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Abstract

The morphological variability within the large sample of
Keramidomys teeth from Puttenhausen (Bavaria, OSM C+D)
is described. The teeth are assignable to K. thaleri, a species
that is especially well known from the Fossillagerstitte San-
delzhausen, which is stratigraphically and geographically close
to the Puttenhausen site. The two samples represent by far the
richest record of the genus in the German part of the North
Alpine Foreland Basin.

Key words: Miocene, Rodentia, Bavaria, Upper Freshwater
Molasse

Zusammenfassung

Die morphologische Variabilitit innerhalb des reichhaltigen
Materials von Keramidomys-Zihnen aus Puttenhausen (Ba-
yern, OSM C+D) wird beschrieben. Die Zihne gehoren zu
K. thaleri, eine Art, die vor allem aus der stratigraphisch und
geographisch Puttenhausen nahstehenden Fossillagerstitte
Sandelzhausen sehr gut bekannt ist. Die Molarsammlungen aus
Sandelzhausen und Puttenhausen sind die bei weitem besten
und umfangreichsten Vorkommen der Gattung Keramidomys
aus dem deutschen Teil des Nordalpinen Vorlandbeckens.

Schliisselswérter: Miozin, Rodentia, Bayern, Obere Suf3-
wassermolasse.

1. Introduction

The tooth genus Keramidomys belongs to one of the

*E-mail: j.prieto@lrz.uni-muenchen.de

smallest mammals ever, and generally is a relatively rare ele-
ment in the faunas. However, the genus is well represented
in the rodent faunas from Oberginserndorf (more than 540
teeth; see DAXNER-HOCK 1998) and Sandelzhausen (more
than 250 teeth; see MEIN 2009). The latter locality has re-
cently been studied intensively (ROsSNER & GOHLICH 2009,
2010). Another large sample of Keramidomys teeth has been
excavated from the locality Puttenhausen, which is both
geographically and stratigraphically close to Sandelzhau-
sen (FAHLBUSCH & WU 1981). However, the material from
Puttenhausen has not been analyzed in detail to date. In this
paper, the morphological variability within the tooth sample
from Puttenhausen is described and compared to the material
from Sandelzhausen.

The locality Puttenhausen is located north of the town
Puttenhausen, approximately 3.5 km south of the city of
Mainburg, Bavaria. The section comprises an 18 m-thick suc-
cession of fine grained alluvial deposits that includes at least
six red-colored palaeosols rich in vertebrate remains (ABDUL
Az1z et al. 2008). The Keramidomys sample has been collected
from the lowermost palaeosol (“Puttenhausen classic layer”).
The fauna from Puttenhausen is predominantly composed of
small mammals (e.g. FAHLBUSCH & WU 1981; Wu 1982, 19905
ZIEGLER & FAHLBUSCH 1986; ZIEGLER 2000, 2005; ROSSNER &
Heissic 1999) and lower vertebrates (ABDUL Aziz et al. 2008),
but large mammals are fairly well represented as well (ERONEN
& ROSSNER 2007).

Based on the local biostratigraphic scale, the ‘Puttenhausen
classic’ layer (abbreviated PUT cl.) correlates to the unit OSM
C+D (see ABDUL Az17 et al. 2008: 120-122), and paleomagnetic
studies suggest a correlation to chron C5Cn.2n, at 16.4 Ma
(ABDUL Az1Z et al. 2008, in press). The fauna is slightly older
than that reported from Sandelzhausen.
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Table 1: Occurrence of Keramidomys HARTENBERGER, 1967 in the German part of the North Alpine Foreland Basin. LM: Length of the m1 in

the main Megacricetodon lineage; n.p. = not indicated.

Locality Correlation LM number of teeth species Reference
Gallenbach 2b OSM F Absent n.i. K. sp. HErssic 1989
Unterzolling 1a OSM F Absent n.i. to be reviewed Heissic 1989
Giesseltshausen 1a OSM F n.i. n.i. to be reviewed HEissic 1989
Unterneul 1a late OSM E Absent n.i. K. sp. Heissic 1989
Edelbeuren-Maurerkopf OSME 2.26 (1 m1) 2 probablyh SacH 1999
K. thaleri
. probably ABDUL-AZ1Z et al.
Furth 460 OSM E 2.21 (1 m1) n.i. K thaleri 2008
Untereichen-Altenstadt 565m early OSM E 2.09 35 K. thaleri PrIETO et al. 2009
Oggenhof late OSM C+D 1.89 1 P robab1y~ FAHLBUSCH 1975
K. thaleri
Massendorf OSM C+D Absent 15 P robably. ScHoT1Z 1979
K. thaleri
probably BOTTCHER et al.
Oggenhausen 2 OSM C+D 1.91 1 K thaleri 2009
Sandelzhausen late OSM C+D 1.91 261 K. thaleri MEIN 2009
probably ABDUL-A71Z et al.
Puttenhausen E late OSM C+D n.i n.i K thaleri 2008
Buchtenbach 1b late OSM C+D 1.91 in prep. K. thaleri ABDL{L_AZIZ ctal
in press
Puttenhausen B-D OSM C+D n.i. n.i. K. thaleri ABDULz-OAOZSIZ ctal.
Puttenhausen cl. OSM C+D 1.86 258 K. thaleri this paper
Gisseltshausen 1b OSM C+D 1.86 n.p to be reviewed Heissic 1989
. 1.75 (all probably
Engelwies 1 early OSM C+D layers) 2 K thaleri ZIEGLER 1995
. 1.75 (all lay- probably
Engelwies 3 early OSM C+D ers) 1 K thalevi ZIEGLER 1995
Schellenfeld 3 early OSM C+D 1.74 (all lay- 1 undetermi- ZIEGLER 1995
ers) nated
probably
Roflhaupten early OSM C+D 1.74 2 K thaleri FaHLBUSCH 1975
Niedereichbach late OSM B 1.68 (1 m1) 2 b robablyb ScHOTZ 1979
K. thaleri
Adelschlag late OSM B? no ml 7 K. thaleri FaHLBUSCH 1975
Langenmoosen OSM B 1.66 2 P robably. FanrBuscH 1975
K. thaleri
. probably
Pottmes OSM B 1.65 (1 m1) 3 K. thaleri FanrsuscH 1975
Eitensheim earliest OSM B? | 1.55 (1 m1) 4 to be re- FAHLBUSCH 1975
viewed
Gindlkofen unknown Absent 1 K. sp. FaHLBUSCH 1975
Undorf unknown Absent 1 probably FaHLBUSCH 1975
K. thaleri

1.1 Keramidomys in the German part of the

North Alpine Foreland Basin.

A species related to K. mobleri has been recorded for youn-
ger German deposits (FAHLBUSCH 1975; PRIETO 2007; SEEHUBER
2009), but the samples are in need of a revision based on the

most recent taxonomic considerations by DaxnNer-HOCk &
Hock (2009), among other authors. Earlier reports of the ge-
nus, which are of interest with regard to the results presented in
this study, are listed in Table 1. However, uncertainties usually
remain with regard to the precise affinities of these samples
due to either the limited number of specimens available or
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I:] Damaged

Tmm

M1,2 329 M1,2 348 M1,2 354

M3 246

M3 247

M1,2 391

m1,2493

m3414

Figure 1: Keramidomys thaleri HUGUENEY & MEIN, 1967 from the ‘Puttenhausen classic’ layer. Note that only the last part of the accession
number is given for each tooth directly in the figure; this last part is consistently preceded by BSPG 1979 XVI. Reversed teeth: 234, 236, 242,
249, 266, 329, 348, 389, 390, 391, 447, 450, 412, 414.
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the still widespread cherishing of the synonymy K. thaleri-K.
carpathicus in Germany (see details in MEIN 2009). Compa-
risons with the Swiss part of the Molasse basin are difficult
as well because BOLLIGER (1992), KALIN (1993), and KALIN &
KEMPF (2009) also have adopted the K. thaleri-K. carpathicus
synonymy. The earliest evidence of the genus Keramidomys in
Bavaria has been reported from near the Ottnangian/Karpatian
boundary (base of the OSM B; ABDUL-AZ1Z et al. in press). This
evidence is somewhat younger than the record of this genus
from Franzensbad (FEjrar 1974).

2. Material and methods

The teeth are kept in the Bavarian State Collection for Pale-
ontology and Geology at Munich (Bayerische Stattssammlung
fiir Paldontologie und Geologie, abbreviated BSPG), Germany,
under accession number 1979 XVIx. Because of the uncertain-
ties with regard to the discrimination between the two first
lower and upper molars (for details, see MEIN 2009), I have
chosen not to distinguish between M1/m1 and M2/m2 in the
fossils from Puttenhnausen. Also, the labial connections of the
crests and conules are not considered because this character
changes with tooth wear.

The following damaged, corroded or senile teeth are not
included in the morphological analysis: D4: BSPG 1979 XVI
243, 241 and 238; P4: BSPG 1979 XVI 263, 267, 281; M1,2:
BSPG 1979 XVI 350, 314; p/4: BSPG 1979 XV1 364, 367, 369,
370,392, m1,2: BSPG 1979 XVI1 416,417, 425, 468, 474, 476,
478, 480, 488; m3: 400, 404.

As only a single lower premolar has been discovered, this
dental element has not been studied.

All teeth are illustrated as left ones; right molars are reversed.
To make the text easier to read, only the last part of the ac-
cession numbers referring to the individual teeth are given in
Figure 1 and in the description. This last part of the accession
number is consistently preceded by BSPG 1979 XVI.

3. Systematic paleontology

Rodentia BopwicH, 1821
Eomyidae DEPERET & Douxami, 1902

Keramidomys HARTENBERGER, 1967

Type species: Keramidomys pertesunatoi HARTENBERGER,
1967

Other species included in Keramidomys: K. carpa-
thicus (SCHAUB & ZAPFE, 1953), K. thaleri HUGUENEY & MEIN,
1968, K. anwilensis ENGESSER, 1972, K. mohleri ENGESSER,
1972, K. reductus BOLLIGER, 1992, K. fahlbuschi Qiu, 1996, K.
ermannorum DAXNER-HOCK & HoOck, 2009.

Keramidomys thaleri HUGUENEY & MEIN, 1968
Fig. 1

1981 Keramidomys carpathicus FanLsuscH & Wu: 117
2009 Keramidomys MEIN: tab. 1

Original diagnosis: HUGUENEY & MEIN (1968); for a
translation of the diagnosis to English and comments, refer
to MEIN (2009).

Type locality: Vieux-Collonges (France)

Age of the type locality: Middle Miocene, MN 5

4. Variability of the characters in the
upper check teeth

D4: 10 teeth. The anteroloph is generally well developed
(6 teeth, e.g. 235, 236, 244), although it may be very short (3,
e. g. 234) or absent (1, 242). The longitudinal crest does not
merge with the protoloph in all D4 (e.g. 235), but may connect
to the protocone (e.g. 244). If connected to the protocone, the
connection is weak. The mesoloph reaches the labial border in
three teeth (e.g. 235), it is long in one premolar (234), extends
to half of the syncline in three others (e.g. 242), and in still two
others is shorter (e.g. 244). In one D4, the longitudinal crest
cannot be distinguished from the mesoloph (236).

P4: 37 teeth. The anteroloph is absent in all but two (e.g.
288) teeth; if present, the anteroloph is short. The longitudi-
nal crest usually is interrupted (5, e. g. 286), but may also be
directed towards the protoloph (22, e.g. 283). The connection
is present in 9 teeth (e.g. 249). The mesoloph generally is of
medium length (17, e.g. 266), or somewhat shorter (3 teeth),
but may also be long (16, e.g. 283, 286).The crest is absent in
one P4 (288). The metaloph is interrupted in one P4 (286).

M1,2: 68 teeth. The anteroloph is always present. The
longitudinal crest is interrupted in all but seven specimens.
The connection may be well defined (e.g. 358) or very low; it
divides the second syncline (e.g. 348). On one molar, the lon-
gitudinal crest connects to the protocone (354). In high M 1,2,
the longitudinal crest tends to merge with the protocone (spur
on the longitudinal crest), and one tooth possesses a complete
longitudinal crest plus a spur (358). The mesoloph is usually
long (52 M1,2, e.g. 320), but may also be connected to the
base of the paracone (16, e.g. 329, 358). The metaloph may be
interrupted or at least constricted at its connection with the
longitudinal crest (6, e.g. 311, 357). Similarly, the protoloph is
interrupted in one tooth (359).

M3: 4 teeth. The molars have five transversal crests. The
mesoloph extends to the border of the crown in all M3 but one
(247, synclines full of sediment). The metaloph is interrupted
in one tooth (247). The longitudinal crest is interrupted in
three M3, but the M3 246 has narrow junction between proto-
and mesoloph. In the same tooth, Meta-and posteroloph are
connected by a short transversal crest. The protoloph does
not connect to the anteroloph in one M3 (247), but to the
protocone in this case.

p4: 29 teeth. The anterolophid is well developed and con-
nects to the metaconid (26, e.g. 366). It rarely stands isolated
(391) or is even absent (4, e.g. 374, 389). In most p4 (25 teeth),
the longitudinal crest is continuous, although the connection
just reaches the base of the protoconid (366, 390); it may also
show a superficial notch in juvenile premolars (379). The mes-
olophid is always well developed, very variable with regard to
the labial connections.
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Figure 2: Measurements of Keramidomys thaleri HUGUENEY & MEIN, 1967 from Puttenhausen, Sandelzhausen (based on data in MEN 2009),

and Untereichen-Altenstadt 565m (based on data in PRIETO et al. 2009).
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m1,2: 72 teeth. The anterolophid is well developed (e.g 426).
The longitudinal crest is interrupted in one molar (447). The
mesolophid usually connects to the base of the metaconid, and
a constriction/superficial interruption occurs at the base of the
crest in five teeth (e.g. 450). The mesolophid of the m1,2 493
is somewhat shorter.

m3: 18 teeth. In the most common morphotype, the m3
possesses five complete transversal crests (15, e.g. 407). The
m3 410 and 411 possess a short mesolophid, and the crest is
fused with the hypolophid in specimen 412. The mesolophid
may also be interrupted near to the longitudinal crest. The
longitudinal crest is displaced labially in one tooth (414).

5. Comparison with Sandelzhausen

Since the m3 /M3 are usually characterized by five tran-
versal crests and the (pre)molars even more commonly have
long mesoloph(id)s, the tooth assemblage from Puttenhausen
is ascribed to K. thaleri as defined by Daxner-Hock (1998)
and MEIN (2009), but contra FanrsuscH (1975). The meas-
urements of the teeth from the “Puttenhausen classic’ layer
and Sandelzhausen are given in Figure 2. The two samples
overlap in tooth size, although the D4 from Sandelzhausen are
somewhat wider. Bias due to differences in the measurement
methodologies used can be ruled out because of the squarish
to rectangular shape of the teeth.

Regarding tooth morphology, the samples from the ‘Putten-
hausen classic’ layer and Sandelzhausen are very similar, and
only a few minor differences have been observed noticed: the
mesoloph of D4 and P4 from Puttenhausen is more often
shorter than that in teeth from Sandelzhausen, and the P4
possesses a shorter longitudinal crest, although this crest
clearly tends to connect to the protoloph. Moreover, p4 usu-
ally shows an isolated/absent anterolophid in specimens from
Puttenhausen. In addition, a single m1,2 from Puttenhausen
possesses an interrupted longitudinal crest, a morphotype not
recorded for Sandelzhausen. Unfortunately, this comparison
does not shed new light on evolutionary trends within the
Keramidomys lineage, due possibly to the short stratigraphic
distance between the two localities.

Acknowledgements

I am greatly indebted to Isaac CAsaNOVAS-VILAR (Barcelo-
na, Spain) for his detailed review of the manuscript, and his
insightful comments and suggestions.

6. References

AspuL Aziz, H., BoHME, M., RocHoLL, A., ZWING, A., PRIETO, ].,
WiBRANS, J. R., HEssiG, K. & BACHTADSE, V. (2008): Integrated
stratigraphy and 39Ar/40Ar chronology of the Early to Middle
Miocene Upper Freshwater Molasse in eastern Bavaria (Germany).
- International Journal of Earth Sciences, 97: 115-134.

Aspur Aziz, H., BorME, M., RocHoLL, A., PRIETO, ]., WijBRANS, . R.,
BacHTADSE, V. & ULBIG, A. (In press): Integrated stratigraphy and
40Ar/39Ar chronology of the Early to Middle Miocene Upper
Freshwater Molasse in western Bavaria (Germany). - International

Journal of Earth Sciences: DOI 10.1007/s00531-009-0475-8

BorrcHER, R., HEzMANN, E. P. J., Rasser, M. W. & ZIEGLER, R.
(2009): Biostratigraphy and palacoecology of a Middle Miocene
(Karpathian, MN 5) fauna from the northern margin oft he North
Alpine Foreland Basin (Oggenhausen 2, SW* Germany). - Neues
Jahrbuch fiir Geologie und Palacontologie, Abhandlungen, 254:
237-260.

BOLLIGER, T. (1992): Kleinsduger aus der Miozinmolasse der Ost-
schweiz. - Documenta Naturae 75: 1-296.

DaxNER-HOCK, G. (1998): Sdugetiere (Mammalia) aus dem Karpat des
Korneuburger Beckens. 1. Rodentia und Carnivora. - Beitrage zur
Paldontologie, 23: 367-407.

DaxnNer-HoOck, G & Hock, E. (2009): New data on Eomyidae and
Gliridae (Rodentia, Mammalia) from the Late Miocene of Aus-
tria. - Annalen des Naturhistorischen Museums in Wien, A 111:
375-444.

ERONEN, J. T. & ROssNER, G. E. (2007): Wetland Paradise Lost: Mi-
ocene Community Dynamics in Large Herbivore Mammals from
the German Molasse Basin. — Evolutionary Ecology Research,
9: 471-494.

FejeAR, O. (1974): Die Eomyiden und Cricetiden (Rodentia, Mam-
malia) des Miozins der Tschechoslowakei. — Paleontographica,
Abt. A), 146: 99-180.

Fanrsusch, V. (1975): Die Eomyiden (Rodentia, Mammalia) der
Oberen Stisswasser-Molasse Bayerns. — Mitteilungen der Bayeri-
schen Staatsammlung fiir Paliontologie und historische Geologie,
15: 63-90.

FanrsuscH, V. & Wu, W. (1981): Puttenhausen, eine neue Kleinsduger-
Fauna aus dem Oberen Siifiwasser-Molasse Niederbayerns. - Mit-
teilungen der Bayerischen Staatssammlung fiir Paliontologie und
historische Geologie, 21: 115-119.

Herssig, K. (1989): Neue Ergebnisse zur Stratigraphie der mittleren
Serie der Oberen S wassermolasse Bayerns. - Geologica Bavarica,
94: 239-257.

HUGUENEY, M. & MEIN, P. (1968): Les Eomyidés (Mammalia, Rodentia)
Neéogenes de la région lyonnaise. - Geobios, 1: 187-204.

KArIN, D. (1993): Stratigraphie und Sdugetierfaunen der oberen
Stisswassermolasse der Nordwestschweiz. - Dissertation der
Eidgendssischen Technischen Hochschule Ziirich, 238 p.

KiLmN, D. & Kempr, O. (2009): High-resolution stratigraphy from
the continental record of the Middle Miocene Northern Alpine
Foreland Basin of Switzerland. — Neues Jahrbuch fiir Geologie
und Paldontologie, Abhandlungen, 254: 177 — 235.

MEIN, P. (2009): The Miocene Keramidomys (Rodentia, Eomyidae)
from the Sandelzhausen locality (Germany). — Paliontologische
Zeitschrift, 83: 141-150.

PRIETO, J. (2007): Kleinsduger-Biostratigraphie und Paliodkologie des
hoheren Mittelmiozins (MN 8) Bayerns: Spaltenfiillungen der
Frankischen Alb und Lokalititen der Oberen Stiffwassermolasse
im Vergleich. - Dissertation LMU Miinchen, 213 p.

PrieTO, J., BOHME, M., MAURER, H., HEIssiG, K. & ABDUL-AZIZ, H.
(2009): Sedimentology, biostratigraphy and environments of the
Untere Fluviatile Serie (Lower and Middle Miocene) in the central
part of the North Alpine Foreland Basin — implications for basin
evolution. - International Journal of Earth Sciences, 98: 1767-1791

ROssNER, G. E. & HErssig, K. (Eds) (1999): The Miocene Land Mam-
mals of Europe; Munich (Verlag Dr. E Pfeil), 515 p.

RoOssNER, G. E. & GonticH U. B. (Eds) (2009): Fossil Lagerstatte
Sandelzhausen (Miocene; southern Germany) - contributions to
the fauna L. - Paldontologische Zeitschrift, 83: 1-226.

RossNER, G. E. & GonticH U. B. (Eds) (2010): Fossil Lagerstatte
Sandelzhausen (Miocene; southern Germany) - contributions to
the fauna II. - Paldontologische Zeitschrift, 84: 1-215.

SacH, V. J. (1999): Litho- und biostratigraphische Untersuchungen
in der Oberen Siifiwassermolasse des Landkreises Biberach a. d.
Riff (Oberschwaben). - Stuttgarter Beitrage zur Naturkunde, B
276: 1-167.

ScHOTZ, M. (1979): Neue Funde von Eomyiden aus dem Jungtertidr
Niederbayerns. — Der Aufschlufi, 30: 465-473.

SEEHUBER, U. (2009): Litho- und biostratigraphische Untersuchungen
in der Oberen Siifiwassermolasse in der Umgebung von Kirsch-



heim in Schwaben. - Documenta naturae, 175: 1-355.

Wu, W. (1982): Die Cricetiden (Mammalia, Rodentia) aus der Oberen
Stilwasser-Molasse von Puttenhausen (Niederbayern). — Zitte-
liana, 9: 37-80.

Wu, W. (1990) Die Gliriden (Mammalia, Rodentia) aus der Oberen
Stilwasser-Molasse von Puttenhausen (Niederbayern). — Mittei-
lungen der Bayerischen Staatssammlung fiir Paliontologie und
historische Geologie, 30: 65-105.

ZIEGLER, R. (1995): Die Untermiozinen Kleinsiugerfaunen aus den
Stiflwasserkalken von Engelswies und Schellenfeld bei Sigmaringen
( Baden-Wiirtenberg ). — Stuttgarter Beitrige zur Naturkunde,

109

Serie B, 228: 1-53.

ZIEGLER, R. (2000): The Miocene Fossil-Lagerstitte Sandelzhausen.
17. Marsupialia, Lipotyphla and Chiroptera (Mammalia). - Senk-
kenbergiana lethaea, 80: 81-127.

ZIEGLER, R. (2005): The squirrels (Sciuridae, Mammalia) of the Miocene
Fossil-Lagerstaette Sandelzhausen (Bavaria, S Germany). - Neues
Jahrbuch fiir Geologie und Paliontologie Abhandlungen, 237:
273-312.

ZIEGLER, R. & FanLBUscH, V. (1986): Kleinsiuger-Faunen aus der
basalen Oberen Siiffwasser-Molasse Niederbayerns. — Zitteliana,
14: 3-58.






