Stuttgart, June 2015

N. Jb. Geol. Paldont. Abh. 276/3 (2015), 229-265

Article

Revision of the boselaphin bovid Miotragocerus monacensis STROMER,
1928 (Mammalia, Bovidae) at the Middle to Late Miocene transition in

Central Europe

Jochen Fuss, Jérome Prieto, and Madelaine Bohme

With 19 figures and 8 tables

Abstract: During excavations in 2011-2014, new fossil material of the boselaphin Miotragocerus
monacensis STRoMER, 1928 (Mammalia, Bovidae) wasfound at thelocality Hammerschmiede (Bavaria,
Germany), which is dated to ~11.6 Ma (Middle to Late Miocene transition). For the first time, both
dentition and postcranial material can be studied on this species. These new findings complete a
collection of casts stored in the Bavarian State Collection for Palaeontology and Geology. In addition,
the holotype of M. monacensisfrom Oberféhring (Bavaria, Germany) and further unpublished material
from Southern Germany and L ower Austriaare newly described in thisstudy. |mportant new taxonomic
characters are emphasi zed improving our knowledge on the species which was originally described
based on one single horn core. M. monacensis can be assigned to the basal Boselaphini based on
the plesiomorphic features in the dentition and characters of the postcranial material. Intraspecific
variabilities, ontogenetic changes and allometries are identified improving the differenciation to other
basal boselaphins like Miotragocer us pannoniae, Austroportax latifrons and Protagocerus chantrei.
An improved statement regarding the biostratigraphic range of basal Boselaphines from Central
Europeis provided.

Key words. Taxonomy, Biostratigraphy, Boselaphini, Miotragocerus monacensis, Middle to Late

Miocene transition, Central Paratethys, Southern Germany, Lower Austria.

1. Introduction

Thelocality Hammerschmiede (Bavaria, Germany) pro-
videsarareinsight into the European palacoecosystem
at theMiddleto L ate Miocene transition because of the
widetaxonomic range of fossils excavated since decades
(see Chapter 2 and referencestherein). Among them, the
vertebrates play an important part, especially ectother-
mic forms and small mammals while larger mammals
were until now poorly documented. The discovery of a
new fossil-rich layer allowstofill thisgap. Particularly,
the excavated assemblage provides new insight into the
bovid Miotragocerus.

©2015 E. Schweizerbart’sche Verlagsbuchhandlung, Stuttgart, Germany
DOI: 10.1127/njgpa/2015/0481

The genus Miotragocerus STROMER, 1928 was one
of the dominant taxa among the Boselaphini during
the Late Miocene in terms of diversity and geographic
distribution. It is known from Europe (e.g., STROMER
1928; Krerzor 1941; MoraLks €t al. 1999; Spassov &
GEerAADS 2004; KostorouLos 2006; GENTRY & KAISER
2009), AsaMinor (KonLEr 1987; KostopouLos 2005)
and the Indo-Pakistani Siwaliks (Kuan et al. 2009), as
well as China (Zuang 2005) and sub-Saharan Africa
(e.g., Bisr 2011). Currently, Miotragocerusincludesthe
subgeneraM. (Piker micerus) Krerzor, 1941 and M. (Mi-
otragocerus) STROMER, 1928. Its relationship to Trago-
portaxisunclear and they have been used synonymously
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Fig. 1. Map of thelocalitieswith findings of Miotragocerus monacensis (white asterisks). The black asterisk marksthe fossil
site Howenegg in Southern Germany, where M. pannoniae was found.

in some cases (Bisi et a. 2009; Bisi 2011). Hence, both
generawere united inthetribe Tragoportacini (Bisi et al.
2009), implying that Bosel aphini isanon-monophyletic
group. M. monacensis STrRoMER 1928 isthetype species
of Miotragocerus. It isdocumented only from southern
Germany and L ower Austria (Taentus 1948). A second
species— M. pannoniae (Krerzor, 1941) —appearsinthe
northern alpine region of the Central Paratethys (BerG
1970; Romacai 1987; BEcHLY et al. 2005; SwisHER 1996).
Thisstudy presentsanew description of the holotype
material of M. monacensis, as well as the description
of the newly excavated material from Hammerschmie-
de. Further, the first detailed description of the bovid
material from Lower Austriaisgiven. Thefossilsof M.
monacensi sare compared with M. pannoniaefrom Ho-
wenegg (Baden-Wirttemberg, Germany), Protragoce-
ruschantrel (LaGrive, France), Austroportaxlatifrons
(Lower Austrig) and further related taxa. On thisbasis,
assumptions on their taxonomy are proposed, particu-
larly with regard to the ontogeny of M. monacensis.

2. Geology and stratigraphy of the studied
localities

Hammerschmiede. — The fossil ste Hammerschmiede
from the Northern Alpine Foreland Basin is a clay pit
located 300 m W of the settlement Hammerschmiede/
Pforzen, and 4 km NNW of Kaufbeuren (Fig. 1; Bavaria,
Germany; N47.9258, E11.080). The outcrop showsaca.

20 m thick section of floodplain deposits consisting of
clays, marls and sandstones of the Upper Freshwater
Molasse (UFM). It contains a coal layer at the base
and afew thin coaly beds at the top. This sedimentary
sequence belongs to the youngest part of the UFM,
called “Obere Seri€’/ “Upper Series’ (DoppLER 1989;
DorpLER €t a. 2005; Fig. 2).

The deposits provide a rich fossil fauna includ-
ing molluscs (MAYR & FaHLBUscH 1975; SCHNEIDER &
Priero 2011), fishes, ectothermic vertebrates and small
mammals (FanLBuscH 1975; FAHLBUSCH & MaYR 1975;
MaYR & FanLBuscH 1975; ScHLEIcH 1985; BOLLIGER
1999; Hucueney 1999; Boume 2003; BouMmE & ILG
2003; Priero & RumMEL 2009; KLEMBARA €t al. 2010;
PrieTo €t al. 2011; Priero 2012; PrieTo & vAN Dam
2012). Inaddition, afew large mammalswere mentioned
inMAaYRr & FanLsuscH (1975). Furthermore, the palaeo-
flora of Hammerschmiede has been studied by several
authors (MEyEer 1956; Jung & Mayr 1980; GREGOR 1982;
SEITNER 1987).

A dominant part of the terrestrial vertebrates are
small mammals, which confers a significant strati-
graphic importance to the locality (PrieTo & RUMMEL
2009; PrieTo €t al. 2011). According to this, the age of
the Hammerschmiede sediments was set to the Middle
to Late Miocene transition, not younger than 11.5 Ma
(Prieto et al. 2011), dightly older than the locality
Aumeister near Munich (see below; Prieto et al. 2011).

A correlation to the Late Sarmatian s.Sir. to earliest
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Fig. 2. Stratigraphy of Miocene Foreland basins (after PiLLer et al. 2004, HARzHAUSER & PiLLer 2004, and SCHNEIDER &
PrieTo 2011) and the stratigraphic position of important localities (White asterisks = Miotragocerus monacensis; grey

asterisk = M. pannoniae).

Pannonian is further supported by the absence of hip-
parionin horses, which havetheir first appearanceat 11.2
Main Austria (DaxNer-Hock 1996; ROGL & DAXNER-
Hock 1996). Hence, Hammerschmiede is among the
few localities representing the transition from Middle
to Late Miocene, a time span poorly documented in
the Northern Alpine Foreland Basin and Central/East
Europe, in sharp contrast to the Iberian fossil record.
Thelocality Hammerschmiedeistraditionally divid-
ed into three fossil-bearing layers (MAYR & FaHLBUSCH
1975; BouMmE & ILg 2003; Priero & RumMmEL 2009;
Priero 2012). A fourth layer (here named Ham4) con-
tains mostly small vertebrates and is characterized by
well-preserved unionid bivalves (SCHNEIDER & PRIETO
2011). The new findings of M. monacensis presented
in this study come from anewly discovered fifth layer
(Hamb). It may correlatewith the previouslayersHam1-
2 or even Ham3 (Mayr & FanrBuscH 1975). Because
no detailed profile is available for the situation in the
pit during the 70's/80's, a secure correlation between
Ham3 to Ham5 is at present not possible. However, no

biostratigraphical difference can be observed between
the different layers (J. Priero, pers. obs). The layer of
Ham5 (Fig. 3) represents deposits of an E-W directed
channel which eroded into clayslying below. Thelower
part of the channel has athickness of about one meter
and is dominated by silty clay. Therein, three horizons
are enriched in reworked pedogenic carbonate concre-
tions as well as freshwater and terrestrial gastropods.
Furthermore, this lower part provides remains of cha-
rophytes, unionid bivalves, fishes, turtles, small and
large mammals. The sediments of the lower part can
be followed laterally for several meters. The material
of M. monacensis comes from the transition to the up-
per part. The upper part is dominated by fine sandsin
troughs of decimetre thickness. These cross-bedded
sand bodies are intercalating with silty clay of smaller
thickness. This part is significantly less rich in larger
vertebrates. The sediment bodiesarelaterally restricted
to afew meters.

The channel sediments suggest an allochthonous
deposition of the fossils, which is supported by the dis-
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Fig. 3. Outcrop and schematic lithology of the channel Ham5. The thicknessis measured from erosion base level. The abun-
dance of the main components (ignoring small vertebrates) isindicated by the size of their symbols.

Fig. 4. A —Aerial photograph of the northern Munich with thefossil ocalities Oberfohring, Aumeister, Freimann, Unterféhring,
Grofdappen and I ngolstédter Straf3e 166 mentioned in StromERr (1928, 1937, 1938). B — Profile along the I sar river (marked
with ayellow line in Fig. 4A) and the section of the former gravel pit Ingolstadter Stral3e 166 (STrRoMER 1937, 1938; KLEIN
1939). Thelithology derived from literatureismatched with drillings obtained from the Bavarian Environment Agency (LfU).
However, the available drilling descriptions did not allow a consistent differentiation of Flinz and Oberer Schweif3sand.
(Drilling IDs: 1 = 7835BG000550; 2 = 7835BG008130; 3 = 7835BG008128; 4 = 7835BG001541; 5 = 7835BG001542; 6 =
7835BG011839; 7 = 7835BG000509; 8 = 7835BG002411; 9 = 7835BG002414; 10 = 7835BG001482; 11 = 7735BG001482;
12 = 7735BG001935; 13 = 7735BG015519; 14 = 7735BG015517; 15 = 7735BG015508).
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articulation of thematerial. However, thefossil remains
aremostly well preserved and only afew areintensively
abraded by transport. Thisshowsthat thefossil material
has not been transported over long distances and hence,
they can be seen as semi-autochthonous. Besides, the
presence of fine sands, silts and clays suggests a low
energy and non-destructive transport.

Munich (Oberfohring, Aumeister, Unterfohring). —
I ntensive pal aeontological investigations of the Munich
region (Fig. 1) weredone by StromER (1928, 1937, 1938,
1940). Thefossil-bearing lithologies mentioned i n these
studiesare Flinz (greenish-grey silt and clay) and Oberer
Schwei3sand (mainly ferruginous sand and fine gravel).
Thelithology of the same region isinvestigated in de-
tail by KLev (1937, 1938, 1939). Therein, further local
lithostratigraphic terms were established. The lower-
most unitisFlinzmergel, an aguiclude mainly consisting
of greenish-grey silt and clay. The overlying Flinzsand
is dominated by reddish or greenish sand and clay.
Between the deposition of Flinzmergel and Flinzsand
aminor hiatusis assumed due to the continuous coars-
ening-up and the lack of intense weathering horizons
between both units (KLein 1939). The Flinzsand isfol-
lowed by Oberer Schweil3sand. A distinct weathering
horizon can be observed between these two lithologies
implying amajor time of non-deposition (KLein 1939).
All these Miocene deposits are widely covered with
Pleistocene gravel, which intensively eroded the un-
derlying sediments.

Supported by the studies of Kremn (1939) and
STrROMER (1928, 1937), the lithostratigraphic position
of theformer fossi| sitesalong the Isar River in Munich
(Oberfohring, Aumeister, Freimann, Unterféhring and
Grofdappen; see STrRoMER 1928, 1937, 1940) can be
approximated (Fig. 4). In general, all these localities
are positioned in the Flinz Aumeister, Freimann and
Unterfohring are stratigraphically close to each other;
Oberfohring and Grofdappen liestratigraphically below.
The locality Ingolstadter Straf3e 166 (Fig. 4), which is
located close to the fossil sites of the Isar river, shows
Oberer Schweif3sand below the Pleistocene gravels
(StroMER 1937; KLEIN 1939). Further, an exposure of
Oberer Schweif3sand and Flinzsand is observed south
of Freimann at an altitude of about 497 metres (KLEIN
1939). Consequently, Oberer Schweif3sand could be
preserved in the southern part of the profile.

Oberfohring (Munich). — Thelocation Oberféhring (Fig.
4) was atemporary outcrop in the year 1923 during the
construction of the water-power plant ‘Mittlere |sar’

(StroMER 1928). Theexcavation at thedam has achieved
a depth of 12 m below the ground level and provided
fine, ferruginous quartz sands of the UFM, belonging to
the Flinz In addition to the holotype of Miotragocerus
monacensis, a few limb bones of a Rhinocerotidae
were found at this site. Assuming nearly horizontal
bedding, the location Aumeister (see below) lies strati-
graphically dightly above Oberféhring (Fig. 4). Hence,
Oberfohring could approximately coincidewiththeage
of Hammerschmiede (Fig. 2), which is supposed to be
dightly older than Aumeister (Prieto €t al. 2011).

Aumeister (Munich). — Thefossil findings of the local-
ity Aumeister (Fig. 4) described by StromEer (1928)
came from a small temporary outcrop at the riverside
of thelsar intheyear 1926. The sitewas|ocated about 2
km downstream (NNE) from the locality Oberféhring.
Molluscs, fishes, reptiles, birdsaswell assmall and large
mammals are known from the locality (e.g., STROMER
1928; BoLLIGER 1999; PrieTO €t al. 2011). Moreover,
StroMER (1928) mentioned an upper P4 dextr., which
he attributed to Miotragocerus monacensis. The sedi-
ments consist of greenish, silty fine sands of the UFM,
belonging to the Flinz. They are supposed to be dightly
younger than Hammerschmiede because of the evolu-
tionary stage of the cricetid Collimys from Aumeister,
which lies between C. hiri from Hammerschmiede and
C. longidens from the Swiss locality Nebelbergweg
(PrieTo €t al. 2011). However, this assumption needsto
be confirmed by further findings (see detailsin Prieto
et al. 2014: 149).

Unterféhring (Munich). — Thesite Unterfohring (Fig. 4)
was located about 3 km downstream (NNE) from the
locality Oberfohring at the riverside of the Isar. It also
exhibited depositswhich belong to the Flinz Thefossils
described by Stromer (1928), were found in the year
1921 during the construction of the water-power plant
‘Mittlerelsar’. Thelocality provided ahorn coreand the
distal end of a humerus, both of them were attributed
to Miotragocerus monacensis (STRoMER, 1928). The
stratigraphiclevel of Unterfohringiscloseto Aumeister,
because both sites are at the level of the river bank,
they are in close proximity to each other and there is
no observable dip of the deposits (Fig. 4).

Lower Austria (Nexing, Atzgersdorf/Mauer, Ober-
Hoallabrunn). — In addition to the Southern German lo-
calities mentioned above, three Lower Austrian fossi|
sites (Nexing, Atzgersdorf/Mauer and Ober-Hollabrunn;
Fig. 1) provided records of M. monacensis (SICKENBERG
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1929; TueNtUs 1948; THeENTUS 1956). However, thereisno
detailed description of these specimensintheliterature.

The Lower Austrian localities are positioned in
different geological settings. (1) An incised valley,
which crosses the Alpine-Carpathian Foredeep (Ober-
Hoallabrunn), (2) the Mistelbach tectonic block (Nexing)
and (3) theadjoining ViennaBasin (Atzgersdorf/Mauer).
During the Middle to Late Badenian the Palaco-Zaya
River formsaW-E trendingincised valley onthe Alpine-
Carpathian Foredeep and the Mistelbach block, which
provides accommodation space for post-Badenian de-
posits (e.g. GEBHARDT €t al. 2009; GEBHARDT & ROETZEL
2013). The incised valley became flooded during an
Early Sarmatian s.str. transgression, what partially
eroded and reworked existing deposits. Afterwards,
the Proto-Danube River refilled the valley with Upper
Sarmatian s.str. to Pannonian deposits which were pro-
grading into the Vienna Basin (HARZHAUSER & PILLER
2007, Manpic et al. 2008; GEBHARDT & RoETZEL 2013).

The locality Atzgersdorf/Mauer (now Vienna city)
was a quarry which was accessible till the year 1937
(Papp 1954). The section showed coastal marine sedi-
ments belonging to the Upper Ervilia biozone of the
early Late Sarmatian s.str. (Papp 1954; HARZHAUSER
& PiLLErR 2004). Therefore, Atzgersdorf/Mauer docu-
ments the first appearance of M. monacensis at about
12.0 Ma. The fossil mammals of Nexing came either
from the upper Ervilia biozone or the regressive part of
the Upper Sarmatian s.str. (lowermost Sarmatimactra

biozone, GriLL 1968; HaARZHAUSER & PiLLER 2009).
Ober-Hollabrunn is an former gravel pit called Heilig.
It provided fluvial sediments of the Palaeo-Danube
which are deposited on the Alpine-Carpathian Foredeep
and the Mistelbach block. The deposits belong to the
Hollabrunn-Mistelbach Formation. Its correlation to
the Upper Sarmatian s.str./lowermost Pannonian ap-
proximates the age of Ham5 and the Munich localities.
Caused by a reactivation of the incised valley during
the transition Sarmatian s.str./Pannonian, a rework-
ing and faunal mixing due to fluvial accumulation is
documented in the Hollabrunn-Mistelbach Formation
(HarzuAuser €t al. 2011). However, the vertebrate-
bearing deposits of Ober-Hollabrunn seem to be unaf-
fected. Thisisindicated by the presence of typical Late
Sarmatian s.str. large mammals (Listriodon splendens,
Anchitherium aurelianense; Gross et al. 2014) and the
absence of thetypical Late Miocene hipparionin horses
(S1CKENBERG 1929).

3. Materials and methods

The studied material comprises all specimens known from
M. monacensis that are available in public collections.
Comparativematerial comesfrom M. pannoniae (Howenegg),
Austroportax latifrons (Ober-Hollabrunn), Protragocerus
chantrei (LaGrive) and further related taxa. The material is
housed in following collections:

—GPIT (palaeontological collection, University of Tuebingen):
Hammerschmiede (Hamb).
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—BSPG (Bayerische Staatssammlung fur Paldontologie und
Geologie, Munich): Munich and castsfrom Hammerschmiede
(unknown layer, original material storedin private collection).
—NHMW (Natural History Museum, Vienna): Atzgersdorf/
Mauer and Ober-Hollabrunn.

—IPUW (Department of Palaeontology, University of Vienna):
Ober-Hollabrunn and Nexing.

— SMNK (Staatliches Museum fur Naturkunde, Karlsruhe):
Hdéwenegg.

— SMNS (Staatliches Museum fur Naturkunde, Stuttgart):
Howenegg.

The descriptive terminology for teeth follows BARMANN &
RossnEr (2011), for cranial and postcranial material the ter-
minology of NickeL et al. (1961) is used. The terms used for
the horn core descriptions are visually explained in Fig. 5.

The measurements on cranial and postcranial bones
are performed as shown in the drawings of Figs. 6-12. The
astragali are mainly measured following DeEGusTa & VRBA
(2003). All values are given in millimeters and rounded to
one decimal. The specimens of M. monacensis are photo-
graphed and drawn. Drawingsof cross-sectionsare generated
by forming the bones with a 0.25 mm copper wire which is
retraced afterwards.

4. Systematic palaeontology

Class Mammalia LINNAEUS, 1758
Order Cetartiodactyla MoNTGELARD, CATZEFLIS &
Douzery, 1997
Family Bovidae Gray, 1821
Tribe Boselaphini KNoTTNERUS-MEYER, 1907
Genus Miotragocer us STROMER, 1928
Miotragocer us monacensis STROMER, 1928
Figs. 6-12

1927 Protragocerus chantrel DeperET, 1887. — ABEL, pp.
194-195, fig. 160.
Miotragocerus monacensis STROMER, 1928. —
STROMER, pp. 36-38, fig. 1.
Protragoceruschantrei DepErET, 1887. — THENIUS, pp.
308-318, fig. 3.

1928

1956

4.1. Oberféhring (Munich)

Material: Calvarium with left horn core [BSPG 1923 | 9]
(holotype).

Description: The holotype of Miotragocerus monacensisis
awell preserved partial calvarium with the main part of the
left horn core and the basal part of the right pedicle (Fig. 6).
The calvarium showstwo very strong temporal ridgesonthe
postcornual fronto-parietal area. They arerunning posteriorly
from the horn coresin caudal direction and converge weakly
medially. The surface of the postcornual fronto-parietal bones
between the two ridges are very rough and depressed. The
intercornual area of the frontal does not show any sagittal

ridgebut isdightly elevated onthewhole. The sagittal suture
and the coronal suture are closed, but till clearly visible, in-
dicating that this specimenisnot fully grown (compare with
the specimen described in Chapter 4.4 Ober-Hollabrunn). The
voluminous sinus frontalis invades the anterior part of the
pedicle, but does not reach into the horn core itself. Further,
the sinusrunsinto the elevated intercornual part of thefron-
tal. The pedicles are attached right above the inconspicuous
orbital rims. The posterior border of the horn core makes
an angle of 35° with the dorsal fronto-parietal surface. The
proximal part of the horn core shows a prominent anterior
keel withalength of 70.7 mm, which extendsonto thepedicle.
The ked is nearly straight and shows no torsion. The basal
horn core has an anteroposteriorly elongated ellipsoid cross-
section with anindex of 1.95 (index = 1 meanscircular). The
distal part of the horn core has no keel and isnearly circular
(index = 1.19).

4.2. Hammerschmiede

Material (Ham5): Cranial appendages: Almost completely
preserved right horn coreand alarge fragment of theleft horn
core of the same individual [GPIT/MA/03483]. Dentition:
Mandible dext. with p4-m3 [GPIT/MA/07196], M 2/3? dext.
[GPIT/MA/03484], M2/3?dext. [GPIT/MA/07199), P4 dext.
[GPIT/MA/05740], fragmented P3 dext. [GPI T/MA/05741],
P2 dext. [GPIT/MA/05743], m3 sin. [GPIT/MA/07197], m2
dext. [GPIT/MA/05745], m1sin. [GPIT/MA/05744], ml sin.
[GPIT/MA/05746], p4sin. [GPIT/MA/05742), p3 dext. [GPI T/
MA/07198]. Postcranial material: Astragalus, dext. [GPIT/
MA/03485], proximal and distal end of aright metacarpal
[GPIT/MA/03486], phalanx proximalis [GPIT/MA/03487],
distal end of a phalanx proximalis [GPIT/MA/07201], pha-
lanx medialis [GPIT/MA/07200], distal end of adextral hu-
merus[GPIT/MA/07202], proximal end of aleft ulna[GPI T/
MA/05747).

Material (unknown layer, casts): Mandible dext. with p2-
m3 [BSPG 1521], proximal end of aright metatarsal 111+V
[BSPG 1519], proximal end of a metacarpal [BSPG 1523]
astragalus, dext. [BSPG 1522], proximal end of a phalanx
proximalis[BSPG 1527], proximal end of aphalanx medialis
[BSPG 1520].

Description: Horn cores (Figs. 7-8): Proximally, the horn
core is characterized by a prominent anterior keel, reaching
a length of 62.5 mm in distal direction (right horn core).
Thereby, the keel occupies nearly 1/3 of the total length of
the horn core. In this proximal areathe horn core possesses
an anteroposteriorly elongated ellipsoid cross-section with
an index of 2.28. The distal two third of the horn core form
a146 mmlong curve. The cross-section of thispartisoval to
circular with indices of 1.23to 1.20. Thetransition from the
proximal tothedistal areaof thehorn coreismarked by afast
declineof theanterior-posterior diameter abovethestep. The
transverse diameter remainsrelatively constant. Thisimplies
that the cross-section changes from elongated to circular.
Furthermore, the horn core shows a marginal curvature in
medial direction. The sinusfrontalis (visible at the left horn
core) islarge, reaching up into the basal horn core.
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L (132.5 mm)

el

Fig. 6. Holotype of Miotragocerus monacensis from Oberféhring, calvarium with left horn core — BSPG 1923 | 9.

anterior view

Dentition (Fig. 9): The teeth show the primitive morphol-
ogy known from basal boselaphins. They are brachydont,
the premolars are less molarized and have moderately thick
and rugose enamel.

—Upper Molars: TheM 2/3 hasarather s mple morphology. It
is brachydont with a height/length ratio of ~0.84 and height/
width ratio of ~0.78. The DTais larger than the DTp. The
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(27.6 mm)
<  DAP1

lateral view

metastyle is placed inward making the buccal wall dightly
angled. Lingually, aweak entostyle can be present.

— Upper Premolars. The P4 isbroad (DAP < DT) and hasa
triangular basal outline. It has small anterior and posterior
styles, a central fold and a weak posterolingual cingulum.
The P3 and P2 are elongated (DAP > DT). The prominent
labial cone and the anterior style are narrow folds that are
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Fig. 7. Horn core, dext. of Miotragocerus monacensis from Hammerschmiede (Ham5) — GPIT/MA/3483.
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Fig. 8. Horn core, sin. of Miotragocerus monacensis from Hammerschmiede (Ham5) — GPIT/MA/3483.

very closeto each other. The posterior styleisnot folded and
endsasasharp edge. Thelingual wall islow compared tothe
high buccal wall. The P3 hasadistinct fossathat is bordered
by the anterolingual cristaand the labial cone.

—Lower Molars. Thebuccal wall isdeeply folded. Thebuccal
lobesare sharply bent and slant towards posterior. Entoconid

and metaconid arelingually dightly convex. Thelingual side
shows herring-bone enamel rugosities, which arealsovisible
in other boselaphins. An ectostylid (basal pillar) iswell de-
veloped. Anunusual featureisalingual cingulid at the lower
molars (specimen BSPG 1521), likewise it is mentioned for
some specimens referred to as Tragoportax gaudryi from
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Corakyerler (KonLer 1987) and Tragoportax rugosifrons
from Prochomaand Ravin desZouavesn® 5 (BouvraIN 1994).
The presence of thisfeatureisassumed to be variable within
the species, because Hamb5 al so provides|ower molarswhich
lack the lingual cingulid.

— Lower Premolars. The p4 shows almost no molarisation.
The anterior part shows an anterior stylid, but a less devel-
oped anterior conid. The large anterior valley is confined
by adistinct lingual cingulid. The posterolingual part of the
tooth has three distinct folds (mesolingual conid, posterior
cristid and posterior stylid) which enclosetwo narrow valleys
(posterior and back valley). The mesolingual conid possesses
awel|-developed posterolingual cristid, but no anterolingual
cristid. This plesiomorphic morphology resembles those of
Tragoportax gaudryi from Corakyerler (KonLer 1987) and
Miotragocerus sp. (SMIF-DD-4745) from Dorn-Dirkheim
(GeNTRY & KAISER 2009).

Postcranial material (Fig. 10): The astragalusis very large
compared to those of the contemporaneous cervid Euprox
furcatus. Thesizeand morphology correspond very well with
the astragali of M. pannoniae from Héwenegg. Its trochlear
ridges are parallel, aswell asthe distal articular facets.

The proximal and distal ends of the right metacarpal
presumably belong to the same individual. At the proximal
articulationthe synovial fossabetween thetwo facetsisdeep
and narrow incised on the posterior side. The ridge separat-
ing the two facetsis long (~ 1/2 of DAP,) compared to the
ridge of cervids (~ 1/3 of DA Pye; HEinTZ 1970) and runsmore
sidewise along the lateral border of the incision. The distal
metacarpal shows awell-defined sagittal groove on anterior
side, which endsbeforethedistal articulation. Generally, this
feature appearsmore diminished in bovids, but isreminiscent
of cervid metatarsals. A piercing channel goes through the
anterior sagittal grooveto the posterior side of the metacarpal.

The phalanges are robust. The phalanx proximalis has
arectangular proximal articulation. The anterior side of the
shaftisdightly convex. Theposterior surfaceisnot preserved.
Thephalanx medialisisshort and robust. Itsproximal articu-
lation has an approximately triangulated outline. The bulge
anterior to the proximal articulation is very weak compared
to cervids (Heintz 1970). Further, they are larger than pha-
langes of cervids from the same locality. Their dimensions
fall within the lower part of the range of M. pannoniae from
Hdéwenegg.

Considering the characters of bovid and cervid humeri
described by Heintz (1970), the humerusfragment showsthe
following features on the distal articular facet. Cervid-like:
the median gorge lies dightly above the external condyle.
The external ridge is relatively sharp-edged and prominent.
Bovid-like: theinternal condyleriseshardly above the exter-
nal ridge. Further, the internal condyle runs straight and is
dightly inclined medially. Itstransition to the median gorge
isrelatively abrupt.

The proximal ulna fragment is dender. The preserved
upper shaft is narrow and presumably becomes rudimental
distally, whichistypical for bovidsand cervids. Itssize could
correspond to M. monacensis. However, a clear attribution
is not possible, due to the lack of taxonomically relevant
characters.

Taxonomic discussion: The described horn core features
coincide with the characters of the type of M. monacensis
STROMER, 1928. Hence, an attribution to this species can be
assured. Compared to the subadult holotype, the horn cores
from Hamb5 are longer and apparently belong to afull-grown
individual. The described dentition and postcranial material
show features of a medium sized basal boselaphin, and at-
tributing this material to M. monacensisisvery likely, most
of the postcranial morphologies coinciding well with the
supposed closely related M. pannoniae.

4.3. Unterféhring (Munich)

Material: Left horn core [BSPG 1921 | 34], distal end of a
left humerus [BSPG 1921 | 501].

Description: StromER (1928) already mentioned the
specimen BSPG 1921 | 34 (Fig. 11), but did not describe it
in detail. The horn core possesses the complete pedicle and
parts of the orbital rim. It is moderately preserved due to
fluvial transport and the distal end islacking. The specimen
has scars in the medioproximal part of the horn core. They
are arranged in a row, suggesting that they could represent
bite marks or other injuries formed during the lifetime. The
horn core is positioned right above the orbit. The anterior
keel runs anteriorly downward the pedicle, a characteristic
feature of Miotragocerus. The straight keel of 107 mm in
length is long in comparison to the horn cores described
above. However, it is not very prominent. This is partially
caused by itsabrasion. Especially, the step in the keel isvery
weak. Thebasal cross-section isanteroposteriorly elongated
(index = 1.75), thedistal cross-sectionisrather rounded (index
=1.37). The sinus frontalis runs deep into the anterior part
of the pedicle, up to the horn core basis.

The humerus fragment BSPG 1921 | 501 (Fig. 11) shows
the same morphology as specimen GPIT/MA/07202 from
Hamb (see 4.2).

Taxonomic discussion: The horn core from Unterfohring
shows some differences to the previously described speci-
mens. The DAP, and DAP; of the horn cores of the holotype
and Hamb are dightly larger. However, the few differences
can be interpreted as intraspecific variations, as mentioned
by StromER (1928). The fluvial abrasion blurred some char-
acters, but the general morphology still fitsto M. monacensis.
Especially itsnarrow DT, differsfrom other Tragoportacini
such asM. pannoniae. The humerusfragment from the same

Fig. 9. Dentition of Miotragocerus monacensis from Hammerschmiede. Isolated teeth (Ham5) — GPI T/Ma/03484, 05740-
05743, 05745, 05746, 07197 and 07198; dextral mandible with p4-m3 — GPIT/MA/07196 and cast of a dextral mandible
with p2-m3 (unknown layer) — BSPG 1521. BSPG 1521 isthe only specimen that shows lingual cingulids on the m1 and m2

(marked with circles).
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Fig. 11. A1 — Horn core, sin. — BSPG 1921 | 54 and A2 humerus, sin., distal end — BSPG 1921 | 501 of Miotragocerus
monacensis from Unterfohring. B — P4 of Boselaphini indet. from Aumeister — BSPG 1926 V 34.

Fig. 10. Postcranial material of Miotragocerus monacensisfrom Hammerschmiede (HAM5). A — Astragalus, dext. — GPIT/
MA/3485. B — Ulna, proximal end — GPIT/MA/05747. C — Metacarpal [11+1V, dext., proximal end — GPIT/MA/3486. D
—Metacarpal I11+1V, dext., distal end — GPIT/MA/3486. E — Phalanx proximalis— GPIT/MA/3487. F — Phalanx medialis—
GPIT/MA/07200; (G) Humerus, dext., distal end — GPIT/MA/07202.
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locality probably belongsto M. monacensis, too. Itissmaller
than the humeri of therelated M. pannoniae, but itsmorphol-
ogy coincides well.

4.4. Ober-Hollabrunn

Material: Calvarium with both pedicles [NHMW2014/
0375/0001].

Description and taxonomic discussion: Thecalvarium (fig.
12C1) consists of the parietal bone and parts of the frontal
with both pedicles. The transition to the horn core itself is
just visible. Asin the holotype from Oberfohring, the calva-
rium showstwo very strong lateral ridges on the postcornual
fronto-parietal, as well as a rough and depressed surface in
between. The intercornual area of the frontal is elevated, as
well. The sagittal suture and coronal suture are completely
closed, indicating that thisindividual isfull-grown. Thesinus
frontalisinvades the basal horn core, whereit is subdivided.
Furthermore, the voluminous sinus invades the elevated in-
tercornual frontal, in the same way as in the holotype. The
pedicles are attached right above the inconspicuous orbital
rims. Their posterior border is at an angle of ~44° with the
dorsal fronto-parietal surface. Thestriking similaritiesinthe
morphology clearly attributethis specimento M. monacensis.
The dimensions of the holotype are identical or marginally
smaller than the specimen from Ober-Hollabrunn (Table 1).

4.5. Nexing

Material: Right horn core with parts of the frontal
[IPUW3193].

Description and taxonomic discussion: The specimen 3193
(Fig. 12B) consists of the proximal part of aright horn core
with small partsof thefrontal. Theorbital rimispartially pre-
served. Its surfaceisweathered. The anterior keel isdightly
torsioned and convex, whereas the posterior side is straight.
Theanterobasal kedl extendsfar proximally. Thereisno step
of the keel, probably because the distal part is missing. The
frontal sinus reaches into the anterior part of the pedicles,
but does not reach the horn core itself.

First, THENTUs (1948) mentioned this specimen as M.
monacensis, but later he described it as a young individual
of P. chantrei (cf. Taentus 1956). This assumption has to
be used with caution, because on one hand the species P.
chantrei is not well defined and on another hand THENTUS
(1956) compared this specimen with other questionable horn
coresfrom L ower Austria(see Chapters4.6 and 5.1). However,
its morphology could also fit to asmaller, probably subadult
individual of M. monacensis. Therefore, we prefer to refer it
as cf. M. monacensis.

4.6. Atzgersdorf/Mauer (Vienna)
Material: Right horn core [NHMW2014/0376/0001].

Description: The specimen NHMW2014/0376/0001 (Fig.
12A) consists of a well-preserved right horn core with the
pedicle and parts of the frontal bone. The distal end of the
horn core is not preserved. The proximal part of the horn
core shows a characteristic anterior keel with a length of
62.1 mm. It is nearly straight, shows no torsion and extends
anterobasal onto the pedicle. The basal cross-section is an
anteroposteriorly elongated elipsoid with an index of 1.75.
Thekee endsdistally in adistinct step. Above this step, the
cross-section becomes oval (index = 1.22) and the horn core
dightly inclines medially. The sinus frontalis is narrow and
invades the pedicle, but does not reach into the horn core.
Theintercornual frontal shows aminor eevation due to the
less voluminous sinus frontalis.

Taxonomic discussion: Thehorn core morphology coincides
with the holotype of M. monacensis, asal ready recognised by
StroMER (1928). Itsdimensionsaredightly smaller than of the
holotype. A largest differenceisthenarrow sinusfrontalisin
specimen NHM W2014/0376/0001 which wasfirst considered
by TheN1US (1956). Thisfeatureled TheNius (1956) to attribute
thisspecimento Protragoceruschantrei, aswasal ready done
by ABeL (1927). However, we confirm the identification of
StromEer (1928) and interpret the differences in the frontal
sinusvolume as an intraspecific variation of M. monacensis
depending on the ontogenetic stage of the individual (see
General Discussion 5.1).

5. General discussion

The presence of the species M. monacensis in
Hammerschmiede is definitely documented by the
two horn cores. In general, the dentition and postcra-
nial material is attributed to M. monacensis consider-
ing that this species is the only bovid documented in
Hammerschmiede so far. Metrical (Table 7) and mor-
phological similaritiesin the postcranial material with
the closely related M. pannoniae from Howenegg sup-
port this assumption. The morphology of horn cores,
calvaria and/or dentition differentiates M. monacensis
from the bosel aphins Protragocer us chantrei DePERET,
1887 and Austroportax latifrons SicKENBERG, 1929.
Though, the horn core and frontal sinus of M. mona-
censis undergo major ontogenetic changes that have to
be considered. Due to the scarce record of P. chantrei
and A. latifrons, a differentiation based on postcranial
charactersis not possible yet.

Fig. 12. A —Horn core, dext. of Miotragocerus monacensis from Atzgersdorf/Mauer (Vienna) — NHMW2014/0376/0001. B
—Horn core, dext. of cf. M. monacensisfrom Nexing—IPUW3193. C1—Calvarium of M. monacensisfrom Ober-Hollabrunn—
NHMW2014/0375/0001 and C2 metatarsal 111+1V of ?Austroportaxlatifronsfrom Ober-Hollabrunn—IPUW (no sample-1D).
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Fig. 13. Mandibular tooth dimensions of Miotragocerus monacensis (Hammerschmiede), M. pannoniae (Howenegg),
Boselaphini indet. (Schildbach, Nexing and Wien-T Urkenschanze (Austria) from MotTL 1961 and our own measurements)
and Protragocerus chantrei from La Grive Saint-Alban (fissure PB A and unknown fissure, from Mova-SorA 1983 and
Romacat 1987).
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Fig. 14. Diametersof upper premolars (P2-P4) of Miotragocerusmonacensis (Hammerschmiede), M. pannoniae (Howenegg),
Boselaphini indet. (Aumeister) and Protragocerus chantrei (La Grive Saint-Alban, unknown fissure, from MoyA-Sora 1983

and Romacar 1987).

5.1. Comparison with Protragocerus chantrei
DePEReT, 1887

Taxonomicdiscussion: The species Protragocer uschantrei
is based on a horn core from La Grive Saint-Alban (Isére,
France), quarry Peyre et Beau, fissure PB A (DepereT 1887,
MEIN & GinsBURG 2002). However, the lack of taxonomi-
cally important characters of this specimen does not allow
a satisfying definition of this species. The paratype mate-
rial is an upper molar and a mandible with p4-m3 from the
samefissure. The exact location of the additional specimens
from La Grive attributed to P. chantrei (Mova-SorA 1983;
Romacar 1987) isnot stated. DepereT (1887) did not mention
them and hence, they presumably come from later excava-
tionsin the quarry Lechartier, fissures L3 and L5 (MEIN &
GinsBURG 2002). Against the previous opinion, PB A seemsto
beolder than L3 and L5. Thisisindicated by the appearance
of Deperetomys rhodanicusin PB A (Derérer 1887, MEIN
& GinsBURG 2002; ?=D. hagni: DE Brunn et al. 1993; PriETO
2012). D. hagni has ashort stratigraphic range in the middle
Serravallian (KALin & Kempr 2009; Prieto 2012). Instead,
the D. rhodanicus is missing in the fissures L3 and L5, but
D. crusafonti (taxonomy sensu vaN pErR MEULEN et al. 2003)
is documented (MeIN & GinsBurG 2002). This points to a
late Serravallian age (CasaNovas-ViLLAR €t al. 2008). The
proposed age differences between the assemblages, aswell as
thelack of distinct horn coresin L3+L5 make an evidence of
P. chantrei in L3+L5 questionable. An attribution only based
on dentition is problematic within boselaphins, so that the
supposed L 3+L 5 material should beleft as Boselaphini indet.
Whenreferringto P. chantrei only the holotype and paratype
material from thefissure PB A isconsidered here. Theteeth
from Austriapreviously assigned to P. chantrei (MortL 1961)
aretreated in the sameway and called Boselaphini indet. The

horn core specimens from Austria, previously assigned to
P. chantrei (Tuenius 1956) are assigned here to the species
M. monacensis, cf. M. monacensis, cf. A. latifronsand ? P.
chantrei (see below and Table 8).

Comparison: The description of Deperer (1887) and per-
sonal observations on a cast of the holotype of P. chantrei
provide the following characters: the completely preserved
horn core possesses an anterior keel and a weak posterior
keel. Both kedls are not stepped and are running from the
basetotop. Thehorn coreisdightly curved medially. Itsbasal
cross-section is rather oval and triangular compared to the
transversally compressed cross-section in M. monacensis.
The molar morphology is very similar to M. monacensis.
Differences are observable in the p4 which shows a strong
anterior conid that isnot presentin M. monacensis. A lingual
cingulid is missing. The mandibular teeth dimensions (Fig.
13) of P. chantrei and of the unidentified boselaphins from
La Grive (given by MoyA-SoLA 1983; Romacar 1987) and
Austria (given by MotTL (1961) and our own measurements)
are generally below M. monacensis and M. pannoniae. The
dimensionsof the upper teeth (Fig. 14) are closeto each other,
but M. pannoniae is rather larger-sized.

Ontogeny: Based on the horn core and the dentition of P.
chantrel, itsbody sizeisdlightly below that of M. monacensis.
Accordingly, the holotype of P. chantrei shows some horn
core features that fit to ajuvenile M. monacensis. The horn
core is keeled and the cross-section is dightly elongated.
The sinus frontalis reaches neither into the horn core nor
into the pedicle. Thisiswhy AgeL (1927) and Trenius (1956)
mistook the subadult M. monacensis from Atzgersdorf/
Mauer (NHMW2014/0376/0001) for P. chantrei. STROMER
(1928) and SickenBERG (1929) attribute this specimen to
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a new species M. monacensis. Its horn core morphology
clearly coincideswith M. monacensis. However, differences
in the frontal sinus of the holotype of M. monacensis and
specimen NHMW2014/0376/0001 lead Trentus (1956) to
determine it back to P. chantrei. Indeed, the difference
of avery narrow frontal sinus in NHMW2014/0376/0001
compared to the voluminousfrontal sinusinthe holotypeand
the specimen from Ober-Hollabrunnisvery significant (Fig.
15). However, after our observations these differences are
based on ontogeny. An ontogenetic increase in frontal sinus
volumeisusual for many extant artiodactyls, evenif sparsely
treated in literature (Farke 2010; BAbLANGANA €t al. 2011).
It isindicated that the growth can even continue during the
adulthood (Farke 2010). An extension from the frontal into
the pedicle or the horn coreisvery common. Some taxaeven
show alateral and caudal extension up to the occipital region
(e.g., FarkE 2010; BApLANGANA €t al. 2011). In bovids, it can
be assumed that the frontal bone hasto enlarge together with
the attached horn coresin order to sustain their mechanical
support. Consequently, there is more potential space for a
frontal sinus. Its enlargement might be in order to reduce
structural unnecessary bone and therefore cranial massasit
is assumed for several bovids (Farke 2010).

For M. monacensis, the holotype BSPG 19239 and
the somewhat older individual from Ober-Hollabrunn
(NHMW2014/0375/0001) clearly document that a dight
increase in the frontal sinus volume does appear with age.
Hence, the disputable specimen from Atzgersdorf/Mauer
(NHMW2014/0376/0001) can join this ontogenetic series as
asubadultindividual of M. monacensis. Thereby, an enormous
ontogenetic incresse in the frontal sinus height of ~20 mm
is documented (Fig. 15). Beside the narrow frontal sinus of
specimen NHMW2014/0376/0001, the comparatively low
dimensions of its horn core indicate the younger age of the
individual. Beside the height of thefrontal sinus, the ontogeny
determineshow deep thefrontal sinusreachesinto the pedicle
and thehorn coreof M. monacensis. Hence, alargefrontal sinus
isnot acharacteristicfeaturefor differentiating M. monacensis
from P. chantrei as assumed by TheN1Us (1956).

In this respect, the determination of further related
specimens from Lower Austria (NHMW?2014/0373/0001,
NHMW2014/0374/0001, IPUW1510; see Tuenius 1956)
is questionable. Therefore, the ontogenetic horn core de-
velopment of P. chantrei described in Tuenius (1956) re-
mains unclear. The specimen NHMW2014/0373/0001 from
Sommerein, figured in THeNIus (1956) might fit to P. chantrel.
It possesses a medially curved anterior keel without torsion
and probably, without step. The apparent step rather seems
to be damage. The distal part has aweak posterior edge. Its
basal cross-section is rather oval and less elongated than in
the specimens we assign to M. monacensis. The preserved
distal part of the pedicle shows no intrusion of the frontal
sinus. The specimen NHMW2014/0374/0001 (cast) from
Ober-Hollabrunn is intensively abraded and no certain de-
termination can begivenyet. Itscross-sectionisoval and less
elongated than the specimens we assign to M. monacensis.
The anterior side has aweak keel and the posterobasal side
isdightly compressed. A frontal sinusis present, despite the
small size of the horn core, Specimen I|PUW1510, figuredin
Tuentus (1956) is close to Austroportax latifrons from the
same locality (see Chapter 5.2). It shows an anterior ke,

whichisdistinctly torsioned. Thisisan important similarity
to A. latifrons. Its elongated and approximately triangulated
basal cross-section supports the assignment. However, the
distal step of the keel and the transition into an oval cross-
section reminds of the morphology of Miotragocerus. Hence,
this specimen islabeled as cf. Austroportax latifrons.
Thedetermination of the L ower Austrian horn cores, pre-
vioudly attributed to P. chantrei (Taenius 1956) is question-
able, because the horn cores are not well preserved, they lack
taxonomically important characters or they even combine
features of different taxa. However, the main problem isthe
unknown intraspecific horn core variability, especially in A.
latifronsand P. chantrei. Thisproblemisfurther enhanced by
the definition of the speciesP. chantrei itself, whose hol oty pe
lack taxonomical important characters. Among the question-
able horn cores, the specimen NHM W2014/0376/0001 from
Atzgersdorf is an exception asit shows clear affinitiesto M.
monacensis. Its narrow sinus frontalisis not acharacteristic
featureof P. chantrei, but afeature of young individualsof M.
monacensis. The previousand revised taxonomic interpreta-
tionsof the mentioned horn coresare summarisedin Table 8.

5.2. Comparison with Austroportax latifrons
SICKENBERG, 1929

The skull and horn cores of A. latifrons are smilar in size
to those of M. monacensis. However, its cranium shows cer-
tain differences to M. monacensis. A. latifrons has a less
pneumatized frontal and the intercornual area has a frontal
sagittal ridge. M. monacensisisdlightly elevated onthewhole
intercornual area and depressed in the parietal region. In
contrast, A. latifrons shows two depressions laterally to the
frontal ridge and has no depressed parietal. Itshorn coresare
proximally triangular and considerably compressed distally.
The anterior keel has no step and shows atorsion.

A well-preserved metatarsal attributed to ?A. latifrons
(Fig. 12C2) isknownfrom Ober-Hollabrunn. Itsdetermination
is mainly based on its size and the absence of the lateral
depressionknownfrom M. pannoniae. However, themetatarsal
fragment of M. monacensis from Hammerschmiede has
similar dimensions. Hence, an attribution to M. monacensis
might be possible, which would challenge the relationship of
M. monacensis with M. pannoniae.

5.3. Comparison with Miotragocerus pannoniae
(Kretzol, 1941) (H6wenegg)

A close relation of M. monacensis with M. pannoniae is
supposed due to similarities in their skull and horn core
morphology (TaeNTUs 1948; Mova-SoLA 1983; Romacart 1987).

Besides, a certain sexual dimorphism in M. pannoniae
(keeled male horn cores and straight female horn cores
without keel; Berg 1970; Romacar 1987) should be taken
into account. Werestrict our comparison to male horn cores,
sincein M. monacensis only akeeled morphology isknown.
Characteristic features of the male horn cores shared by M.
monacensis and M. pannoniae are: (1) The proximal part of
thehorn coreisanteroposterior elongated and hasaprominent
kedl; (2) Thedistal part of thehorn coreisoval tocircular and
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Atzgersdorf/Mauer Oberfohring

(NHMW2014/0376/0001)

(Holotype BSPG 1923 1 9)

Ober-Hollabrunn
(NHMW2014/0375/0001)

Fig. 15. Sinus frontalis in Miotragocerus monacensis from Atzgersdorf/Mauer (NHMW2014/0376/0001), Oberféhring
(BSPG 1923 1 9) and Ober-Hollabrunn (NHMW2014/0375/0001). The height of the sinus frontalis is measured at the posi-

tion of the supraorbital foramen (green).

isdightly curved forwards; (3) The horn cores are attached
directly above the orbits.

When examining the horn cores of both taxa, it has
to be considered that their morphology changes during
ontogeny (Tuentus 1948). Hence, in juvenile specimens the
characteristic anterior keel is not developed like in adults.
These ontogenetic differences in morphology can be easily
misinterpreted as interspecific differences. The following
characters differentiate both taxa: the horn cores of M.
monacensis are strongly inclined backward, their posterior
border making an angle of 35-44° with the dorsal fronto-
parietal surface; those of M. pannoniae are high angled
with up to 70°. Lateral compressions of M. pannoniae at the
distal part of the keel make the step sharp-edged and often
more distinct than in M. monacensis. Hence, the transition
to the circular part of the horn core appears to be swollen
in M. pannoniae. The horn core of M. monacensis does
not show any compressions at the distal part of the keel.

Thereby, the keel reduces continuously abovethe step and the
cross-section becomes circular. The distal part of the horn
core of M. monacensis is more curved forward and shows
smaller diameters. The distal cross-section is always nearly
circular; in M. pannoniaeitisoval or sometimestransversally
compressed and more robust. Depending on the ontogenetic
level, M. pannoniae can have several distinct steps (mostly
1-2) on the anterior keel, which are formed by anterobasal
accumulation of bone. Anaccumulation of boneisobservable
in M. monacensis, too. However, the known specimens do not
show any additional steps. L ooking at themetrical differences
between both taxa, the ontogeny of each specimen has to
be considered, as well (Tuenius 1948). Especially, the basal
diameters depend on the maturity of theindividual (Fig. 16).
However, the metric data indicate a different allometry of
bothtaxa(Fig. 16). I.e. only DAPincreasesand DT, remains
relatively constant during the lifetime of M. monacensis,
whereasin M. pannoniae both diametersincrease noticeably.
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Fig. 16. Basal horn core diameters of Miotragocerus monacensis, cf. M. monacensis, M. pannoniae (from Tuenius 1948a
and our own measurements) and Miotragocerus sp. (from GENTRy & Kaiser 2009). In order to simplify the graph, cf. M.
monacensis (number 6) isassigned to M. monacensis and Miotragocerus sp. (number 10) is assigned to M. pannoniae. The
allometry of each speciesisshown by linear regressions (DT on DAP). Theratio, whereacircular cross-section (DT = DAP)

isrealized is plotted.

Consequently, M. monacensis cross-section of the proximal
part of the horncore is more compressed (DT, < 57% of
DAP,) compared to the rather rounded cross-section in
M. pannoniae (DT, = 57% — 67% of DAP;). Moreover, M.
monacensis has rather lower DAP, than M. pannoniae. The
highest DAP, measured for M. monacensisis 53 mm at the
fully grown adult from Hamb. In contrast, M. pannoniae
shows values up to ~72 mm (specimen SMNK-72/56 from
Howenegg). Overall, the horn coresof M. monacensis appear
less robust than M. pannoniae.

In general, the dentition of M. monacensisis similar to
those of M. pannoniae concerning the dimensions and the
typical basal boselaphin morphology. The morphologies of
the P3 and P4 of M. monacensisareidentical to M. pannoniae.
However, their dimensions (Fig. 14) are rather smaller. The
sizeof theM2/3isinthelower range of M. pannoniae, aswell.
Morphological differencesare observableinthe metaconule.
In M. pannoniae the metaconule is well-rounded, similar to
the shape of the protocone. In M. monacensisthe base of the
metaconule appearsflattened. Hence, itismoreangular than
rounded. The dimensions (Fig. 13) and the morphology of

M. monacensis M. pannoniae

1cm
|

Fig. 17. Plesomorphic occlusal surface of the p4 of
Miotragocerus monacensis from Ham5 in comparison with
the variable and sometimes more advanced molarisation of
M. pannoniae from Howenegg.
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Fig. 18. Mandibular teeth proportions of Miotragocerus monacensis and M. pannoniae (from Berc 1970, and our own

measurements).

the lower molars are similar to M. pannoniae. However, the
lingual cingulids in M. monacensis can be well-developed
or absentin all lower molars, whereasthose of M. pannoniae
are always absent. The dimensions of the lower premolars
(Fig. 13) are very similar to M. pannoniae. However, there
are some distinct morphological differences. M. monacensis
p4have alingual cingulid, which is well-separated from the
weakly developed anterior conid (Fig. 17). In contrast, there
isnoisolated lingual cingulidin M. pannoniae. The anterior
conid of M. pannoniaeis either well-developed and runsfar
lingually, or itisnearly absent likein the p4of M. monacensis
(Fig. 17). The mandibular tooth row dimensions (Fig. 18) of
M. monacensis are in the lower range of M. pannoniae. In
general, M. monacensi s shows more plesiomorphic characters
in dentition.

The metacarpal fragments of M. monacensis show only
some minor differencesto M. pannoniae. The cross-section
of its proximal shaft is rather broadened compared to the
V-shaped cross-section in M. pannoniae (Fig. 19). The
cross-section of its distal shaft is rather compressed. Both
species show an anterior sagittal groove on the distal shaft,
which is more pronounced in M. monacensis. The astragals

and the proximal and medial phalanges of both species are
very similar and cannot be distinguished morphologically
or metrically.

5.4. Further related specimen

Within the first description of M. monacensis by STRoMER
(1928), a dextral P4 [BSPG 1926 V 34] from Aumeister
(Munich) is mentioned as paratype (Fig. 11). Its general
morphology is similar to the P4 from Ham5. However, there
are small differencesin size. Considering the similar grade
of the wear of both teeth, the P4 from Aumeister is slightly
more brachydont. The DAP and DT are dightly smaller as
well. Furthermore, the tooth is worn in different ways, par-
ticularly visiblein the buccal view. Due to these differences
and the fact that M. monacensis is not documented by a
horn core in Aumeister, we prefer to label the specimen as
Boselaphini indet.

Recently, HiLLENBRAND €t al. (2009) described isolated
teeth and postcranial material as Miotragocerus sp. vel
Tethytragus sp. fromthelocality Atzelsdorf (L ower Austria).
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Fig. 19. Cross-sections of the metatarsal (SMNK-M1/9) and
the metacarpal (SMNK-M1/42) of Miotragocer us pannoniae
and themetacarpal of M. monacensis(GPI T/MA/03486). The
proximal cross-section of the metatarsal of M. pannoniae
shows the characteristic lateral depression.

Its deposits belong to the Hollabrunn-Mistelbach Formation
and date to 11.2-11.1 Ma (Dax~Ner-Hock & GouLicH 2009;
Harznauser 2009). These new findings are close to the geo-
graphical and stratigraphical appearance of M. monacensis.
However, a reliable determination of this material was not
possibleyet. Thetype species of both genera(Miotragocerus
and Tethytragus) are previously based mainly on horn cores.
However, the bovid from Atzelsdorf is solely documented
with dentition and postcranial material beside a small horn
core fragment of less significance.

Now, the material of M. monacensis from
Hammerschmiede makes a comparison of dentition and
postcranial material possible. The dimensions of the post-
cranial elements (astragals, metacarpal) from Atzelsdorf are
smaller than those of M. monacensis (Hammerschmiede)
as well as M. pannoniae (Héwenegg; Table 7). Further, the
morphometrics of the lower premolars and lower molarsdif-
fer from M. monacensis. Their size is closer to the range of
P. chantrei (LaGrive) and Boselaphini indet. (La Grive and
Lower Austria). The morphological differences are particu-
larly visible in the p4. The anterior conid in the p4 from
Atzelsdorf iswell-developed in contrast to the very weak or
absent anterior conid in M. monacensis. Due to these differ-
ences, an attribution of the bovid material of Atzelsdorf to
M. monacensis can be excluded.

A specimen which has previously received little atten-
tion is a mandible fragment (p3-m2) of Miotragocerus sp.
fromthelocality Tobel Oel halde-Sid near Biberach (Baden-
Wirttemberg, Germany) described by Sach (1999). Thefossil

was located beneath deposits containing evidences of the
Nordlinger Ries meteoritic impact (Brockhorizont), which
supposes an age of at least ~15 Ma (AsbuL Aziz et al. 2010).
Anattributionto Eotragusisexcluded based on morphometri-
cal aspects (Sacu 1999). Asin other basal boselaphins, the
enamel isrugose. Itsmorphology issimilar to M. pannoniae.
However, itsdimensions (Table 5+6; Saca 1999) are dlightly
below M. pannoniae and M. monacensis.

A partially articul ated skeleton of afurther Middleto L ate
Miocenebosel aphin comesfromthelocation Tiefernitzgraben
near Graz/Austria (collection museum Joanneum). THENTUS
(1952) described this specimen as Tragocerus sp. It shows
similaritiesto M. monacensis concerning its tooth morphol-
ogy and dimensions. In particular, its p4 resembles those of
M. monacensis which shows a lingual cingulid and weak
anterior conid. However, the horn cores differ significantly
from other boselaphins. In particular, themedial sideshowsa
depression which runsfromthehorn corebasein distal direc-
tion. In general, the horn coresare anteroposterior elongated,
low angled and curved backwards. The metatarsal does not
possess the lateral depression known from M. pannoniae.

The mentioned fossils indicate the presence of fur-
ther lineages of early bovids that are largely unknown yet.
Thus, Miotragocerus sp. from Tobel Oelhalde-Siid might
be a potential ancestor of M. monacensis or M. pannoniae.
Furthermore, there seem to exist some contemporaneous
boselaphins of smilar size asindicated by the specimens of
Aumeister and Tiefernitzgraben.

5.3. Stratigraphic significance

Thepresence of M. monacensisisstratigraphically restricted
to avery short period, which makes this species interesting
for biostratigraphy. The earliest record of M. monacensis
comesfromthe Upper Erviliabiozone (early L ate Sarmatian
s.gtr.) of Atzgersdorf/Mauer (Vienna) and can be correlated
to about 12.0 Ma (HARzHAUSER & PILLER 2004). Thelocality
Nexing shows deposits of the Upper Ervilia and the lower-
most Sarmatimactra biozone (GriLL 1968, HARZHAUSER &
PiLLER 2009), but the exact stratigraphic position of thebovid
material isunclear.

The last occurrence of M. monacensis is around the
Sarmatian s.str.-Pannonian boundary at about 11.6 Ma,
documented in the localities Hammerschmiede, Munich
(Oberfohring and Unterféhring) and Ober-Hollabrunn. The
disappearance of M. monacensisisaccompanied withthedis-
appearance of further large mammals|like Listriodon splen-
dens. Shortly thereafter, M. pannoniae and Hippotherium
primigeniumappear inthe northern alpineregion (BecHLy et
al. 2005; DaxNErR-Hock 1996; RoGL & DaxNeEr-Hock 1996)
indicating amajor faunal change.

6. Conclusions

6.1. Taxonomic and stratigraphic implication

Miotragocerus monacensis is well-documented in the
Southern German localities Oberféhring, Unterfohring
and Hammerschmiede aswell asinthe L ower Austrian
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localities Ober-Hollabrunn, Atzgersdorf/Mauer and
probably Nexing. Furthermore, Ober-Hollabrunn pro-
videsthe holotype of Austroportax latifrons. The pres-
ence of Protragocerus chantrei in the Sarmatian s.str.
of Austria is probably documented by a single horn
core in Sommerein (Taentus 1956). Further evidences
of P. chantrei areonly based on dentition (MotTL 1961).
Hence, the teeth from Nexing, Wien-TUrkenschanze
and Schildbach are rather labelled as Boselaphini in-
det. The other horn cores mentioned by THeNTUs (1956)
rather belong to M. monacensis (Atzgersdorf/Mauer),
cf. M. monacensis (Nexing) and ?A. latifrons (Ober-
Hollabrunn).

The studied taxa show typical characters of basal
boselaphins, which often resemble the morphology of
cervids. In M. monacensis, these are particularly the
less molarized premolars, the brachydonty and some
plesiomorphic features in the preserved limb bones.

The observed cranial characters clearly distinguish
M. monacensisfrom P. chantrei and the contemporane-
ousA. latifrons. However, a differentiation on postcra-
nial material is till difficult due to the scarce record
of the Middle Miocene boselaphins.

Likewise, the assumed close relation of M. mona-
censis to M. pannoniae is mainly based on their male
skull and horn cores. The femal e horn core morphology,
known in M. pannoniae (Ber 1970; Romacat 1987),
remains unknown in M. monacensis. Despite several
similaritiesinthe horn coresof themales, thereare clear
differences, aswell. Further, the lower premolarsof both
taxashow mgjor differences. Hence, their relation at the
genus level remains disputable unless M. monacensis
does show an evidence for the characteristic lateral de-
pression in the metatarsal known from M. pannoniae
(TueN1Us 1948b; Tosien 1953). Such an exceptional char-
acter is not known in any extant or fossil taxa.

Considering the rare record of M. monacensis and
the Middle Miocene boselaphins in general, the new
findingsof M. monacensisfrom Hammerschmiedeand
the reinterpreted specimens from Lower Austria offer
animportant enlargement of the knowledge. Hence, the
current revision of M. monacensis does not only im-
prove the taxonomy. Furthermore, the newly described
material improves our knowledge about the temporal
range of thistaxon. For M. monacensisonly ashort ap-
pearance is documented. Itsfirst evidence comesfrom
the upper Sarmatian s.str. (Upper Ervilia biozone) of
Atzgersdorf/Mauer and probably Nexing (Upper Ervilia
or Sarmatimactra biozone). Its last occurrence is dur-
ing the Sarmatian s.str.-Pannonian boundary at about
11.6 M@, documented in Hammerschmiede, the Munich

localities and Ober-Hollabrunn. At the transition from
the Middleto Late Miocene M. monacensis disappears
and is replaced by the more evolved M. pannoniae.
This faunal turnover seems to have biostratigraphic
significance.

6.2. Ontogeny and sexual dimorphism of
Miotragocerus

The ontogenetic development of the male horn core
of M. pannoniae is well-documented since THENIUS
(1948). In juvenile specimensthe characteristic anterior
keel is not as pronounced as in adults. During the on-
togenetic development M. pannoniae builds up several
anterior steps on the keel due to anterobasal accumula-
tion of bone. In contrast, the supposed adult M. mona-
censis from Hammerschmiede has only a single step.
Additionally, an inter-specific allometry of the basal
horn coreisindicated between M. monacensis and M.
pannoniae: M. pannoniae showsasignificant horn core
growth in the DAP; aswell asin DT,. In contrast, the
DT, in M. monacensis remains small, while the DAP,
isincreasing. Further, M. monacensis does not achieve
the high diameters of adult M. pannoniae. Another on-
togenetic changeisdocumented in the enormousvolume
growth of thefrontal sinusin M. monacensis. Thesinus
height reaches from 9.7 mm in a subadult to 29.8 mm
in an adult individual.

A distinct sexual dimorphism in Miotragocerus
is shown by the horn cores of M. pannoniae from
Howenegg (Berc 1970; Romacar 1987). The female
horn cores are straight and have no anterior keel. They
are mostly circular in cross-section. Few specimens
are laterally depressed, but probably this is caused by
sedimentary load. This horn core type can clearly be
attributed to females, because completeindividualswith
foetus are known. Remarkably, apart from Howenegg
no other location has ever provided further specimens
of female M. pannoniae. Likewise, there is no sexual
dimorphism documented for M. monacensis yet. All
known horn cores are attributed to male specimens,
dueto their keeled morphology known from the males
of M. pannoniae. It is possible that afemaleindividual
is among the questionable bose aphin specimens from
Austrig, or the females are hornless at all.

The pronounced sexual dimorphismin M. pannoni-
aeandin particular the presence of well-horned females
suggests acomplex social behaviour. An adaptation to
inter- and i ntraspecific competition aswell asthe usage
asdefensveweapon asitisdocumented in several extant
taxa (Packer 1983; Busenik 1990) can be assumed.
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6.3. Emended diagnoses

The emended diagnosis of Miotragocerus monacensis
is based on the holotype from Oberfohring and the re-
ferred specimens from Southern Germany and L ower
Austria. It extents the observations of StromER (1928),
MovA-SoLA (1983), and Romacat (1987). The species-di-
agnosisof Miotragocer us pannoniaerepeatstheresults
of Krerzor (1941), Berc (1970) and partially Romacat
(1987), and is implemented with our own observations
on specimensfrom Howenegg. Thepostcranial features
described above (except those of the metatarsal in M.
pannoniae) were excluded from the diagnoses due to
their uncertain importance for taxonomy.

Diagnosis of Miotragocerus monacensis STROMER,
1928: Miotragocerusmonacensisisabovid (bosel aph-
in) of intermediate size, close to that of afallow deer.
Its orbital rims are hardly protruding. The horn cores
are attached on ashort pedicle directly abovethe orbits
and are strongly inclined backwards, their posterior edge
making an angle of 35-44° with the dorsal fronto-pari-
etal surface. They diverge moderately in the proximal
half and dightly convergeinthedistal half. Proximally,
the male horn cores show an anteroposterior elongated
ellipsoid cross-section dueto aprominent anterior keel.
The anterior keel shows anterobasal accumulation of
bone, which extends onto the anterior pedicle. The dis-
tal part of the horn core is nearly circular and curved
forwards. The sinus frontalis invades the pedicle and
the elevated intercornual part of thefrontal. Depending
on the ontogeny, the height of the sinus frontalis at the
canalis supraorbitalis can be <10 mm or up to ~30 mm.
Thedepressed postcornual fronto-parietal areaisrugose
and bordered by strong lateral ridges. The dentition is
rather primitive, resembling that of cervids. The teeth
are brachydont and have rugose enamel. Thelower mo-
lars show herring-bone enamel rugosities on lingual
side. The p4isweakly molarized dueto aweak anterior
conid and the presence of adistinct lingual cingulid.

Diagnosis of Miotragocerus pannoniae (Krerzor,
1941): Therobust male horn coresare dightly inclined
backward, their posterior edge making an angle up to
70° with the dorsal fronto-parietal surface. They have
lateral compressionsin the upper part of the keel mak-
ing the distal step sharp-edged. The distal part of the
horn coreishardly curved forwards and mostly oval in
cross-section. Rare specimens can have a compressed
distal cross-section. Depending on the ontogenetic stage,
the anterobasal accumulation of bone can form several
digtinct steps (mostly 1-2) on the anterior keel. Female

horn cores are straight and not keeled. They are mostly
circular in cross-section. Thep4 hasnolingual cingulid,
the anterior conid can be weak or well developed. The
metatarsal is very characteristic due to a noticeable
depression on the proximal lateral side.

Differential diagnosisof Miotragocerusmonacensis
STROMER, 1928: Further boselaphinsof similar sizeare
Protragoceruschantrei DepereT, 1887 and the contem-
poraneous Austroportax latifrons SickENBERG, 1929.

— M. monacensisis dightly larger than P. chantrei. Its
horn cores are basally more compressed compared to
therather oval-triangulated horn core cross-section of P.
chantrei. Thehorn coresof M. monacensishaveonly an
anterior keel, in contrast to the horn core of P. chantrei,
whichiskeeled on anterior and posterior sides. Thekeel
of M. monacensis terminates distally in adistinct step,
whereas both keelsin P. chantrei are running from the
base to top without any step.

— M. monacensis differs from A. latifrons in the
basal horn core cross-sections. They are transversally
compressed in contrast to the elongated-triangulated
basal cross-sections of A. latifrons. The distal cross-
sections in M. monacensis are circular in contrast to
thoseof A. latifrons, which are considerably compressed.
M. monacensis shows a distinct step in the anterior
keel, which is not present in A. latifrons. The ked is
nearly straight compared to the pronounced torsion in
the kedl of A. latifrons. In contrast to Miotragocerus,
theintercornual areaof A. latifronshasafrontal sagittal
ridge. In Miotragocerus the whole intercornual areais
dightly elevated and the postcornual fronto-parietal
areaisdepressed. Thelatter areaisbordered by distinct
lateral ridges. In contrast, A. latifrons shows two
depressions laterally to the frontal sagittal ridge. Its
postcornual fronto-parietal area is neither depressed
nor bordered by lateral ridges.
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Appendix

Table 1. Horn core dimensions (in mm) of Miotragocerus monacensis (Hammerschmiede, Oberféhring, Unterféhring,
Atzgersdorf/Mauer, Ober-Hollabrunn), cf. M. monacensis (Nexing), Boselaphini indet., cf. Austroportax latifrons and A.
latifrons (all from Ober-Hollabrunn), ?Protragocerus chantrei (Sommerein), Miotragocerus sp. (Dorn-Dirkheim) and M.
pannoniae (Howenegg, Mistelbach, Inzersdorf, Altmannsdorf, Sopron). The citations of datasourcesare added withinthetable.

horn core | horn core mn
sample ID description L oL 'w':‘m, DAP, | DT, | DAP, | DT, |DAP, DT, [DAP,| DT; |DAP, DT, ‘::1":' ‘::::::: hnran"l:‘ore Lo | Lea | Wi
basal basal | o
M. monacensis , Ham 5 (GPIT), our t:
|GPIT/MA/03483 |horn core, dextr. 208.0| 625 | 1460 | 53.0 [ 23.2] 49.0 | 229 [30.2[246][19.8[16.1]121]102] - | - [ - [ -[ -] -]
|ePIT/MA/03483 |horn core, sin. 1585] 620 | 967 | 499 [25.0 464 | 236 [299[245][180[180] - [ - - | - | - [T -[-1-7]
M. monacensis , Oberféhring (BSPG), our measurements
|BSPG 192319 |horn core, sin. [1325] 707 614 | 46.5 | 23.8 37.2 | 200 [27.6]18.8[154]12.7] - | - | ~425 | ~76,3 | 35° [310] | 245]
M. monacensis , Unterféhring (BSPG), our
[BsPG 1921134 [horn core, sin. [140.0]107.3] 292 [ 446 [255] 286 [ 164 [185[13s] - [ - [ - T -1 - [ - T - TJza0[222] -]
M. monacensis , Atzgersdorf/Mauer (NHMW), our measurements
2014/0376/0001 |horn core, dext. 921 [621] 357 | 386 [220] 293 [ 190 Jae3|ass] - [ - [ -] -] - | - [ - T-1T-T]s97]
M. , Ober-Hollabrunn (NHMW), our it:
2014!03?5!0001|Eed|cles dext+sin. | - | - | - |~465|~240 - [ - | -[-|-1-1-1T-1 - | - | ~aa |~33] - [298]
cf. M. monacensis , Nexing (IPUW), our
[3193 Ihorncore,dexl. [ 79 [772] - J3es8[218]283[asa] - -] -T-T-T7T-T1T - T - T - J-26]-1-1]
i indet., Ober-Hollabrunn (NHMW), our ement
|2014/0374/0001 [horn core, dext. 700 - | - J3sos5]2s7|223|s8| - -] -1-[-1-1-1-T1 - T1-1-1-21]
cf. A. latifrons , Ober-Hollak (IPUW), our
IlSlD [horn core, dext. [1200] - T - [sesfaaz[3a]2an0fers2] - - -T-1 - T - T - T-T-T-]
A. latifrons (cast), Ober-Hollabrunn (NHMW), our measurements
2014/0377/0001 [horn core, dext. T - Tis00 |as2 262 - | - [ -1 -[-1]-1J228]96] - | - ] e [-]-1:-]
? P. chantrei, rein (NHMW), our
2014/0373/0001 [horn core, dext. |82.0[330] 530 | 376|242 320 223 f233|167] - | - [ -] -] - | - [ - T[-1-1°-1]
M. p , Ho g8 (SMNK), our
U/44 horn core, dext. 241.0]150.0] 87.0 [ 656 [43.6] 37.5 | 22.3 [30.2]22.7[21.9]17.8] 17.0][14.7] 54 77 ~50°  [38.9] ~29
5/56 LU O 137.0| - - | 304 |243]|=0ar,| =0T, | - | - |276|19.8|145| 63| 122 | 544 | ~so |341
(juvenile)
5/56 UL R L 133.0| - - 418 | 252 |=DAPy| =DT, | - | - |29.0[19.9|151| 73| - . . 34.8[31.5
(juvenile)
72/56 horn core, dext. 320.0[180.0] 1350 | 71.6 | 40.1| 42.1 | 289 |30.2[26.9|22.7[18.2[15.0[{11.2] - - - 28.3[38.5
99/89 horn core (female) 195.0 - - 36.6 | 31.0 - - - - - - |18.3]|19.3 - - -
M. p iae , Ho gg (local lingen), our
|wss |horn core (female) | 269.0] - | larz2f220] - | - | - -1-1]-1126[69] 75 | 529 | ~65" [32.0[333] - |
M. p Hé g8 (SMNS), our
[47279a Ihorncore dext. [3s00[~170] ~8s | - [ -] - [ - T -T-T-T-T-T-T22a] - | - [sa7]62s] - |
Miotragocerus sp., Dorn-Diirkheim 1, GENTRY & KAISER (2009)
|SMF-DD-2345  |horn core, dext. |70 - | - |sasfs2e] - | - | -]-1-1T-1T-1-1 -1 -1 - T1-1-1°-/1
M. p iae , several localities, THENIUS (1948
Mistelbach horn core, sin. - - - 520 | 300] 472 | 262 | - - - - |26.0|245
Inzersdorf horn core, sin. - - - 62.0 | 36.0| 40.0 | 270 | - - - - |25.0|23.0 -
horn core, sin.

- - - = DAP,| = DT, ; . - - - - . . =
Altmannsdorf ({juvenile) ! 1| 478 | 236 208) 200

Sopron horn core - - - =DAP;|=DTy| ~50,0 | 34.0 - - - - | 20.0| 21.0 -




Revision of the boselaphin bovid Miotragocerus monacensis Stromer, 1928 259

Table 2. Tooth row measurements (in mm) in Miotragocerus monacensis (Hammerschmiede), M. pannoniae (Howenegg),
Protragocerus chantrei (La Grive) and Boselaphini indet. (Tiefernitzgraben).

Sample-ID  [Lower tooth row Upper tooth row
p2m3 | mim3 | p2-pa p2-M3 | Mi1-m3 | P2-pa

Miotragocerus monacensis , Ham5 (GPIT), our measurement
lepi/majo7196 | ~97 | s70 | ~a0 | . | . | . |
Miotragocerus monacensis , Hammerschmiede (BSPG), our measurement
[BSPG 1521 [ 97 | s83 | 400 | - | - | - |
Miotragocerus pannoniae , Howenegg (SMNK), BERG 1970

Il 105.1 60.8 44.4 102.0 54.0 46.2

L = 65.0 - 107.0 56.0 51.0

Q 105.0 62.0 41.0 93.0 53.4 42.2

U 100.8 58.4 41.7 93.0 50.1 41.5

W 95.2 56.3 39.8 90.0 51.0 42.0
56/20 = - - 90.0 50.0 40.0

436 > o - 92.5 52.0 42.0

Miotragocerus pannoniae , Hdwenegg (SMNK), our measurement
[100/59 | z [ s70 | a7 ] g | g | : |

Miotragocerus pannoniae , Hdwenegg

(local museum Immendingen), our measurement

|wss [ 979 | s67 | 419 | 938 | 532 | 589 |
Miotragocerus pannoniae , Hdwenegg (SMNS), our measurement

[47279a [ 1072 | 619 [ 455 ] g [ g [ g |
Protragocerus chantrei , La Grive (Museum Lyon), DEPERET (1887)

[Lgra71 | - | ss0o | - | - [ - [ - |
Boselaphini indet. (one individual), Tiefernitzgraben near Graz

(Museum Joanneum Graz), our measurement

(dextral)

96.9 57.8 39.1 - - 45.8

96.9 57 40.6 - ?~47.2 ~44.8

(sinistral)
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Table 3. Measurements (in mm) of upper molars in Miotragocerus monacensis (Hammerschmiede) and M. pannoniae
(Howenegg).

|Sample-l0 | Tooth position I H, | Hy l DAP | DT, | DT, |
Miotragocerus monacensis , Ham5 (GPIT), our measurement

GPIT/MA/03484 |M2/37, dext. 12.9 12.9 17.7 18.2 16.2
GPIT/MA/07199 |M2/3?, dext. 14.2 14.2 17.0 18.1 15.8
Miotragocerus pannonige , Howenegg (SMNK), our measurement

122 M1, sin. 10.3 12.1 15.3 17.4 16.6
u/44 M1, dext. = - 13.7 17.2 17.5
u/44 M2, dext. - - 17.4 20.2 18.9
U/44 M3, dext. - - 18.7 19.2 16.3
Q1955 M1, dext. - - 14.9 17.9 17.9
Q1955 M2, dext. - - 17.4 20.7 20.1
Q1955 M3, dext. - - 19.6 20.7 17.9
Miotragocerus pannoniae , Howenegg (SMNK), BERG (1970), supplemented with our own measurements
Il M2, sin. - - 18.2 20.8 19.2
Il M3, sin. - - 18.5 19.9 18.3
R M1, sin. - - 13.5 15.1 16.2
S M1, dext. - - 15.2 15.9 -

S M2, dext. = - 15.0 17.5 16.5
W58 M1, sin. 9.3 9.9 14.5 16.3 16.2
W58 M2, sin. 12.4 12.6 16.1 18.6 17.1
W58 M3, sin. 12.3 12.5 18.5 18.5 17.0
56/20 M1, dext. = - 14.3 19.8 19.5
56/20 M2, dext. - - 17.4 21.6 20.0
56/20 M3, dext. - - 18.2 20.1 18.0
431 M2/37?, dext. - - 16.5 - 19.7
431 M3/2?, dext. = - 18.1 204 19.1
431 M1, sin. - - 14.0 - 17.3
431 M2, sin. - - 16.2 - 19.3
431 M3, sin. - - 17.8 20.3 18.4
436 M1 = - 14.5 17.8 17.5
436 M2 - - 17.7 20.2 19.7
436 M3 - - 18.4 19.0 17.7
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Table 4. Measurements (in mm) of upper premolars in Miotragocerus monacensis (Hammerschmiede), Boselaphini indet.
(Aumeister, La Grive and Tiefernitzgraben) and M. pannoniae (Howenegg).

ISampIe-lD |Tooth position | H | DAP | DT | DT, | DT, |
Miotragocerus ensis , Ham5 (GPIT), our measurement

GPIT/MA/05740  |P4, dext. 12.4 11.1 14.0 - -
GPIT/MA/05741  |P3, dext. 11.4 14.4 - 9.6 (~11)
GPIT/MA/05743  |P2, dext. 10.8 15.5 - 8.6 10.7
Boselaphini indet., Aumeister (BSPG), our measur t

[BsPG 1926 V34  [P4, dext. [ 112 T 100 [ 124 | g | g |
Miotragocerus p iae , Howenegg (SMNK), our measurement

122 P4, sin. 12.4 12.3 16.0 - -
122 P3, sin. 12.1 14.3 - 10.5 13.4
U/a4 P4, dext. - 11.7 15.6 o o
/44 P3, dext. - 13.7 - 10.3 13.9
Q1955 P4, dext. - 12.3 14.8 o o
Q1955 P3, dext. - 14.9 - 11.6 14.4
Q1955 P2, dext. - 14.3 - 10.0 10.9
Miotragocerus p ioe , Howenegg (SMNK), BERG (1970), supplemented with our own ements
Il P4, sin. - 13.4 16.9 - -

R P2, sin. - 14.0 8.3 o o
W58 P2, sin. - 13.8 - 9.9 10.9
W58 P3, sin. - 14.3 - 12.7 13.7
W58 P4, sin. - 12.8 15.3 o o
56/20 P2, dext. - 13.3 12.2 = o
56/20 P4, dext. = 13.2 17.4 . .
431 P2, dext. - 13.8 10.1 - -
436 P2 - 15.9 11.3 e e
436 P4 - 11.9 15.9 o o
Boselaphini indet., La Grive (Museum Lyon), ROMAGGI (1987)

Lgr 474 P4 . 11 13 2 g
Lgr 475 P4 - 11.6 13 - -
Lgr 479 P3 = 135 10.1 - -
Lgr 476 P3 - 15 11 - -
Lgr 478 P2 - 15 9.5 - -
Boselaphini indet., La Grive (Museum Lyon), MOYA-SOLA (1983)

- P3 = 13.1 11.2 - -

R p3 - 13.9 10.6 = -

- P3 - 13.4 10.4 - -

- P3 - 13.3 11 - -

- P2 - 14 9.7 - -
Boselaphini indet. (one individual), Tiefernitzgraben near Graz (M im Joanneum Graz), our ement
1399 P2, dext. - 16.1 - 10.1 12
1399 P3, dext. = 16.1 - 10.7 12.5
1399 P4, dext. - ~12.7 - - -
1400 P4, sin. - 13.2 - - -
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Table5. Measurements (in mm) of lower molarsin Miotragocerusmonacensis (Hammerschmiede), M. pannoniae (Howenegg),
Boselaphini indet. (Tiefernitzgraben, Nexing, Schildbach and Wien-T tirkenschanze) and Miotragocer us sp. (Tobel Oelhalde-
Sud).

[sample-iD [Toothposition | H. | Hy | Huons | DAP | DT. | DT, | DTeaona |
Miotragocerus monacensis, Ham5 (GPIT), our measurement

GPIT/MA/05744 m1, sin. 9.7 9.2 - 15.3 10.9 11.8
GPIT/MA/05745 m2, dext. 9.2 9 - 16.9 12.3 13.2
GPIT/MA/05746 m1, sin. 14.9 14.6 - 16.4 10.9 12
GPIT/MA/07197 m3, sin. 12.7 11.9 7.2 23.4 12.6 12.2 6.9 |
GPIT/MA/07196 m1, dext. 8.9 7.6 - 15.0 10.3 11.6
GPIT/MA/07196 m2, dext. 12.3 11.5 - 17.2 12.0 12.6
GPIT/MA/07196 m3, dext. 14.5 12.8 7.5 23.9 11.7 11.5 6.6 I
Miotragocerus ensis, Hammerschmiede (BSPG), our measurement

BSPG 1521 m1, dext. = 6.3 - 15.0 10.4 12.0

BSPG 1521 m2, dext. 9.2 8.6 - 17.6 13.2 13.6

BSPG 1521 m3, dext. 13.4 12.4 7.6 26.3 13.0 12.3 6.9 ]
Miotragocerus pannoniae, Howenegg (SMNK), BERG (1970)

I m1, sin. - - - 17.1 12.1 12.2

Il m2, sin. - - - 18.0 13.0 13.2

I m3, sin. . . 5 25.7 14.2 13.0 -
Q m1, sin. - - - 16.5 11.2 12.0

Q m2, sin. c e - 17.5 13.0 12.8

Q m3, sin. g 3 3 27.0 126 12.0 73 |
U m1, dext. - - - 15.0 10.3 11.2

U m2, dext. - - - 16.7 12.6 12.9

U m3, dext. - - - 25.6 12.5 12.2 7.2 |
W58 ml - - - 14.5 11.2 11.6

W58 m2 - - - 16.5 12.1 11.9

W58 m3 - - - 24.8 12.2 115 6.8 |
432 m2, dext. - - - 16.9 12.0 12.3

432 m3, dext. . . . 25.2 . 11.8 6.9 |
Boselaphini indet. (one individual), Tiefernitzgraben near Graz (M Joanneum Graz), our r ement
1399 m1, dext. - - - 14.3 9.9 10.8

1399 m2, dext. - - - 17.2 12.2 12.1

1399 m3, dext. - - - 25 12.1 11.5 6.5
1400 m3, sin. - - - 25.1 12.3 11.6 6.9
Miotragocerus sp., Tobel Oelhalde-Siid, near Biberach (SMNS), SACH (1999)

46656 m1, dext. - - - ~14.5 9.4 -

46656 m2, dext. - - - 16.4 11.4 11.4

Boselaphini indet., Nexing (NHMW), our measurement

2003z0089/0045 .

(Collection Lienhart) L i : : = i )
200320{.)89!9045 ma2, sin. - - - 15.5 9.4 10.8

(Collection Lienhart)

200320{.)89"9046 ma2, sin. - - - 15.1 10.2 10.6

(Collection Lienhart)

200320089/0047 m3, sin. e = - 21.8 10 95 6.8
(Collection Lienhart)

2014/0372/0001 m1, sin. (cast) - - - 13 9.1 10.5
2014/0372/0001 m2, sin. (cast) - - - 15.5 10.3 11.4

Boselaphini indet., Nexing (NHMW), Mottl (1961}

2

(Collection Zapfe) ml ) ) ) e i 2l

: m2 - - - 16.3 - 10.6

(Collection Zapfe)
Boselaphini indet., Schildbach (NHMW), Mottl (1961)

? ml - - 13.0 = 10.0
? m2 - - - 16.0 - 11.0
? m3 - - - 22.0 10.5 s
Boselaphini indet., Wien-Tiirkenschanze (NHMW), Mottl (1961)

? m2 - - = 15.9 11.8

? m3 - - - 228 10.8 -
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Table 6. Measurements (in mm) of lower premolars in Miotragocerus monacensis (Hammerschmiede), M. pannoniae
(Howenegg), Boselaphini indet. (Tiefernitzgraben, Nexing and Schildbach) and Miotragocerus sp. (Tobel Oelhalde-Sid).

[sample-iD [Toothposiion | | obap | ot | b, | oo,
Miotragocerus monacensis , Ham5 (GPIT), our measurement

GPIT/MA/05742 pé, sin. 9.1 15.2 - 7.9 8.6
GPIT/MA/07196 p4, dext. 9.9 16.0 = 8.5 9.5
GPIT/MA/07198 p3, dext. 7.2 12.8 = 6.3 7.8
Miotragocerus ensis , Haommerschmiede (BSPG), our measur t

BSPG 1521 p2, dext. 6.5 9.4 5.7 = -
BSPG 1521 p3, dext. 10.3 133 = 6.7 8.7
BSPG 1521 p4, dext. 9.5 15.7 - 8.3 9.8
Miotragocerus p jae , Howenegg (SMNK), our ement

[u/as [p4, sin 88 | 149 | 3 [ 81 | 85 |
Miotragocerus p , Howenegg (SMNK), BERG (1970)

I p2, sin. - 10.3 5.8 - -
Il p3, sin. - 15.3 8.2 = =
I p4, sin. - 17.2 9.7 -

L p2, sin. - 9.6 5.2 -

Q p2, sin. - 9.9 5.4 - -
Q p3, sin. - 143 6.9 o

Q p4, sin. - 15.3 7.9 - -
U p2, dext. - 9.5 5.5 - -
U p3, dext. - 13.7 7.2 -

U p4, dext. - 15.1 8.3 - -
W53 p2 - 8.3 5.8 = -
W58 p3 - 13.2 6.9 = =
W58 p4 11.1 15.1 - 7.8 8.4
432 p3, dext. - 14.1 8.1 -
Miotragocerus pannoniae , Hdwenegg (SMNS), our measurement

47279a p2 7.1 11.1 5.7 - -
47279 p3 10.8 14.2 8.4

47279 pd 10.8 16.4 79 & =
Boselaphini indet. (one individual), Tiefernitzgraben near Graz (M im Joanneum Graz), our measurement
1399 p2, dext. 9.8 5.8 -

1400 p2, sin. 10.5 5.8 - -
1399 p3, dext. 14.3 6.9 8.2
1400 p3, sin. 14.2 6.3 8.1
1399 p4, dext. 15.5 8.2 9.1
1400 pé4, sin. 16 7.6 9.4
Miotragocerus sp., Tobel Oelhalde-Siid, near Biberach (SMNS), SACH (1999)

46656 p3, dext. - 12.5 - - 8.0
46656 p4, dext. - 13.9 - - 8.5
Boselaphini indet., Nexing (NHMW), our ement

2014/0372/0001 p3, sin. (cast) - 13.8 - - 7.8
2014/0372/0001 pd, sin. (cast) - 15 - - 8
2003z0089/0045 .

(Collection Lienhart) |P% ™" i 135 i i 73
Boselaphini indet., Nexing (NHMW), MOTTL (1961)

]

(Collection Zapfe) p4 ) 14'2 ) ) =
Boselaphini indet., Schildbach (NHMW), MOTTL (1961)
[z [pa . 142 | 5 | . [ 71
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Table 7. Measurements of humeri, phalanges, astragali and metacarpalmetatarsals |11+ of Miotragocerus monacensis
(Hammerschmiede and Unterfohring), Protragocerus chantrei (La Grive) and ? Austroportax |atifrons (Ober-Hollabrunn).

Humeri

|Sample ID

| description

| pap| o1 [ wi [ D |

Miotragocerus monacensis, Ham 5 (GPIT), our measurement

[aPIT/MA/07202

|humerus, dext., distal end

[19.4] 372 [1a5] -

Miotragocerus monacensis, Unterfohring (BSPG), our measurement

[BSPG 1921 1 501

|humerus, sin., distal end

[211] 381 | 147118

Miotragocerus pannoniae, Howenegg (SMNS), our measurement

Héw 06/127 humerus, dext., distal end 225| 39.8 | 16.2 | 16.5
47279 humerus, sin. ~22,5| ~53,8 -
Phalanges
[sample ID | description [ o [oar,,|0T,,|DAR,| DT, [DAP,| DT, |
Miotragocerus ensis, Ham 5 (GPIT), our measurement
GPIT/MA/03487 |phalanx proximalis 426 107 [13.3/181)15112.2| 146
GPIT/MA/07201 |[phalanx proximalis, distal end - - - - - 13.1] 14.4
GPIT/MA/07200 |phalanx medialis 279 143 | 11.8 - 157|174 12.6
Miotragocerus monacensis, Hammerschmiede (BSPG), our measurement
BSPG 1527 phalanx proximalis, prox. end 19.1 [~15,9] - -
BSPG 1520 phalanx medialis, prox. end 203|159 - -
Miotragocerus pannoniae, Howenegg (SMNK), our measurement
D54/D33 phalanx proximalis 380 111 [13.6|179]16.3]|12.4] 139
D54/D36 phalanx proximalis 39.2| 115 [ 14.7|184]151]12.2] 135
787 phalanx proximalis 46.0| 126 | 15.6|19.2|17.9| 14.3| 15.3
52 phalanx proximalis 47.0| 125 | 154 | 20.7 | 17.7| 13.9| 145
772 phalanx proximalis 450( 133 | 14.0] 212 | 16.8| 14.2 | 14.8
Astragali
[sample ID [ description (v v [ w[wlu[w[w][w][o [ tu]
Miotragocerus monacensis, Ham 5 (GPIT), our measurement
GPIT/MA/03485 |astragalus, dext. 447 227 | 16.0[18.5]|355]|23.9| 25.5|25.2| 55 | 421
Miotragocerus monacensis, Hammerschmiede (BSPG), our measurement
[BsPG 1522 [astragalus, dext. - | 216 | - |184]*351]231]251] - - J40.2]
Miotragocerus pannoniae, Howenegg (SMNK), our measurement
58/55 astragalus, dext. 419 21.7 | 169175331/ 244|27.1|27.1| 53 | 396
459 astragalus, dext. 450 245 | 174 ]20.0|358|26.3(294|29.5| 56 | 429
813/59 astragalus, dext. 41.8| 224 | 156 | 19.4(33.0|235| 251|254 | 53 | 385
Protragocerus chantrei, La Grive (Museum Lyon), DEPERET 1887
| = |astragalus [40.0] [ - | - ] - | - | 25.0[ - ] | - |
Metacarpal/Metatarsal ll1+1V
[sample 1D | description | L [oAP,,|DT..|0AP,[DAR,| DT, | DT, | DT, [DAP,| DT, | DT, | DTy |
Miotragocerus monacensis, Ham 5 (GPIT), our measurement
GPIT/MA/03486 |metacarpal, dext., prox. end 17.8|20.5] 309 143 | 14.3 - - - -
GPIT/MA/03486 |metacarpal, dext., distal end - - - - - 219 | 324 14.7 14.9
Miotragocerus ensis, Hammerschmiede (BSPG), our measurement
BSPG 1523 metacarpal, distal end - - - - - - - | 19.8 |~31,7| 153 (DT4?) | -
BSPG 1519 metatarsal, dext., prox. end - - - - 26.1| 30.3 - - - - -
Miotragocerus | liae, Howenegg (SMNK), our measurement
MI/42 metacarpal, dext. 196.0] 16.1 | 22.7 | 18.623.3|346|16.0 | 16.2 | 23.2 | 347 15.9 15.6
D54/D13 metacarpal, sin. 198.0] 17.1 | 214 | 16.9|20.6| 32.7| 126 | 14.2 | 22.2 | 31.2 14.0 13.2
u78 metacarpal, sin. 209.0] 16.0 | 21.4|17.4[20.3|33.1]13.3]|16.2| 23.1| 330 15.3 15.4
MI/9 metatarsal, sin. 208.0| 175 | 145 28.1|29.4| 30.8 - - 23.3 | 35.1 16.5 15.6
? Austroportax latifrons, Oberhollabrunn (IPUW), our measurement
| . |metatarsal, dext. [1959] 16.6 | 185 | 26.5[ 284299 - | - |229]|350] 157 [157|
Protragocerus chantrei, La Grive (Museum Lyon), DEPERET 1887
- metacarpal - - - | 29.0) - - - - - -
metatarsal - - | 280 - - - - -
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Table 8. Investigated boselaphin horn core specimens with previous and revised identifications. The specimens used in this

study, but assigned to M. pannoniae are excluded here.

Sample ID Location Identifications
Oberféhrin, Miotragocerus monacensis
BSPG 192319 el < STROMER (1928)
(Munich) (holotype)
BSPG 19211 34 Unter_fohrmg M;.atragocerus monacens:f STf{CIMER (1928)
(Munich) Miotragocerus monacensis this study
GPIT/MA/03483 Hammerschmiede  Miotragocerus monacensis this study
Protragocerus chantrei ABEL(1927)
Miotragocerus monacensis STROMER (1928)
NHMW2014/0376/0001 Atzgersdorf/Mauer .
/ / g / Protragocerus chantrei THENIUS (1956)
Miotragocerus monacensis this study
Miotragocerus monacensis THENIUS (1948)
IPUW 3193 Nexing Protragocerus chantrei THENIUS (1956)
cf. Miotragocerus monacensis  this study
NHMW2014/0375/0001 Ober-Hollabrunn Mi.otragocerus monacenﬁf SI(iKENBERG (1929)
Miotragocerus monacensis this study
NHMW2014/0374/0001 Ober-Hollabrunn Boselaphini indet. this study
Austroportax latifrons
NHMW2014, 1 -Holl
\W2014/0377/0001 Ober-Hollabrunn (e e SICKENBERG (1929)
P .
IPUW 1510 Ober-Hollabrunn rotragocerus chant.rea TH‘ENIUS (1956)
cf. Austroportax latifrons this study
IPUW 1480 La Grive, Protragocerus chantrei DEPERET (1887)
fissure PB A (cast of the holotype)
. Protragocerus chantrei THENIUS (1956)
NHMW2014/0373/0001 Sommerein . .
/ / ' ? Protragocerus chantrei this study









