributed, indicating that only
one species of Apodemus, Apodemus lugdunensis, was
present at the site. The Apodemus lugdunensis population
from the Csodabogyds Cave was compared with material
from two nearby sites, Kohfidisch (Pannonian Basin) and
Eichkogel (Vienna Basin), by statistical methods, as well
as compared with other Late Miocene Muridae material
(Progonomys SCHAUB, 1938, Parapodemus SCHAUB, 1938,
Apodemus) described from the Teruel-Alfambra region
(Van de Weerd 1976), Triblavina and Northern Caucasus
(Tesakov et al. 2017) by morphology and size. A pairwise
Welch’s t-test in the R software environment (v. 4.3.1;
R Core Team 2023) was used to determine whether the
populations from different sites were identical or distinct
in terms of mean size.

The results show no significant difference in the width
of molars between the A. lugdunensis material from the
three sites. The test showed a p-value above 0.05 when
comparing the material from the Csodabogyos Cave with
Kohfidisch for four molars (M2, M3, ml, m3). Similarly,
when comparing the same material with Eichkogel for all
molars, the p-value was also above 0.05. However, the
analysis of the molars’ length showed that the population of
A. lugdunensis from the Csodabogyos Cave is closer to the
material from Kohfidisch. For four molars (M2, M3, ml,
m3), the test showed a p-value above 0.05 when comparing
the material from the Csodabogyds Cave with Kohfidisch,

but only for one molar (M3) when comparing the material
with Eichkogel.

The material is very similar in both size and morphology
to the material from the Kohfidisch and Eichkogel sites
(Woger 2011, Daxner-Hock and Hock 2015), although
there are morphological features such as the enamel ring
observed in the third of the teeth of M3, which is more
typical of the older 4. lugdunensis populations (Schernham)
(Daxner-Hock and Hock 2015). Morphological features
suggestive of older age are also observed on ml. In the
material from the Csodabogyds Cave, the antero-central
cusp is poorly developed in 22 % of mls, compared to
12 % (Kohfidisch) and 5 % (Eichkogel) for the two MN 11
sites. A similar difference is observed for the anteroconid-
metaconid connection, which is weak in 32 % of specimens
and slightly lingual to the longitudinal axis, a characteristic
typical of the A. lugdunensis population from the older
(Schernham) site.

Based on comparisons with material from other sites
(Teruel-Alfambraregion, Triblavina, Gaverdovsky, Volchaya
Balka), the Apodemus material from the Csodabogyds Cave is
morphologically identical to Apodemus lugdunensis. Based
on size, Apodemus lugdunensis cannot be distinguished
from Progonomys hispanicus. Still, morphological features
such as the presence of t6-t9 and t6-t8 connections on M1,
which are absent in Progonomys hispanicus, allow for
morphological separation. The other Miocene Muridae
species (Parapodemus gaudryi (DAMES, 1883), Progonomys
woelferi BACHMAYER et WILSON, 1970) are larger.

Although both Austrian sites are of early Turolian age,
Kohfidisch is slightly older (8.5 Ma) than Eichkogel (8.5—
8.0 Ma) (Daxner-Hock and Hock 2015). Based on the size
and morphology of the 4. lugdunensis molars, Csodabogyos
Cave may be closer to the Kohfidisch site (8.5 Ma) or
slightly older than that.

Subfamily Anomalomyinae ScHAUB, 1925
Genus Prospalax MEHELY, 1908
Dental nomenclature. Anomalomyid dental nomen-
clature was published by Kordos (2005) and Daxner-Hock
and Hock (2015). Nevertheless, the morphology of Prospalax
molars is simple, and the application of the terminology

proposed by Daxner-Hock and Hock (2015) is more apt.
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Table 20. Measurements of Prospalax petteri material from the Csodabogyés Cave. Abbreviations: SD — standard deviation,

CV - coefficient of variation.

Length Width
Tooth
n min-max mean SD Cv n min-max mean SD Cv
M1 76 1.58-2.39 2.09 0.112 5.33 76 1.18-2.04 1.58 0.215 13.62
M2 85 1.64-2.18 1.86 0.094 5.02 85 1.01-2.10 1.57 0.207 13.21
M3 69 1.02-1.48 1.24 0.121 9.72 69 0.98-1.47 1.24 0.106 8.56
ml 67 1.96-2.59 2.13 0.102 4.77 67 1.09-1.82 1.43 0.150 10.46
m2 84 1.79-2.38 2.12 0.108 5.07 84 1.19-2.07 1.59 0.168 10.60
m3 59 1.23-2.10 1.60 0.175 10.93 59 0.98-1.82 1.40 0.145 10.35

Prospalax petteri BACHMAYER et WILSON, 1970
Text-figs 20, 21

Material. Isolated teeth: 76 M1, 85 M2, 69 M3, 67 m1,
84 m2, 59 m3.

Measurements. Raw measurement data are provided in
the supplementary material, and summary data are presented
in Table 20.

Description. The molars are hypsodont (or hyp-
selodont). All of them have flat occlusal surfaces, with
three large, obliquely aligned dentin folds, surrounded by
an enamel layer: the anterior lobe, intermediate lobe, and
posterior lobe. The upper molars have three roots, and the
lower molars have two roots.

M1.43 juvenile and adult molars are suitable formorphological
description. The occlusal outline is subrectangular-elliptical.
The anterior lobe is isolated in 20 specimens (Text-fig. 20a).
There is a narrow labial connection between the anterior and
the intermediate lobes in 23 specimens (Text-fig. 20d). The
intermediate and the posterior lobes have a postero-lingual, or
postero-central connection. Enamel rings in the anterior lobe are
rare (in 3 specimens; Text-fig. 20b). In one case, there are two
rings. A large enamel ring in the labial part of the intermediate
lobe is frequent (in 35 specimens; Text-fig. 20c). In two cases,
there are two rings. An enamel ring in the posterior lobe is found
in 11 cases. Enamel rings are entirely absent in 6 specimens.

M2. 48 juvenile and adult molars are suitable for
morphological study. The occlusal outline of M2 is squarer
than M1, and the lingual part of the anterior lobe is posteriorly
curved. The morphotypes are as follows:

— there is a labial connection between the anterior and the
intermediate lobe; posterior, or posterolingual connection
between the intermediate and the posterior lobe; a big
enamel ring in the labial part of the intermediate lobe: in 26
(Text-fig. 20h);

— the same pattern, but there is also an enamel ring in the
posterior lobe: in 12 (Text-fig. 20g);

— anterior lobe isolated, but there is an enamel ring in the
intermediate lobe: in 6 (Text-fig. 20e, f);

— posterior lobe isolated: in 1 (Text-fig. 20f);

— the pattern of the main lobes is the same as the above
mentioned type, however, enamel rings are absent: in 7;

— the three lobes are isolated: in 1.
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M3. The smallest molar. A coherent morphological
description of the occlusal surface is difficult. In the juvenile
molars, there are two lobes because the intermediate lobe
is fused with the anterior one. The posterior lobe is mainly
isolated. Enamel rings are frequent in the labial part of the
anterior lobe (Text-fig. 20i-1).

ml. 37 juvenile and adult molars are suitable for
morphological study. The occlusal outline is antero-
posteriorly elongated elliptically. In the juvenile molars, the
three lobes are isolated (in 12; Text-fig. 21a). In the subadult-
adult phase, connections appeared between the lobes:

— the lingual connection between the anterior and the
intermediate lobes: in 24 (Text-fig. 21d);

— the central connection between the intermediate and the
posterior lobes: in 21 (Text-fig. 21b);

— the lingual connection between the intermediate and
posterior lobes: in 1.

Enamel rings in the anterior and intermediate lobes
occurred. In the anterior lobe, the presence of one ring (in 13),
two rings (in 13), and three rings (in 1) is visible (Text-fig.
21c¢). In the intermediate lobe, there is one closed ring (in 6),
or “Anomalomys marker” (large anteriorly open enamel ring)
in 7 (Text-fig. 21c). No enamel ring in the posterior lobe.

m2. 61 juvenile and adult molars are suitable for
morphological study. The occlusal outline is rectangular
with rounded angles. In the juvenile molars, the three lobes
are isolated (in 41; Text-fig. 21e, f). Connections in subadult-
adult stages:

— anterior lobe isolated, intermediate and posterior lobes are
lingually connected: in 3 (Text-fig. 21g);

— anterior lobe isolated, intermediate and posterior lobes are
centrally connected: in 4;

— anterior lobe isolated, intermediate and posterior lobes
have a lingual and central connection: in 2 (Text-fig. 21h);
— lingual connections between the anterior and the
intermediate lobes and between the intermediate and
posterior lobes: in 5;

— the lingual connection between the anterior and the
intermediate lobes, lingual and central connections between
the intermediate and the posterior lobes: in 4;

— lingual and labial connection between the anterior and the
intermediate lobes, lingual and central connections between
the intermediate and the posterior lobes: in 1.

There are enamel rings in the anterior and the intermediate
lobes:



Text-fig. 20. Prospalax petteri upper molars, occlusal and lingual views. a: left M1 (VER 2024.505.36), b: left M1 (VER 2024.505.39),
c: left M1 (VER 2024.505.55), d: left M1 (VER 2024.505.75), e: left M2 (VER 2024.506.41), f: right M2 (VER 2024.506.42, reversed),
g: right M2 (VER 2024.506.16, reversed), h: right M2 (VER 2024.506.44, reversed), i: right M3 (VER 2024.507.42, reversed), j: right
M3 (VER 2024.507.40, reversed), k: left M3 (VER 2024.507.43), 1: left M3 (VER 2024.507.30).
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Text-fig. 21. Prospalax petteri lower molars, occlusal and labial views. a: left m1 (VER 2024.508.12), b: left m1 (VER 2024.508.18),
c: left m1 (VER 2024.508.27), d: left m1 (VER 2024.508.49), e: left m2 (VER 2024.509.77), f: left m2 (VER 2024.509.58), g: right m2
(VER 2024.509.75, reversed), h: left m2 (VER 2024.509.56), i: right m3 (VER 2024.510.38, reversed), j: right m3 (VER 2024.510.50,
reversed), k: left m3 (VER 2024.510.42), 1: left m3 (VER 2024.510.49).
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— no enamel ring in the anterior lobe: in 13;

— 1 enamel ring in the anterior lobe: in 20;

— 2 enamel rings in the anterior lobe: in 28 (Text-fig. 21¢);
— no enamel ring in the intermediate lobe: in 35;

— 1 enamel ring in the intermediate lobe: in 18 (Text-fig. 21¢);
— 2 enamel rings in the intermediate lobe: in 1;

— “Anomalomys marker” in the intermediate lobe: in 7.

There is no enamel ring in the posterior lobe.

m3. 31 juvenile and adult molars are suitable for
morphological study. The occlusal outline is subtriangular
with a rounded posterior angle. Among the juvenile molars,
isolated anterior lobes (in 2) and isolated posterior lobes
(in 5) are found. The connection of the anterior and the
intermediate lobes:

— close to the labial part of the mesial surface: in 7;
— close to the central part of the mesial surface: in 22.

The connection of the intermediate and the posterior
lobes can be lingual (in 17; Text-fig. 211) or central (in 5;
Text-fig. 21j). Enamel rings are rare. Those are found in the
anterior unit of the juvenile molars (in 4; Text-fig. 211).

Comparison. Anomalomys  gaudryi — GAILLARD,
1900 and A. rudabanyensis Korpos, 1989 differ from
the Csodabogyds population because of the following
morphological characteristics of these taxa: smaller size,
more frequent occurrence of enamel rings in the anterior
lobes of M1/m1, the central connection of the anterior and
intermediate lobes in M1/M2, the occurrence of distinct
mesoloph in M1/M2, the labial connection of anterior
and intermediate lobes in m1/m2, frequent occurrence of
“Anomalomys marker” in m1/m2.

Anomalomys grytsivensis NESIN et KOVALCHUK, 2021
differs from the Csodabogyos population in several respects:
it has a smaller size, a central connection of the anterior and
intermediate lobes in M1/M2, the occurrence of a distinct
mesoloph in M1/M2, and a labial connection of the anterior
and intermediate lobes in m1/m2. However, this species
exhibits some morphological markers similar to those of
Prospalax, including the frequent isolation of the three lobes
in juvenile m1/m2 and a rare occurrence of the “Anomalomys
marker” in m1/m2.

Anomalospalax tardosi KorpoS, 1985 and Anomalospa-
lax viretschaubi (Kretzo1r, 1971) differ from the
Csodabogyos population, because these taxa have a central
connection of the anterior and the intermediate lobes in M1/
M2, the enamel ring is absent in the intermediate lobe of M2,
the anterior and intermediate lobes have labial connections
in m1/m2, and the “Anomalomys marker” is frequent in m1.

The relation to Anomalomys gaillardi VIRET et
ScHAUB, 1946 is difficult to define, because this species is
represented by populations having only a few molars (e.g.,
Nebelbergweg, Montredon, Bujor, Pezinok; Tab. 2).

Prospalax priscus MEHELY, 1908 differs from the
Csodabogyos population in its more simplified morphology.
The enamel rings have entirely disappeared from the dentine
lobes, except from M3 (Luckett 2024).

The best similarity was found between the Csodabogyds
population and the Prospalax petteri BACHMAYER et WILSON,
1970 specimens from Eichkogel and Kohfidisch, due to the
same degree of hypsodonty, the same connections and isolations
of the three lobes, and similar occurrences of enamel rings.

Comments. To date, the origin of Prospalax remains
unresolved. Kordos (1989, 1992) questioned the origin
of Prospalax (“Allospalax KrReTZ01, 1971 in the original
text) from A4. rudabanyensis, and he presumed a theoretical
ancestor to be in a transitional evolutionary phase between
A. gaudryi and A. gaillardi. Later, he changed his idea,
and Kordos (2005) described the Anomalomys gaudryi-A.
rudabanyensis-A. petteri lineage. Referring to his obser-
vation, the characteristic dental morphological changes in
the lineage include: increasing hypsodonty, a simpler dental
fold system, the disappearance of the mesoloph, and the
partial or total separation of the folds of m1 and m2.

Bolliger (1996) presumed that Prospalax petteri probably
evolved from a form like Anomalomys gaudryi. Later, Bolliger
(1999: fig. 40.3.) concluded Prospalax to be a new immigrant
in Europe, but he does not exclude possible evolutionary
connection between Prospalax and A. rudabanyensis or
A. gaillardi. According to Daxner-Hock and Hock (2015),
the unworn teeth of Prospalax petteri exhibit more archaic
structures, similar to those of Anomalomys rudabanyensis.
They regard P. aff. petteri from Schernham as a transitional
population between advanced species of Anomalomys
GAILLARD, 1900 (e.g., 4. rudabanyensis, A. gaillardi) and
Prospalax petteri. Nesin and Kovalchuk (2021) described
Anomalomys grytsivensis from Grytsiv, and postulated that the
new species can be a transitional form between Anomalomys
and Prospalax petteri. Luckett (2024) gave a cladistic
phylogenetic analysis of selected species of Anomalomys,
Prospalax and Anomalospalax Korpos, 1985. She concluded
that the Prospalax-Anomalospalax lineage evolved from
Anomalomys, and she found no indication of immigration.

Paleoecology and paleobiogeography

The fauna of the Csodabogyds Cave comprises species that
prefer a wide range of environments, from woodland species to
opportunists and those that thrive in open, dry environments.
The same is true for both herpetofauna and mammals.

None of the Soricidae genera indicate a dry climate or
open vegetation. Recent relatives of Crusafontina live in
moist, closed forests (Ziegler 2006). We therefore think that
shrews were inhabitants of forested or bushy areas near the
coast. This is supported by the probably forest-preferring
Erinaceomorpha and the aquatic Desmaninae among the
insectivorous mammals.

All bat species except Plecotus are cave dwellers (Rosina
and Sinitsa 2014). Therefore, there may have been some
open caves near the site. Rhinolophus and Miniopterus
prefer Mediterranean, warm, open grassy or scrubby areas.
In contrast, Plecotus mostly lives in the hollows of old
trees, which supports the mosaic nature of the environment
(Crespo et al. 2020).

In the case of rodents, there is a roughly 50/50 split between
species that prefer open areas (Csakvaromys sciurinus,
Myomimus dehmi, Vasseuromys n. sp., Eozapus intermedius,
Neocricetodon cf.  skofleki, Epimeriones austriacus,
Prospalax petteri) and those that prefer forest environments
(Muscardinus pliocaenicus, Eomyops sp., Keramidomys sp.,
Progonomys hispanicus, Apodemus lugdunensis), which also
indicates mosaic vegetation (van Dam 1997).

147



All this suggests that the site’s environment was highly
diverse. On the shores of Lake Pannon, there was gallery
forest and shrubby vegetation, while further away from the
lake was a wooded savannah, with semi-open karstic areas
on the higher parts. It may have been warm, but drier than
the Middle Miocene, with a seasonal climate, characterized
by hot/dry summers and cool/wet winters.

Acomparison ofthe MN 11-12 microvertebrate faunas from
the Pannonian Basin (Eichkogel, Kohfidisch, Csodabogyds)
with contemporancous assemblages from eastern Europe
(Moldova, southern Ukraine, southern Russia) and the
eastern Mediterranean Region (southern Balkans, Anatolia) is
currently underway. Here, we can provide some preliminary
remarks that highlight regional climatic differences.

1. Prospalax is frequent in the Pannonian Basin, but
absent in eastern Europe.

2. Characteristic East European rodents, Ischymomys and
Microtoscoptes, are found in the Pannonian Basin, but those
are absent in the eastern Mediterranean.

3. Microdyromys DE BRULN, 1966, Allocricetus SCHAUB,
1930, Byzantinia DE BRUDN, 1976, Pseudomeriones
ScHAuB, 1934, Pliospalax Kormos, 1932, Micromys
DEHNE, 1841 didn’t move to the Pannonian Basin from the
Mediterranean during this period.

A detailed analysis of the paleoecology of the
vertebrate fauna from the Csodabogyos Cave, along with
a comprehensive biogeographic study of the MN 11-12
microvertebrate faunas in the three regions, will be presented
in a future article.

Biostratigraphy

The biostratigraphic correlation of the small mammal
fauna from Csodabogyds Cave with the early Turolian
(MN 11) is clear, based on the ranges of stratigraphically
relevant small mammals (Text-fig. 22). The fauna is most
similar in both faunal composition and richness to those of
the Kohfidisch (Burgenland, Austria; 8.5 Ma) and Eichkogel
(Vienna Basin, Austria; 8.5-8.0 Ma) sites (Daxner-Hock and
Hock 2015).

In the Soricidae assemblage, Crusafontina kormosi,
“Petenyia” dubia, and Paenelimnoecus repenningi are the
typical Late Miocene (MN 9-13) elements of the European
fauna. Paenelimnoecus repenningi is present throughout
this period, while “Petenyia” dubia occurs in the MN 11-13
(Mészéros 2000).

Asoriculus gibberodon is a long-lived species. It was
surely present in Europe to the middle Early Pleistocene.
Its youngest record outside of Hungary is from the Zabia
Cave, Poland (early Biharian; Rzebik-Kowalska 2013),
but Botka and Mészaros (2017) reported a few specimens
from the late Early Pleistocene site of Somssich Hill 2 in
Hungary. Formerly, its FAD was mentioned by Mészaros
(1998) from Tardosbanya, Hungary (Late Miocene, MN 12).
Since A. gibberodon was not present in the only shrew site
of MN 11 in Hungary, Mészaros (2000) found that the
stratigraphic range of the species does not extend back to
MN 11. However, we now suspect that the lack of Asoriculus
finds may have been due to the poor material from the site,
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as that locality yielded only 5 Soricidae specimens. Based
on the new findings, the present study extends the FAD to
the beginning of MN 11. This record can be supported in the
future by re-examining the dubiously determined species,
described from Kohfidisch by Bachmayer and Wilson
(1977). On the other hand, the occurrence of 4. gibberodon
and “Petenyia” dubia in this assemblage indicates that this
site is younger than the Stimeg locality nearby Csodabogyds
Cave from the MN 10, where the two species certainly do
not yet occur (Mészaros 1996).

The presence of Crusafontina kormosi suggests that the
geological age of the material may not be earlier than the early
Turolian, as seen at the Kohfidisch locality in Austria (the
beginning of the MN 11), where the species first occurs. The
direct descendant of this species is Amblycoptus oligodon,
whose presence we cannot detect in the Csodabogyds and
Kohfidisch samples; however, Tesakov et al. (2017) reported
it from a later part of MN 11. As shown in the taxonomic
chapter, many of the Crusafontina specimens in our sample
are transitional between the two forms, meaning that this
population may represent the time immediately before
the species change. Based on this, we assume that the
Csodabogyos Soricidae assemblage represents the early part
of MN 11. Compared to the Csodabogyos Paenelimnoecus
specimens of the same age, the dimensions show a close
relationship with those of the Csakvar and Kohfidisch
specimens. In contrast, they differ somewhat from the
smaller Eichkogel ones (Mészaros 1996: tab. 8, Ziegler
2006: tab. 23).

Among the rodents, both Austrian sites (Kohfidisch
and Eichkogel) show species that are also important in the
fauna of the Csodabogyds Cave: Muscardinus pliocaenicus,
Myomimus dehmi, Neocricetodon skofleki, Epimeriones
austriacus, Prospalax petteri, Apodemus Ilugdunensis,
FEozapus intermedius. The significant differences between the
two Austrian sites and the rodent fauna of the Csodabogyos
Cave, e.g., the complete absence of flying squirrels in
the Csodabogyds Cave, can be attributed to ecological
differences.

Based on the size of the A. lugdunensis and P. hispanicus
molars, Csodabogyos Cave may be closer in age to
Kohfidisch (8.5 Ma), Peralejos C (8.8 Ma), and Peralejos D
(8.7 Ma) sites in Spain. In addition, the morphology of the
Neocricetodon cf. skofleki population from the Csodabogyos
Cave (less divided anterocones and anteroconids on M1/m1)
suggests an early form of N. skofleki, less developed than the
material from the Eichkogel and Tardosbanya sites (Hir et
al. 2025, this volume). These observations indicate that the
accumulation of the Csodabogyo6s Cave material occurred in
the earliest Turolian (8.7-8.5 Ma).

Conclusion

During the taxonomic process of the Csodabogyos Cave
fossils, we described a new species of dormice (Vasseuromys
n. sp.; see Hir 2025, this volume), found one of the oldest and
westernmost occurrences of the genus Microtoscoptes, and
reported the presence of a Progonomys hispanicus, a species
significantly smaller than P. woelferi, common in nearby
sites of similar age (Kohfidisch, Eichkogel). We raised for a

new genus “Petenyia” dubia in the shrew material, extended
the stratigraphic range of Asoriculus gibberodon to the MN
11, and described the morphological transition between
Crusafontina kormosi and its descendant Amblycoptus
oligodon. In addition, for some species (Progonomys
hispanicus, Apodemus lugdunensis, Neocricetodon cf.
skofleki (see Hir et al. 2025, this volume)), we have used
statistical methods to compare the fauna of the Csodabogyds
Cave with other faunas and species.

Thus, by providing a detailed taxonomic description of this
extremely rich vertebrate fauna, primarily consisting of small
mammals, and by giving raw size data (see supplementary
material), we have created a database that can serve as
a reference for future descriptions of sites of similar age.

Paleoecological analysis indicates that the vegetation
surrounding the site was diverse. The climate may have been
drier than that of the Middle Miocene, characterized by hot/
dry summers and cool/wet winters.

Based on the biostratigraphically relevant small mammals,
the age of the Csodabogyds Cave fauna is approximately
8.7-8.5 million years (early Turonian, MN 11).
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