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Abstract: Herein the fossil assemblage of the Middle Miocene (12.06 Ma) locality of Markt Retten-
bach (Southern Germany) is studied. The fossil-bearing sediments of the clay pit have been known for
almost a century, but until now only little is known about its fauna. A small sample of fossils collected
in the 1940s is housed in the collections of the Kempten-Museum in the Zumsteinhaus (Germany).
Since then, the clay pit has been re-naturalised and is not available for any further excavations and
collecting of fossils. Thereby, this material, along with a single mandible of a Listriodon splendens
described in the past, are the only information about the Middle Miocene fauna of this locality. Here-
in, five large mammals were identified: a proboscidean, a hornless rhino, a large-sized suid, a small
ruminant (possibly a tragulid), and a medium-sized pecoran (possibly a small bovid). Thus, this work
represents the first detailed study of the known mammalian fauna of Markt Rettenbach overall. Its
fauna is comparable to other Middle Miocene sites such as Gratkorn (Austria) and matches the late
Middle Miocene age previously suggested for the locality.
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1. Introduction

The North Alpine Foreland Basin (NAFB) in Central
Europe comprises Upper Eocene to Miocene mo-
lasse sediments which have been studied extensive-
ly (e.g., LEMCKE etal. 1953; KUHLEMANN & KEMPF
2002; DoppLER etal. 2005; HormaYER etal. 2019).
The ‘Obere Serie’ is the uppermost lithostratigraphic
unit of the southwestern Bavarian part of the Upper
Freshwater Molasse (DopPLER 1989; DOPPLER etal.
2005), representing the youngest preserved molasse
sediments in that region. Magnetostratigraphy and re-
gional correlation constrain the age of the ‘Obere Se-
rie’ to the late Middle to earliest Late Miocene (Serra-
vallian to early Tortonian), between 13.8 and 11.1 Ma
(KIRSCHER et al. 2016). This is the time right after the
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Middle Miocene Climatic Optimum, a significant cli-
matic event that affected the fauna of Europe (BOHME
2003). However, the record of vertebrate fossil local-
ities in the ‘Obere Serie’ of the NAFB is rather scanty
(BOHME & ILG 2003); nonetheless, the closely situat-
ed site of Hammerschmiede exhibits a highly diverse
community, including all major vertebrate groups, as
well as hominids (KIRSCHER etal. 2016; BOHME et al.
2019; HARTUNG etal. 2020; MAYR etal. 2020a; MAYR
etal. 2020b; KarGgorouULOS etal. 2021a, KARGOPOU-
Los etal. 2021b; KARGopouLOS etal. 2021c¢).

In general, fossiliferous localities of the ‘Obere
Serie’ containing mammals are recorded around and
in Munich (STROMER VON REICHENBACH 1928; Fuss
etal. 2015), along the river Inn in south-eastern Ba-
varia (DEam 1955), and in Swabia of southwestern
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Fig. 1. Topographic map of southwestern Bavaria (Germany), indicating the position of the Middle and Late Miocene local-
ities Markt Rettenbach, Hillenloh, and Hammerschmiede in the area. The map was made with GMT6 (WESSEL etal. 2013).

Bavaria. The latter region contains the localities Ham-
merschmiede, Hillenloh and Mark Rettenbach (Fig. 1;
KirscHER etal. 2016). This study deals with fossils
from the Markt Rettenbach locality, situated 15.8 km
west of the vertebrate-bearing Hammerschmiede clay
pit (Fig. 1). They were collected in the 1940s from
the former brickyard Lammle, south of the chapel
Maria Schnee of Markt Rettenbach, between 658 and
670m a.s.l. (Fig. 2; SCHAFER & BERLINGER 1954).
Since the clay pit is no longer accessible, the following
description of its sediments is based on the one provid-
ed by SCHAFER & BERLINGER (1954: 19). The base of
the succession is formed by consolidated bluish-grey
to greenish-grey sandy clays. They are overlain by
unconsolidated yellow to yellowish-grey marly sands.
The sediment adhering to some fossil bones is a con-
solidated, bright greenish sandy marl, suggesting that
the fossils derive from the lower part of the succession.
Most bones are partially covered by a haematitic coat-
ing or crust, giving them a reddish spotted appearance.

The occurrence of Miocene fossil mammals in the
clay pit of Markt Rettenbach (Fig. 2) was reported for
the first time almost a century ago by ERNST FREIHERR
STROMER VON REICHENBACH based on material that

he had received from Dr. EBERL (STROMER VON REI-
CHENBACH 1930). STROMER VON REICHENBACH (1930)
mentioned the presence of a distorted mandible and
some isolated teeth that he assigned to Dorcatherium
crassum, an impressive, almost complete mandible
of Listriodon splendens, and a fragment of a humer-
us that he assigned to an indeterminate carnivoran.
Both the Dorcatherium and the carnivoran specimens
cannot be relocated in the collections of the Bavarian
State Collections of Natural Sciences — Bavarian State
Collection of Palaeontology and Geology, in Munich
(SNSB — BSPG) (GERTRUD ROSSNER, pers. comm.).
Beside the vertebrate fossils, STROMER VON REICHEN-
BACH (1930) also mentioned the existence of land snail
shells that even preserved colour bands.

Shortly after, DEam (1934) provided an extensive
description of Listriodon splendens from Markt Ret-
tenbach with detailed morphological and metrical
comparisons to Listriodon material from other local-
ities and even provided a phylogenetic tree for several
species of this genus. Beside the mandible that was
illustrated and described by STROMER VON REICHEN-
BACH (1930), DEnm (1934) described several other
Listriodon splendens remains from Markt Rettenbach.
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Fig. 2. Geological map of the study area (see Fig. 1) after SCHAFER & BERLINGER (1954: 22). The topography was generated
with GMT6 (WEsSEL et al. 2013). The black stars indicate the fossil localities Markt Rettenbach and Hillenloh.

This material includes numerous isolated teeth and
some postcranial elements, deposited in the SNSB —
BSPG.

Recently, KirscHER etal. (2016) provided a taxon
list of the mammalian fauna of Markt Rettenbach com-
prising five large mammal species as well as one mi-
cromammal. This list was based on literature data and
preliminary observations from undescribed material.
Most importantly, KIRSCHER etal. (2016) provided a
dating for the fossil-bearing sediments of Markt Ret-
tenbach. They correlated the sediments of the Markt
Rettenbach clay pit to a 150 m long drill core, obtained
in Irsee, which was magnetostratigraphically dated in
detail, and established an age of 12.06 Ma for the lo-
cality (KirSCHER etal. 2016), which is similar to the
12.2-12.0 Ma old vertebrate locality of Gratkorn in the
Styria Basin of Austria (Gross etal. 2014).

Herein we report undescribed mammalian remains
from the Markt Rettenbach clay pit and attribute them
to five different large mammal taxa. Thus, adding to
the knowledge about the fossil record of the ‘Obere

Serie’ from the Upper Freshwater Molasse Formation
in South Germany.

2. Material and methods

The original material is housed in the collections of
the Kempten-Museum in the Zumsteinhaus in Bavaria
(Germany). The material was collected by J. RAMPF in
the 1940s. Casts of the fossils have been deposited in
the Geologisch-Paldontologisches Institut of the Uni-
versity of Tiibingen (GPIT). Comparative fossils from
the Middle Miocene localities of Gratkorn, Steinheim
am Albuch, Sansan and the Late Miocene locality of
Hammerschmiede were studied at the GPIT and the
Staatliches Museum fiir Naturkunde Stuttgart, Germa-
ny (SMNS). The measurements of the specimens were
taken with a digital caliper with an error of 0.01 mm
and were then rounded to the closest 0.1 mm.
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Fig. 3. Proboscidea indet. from the Middle Miocene locality of Markt Rettenbach. Caudal vertebra (M-OS 2146) in anteri-
or (A), dorsal (B), and lateral (C) views. Scale bar equals 10 cm.

3. Systematic palaeontology

Class Mammalia LINNAEUS, 1758
Order Proboscidea ILLIGER, 1811

Proboscidea indet.
Fig. 3

Material: Caudal vertebra (M-OS 2146).

Description and comparison: Specimen M-OS 2146
represents the body of a large caudal vertebra (Lph =
90.0 mm). The transversal processes are broken, with
only the medialmost 1-2 cm being preserved, but they
are anteroposteriorly very wide (55 mm) and strongly
developed. The neural arch is broken off, but its open-
ing is preserved with the neural archs bases and has
a transversal width (30 mm) much narrower than the
vertebral body, as is typical for caudal vertebrae. How-
ever, based on the presence of a well-defined neural
canal, it can probably be placed in the anterior por-
tion of the animals’ tail. The articular facets are dor-
soventrally compressed, another common feature in
caudal vertebrae. In anterior view, a small, rounded,
and shallow depression is visible in the middle of the
articular facet of the vertebral body. On the posterior
articular facet, a clearly deeper, elliptical depression
is visible. The width of the anterior articular facet
(BEcr = 67 mm) is somewhat larger than the posterior
one (BEcd = 58 mm).

Based on its size alone, M-OS 2146 could not be-
long to any other animal that lived during this time
in Europe, except a proboscidean. The dimensions of
the Markt Rettenbach vertebra (Lph x BEcr x BEcd =
90 x 67 x 58 mm) are comparable to the anterior caudal
vertebrae of Gomphotherium aff. steinheimense from
the Late Miocene of Gweng near Miihldorf in Bavaria
(Caudal vertebra 3: Lph x BEcr x BEcd = 62 x 63 x 58;
GOHLICH 1998: tab. 32), while the Markt Rettenbach
vertebra is somewhat longer. However, the morphol-
ogy of the caudal vertebrae is quite uniform amongst
proboscideans and not much comparative material is
available. Therefore, no further identification is pos-
sible, beside the attribution of the specimen to a pro-
boscidean.

Order Perissodactyla OWEN, 1848
Family Rhinocerotidae Gray, 1821
Subfamily Aceratheriinae DoLLo, 1885
Genus Hoploaceratherium
GINSBURG & HEISsIG, 1989

cf. Hoploaceratherium sp.
Fig. 4

Material: partially preserved ramus of a left hemi-
mandible, with the m3 (M-OS 2147-1), left m2?
(M-OS 2147-2) and ectolophid of a left lower molar,
potentially the m1 (M-OS 2147-3).
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Fig. 4. cf. Hoploaceratherium sp. from the Middle Miocene locality of Markt Rettenbach. A — Posterior portion of a left
mandible (M-OS 2147-1) in lateral (1), dorsal (2) and medial (3) views; B — left m1? (M-OS 2147-3) in occlusal (1) and
buccal (2) views; C — left m2? (M-OS 2147-2) in occlusal (1), buccal (2) and lingual (3) views; and D — left m3 (M-OS
2147-1, same as in Fig. 4A, in occlusal (1), buccal (2) and lingual (3) views. Scale bars equal 5 cm.

Remarks: The material exhibits a similar state of
preservation and the different wear stages of the three
teeth indicate that they might represent the m1 (M-OS
2147-3), m2 (M-OS 2147-2), and m3 (M-OS 2147-1)
of the same individual.

Description and comparison: Specimen M-OS
2147-1 represents the most posterior portion of the
corpus and the ramus of the left hemimandible with
the m3 in situ. The specimen is broken anterior to
the m3 and the ventral portion of the corpus, below
the m3, is also missing. The mandibular angle is rela-
tively rounded, and the ramus is subvertical. The coro-
noid process is not preserved, and the articular condyle
is almost entirely missing, with only a small remnant
preserved. Posteriorly and below the articular condyle
a strong post-articular tubercle is visible.

In total, three teeth have been recovered from
Markt Rettenbach, M-OS 2147-3 represents a buccal

fragment of a lower molar, probably the m1, M-OS
2147-2 is probably an m2, missing the posterior end of
the entoconid, and M-OS 2147-1 is the m3, associated
with the mandible fragment, missing the anterior tip
of the paralophid. Specimen M-OS 2147-3 is heavi-
ly worn and a connection between the metalophid and
the hypolophid is well established. A well-developed
posterior cingulum exists and continues slightly on the
buccal side, before merging into the ectolophid and
leaving only a marginally protruding enamel bar on
the postero-buccal part of the talonid. A small, smooth
enamel tubercle exists at the base of the ectolophid
groove

Specimen M-OS 2147-2 is moderately worn, with
the metalophid and hypolophid remaining separat-
ed. The paralophid is short, lingually merging into
the anterolingual cingulum. The anterior cingulum is
not fully visible due to the anterior abrasion from the
neighbouring tooth. This cingulum continues both on
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the lingual and the buccal side to some extent. The
anterior valley is shallower than the posterior valley.
A small enamel tubercle exists at the base of the ectol-
ophid groove. The posterior cingulum also continues
somewhat on the buccal side, before vanishing. The
posterior portion of the entoconid is not preserved and
the morphology of the postero-lingual cingulum can-
not be assessed.

Specimen M-OS 2147-1 is moderately worn, less
so than M-OS 2147-2 with the metalophid being well
separated from the metalophid. The paralophid is bro-
ken, but it must have been quite short and probably,
as is the case in M-OS 2147-2, merged into an antero-
lingual cingulum, because a small remnant of this cin-
gulum is visible posterior to the entrance of the ante-
rior valley. The anterior cingulum also continues on
the buccal side to some extent and at the base of the
ectolophid groove a small enamel tubercle is visible.
The anterior valley is shallower than the posterior one
and two very small tubercles are present ventral to the
entrance of the posterior valley. In place of a posterior
cingulum, a small enamel “cuspid” exists.

The rhino material from Markt Rettenbach is quite
fragmentary and the preserved portion of the mandible
cannot be used for species identification. Yet, the teeth
are too small to be associated with the large rhinoce-
rotid genus Brachypotherium (HEissIG 1971; HANDA
2018; BECKER & Tissier 2020), which is well known
from the Middle Miocene of Central Europe. How-
ever, some features, such as a short paralophid that
continues into an anteroposterior cingulum, an ante-
rior cingulum that slightly extends toward the lingual
and buccal side of the tooth, and a posterior cingulum
(only in m1 and m2, not in m3) along with a small
tubercle in the posterior valley in the studied low-
er molars, are features associating the rhino material
from Markt Rettenbach with the Aceratheriini (HEIssIG
2012; AIGLSTORFER etal. 2014c). On the other hand,
these features are absent in Lartetotherium, which is
the most common horned rhino in Europe during this
time period (HEISSIG 2012; AIGLSTORFER et al. 2014c).

Within the Middle Miocene Aceratheriini many
issues regarding the taxonomy and phylogenetic rela-
tionship of the genera Aceratherium, Alicornops, and
Hoploaceratherium have been discussed in the past
(e.g., GIAOURTSAKIS 2003; HEIssIG 2004; AIGLSTORFER
etal. 2014c; GIAOURTSAKIS 2022). Metrically, specimen
M-OS 2147-2 (m?2: L = 43.8 mm, Want = 26.4 mm),
which is the only mostly complete tooth, fits very
well into the lower value range of Hoploacerath-
erium tetradactylum from Sansan (L = 38.5-45.0,

Want = 25.0-33.0, n = 17; HEissiG 2012). They also
seem to be somewhat smaller than Aceratherium inci-
sivum (L = 40.0-46.0 mm, W = 27.0-30.0 mm, n = 5)
and Hoploaceratherium belvederense (L = 44.5 mm,
W = 28.5-30.0, n = 3) from Rudabanya (HEissiG
2004). Also, based on the measurements of the upper
teeth provided by HEissiG (2012, tabs. 4, 8), Acerath-
erium (Alicornops) simorrense from Sansan is smaller
than Hoploaceratherium tetradactylum. Nonetheless,
the taxonomic attribution of such scanty material is
very difficult; thus, the rhino material from Markt Ret-
tenbach is tentatively referred to as cf. Hoploacerath-
erium sp.

Order Artiodactyla OWEN, 1848
Superfamily Suoidea Gray, 1821
Family Suidae Gray, 1821
Genus Listriodon MEYER, 1846

Listriodon splendens MEYER, 1846
Fig. 5A-D

Material: right upper canine crown fragment and left
upper canine root fragment (both M-OS 2143), right
astragalus, right distal humerus, distal end of lateral
metapodium (all M-OS 2157).

Description and comparison: The preserved portion
of the right upper male canine crown is ~107.0 mm
high (though the apical end is reconstructed with gyp-
sum), 42.0 mm wide labiolingually (DT), and 36.0 mm
wide anteroposteriorly (DAP) at the preserved basal
end. The tooth is very high-crowned, though its ex-
act height cannot be assessed. The tooth is sub-conical
and almost triangular in cross section. The upper ca-
nine bends to the side and slightly posteriorly. A small
fragment of the enamel layer is only preserved on the
dorsoposterior side. The anteroventral side of the tooth
is strongly worn, due to attrition with the lower canine
and exhibits a slender, elongated enamel wear facet on
the anterior portion of the tooth. The Markt Rettenbach
material also includes a root fragment of a left upper
canine. The preserved portion of the root is large; its
apical end is labiolingually compressed and its basal
portion is subtriangular in cross section. It is similar
in size and shape to the right upper canine from Markt
Rettenbach.

VAN DER MADE (1996) reviewed the Listriodontinae
and reported a value range of 22.0—47.0 mm for the
width of the upper male canines of Listriodon splen-
dens (VAN DER MADE 1996: fig. 53). The right upper
canine from Markt Rettenbach (M-OS 2143) perfectly
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Fig. 5. Artiodactyla from the Middle Miocene locality of Markt Rettenbach. A — Listriodon splendens, right upper male
canine (M-OS 2143) in medial (1), anterior (2) and posterior (3) views, note that the apical end of the canine is reconstructed
with plaster; B — Listriodon splendens, right distal humerus (M-OS 2157) in anterior (1) and posterior (2) views; C — Lis-
triodon splendens, distal end of lateral metapodium (M-OS 2157) in lateral (1) and anterior (2) views; D — Listriodon splen-
dens, right astragalus (M-OS 2157) in anterior (1) and posterior (2) views; E — Pecora indet., distal metapodium (M-OS
2157) in lateral (1) and anterior (2) views; F — Pecora indet., right astragalus in anterior (1) and posterior (2) views; and
G — Ruminantia indet., right astragalus (M-OS 2157) in anterior (1) and posterior (2) views. Scale bars equal 5 cm.

fits within this size range. This value fits also well with
three male canines from Massenhausen (late Middle
Miocene, Germany) (DT = 37.0—40.0 mm), as report-
ed by VAN DER MADE (1996).

Therightastragalus (M-OS 2157) measures 51.0 mm
in proximodistal length, mediolaterally it is 26.4 mm
wide at the proximal trochlea and 31.4 mm at the dis-
tal trochlea. The diameter of the medial ridge of the
proximal trochlea (measurement ‘R’ of VAN DER MADE
1996) is 30.6 mm. The trochlea groove is steep, and
the ridges of the proximal trochlea are sharp and asym-
metrical with the lateral one being larger than the me-
dial one. The proximal trochlea is slightly medially
inclined and the distal trochlea broadens, especially at
its navicular part, towards the distal end, resulting in
a significantly wider distal trochlea in comparison to
the proximal one. The cuboid facet is prominent and

11.0 mm wide. Although somewhat abraded, the suste-
ntacular facet is flat to slightly concave mediolaterally
and a medial crest (sensu DEHM 1934; LEINDERS 1976)
is lacking.

This specimen shows general suoid affinities by the
medially inclined proximal trochlea and the prominent
cuboid facet. It differs from the generalised suid bau-
plan (see HussaiN etal. 1983) by the flat to slightly
concave sustentacular facet lacking a medial crest.
Both features, however, are characteristic for Listri-
odon splendens (DEaM 1934; LEINDERS 1976). The
large dimensions correspond to the largest known
specimens of Listriodon splendens (Table 1). Howev-
er, M-OS 2157 is somewhat unusual in comparison to
described astragali (DEHM 1934; vAN DER MADE 1996;
VAN DER MADE 1998) by the significantly broadened
distal trochlea, the wide cuboid facet and the robust



306 P Kampouridis etal.

Table 1. Astragalus measurements [in mm] of Listriodon splendens according to VAN DER MADE (1996) and Denam (1934).

DAP DTp DTd DTd/DTp R d
M-0S 2157 51 264 314 1.19 306 11.0
Markt Rettenbach 51 245 27 1.10 - -
Aumeister 495 215 265 1.23 - -
Simorre
MNHNPS Si 170 430 209 258 1.23 221 9.6
Arroyo del Val IV
AR 1V 35 496 25.0 28.1 1.12 279 8.7
ARV 65 462 243 253 1.04 255 9.1
AR 1V 66 463 238 27.6 1.16 255 8.1
MPZ DPZ/AV 54 46.3 24.1 27.2 1.13 25.8 8.5
La Grive
MGL LGr 757 43.1 21.7 239 1.10 232 -
MGL LGr 759 >433 235 26.1 1.11 >243 9.6
MGL LGr 1532 479 233 248 1.06 25.1 85
MGL LGr 1548 409 224 237 1.06 223 6.9
MGL LGr 1549 475 246 264 1.08 265 8.0
MGL LGr 1550 432 195 234 1.20 223 9.0
MGL LGr 1551 >424 19.6 21.7 1.11 241 -
MGL LGr 1552 389 17.5 20.8 1.19 20.8 9.1
La Chaux-de-Fonds
MHNCF 49.0 247 287 264 94
MHNCF - 23.6 26.7 253 95
Cerro del Otero
NMCN 191 >51.5 258 28,6 1.11 264 9.6
Castel del Barbera
PIS 1569 457 218 233 1.07 26.1 94
IPS - 51.0 256 293 1.14 28.6 8.7

diameter ‘R’. Whereas the relative width of the distal
trochlea (DTd/DTp) falls in the upper range of pub-
lished specimens (Table 1), the diameter of the Markt
Rettenbach astragalus is significantly larger and the
cuboid facet is wider than in any known Listriodon
splendens. As the specimen is placed at the upper
size range of Listriodon splendens, an assignment to
the contemporary suid Parachleuastochoerus stein-
heimensis, is most unlikely, as this taxon is generally
smaller than Listriodon splendens (FORTELIUS etal.
1996).

The distal end of the humerus is 38.0 mm deep an-
teroposteriorly and the articular facet of the trochlea
is 30.9 mm wide mediolaterally. In posterior view, the
medial epicondyle is larger than the lateral epicondyle
and the medial one is forming a sharp ridge. The fossa
olecrani is large compared to the rest of the humerus.
In anterior view, the lateral epicondyle is well devel-
oped and encompasses the trochlea laterally. The ridg-
es of the trochlea are flat and faint.

The humerus is “pig-like” if compared to other ar-
tiodactyls by being robust and rather stout, possess-
ing a prominent medial epicondyle encompassing the
trochlea in anterior view, a large fossa olecrani, and a
less-developed trochlea. The specimen shows morpho-
logical similarities with Hyotherium from Sandelzhau-
sen (early Middle Miocene, Germany) (VAN DER MADE
2010: fig. 26A), although the fossa olecrani is deeper,
but shorter than in M-OS 2157. Based on its size and
association with the dental material that was assigned
to Listriodon splendens, the specimen can be assigned
to this species.

The articular facet of the distal part of the later-
al metapodium is 12.4 mm wide mediolaterally and
13.9mm high anteroposteriorly. The articulation fac-
et proceeds from the anterior to the posterior side and
contains a flat dorsal ridge at its centre.

The morphology of the lateral metapodium is also
“pig-like” if compared to the extant Sus scrofa, al-
though the central ridge is less developed in the extant
pig. The articular facet also shares the general mor-
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phology with the lateral metapodium of Hyotherium
from Sandelzhausen (VAN DER MADE 2010: fig. 28B).
Compared to other artiodactyls, it is rather stout and
less reduced compared with ruminants for example.
Therefore, the specimen is also assigned to Listriodon
splendens.

Suborder Ruminantia ScopoLl, 1777

Ruminantia indet.
Fig. 5G

Material: Right astragalus (M-OS 2157).

Description and comparison: The right astragalus
M-OS 2157 is ~30.7 mm long proximodistally and me-
diolaterally it is ~13.9 mm wide at the proximal troch-
lea and ~12.6 mm at the distal trochlea. The preserva-
tion is poor, and the bone exhibits cracks that slightly
deformed its shape. The ventral portion of the distal
trochlea is broken. The proximal trochlea is slightly
inclined medially with the lateral ridge being larg-
er than the medial one. The trochlea groove and the
central fossa are shallow. The distal trochlea is poorly
preserved, but quite narrow compared to the proximal
trochlea, with no distinct cuboid facet.

The Markt Rettenbach astragalus exhibits no dis-
tinct cuboid facet, a characteristic feature for suids,
therefore an attribution to a suiform can be excluded
and an assignment to a ruminant seems most suitable.
However, the proximal trochlea slightly inclined, a
feature that is absent in pecora, like bovids and cer-
vids. Also, the trochlear ridges are very asymmetrical,
with the lateral one being larger, which is a typical
character of tragulids. The astragalus from Markt Ret-
tenbach is relatively small and most similar in mor-
phology to astragali of Dorcatherium crassum (Mo-
RALES etal. 2012: figs. 63—64) from Sansan (France)
but has a somewhat stronger level of inclination of
the proximal trochlea. Moreover, the size of the as-
tragalus from Markt Rettenbach fits within the size
range of Dorcatherium astragali from Sansan (Mid-
dle Miocene, France) (GPIT: length = 28.0-30.6 mm;
width = 15.5-16.4 mm; n = 3). Though, it differs from
Dorcatherium naui from the Hammerschmiede (pers.
obs. at GPIT) and Gratkorn (AIGLSTORFER et al. 2014d)
in being slenderer and more elongated proximodistally
and having a more medially inclined proximal troch-
lea. However, based solely on this deformed astragalus
a specific identification is not possible and the speci-
men is attributed to Ruminantia indet.

Pecora LINNAEUS, 1758

Pecora indet.
Fig. SE-F

Material: Right astragalus and distal metapodial
epiphysis (M-OS 2157).

Description and comparison: The right astragalus
is 36.1 mm long proximodistally, mediolaterally it is
22.0 mm wide at the proximal trochlea and 22.8 mm at
the distal trochlea, and dorsoplantarly 20.0 mm thick.
The proximal trochlea is separated by a faint and shal-
low groove and the lateral trochlea ridge is larger than
the medial one. The distal trochlea is symmetrical.

The general morphology of the astragalus corre-
sponds to cervid and bovid astragali (HEiNTZ 1970)
and differs from tragulids in lacking the inclination
of the proximal trochlea. According to HEINTZ (1970)
bovids slightly differ from cervids in a more symmet-
rical distal trochlea, where both condyles are subequal
in size and the intercondylar groove takes a medial
position. This is the case in the specimen from Markt
Rettenbach.

The Markt Rettenbach astragalus is somewhat
larger than cervid astragali from the Middle Miocene
of Steinheim (Germany) and Sansan (France). More
specifically, the specimen described herein is slight-
ly larger compared to the Euprox vel Heteroprox
cervid astragali from Steinheim am Albuch (length:
27.7-34.0 mm, anteroposterior width: 16.8-21.4 mm,
n = 168). Also, the specimen is smaller in size than
Miotragocerus monacensis from Hammerschmiede
(length: 39.3-44.7, anteroposterior width: 21.3-24.8,
n = 8). Sansan is also known for the occurrence of
the early bovid Eotragus clavatus, the dimensions of
which fall between the Steinheim cervids and the larg-
er bovid Miotragocerus; however, the exact size range
of E. clavatus is not known. SURAPRASIT etal. (2013)
described an astragalus of the new species Fotragus
lampangensis from Thailand and figured astragali
from this species and Eotragus clavatus from Sansan
(SUrAPRASIT et al. 2013: fig. 4), which are morpholog-
ically very similar to the astragalus from Markt Ret-
tenbach, including a lateral trochlea ridge that is larger
than the medial one in the proximal trochlea, and a
symmetrical distal trochlea. Also, the present specimen
falls into the size range (i.e. between Steinheim cer-
vids and Miotragocerus) of Eotragus clavatus. How-
ever, a small bovid species, Tethytragus sp., is known
from the late Middle Miocene of Gratkorn (AIGLSTOR-
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FER etal. 2014d), but no astragalus has been reported.
Another bovid of comparable size, Protragocerus, is
also known from the Middle Miocene (THENIUS 1956;
Fuss etal. 2015). According to these uncertainties, it
is preferable to assign this specimen to Pecora indet.

The distal metapodial epiphysis is 11.8 mm wide
mediolaterally and 18.1 mm thick anteroposteriorly.
The lateral part of the articular facet is flatter than the
medial part, separated by a well-developed and contin-
uous keel as typical for cervids and bovids (compare
HiLLENBRAND et al. 2009: pl. 3).

4. Discussion

The locality Markt Rettenbach has been dated by mag-
netostratigraphic correlation to 12.06 Ma (KIRSCHER
etal. 2016), thus placing it into the Serravallian, near
the end of the Middle Miocene (11.63 Ma). This time
period is characterised by climatic and faunal changes
(BO6HME 2003; BOHME etal. 2008). Markt Rettenbach
is one of the few dated mammal localities of this period
in Central Europe. As it stands now, it includes a fossil
assemblage that fits well into this period, including a
proboscidean, a hornless rhino, a large-sized suid, a
small ruminant (possibly a tragulid), and a medium-
sized pecoran (possibly a bovid).

This taxon list differs from the one provided by
KirscHER etal. (2016) by the absence of the genera
Deinotherium and Parachleuastochoerus. A Deino-
therium tusk deposited in the Zumsteinhaus collection
(M-OS 2189) was the basis for the identification of
this taxon in the Markt Rettenbach fauna. This speci-
men has a similar haematitic crust as seen on the Markt
Rettenbach material, which is relatively uncommon in
molasse fossils, but is also present on the similarly-
aged locality of Hammerschmiede. It was erroneously
labelled as originating from the Markt Rettenbach clay
pit, but instead it originates from the closely located
Hillenloh clay pit as confirmed by its collector (MAN-
FRED SCHMID, pers. comm., collector of the specimen).
The occurrence of Parachleuastochoerus was based
on the postcranial remains of Listriodon described
here and has to be omitted, as this material is too large
to belong to Parachleuastochoerus.

During the Middle Miocene, several proboscidean
taxa were present in Central Europe (GOHLICH 1998;
GoOHLICH 2010; AIGLSTORFER et al. 2014b; KONIDARIS
etal. 2017; ALBA etal. 2020). Based on the caudal ver-
tebra from Markt Rettenbach it is not possible to iden-

tify the genus or even the family it belongs to; thus, it
is preferred to refer to it as Proboscidea indet.

The rhino from Markt Rettenbach can be assigned
to the Aceratheriini. This group was very common in
Central Europe during the Middle Miocene (TUTKEN
etal. 2006; HEeissic 2012; AIGLSTORFER etal. 2014c¢)
and also continued into the Late Miocene (HUNER-
MANN 1989; HErissiG 1999; HeissiG 2004; GIAOURT-
sakis 2018; BOHME etal. 2019), with Aceratherium
and Hoploaceratherium being the most frequent gen-
era. The material from Markt Rettenbach is most sim-
ilar to the hornless rhino genus Hoploaceratherium,
which was known from the Bavarian part of the Mo-
lasse Basin before (HEissIG 1984; HEissiG 1999). This
genus is represented by two species, Hoploacerathe-
rium tetradactylum and Hoploaceratherium belveder-
ense (WANG 1928; WANG 1929; HEissIG 1999; HEISSIG
2004). HexssiG (1999, 2004) suggested that the former
is the Middle Miocene representative of the genus,
whereas the latter is the Late Miocene one. Consid-
ering the Middle Miocene age of Markt Rettenbach,
an assignment to Hoploaceratherium tetradactylum
seems plausible. However, the exact taxonomic asso-
ciation of these two species is not yet resolved. There-
fore, the material from Markt Rettenbach is assigned
to cf. Hoploaceratherium sp.

One large suid has been identified in the new mate-
rial from Markt Rettenbach. Listriodon splendens has
already been described in the past from this locality,
based on an almost complete mandible, some isolat-
ed teeth and postcranial material (STROMER VON REI-
CHENBACH 1930; DEHM 1934). This large suid is fairly
common during the Middle Miocene of Central Eu-
rope, with its occurrence in a plethora of localities in
Europe (VAN DER MADE 1996; ERONEN & ROSSNER
2007; KirsCHER etal. 2016; PRIETO & MAYR 2017),
such as the typical ones of Sansan, Gratkorn, and Stein-
heim am Albuch (P1CKFORD 2012; VAN DER MADE et al.
2014). VAN DER MADE etal. (2014) and AIGLSTORFER
etal. (2014a) compared the dental morphology and
isotopic signature of Parachleuastochoerus and Listri-
odon from Gratkorn and concluded that the two suids
occupied different environments, with Listriodon rep-
resenting a browser with some mixed feeding.

STROMER VON REICHENBACH (1930) reported also
the presence of Dorcatherium crassum in Markt Ret-
tenbach, based on a distorted mandible and some upper
teeth. However, he did not describe or illustrate any
of the specimens and the material cannot be relocat-
ed in the collections of the SNSB — BSPG (GERTRUD
ROSSNER, pers. comm.), where the simultaneously de-



Large mammals from the late Middle Miocene of Markt Rettenbach 309

scribed mandible of Listriodon is housed. In the lim-
ited material that was studied here, a badly preserved
ruminant astragalus (M-OS 2157) could potentially be
associated with a tragulid. Tragulids are in general very
common faunal elements in Central Europe during the
Middle and early Late Miocene (ROSSNER & HEISSIG
2013; AIGLSTORFER etal. 2014d; Kouros 2020). The
deformed astragalus from Markt Rettenbach is most
similar to Dorcatherium, but the absence of more char-
acteristic material and the bad preservation state of the
specimen do not allow for a specific identification.
Therefore, it is herein preferred to assign the specimen
to Ruminantia indet.

Cervids and bovids are common faunal elements
in the late Early, Middle and early Late Miocene of
Europe (e.g., THENIUs 1948; GENTRY etal. 1999;
ROssNER & HEISSIG 1999; AIGLSTORFER et al. 2014d).
Two specimens among the Markt Rettenbach mate-
rial, an astragalus and a distal metapodial epiphysis,
can be attributed to Pecora. They might represent a
bovid smaller than Miotragocerus, such as Eotragus
or Tethytragus restricted to the Middle Miocene (THE-
NIUS 1956; VAN DER MADE 2012; AIGLSTORFER et al.
2014d; Fuss etal. 2015; HARTUNG et al. 2020), but the
limited knowledge on the small bovids of this time
prevent any further comparisons.

5. Conclusions

This study represents the first dedicated description
of all known fossils from the Middle Miocene depos-
its of the Markt Rettenbach clay pit. Thereby, adding
to our knowledge about the mammalian fossil record
of the ‘Obere Serie’. The clay pit has been known to
yield mammalian remains for over a century, but only
few specimens have ever been studied before. Herein,
five distinct large mammal taxa are identified: Pro-
boscidea indet. cf. Hoploaceratherium sp., Listriodon
splendens, Ruminantia indet. (possibly a tragulid),
and Pecora indet. (possibly a small bovid). This fossil
assemblage reflects the known faunas of a number of
similarly aged localities like the Middle Miocene lo-
calities of Gratkorn (Austria), Sansan (France), Stein-
heim am Albuch (Germany), but also the early Late
Miocene locality of Hammerschmiede (Germany) that
is situated very close to the clay pit of Markt Retten-
bach.
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