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1. Abbreviations

A = Arithmetic mean

as = Angle of spire

BM = Brackwassermolasse

BSPG = Bayerische Staatssammlung fur Palaontologie und Geologie (Munich,

Germany)
di = Distance between the insertions

GPIT = Department of Geosciences, Eberhard Karls Universitat Tubingen (Tubingen,

Germany; formerly Geologisch-Paldontologisches Institut Ttbingen)
GUNDLK. = Gundlkofen

Iwh = Height of the last whorl

mh = Height of the aperture

NAFB = North Alpine Foreland Basin

NHMUK = Natural History Museum (London, UK)
NMDS = Non-metric multidimensional scaling
OGGEN. = Oggenhausen

OMM = Obere Meeresmolasse.

OSM = Obere SufRwassermolasse.

PCA = Principal Component Analysis

PIMUZ = Palaontologisches Institut und Museum, Universitat Zirich (Zurich,

Switzerland)

RIEDENS. = Riedensheim
SANDELZ: = Sandelzhausen
SD = Standard deviation

sh = Shell height



Taxonomy and Palaeobiogeography of the landgastropods of the Miocene silvana- and
sylvestrina-beds

SMF = Senckenberg Museum Frankfurt am Main
SMNS = Staatliches Museum fur Naturkunde Stuttgart
sw = Shell width

UMM = Untere Meeresmolasse

USM = Untere SifRwassermolasse

Fig. 1 Morphometrics (modified after Holtke & Rasser 2016)
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3. Zusmmenfassung

Diese Arbeit behandelt die mioz&ne Landschneckenfauna der silvana-Schichten,
welche vor dem Nordlinger Ries Meteoriten Ereignis abgelagert wurden, und den
nach dem Einschlag entstandenen sylvestrina-Schichten. Die Arbeit gliedert sich
grob in die Teilbereiche Fundstéatten, Taxonomie und Morphometrie sowie
Palaobiogeographie, welche stark miteinander verzahnt sind und zueinander in
enger Beziehung stehen. Mit Hilfe von morphometrischen und statistischen
Methoden (Cluster-Analyse, PCA) lieRen sich die zwei sehr &hnlichen und als
Leitfossilien dienenden Arten Palaeotachea silvana und P. sylvestrina voneinander
unterscheiden. Es konnten zudem noch vier weitere Palaeotachea-Spezies in dem
genannten Zeitabschnitt nachgewiesen werden. Aus den silvana-Schichten konnten
35 Landschneckenarten identifiziert und beschrieben werden wobei die
Schwerpunkte auf den Fundorten Mdrsingen, Dischingen und Hohenmemmingen
lagen. Aus den gleichalten Schichten des Randecker Maares konnten 32
verschiedene nicht-marine Mollusken identifiziert werden. Die jingeren sylvestrina-
Schichten des Steinheimer Beckens beinhalten 48 verschiedenen
Landschneckenarten. Taxonomische Probleme bei der dort sehr individuenreichen,
xerophilen Gattung Granaria wurden beseitigt ebenso wie bei der
Gattungszuordnung der ebenfalls dort in groRen Mengen vorkommenden Spezies
Pseudochloritis insignis. Letzteres wurde auch mit Hilfe morphomertischer und
statistischer Methoden (Cluster-Analyse, PCA) geldst. Viele der fir diese Arbeit
untersuchten Gastropoden haben rezente Verwandte und den Hauptanteil nehmen
hygrophile Arten ein. Im Vergleich mit den silvana-Schichten hatte sich aber der
Anteil an xerophilen Arten in den jingeren sylvestrina-Schichten leicht erhdht. Im
Zuge der Recherche liel3 sich in der Sammlung des SMNS Typusmaterial von ca.
180 k&anozoischen Land-und Sufdwassermollusken feststellen, welche in einem
Katalog erfasst wurden. Mit Hilfe von statistischen Methoden (Cluster, NMDS)
wurden schliel3lich samtliche Mittel-Mioz&nen Landschneckenvorkommen
untersucht, welche mit zwei Ausnahmen mindestens acht verschiedene Arten
enthalten. Die Verteilung kann anhand der Paldogeographie oder der
Biostratigraphie erklart werden. Taxonomische Resultate wurden ebenfalls dazu
verwendet, einen Fundorte-Katalog fur die silvana-Schichten am Siudrand der

Schwabischen Alb zu erstellen.
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4. Abdract

The most common continental stratigraphic units in the SW-German Miocene are the
the silvana-beds deposited prior to the Ries meteorite impact, as well as the post-
Ries deposited sylvestrina-beds (MN6-MN9). They contain a lot of different
landgastropods, which were studied with respect to taxonomy (including
morphometrics), palaeogeography and palaeoecology. The index fossils
Palaeotachea silvana and P. sylvestrina could be clearly separated with
morphometrical and statistical methods (Cluster analyses, PCA). Additionally, four
other Palaeotachea species could be identified in the studied SW German Miocene
deposits. At least 35 different species of landgastropods could be identified and
illustrated from the silvana-beds based on the deposits of Dischingen,
Hohenmemmingen and Mérsingen. The contemporaneous sediments of Randeck
Maar (MN5) provide insights into the gastropod diversity of an ancient Maar lake. Al
in all 32 different continental gastropod taxa were identified from this locality. In the
younger sylvestrina-beds of the Steinheim Basin (MN7), 48 different landsnail
species could be described and illustrated. Taxonomic problems concerning the
Chondrinidae from the sylvestrina-beds were solved as well as the genus
membership of Pseudochlorits insignis. The majority of the landgastropods were
hydrophilic species and a lot of them have Recent relatives. However, the
sylvestrina-beds contain a higher proportion of xerophilic taxa. According to the
ecological preferences of the single taxa, different micro-habitats could be
reconstructed. During the research approximately 180 type specimens of continental
gastropods could be identified in the collection of the SMNS which were illustrated in
a type catalogue. Additional to the taxonomic work, statistical methods (Cluster and
NMDS analyses) were used to compare all published Middle Miocene continental
deposits in Middle Europe. The resulting clusters reflect the palaeogeographic
situation of that time interval. Finally, the taxonomic results were also used for a

species catalogue for the silvana-beds at the southern margin of the Swabian Alb.



Taxonomy and Palaeobiogeography of the landgastropods of the Miocene silvana- and
sylvestrina-beds

5. List of publicationsin the thess

Published papers:

Holtke, O. & Rasser, M.W (2017): Landsnails from the surrounding of the Miocene
Steinheim impact crater lake (Baden-Wirttemberg, South Germany). Neues
Jahrbuch fur Geologie und Paldontologie, Abhandlungen.

285(3): 267 1302.

Holtke, O. & Rasser, M.W. (2016): The Palaeotachea complex (Gastropoda:
Pulmonata) in the Miocene of SW Germany: a morphometric approach.
Journal of Conchology, 42(4), 239-256.

Holtke, O. & Rasser, M.W. (2015): Pseudochloritis insignis - A peculiar large land-
snail from the Miocene of SW Germany: Taxonomic status and census of

morphologically related forms. Journal of Conchology, 42(1), 21-32.

Holtke, O. & Rasser, M.W. (2013): The chondrinid land snail Granaria
(Stylommatophora: Chondrinidae) in the Miocene of the Alpine Foreland: State of the
art and taxonomic reassessment. Neues Jahrbuch fur Geologie und Palaontologie,
Abhandlungen, 270(2): 181-194.

Holtke, O., Salvador, R.B & Rasser, M.W (2018): Miocene continental gastropods
from the southern margin of the Swabian Alb (Baden-Wlrttembnerg, SW Germany).

Neues Jahrbuch fur Geologie und Paldontologie, Abhandlungen, 287 (1): 17-44.

Holtke, O, Salvador, R.B., Rasser, M.W. (2016): Palaeobiogeography of Early/Middle
Miocene terrestrial gastropods in Central Europe: a statistical approach using
similarity indices. Palaeogeography, Palaeoclimatology, Palaeoecology, 461: 224-
236.

Rasser, M.W., Hdltke, O. & Salvador, R.B. (2019). Gastropod palaeohabitats of lake
Randeck Maar and its hinterland (Miocene, SW Germ D Q\ XVLQJ WKH 3([WDQW *}
% U D F Ndthwid, https://doi.org/10.1111/let.12353



Taxonomy and Palaeobiogeography of the landgastropods of the Miocene silvana- and
sylvestrina-beds

Salvador, R.B., Holtke, O. & Rasser, M.W. (2018): Miocene continental gastropods

from Dischingen, Germany. Palaeodiversity, 11: 11-19.

Salvador, R.B., Holtke, O. & Rasser, M.W. (2017): Fossil land and freshwater
gastropods from the Miocene of Hohenmemmingen, Germany. Palaeodiversity,
10(1): 41-48.

Salvador, R.B., Holtke, O., Rasser, M.W. & Kadolsky, D. (2016): Annotated type
catalogue of the continental fossil gastropods in the Staatliches Museum fur

Naturkunde Stuttgart, Germany. Palaeodiversity, 9: 15-70.

Salvador, R.B., Rasser, M.W. & Holtke, O. (2015): Fossil gastropods from Miocene
Lake Randeck Maar and its hinterland (SW Germany). Neues Jahrbuch fur Geologie
und Paldontologie, Abhandlungen, 277(3): 251-273.

Submitted :
Holtke, O., Salvador, R.B. & Rasser, M.W.: The Miocene land- and freshwater
gastropods of Morsingen (Baden-Wirttemberg, South Germany). Palaeobiodiversity

and Palaeoenvironments.

10



Taxonomy and Palaeobiogeography of the landgastropods of the Miocene silvana- and
sylvestrina-beds

6. Introduction

6.1. Landsnails and morphospecies concept

Fossil landsnails are known since the Carboniferous period (see Solem & Yochelson
1979). Prior to the Cenozoic, the fossil record of land gastropods is very rare, and
only since the Oligocene they comprise a high biodiversity. Since then, landsnails
have inhabited a variety of environments resulting in a great number of different

adaptions of the hard part (shell) morphology.

Landsnails belong to the phylum Mollusca, class Gastropoda. Within the
Gastropoda, most of the landsnail taxa belong to the informal group Pulmonata,
clade Stylommatophora (see Bouchet & Rocroi 2005), while only one family
(Carychiidae) is placed in the clade Eupulmonata (Pulmonata). According to Bouchet
& Rocroi (2005), the landsnail family Cochlostomatidae is located in the Informal
group Architaenioglossa and the Pomatiidae in the clade Hypsogastropoda within the
clade Littorinimorpha. However, the taxonomy of terrestrial gastropods based mainly
on anatomic features, which points to an important problem in the examination and
determination of fossil landsnails: The taxonomy of Recent Pulmonata is often based
on the structure of the reproductive organs and on DNA analyses. For the study of
fossil landsnail the morphospezies concept is used in which species are discerned
by phenotypic differences (Benton & Perason 2001). Morphospecies, however, are
by no means restricted to fossils (Allmon 2016). According to the last named author,
many modern species in many higher taxa (e.g. mollusks, crustaceans, insects,
fishes, snakes, frogs) have been, and continue to be, described solely on the basis
of dead, preserved material. In modern echinoderms, for example, studies of recent
species confirm the overall usefulness of the skeleton for differentiating species as

well as higher taxa (Allmon 2016).

6.2. Geological overview of the study area.

Fossil landsnail shells in terrestrial sediments of the Cenozoic are common nearly
worldwide. In Southwest Germany, the North Alpine Foreland Basin (NAFB) and
adjacent areas bear a high diversity of Miocene terrestrial mollusks, which are often
very well preserved. The development of the NAFB started during the Late Eocene
due to the Alpine Orogeny (Geyer & Gwinner 1991; Kuhlemann & Kempf 2002). After

11
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adeep-PDULQH 3)O\WFK SKDVH" WKH VR FDOOHG 20RODVVH SK
20LJIRFHQH %LHJ HW DO 7KH 3S0RODVVH" LV GLYLGHG |
Meeresmolasse (UMM), Untere SiRwassermolasse (USM), Obere Meeresmolasse

(OMM), Brackwassermolasse (BM) and Obere Sil3wassermolasse (OSM). See fig. 2

for stratigraphic details. A sub-XQLW WKH EDVLV RI WKH 260 DUH WKH 3+
However, there a discrepancy, if this unit still belongs to the OMM or if it is already a

part of the OSM (see Geyer & Gwinner 1991; Schweigert 1996).

Upper Pontian Donauschotter
Miocene Pannonian | Howenegg Formation
Sarmatian | ©Ohningen beds Obere SiRwassermolasse
. Sylvestrina-beds Nérdlinger Ries/Steinheim am Albuch
Middle Badenian [ “gjjyana-beds ~ """ meteorite impact
Miocene Karpatian Brackwassermolasse | Albstein |
Ottnangian Obere
Lower Eggenburgian . Older Jura- Meeresmolasse

Miocene Nagelﬂy

Fig. 2. Stratigraphy modified after Geyer & Gwinner 1984, 1991; Berger et al. 2005 & Hdltke et al. 2018).

The OSM was deposited during the Mammal zones (MN) MN 5 to MN 9. The
youngest sediments were found in the Hegau region, NW of Lake Constance. The
OSM can be divided into different sub-units. The most abundant units are the
silvana-beds named after the landsnail Palaeotachea silvana (Klein, 1853)
(Badenian, MN 5, according to Esu 1999). The sediments following above are
characterized by the absence of P. silvana and the presence of P. sylvestrina
(Schlotheim, 1820). According to that these sediments were named as sylvestrina-
beds by some authors (e.g. Wenz 1921). The lithofazies of the OSM consists of
limestones and marls as well as sands. Within the time range of the OSM, the
Nordlinger Ries/Steinheim am Albuch meteorite event (see Béhme et al. 2001,
Buchner et al. 2003) took place with the formation of Palaeolake Steinheim. Its lake
sediments bear a rich fossil fauna and flora and it is the type locality for the Mammal
Neogene Zone MN 7 (Rdssner & Heil3ig 1999). Prior to that, Lake Randeck Maar
was formed by a magmatic explosion and comprises MN 5 sediments (Rasser et al.
2013). These localities were not part of the NAFB, but situated on the Swabian Alb
mountain range. Despite that they were included in this study, because the according

sediments are contemporaneous with the OSM deposits and contain a rich and often

12
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well-preserved fossil landsnail fauna (especially Steinheim am Albuch). Despite the
abundance and distribution of landsnails in Miocene sediments, this topic received

only little attention in modern literature.

6.3. Historical overview and state of knowledge

Already in 1832, Zieten described different landsnail species from the Miocene (see
Zieten 1832). In the middle of the 19t century, Adolf von Klein published three
papers dealing with the fossil land- and freshwater snails of Baden-Wrttemberg
(see Klein 1846; 1852; 1853), and Kurr (1856) described some continental mollusks
from the OSM sediments. In the 1870ies, Sandberger published a work describing
fossil land- and freshwater molluscs in several volumes (see Sandberger 1870-
1875). The famous Swabian geologists Quenstedt (1884), Fraas (1882) and Engel
(1883) described the terrestrial Miocene deposits in Baden-Wirttemberg and gave
lists and partly illustrations of the terrestrial mollusks occurring therein. Within the
turn of the century, the two malacologists O. Boettger and his nephew C.R. Boettger
published their research about the Tertiary landsnails in Europe (see O. Boettger
1909; C.R. Boettger 1909 & 1911). However, according to the relationship between
Tertiary and Recent forms, both had contradictive opinions. C.R. Boettger (1909 &
1911) argued that the Recent relatives of the European Tertiary landsnails still live in
Europe, while his uncle suggested that their extant relatives can be found in tropical
regions (see O. Boettger 1909). The early 20™ century was also the peak phase in
the research of the terrestrial mollusks in the OSM of SW-Germany and adjacent
areas. In 1900, Miller described the land- and freshwater gastropods of the
Steinheim Basin (see Miller 1900). In the following years, the authors Wenz,
Gottschick and Jooss published articles about land gastropods from these areas
(see Holtke et al. 2016 for citations). Apart from papers dealing with specific taxa,
also complete malacological overviews were given for four localities (Dischingen by
Mengele 1916; Hohenmemmingen by Gottschick & Wenz 1916; the OSM of the
Pfander region in Austria by Jooss 1910; Wenz 1933, 1935; Steinheim Basin by
Miller 1900; Gottschick 1911; Gottschick & Wenz 1919; Gottschick 1919-1920).
Another monographic work about the gastropod fauna of the Helicidenmergel was
published by Jooss in 1923 (see Jooss 1923). During that time, Wenz (1923, 1928)
SXEOLVKHG KLV 3*DVWURSRGD H[WUDPDULQD WHUWLDULD"
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continental mollusks. In 1929, the work of Pfeffer on Tertiary landsnails was
published. Concerning the taxonomy and phylogeny of the fossil landsnails, this
author had a different opinion in contrast to the other researchers. Pfeffer (1929)
erected new fossil taxa that were based, among others, on the microsculpture of
shells, and also split Recent genera, for example Cepaea. Later authors ignored the
results of Pfeffer, and the taxa erected by him were treated as synonyms (For
example Zilch & Wenz 1959-1960). It was not until the works of Nordsieck on fossil
landsnails (Nordsieck 1986, 2014a & b) that Pfeffers considerations were taken
seriously and the taxa designated by him were adopted in the taxonomic literature.
One problem with the work of Pfeffer (1929) is that he gave no illustrations for his

descriptions of microsculpture and details of shell morphology.

With the publication of Wenz (1935), the peak phase of malacological research in
the South German terrestrial Miocene ended. Only a few studies followed in the next
decades, such as Groif3 (1968), Schlickum (1976) for Zwiefaltendorf and Finger
(1998) for the Steinheim Basin.
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; ®
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Fig. 3.

Studied localities (modified after Holtke et al. 2016).
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6.4. Studied localities (see fig. 3)

The best locality for studying the silvana-beds are the according freshwater deposits
of Mdrsingen, a district of Zwiefalten. The deposit lies within the NAFB and the
sediments consist of limestone and marl. Large numbers of well preserved
continental gastropods were found in outcrops around this village, from the middle of
the 19" to the beginning of the 20" century. Most of the continental gastropods from
the silvana-beds stored in the museums collections are from Morsingen. Despite of
the large amount of fossil continental mollusks coming out in the past, it was only
mentioned incidentally in the literature, for example Wenz (1923) or other ones
guoted in Holtke et al.(submitted). In this last named paper, all the terrestrial

mollusks of Mdrsingen were illustrated and described for the first time.

Other deposits of the silvana-beds mentioned in the literature are Hohenmemmingen
and Dischingen near the eastern margin of the Swabian Alb. The mollusk fauna of
Hohenmemmingen was already examined by Gottschick & Wenz (1916) but since
that time this theme has never been the subject to subsequent studies. Therefore,
material from different collections were added to the compilation of Gottschick &
Wenz (1916), offering an updated classification of the species and illustrating several
of the Hohenmemmingen fossils for the first time. The freshwater limestones of
Dischingen were examined by Mengele (1916). This author presented a list of 27
terrestrial and freshwater gastropod species from this locality, which was compiled by
malacologist Carlo G. H. Jooss. Later, Gall (1971) presented a list of 29 gastropod
species compiled with newly collected material.

7KH 35DQGHFN ODDU” QHDU .LUFKKHLP 7HFN EHDUV VHGLPH
contemporaneous to the silvana-beds. This sediments also contain a rich continental

mollusk fauna which has never been studied before in detail. With the knowledge of

the gastropod taxa the different palaco-PLFURKDELWDWYV VXUURXQGLQJ WK
habitat of an ancient Maar lake can be reconstructed. There are different other Maar

ODNHV -80HHDQU L-Qerthany (see Seemann 1926) but the Randeck Maar is

the only one with such a great amount of well preserved fossils. The lake sediments

bear a rich fauna and flora including land- and freshwater gastropods.
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The Miocene freshwater lake sediments of the Steinheim Basin are the best and
richest locality for studying the landsnail fauna during the post-Ries period of the
sylvestrina-beds (see Fig. 2). No other locality contains such an amount of well
preserved continental gastropods. This basin has a diameter of ca. 3.5 km and is
characterized by a peculiar central elevation, the so-called central hill
3= HQWUDOK+JHO" $PRQJ WKH LQYHUWHEUDWHY WKH 6WHL
freshwater snails. Already in the 19th century, Hilgendorf discovered the endemic
evolution of the freshwater snail species of the genus Gyraulus within the ancient
ODNH 7KH ODNH VHGLPHQWY FDOOHG WKH 36WHLQKHLPHU
different units characterized and named by the different Gyraulus species. For
details see Rasser (2013). The ancient flora was examined by Schweigert (1993)
and the ostracod fauna by Janz (1992). The last work about the whole mollusk fauna
was done by Gottschick & Wenz (1919) as well as Gottschick (1919; 1920a-c) in a
periodical series. Wilhelm Wenz was a known malacologist and Franz Gottschick
was a forester in Steinheim am Albuch. Unfortunately, the original material to works
of Gottschick & Wenz named above could not be found. Perhaps it has been in the
collection of Wenz which was destroyed in World War Il. Since that time, the
landsnails of the Steinheim basin hasn't been the subjects of a detailed study. So for
WKH ILUVW WLPH DOO WKH DYDLODEOH ODQGVQDLOV IURP

described and illustrated in detail.

6.5. Taxonomy and Morphometrics

6.5.1.Palaeotachea
The most abundant landsnailsintKH OLRFHQH RI 6: *HUPCeReadD UH WKH 3

shaped species of the genus Palaeotachea Jooss, 1912a. This genus bears the
SLQGH][ IRVVIsibana- Brid gylkedtrina-beds (P. silvana and P. sylvestrina).
Originally, the fossil taxa were also place in the genus Cepaea, whereas Pfeffer
(1929) as well as Nordsieck (1986, 2014) were the opinion, that the fossil forms have
nothing to do with the genus Cepaea. In addition to that Neiber & Hausdorf (2015)
found out that the Recent Cepaea complex is a polyphyletic complex. Because P.
silvana and P. sylvestrina are relative abundant, they are very useful for
chronostratigraphic questions. The problem is that both species has a distinct

variability according to their shell morphology and can also look very similar. Despite
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of their importance as index fossils and the widely use of the name silvana-beds, no
one has ever proved the validity of this species. Features of clearly differentiating
these two species are missing in the literature. Another important aspect quoted in
the literature (Truc 1971; Schlickum & Strauch 1971) is the possible relationship
between Palaeotachea and the Pliocene genus Frechenia Schlickum & Strauch,
1971 as well as the Recent Eobania vermiculata. The assumption of a relationship
between the three taxa is based on the similar morphology of the aperture region
(see Holtke & Rasser 2016).

6.5.2Granaria

In the sylvestrina-beds of the Steinheim Basin, chondrinid snails of the genus
Granaria are one of the most abundant landsnails, especially the species Granaria
schuebleri (Klein, 1846). In the literature this species is often named as Granaria
antiqua (Zieten, 1832), and was also placed in different genera. The extant
representatives of Granaria are all inhabitants of a more dry, calcareous and open
landscape. Due to this fact, the fossil species of Granaria are important facies fossils
and according to that a precious tool for reconstructing the palaeo-microhabitats.
Therefore it is necessary to study the different Granaria species in the NAFB and

solve the according taxonomic problems.

6.5.3.Pseudochloritis

The Steinheim Basin is the type locality of the largest landsnail from the Miocene in
SW-Germany, Pseudochloritis insignis (Zieten, 1832). Despite of its remarkable size,
only little is known about this species according to its systematic position, origin and
stratigraphic as well as geographic distribution. Greater knowledge of this unusual
large snail (in comparison to other contemporaneous snails) will give valuable tool in
reconstructing palaeoenvironment and snail evolution during the period of the
silvana- and sylvestrina-beds. Originally the species was named as Helix insignis by
Zieten in 1832. Kurr (1856) was the first who discussed the phylogenetic
relationships of this species. He related P. insignis to the South African genus
Trigonephrus (Dorcasidae). Sandberger (1872) placed it near the species Liburnica
hoffmanni (Rossmassler, 1836) (Helicidae: Ariantinae). In contrast to that, O.
Boettger saw P. insignis as an ancestor of Monacha homalospira (Reuss, 1860) and

the Madagascan genus Ampelita (Acavidae) (see O. Boettger 1909). Gottschick
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(1920a) as well as C.R. Boettger & Wenz (1921) compared P. insignis with the
extant Dinarica stenomphala (Menke, 1830) (Helicidae, Ariantinae). Also Schileyko
(2006) placed it in Dinarica, which he treated as subgenus of Campylaea. Already in
1909, C.R. Boettger mentioned that some authors placed P. insignis into the
relationship of Chloritis (Camaenidae). In 1929, Pfeffer erected the new
monospecific genus Joossia for the species insignis within the family Eulotidae (see
Pfeffer 1929). Later, Nordsieck (1986) placed it in the family Xanthonychidae. The
authors Miller (1900), C.R. Boettger (1909; 1911), Nordsieck (1986) and Binder
(2008) saw a strong relationship with the Badenian species Pseudochloritis
incrassata (Klein, 1853), which is the type species of Pseudochloritis (see C.R.
Boettger 1911; Binder 2008). According to the different opinions named above, an
examination of the species is necessary. Also the remarkable variations in shell
morphology and shape make a detailed examination of this species absolutely
necessary. Another unsolved question is the stratigraphic and geographic distribution

of this species as well as its palaeoecology.

6.5.4. Type catalogue

For the detailed examination and determination of the different fossil landsnails, a
comparison with the according type material is often essential. According to this, a
catalogue was made containing all the type material as well as biographies of the

different collectors and authors (see Salvador et al. 2016).

6.6. Palaeobiogeography

With the taxonomic results of the themes named above as well as with literature
data, it is possible to compare the different Middle Miocene landsnail localities in
Central Europe with statistical methods. Through the analyses of the different
deposits, it is possible to get a more comprehensive picture of the ecologically

relationships between the single localities.

Another part is a fossil catalogue with illustrations of the Miocene continental
molluscs and their deposits occurring at the southern margin of the Swabian Alb.
From this region, much well preserved material came out in the past and is stored in
different museums collections. Unfortunately, permanent outcrops are very rare in
this region today. The information about that are scattered in the literature as well as

in the collections.
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6.7. Material and Methods
6.7.1. Localities

For studying the continental mollusks of the localities named above, the collections
of the BSPG, GPIT and SMNS were searched for material from these deposits. Also
the collection of The Hauff museum in Holzmaden, Baden-Wirttemberg were
searched after snails from the Randeck Maar. All the different mollusk taxa were
taken out and then examined under a microscope (Wild Heerburg) as well as under
an Automontage-microscope (Leica), which were also used for the illustrations. In

addition to that, some photos were made using a SEM-microscope.

6.7.2. Taxonomy and Morphometrics

6.7.2.1 Palaeotachea

To solve this problem, the following paramerters were measured on their shells (see
fig. 1): Shell height (sh), shell width (sw), height of the aperture (mh), height of the
last whorl (Iwh), angle of spire (as), distance of insertions (di). The following ratios
were calculated from the above parameters: sh/sw; Iwh/mh; sh/mh; sh/di; as/mh;
as/lwh; as/sh; as/sw; as/di; mh/di; sw/di; lwh/di; sw/mh; as/mh to as/lwh ratio; sh/sw
to as/di ratio; as/sh to as/sw ratio; sh/mh to sw/mh ratio; lwh/mh to sh/di ratio; as/mh
to as/sh ratio; as/mh to as/sw ratio; as/di to as/mh ratio. The values from all
specimens were used to calculate a cluster analysis (euclidean, Ward's method)
XVLQJ WKH VRIWHdnher étaf 8a01). In a next step, the arithmetic
means of each given ratio were calculated and then used for another cluster
analysis. In order to test for different growth rates, the size of the first three whorls
was measured and compared with the total shell width. These measurements were
made using the image analysis software of a Keyence microscope. The studied
material comes from the following localities. (1.) Gastropods labelled as Cepaea
silvana (Klein, 1853): Zwiefalten, Baden-Wirttemberg, South Germany (type locality
of P. silvana), MN5: 15 specimens (n=15), Mérsingen, MN 5 (Esu 1999): 138
specimens (n=138). (2.) Gastropods labelled as Cepaea sylvestrina (Schlotheim,
1820): Steinheim am Albuch, Baden-Wurttemberg, South Germany, MN 7 (Hdltke &
Rasser 2017): 114 specimens (n=114). Reimlingen, at the Sportplatz, Nérdlinger
Ries, Bavaria, South Germany, according to Bolten (1977) from Post-Ries

sediments: 44 specimens (n=44). Apart from the silvana/sylvestrina problem named
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above, different other species of Palaeotachea were described for the SW German

Miocene which could possibly also be used as index fossils.

For the examination of a possible relationship of Palaeotachea turonensis, Frechenia
and Eobania vermiculata, the following taxa were examined: Frechenia reichenbachi
(type species) (n=14) from the Plicoene of Frechen near Cologne; Palaeotachea
turonensis (n=24) from the Miocene of Grund near Vienna; Eobania vermiculata
(type species) (n=24) from Italy; Cepaea nemoralis (type species) (n=24) from
France; Caucasotachea vindobonensis (n=24) from Austria. The last two species
were taken for two reasons: 1. Apart from the distinct palatal margin, Frechenia has
D Cepaea -like outer morphology and C. nemoralis is the type species of the genus.
2. Caucasotachea vindobonensis was included, because like C. nemoralis, it bears
an outer morphology similar to Frechenia. The same measurement as hamed above
for the silvana/sylvestrina problem were also used for the shells from the forenamed
taxa. With this data, two cluster analyses and two PCA were constructed using the
VWDWLVWLF VRIWZDUH 33%$67° +DPPHU HW DO

6.7.2.2.Granaria

For the examination of the different Granaria species, collection material and the
according literature were studied. Whenever it was possible, also original material
was examined. Especially the teeth and folds within the aperture were studied in
detail. The available specimens were examined under a microscope (Wild Heerburg)
as well as under an Automontage-microscope (Leica), which were also used for the

photos. In addition to that, some photos were made using a SEM-microscope.

6.7.2.3Pseudochloritis

In order to solve the taxonomic problems, the following standard parameters were
measured on the shells of the species insignis (see fig. 1): shell height (sh), shell
width (sw), height of the aperture (mh), height of the last whorl (lwh) as well as the
angle of spire (as) and the distance between the insertions (di). This measurements
were made with a digital slide gauge and a goniometer. Next to the shells of P.
insignis, also measurements were done for the species Pseudochloritis incrassata as
well as Dinarica pouzolzi. The last two named species are the type species of their

genus. They were chosen, because they represent the morphologically and
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palaeogeographically closest forms to P. insignis. For further statistic calculations the
following ratios were calculated: sh/sw, sh/mh, sh/lwh, sh/di, sh/as, sw/mh, sw/lwh,
sw/di, sw/as, lwh/mh, mh/di, mh/as, Iwh/di, lwh/as. In addition to that, the arithmetic
mean (A) and the standard deviation (SD) were calculated for each ratio. A cluster
analyses (Ward's method, euclidean) was made using the ratios named above as
well as one with the arithmetic mean values only. Also a PCA was calculated using

the single parameters (sh, sw, etc.). The statistics were done using the statistic

VRIWZDUH 333BFPHU HW DO $IWHU WKLV SPRGHUQ"

SFODVVLF" K HilagramiwaslcGnatriicted for the three forenamed species.
Furthermore, the relationships proposed by the different authors in the introduction
were discussed in detail as well as the stratigraphic and geographic distribution of P.

insignis and its palaeoecology.

6.7.2.3 Type catalogue

For this purpose, the collection of fossil land- and freshwater gastropods in the

SMNS were searched for type material.

6.7.3. Palaeobiogeography

For the analysis of the Early/Middle Miocene continental deposits, all localities with at
least eight different species were listed in a table. The only exceptions are
Amstetten-Stubersheim and Harthausen auf der Scheer, both in SW Germany which
bears only five specimens but they are the best representatives of the
Helicidenmergel according to the number of species. The data is based on collection
material of the SMNS as well as on the according literature (see Holtke et al. 2016).
This data was used for three NMDS analysis and three cluster analysis to see the

differences or similarities between the different deposits. This statistical analyses

ZHUH GRQH ZLWK WKH VRIWZDURD®I3$67° +DPPHU HW D

For the fossil catalogue the collection of the SMNS was searched for according
material, supplemented by literature data (see Hdltke et al. 2018). Visits in the BSPG
as well as in the GPIT, NHMUK and PIMUZ and SMF added some new material to

the according data.
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7. Objectives andexpectedoutput of the doctoralresearch

Although landsnails are a very common faunal element during the Miocene, only little
is known about their biodiversity, palaeobiogeography, and palaeoenvironmental
distribution. The rich faunas from fossillagerstatten in SW Germany provide the
unique opportunity to learn more about this time of geological (Alpine orogeny) and

climate (Mid-Miocene Climate Optimum) changes.

In order to search for differences in biological diversity during the Middle Miocene
silvana- and sylvestrina-beds, it was necessary to solve some crucial taxonomic
problems. For this, detailed studies were conducted on Palaeotachaea,
Pseudochloritis and Granaria. The examination of the different Palaeotachea
species, especially P. silvana and P. sylvestrina will solve the problem of how to
differentiate them. With the according data, there are greater possibilities for
classifying unknown sediments in the Miocene of SW Germany. The analyses of a
possible relationship between Frechenia and Palaeotachea as well as detailed study
of Pseudochloritis insignis will give insights into landsnail evolution. In the same way
an examination of the different Granaria species will not only solve the genus

problem but will also be a valuable tool in reconstruction of the palaeoenvironment.

,Q D QH[W VWHS WKH IDXQDV RI IRVVLOODJHUIVdha& WHQ [UF
and sylvestrina-beds will be examined. These are Morsingen, Hohenmemmingen
and Dischingen for the silvana-beds and the Steinheim Basin for the sylvestrina-
beds. The mollusk fauna of the Randeck Maar will give additional information of the
mollusk diversity during the time of the silvana-beds. The type catalogue will be a
valuable tool for the determination of the single species. In order to test for the
palaeoecological lessons that can be learned from Miocene terrestrial snails, their
different ecological niches were reconstructed. Based on actualistic comparisons, the
palaeoenvironments as a whole, and the micro-habitats in particular were analyzed.
That gives also the opportunity to get an impression of the ecological changes or
similarities between pre-Ries deposited silvana-beds and the younger sylvestrina-
beds. Finally, this thesis aimed to test, whether or not there is palaeobiogeographic
signal among the landsnails. With the help of statistical methods the similarities and
differences between the Middle Miocene continental deposits will become visible. In
the same way the research of the biodiversity from the silvana-beds deposits at the
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southern margin of the Swabian Alb will reveal important details of the ecology during
the time of the silvana-beds. All the studies named above have enhanced the
knowledge of landsnail evolution and the palaeoenvironment during this time of earth

history.

8. Results anddiscusson

8.1. Localities

8.1.1. Mdrsingen

With the help of local people, the exact localities could be found where the fossil
material came out from the end of the 19" to the middle of the 20" century. One is
an ancient clay pit which is already visible today as a topographic feature. The other
place were also a clay pit which is today used as farmland. The latter named place
KDV EHHQ DOVR QDPHG DV 6FKQHFNHQDFNHU" RU 36 FKQHFI
people. A total of 35 different landsnail taxa could be identified and 9 different
freshwater ones. Additionally, 10 landsnail and 2 freshwater taxa came from
literature data. A new species (Aegopinella moersingensis n. sp.) could also been
described. From the different taxa verified from Mérsingen, 11 genera are completely
extinct (Apula, Archaeozonites, Klikia, Leucochroopsis, Miodiscula, Palaeotachea,
Protodrepanostoma, Pseudidyla, Pseudochloritis, Pseudoleacina, Triptychia). The
species Miodiscula disciformis (Wenz, 1923) was placed in the extant genus
Canariella Hesse, 1918 by Wenz in 1924 (see Wenz 1924). Nordsieck (2014c),
however, put the species in his new erected genus Miodiscula. Hesse (1918) has
named the genus Canariella only upon anatomical features of the soft body. So the
decision if a fossil snail belongs to this taxon is not unproblematic (or probably
impossible). Five genera (Janulus, Gastrocopta, Poiretia, Opeas, Hypnophila) are
only extinct in Middle Europe. All the other taxa have Recent relatives in the landsnail
fauna of Middle Europe. The ecological preferences range from xerophilc species
(Granaria) to hygrophilic ones like Oxyloma with all intermediary stages. However,
there are only few specimens of this xerophilic taxa. Probably, the ancient
environment consisted of more shaded and moist habitats like forests. Two taxa
(Discus and Protodrepanostoma) were also mainly forest inhabitants. The freshwater
snail fauna contains one taxa (Tinnyea) which is extinct. The freshwater genus
Esperiana is absent from Middle Europe today and lives in the Pontian region. It is
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represented in Morsingen by one species, Esperiana kleinii (Kurr, 1856). Originally,
this species was placed in the genus Melanopsis. Considering the flat whorls and
very low sutures, the species Kleinii fits more to the genus Esperiana. The others
have Recent relatives in our latitudes. Most of the freshwater species prefer stagnant
or only slowly flowing water apart from Esperiana which lives in rivers and streams.
Other fossils than snails are rare from Mdrsingen. There are some Celtis (Plantae)
and remains of freshwater bivalves as well as some undetermined ostracods. This

ostracods were found in a sediment sample taken in 2013.

8.1.2. Hohenmemmingen and Dischingen

In total, 23 gastropod species, all pulmonates, could be documented in the material
from Hohenmemmingen (whereas 33 species had been previously reported in the
literature). The material includes five freshwater species and 18 terrestrial ones (see
Salvador et al. 2017). From an actualistic palaeoecological approach, this
palaeoevironment featured a humid and warm forest cover, with a well-vegetated

and likely shallow water body.

In the freshwater limestones from Dischingen, 35 gastropod species were found (7
freshwater and 28 terrestrial), mainly belonging to Pulmonata, but also with
representatives of Neritimorpha and Caenogastropoda. Seven species are reported
here for the first time from Dischingen: Palaina diezi, Radix socialis, Granaria sp.,
Serrulina? sp., Discus pleuradrus, Punctum pumilio, and Oxyloma minima (see
Salvador et al. 2018).The palaeoenvironment would be a humid and warm forest, as
indicated by the vast majority of terrestrial gastropod genera present, while the
freshwater environment would be well-vegetated and slow-moving or stagnant

waters.

8.1.3. Randeck Maar

The snail fauna of the Randeck Maar now comprises a total of 32 continental
gastropod species, among which only four are freshwater ones: Lymnaea cf. dilatata,
Ferrissia deperdita, Gyraulus kleini and Planorbarius cornu. Most of the Gyraulus
snails are flattened due to sediment compaction and are poorly preserved. Only one
specimen with a sufficiently preserved protoconch could be found and identified as

G. Kkleini. The terrestrial snail fauna consists mostly of land-dwelling pulmonates,
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being dominated by the following species: Pomatias conicus (the only operculate
snail in the fauna), Cochlicopa loxostoma, Granaria sp. and Praeoestophorella
phacodes. The species Triptychia randeckiana described by Kranz (1908) is
endemic to this locality. The gastropod Palaeomastus filocinctus (Reuss, 1860) was
original named by Seemann (1926) as Ena (Napaeus) schiitzei Jooss & Seemann in
a footnote without a description or illustration. The footnote simply stated that a more
detailed treatment of the species would soon follow in the journal what was not
happened. So Ena (Napaeus) schiitzei is a nomen nudum. Nordsieck (2014c)
included all Oligocene to Miocene species of the genus Napaeus Albers, 1850 in his
new erected genus Palaeomastus Nordsieck, 2014c. The specimen from the
Randeck Maar fits to Palaeomastus filocinctus (Reuss, 1860) only known from
7XFKR LFH (DUO\ OLRFHQH 01 &]HFK 5HSXEOLF +DU]JKDX'
the present record greatly expands the stratigraphical and geographical occurrence
of this species. Finally, the following species are reported for the first time from
Randeck Maar: Clausiliinae indet., Triptychia kleini, Palaeotachea renevieri,
Deroceras sp., Milax sp., Gastrocopta sandbergeri, Testacella zellii. The remains of
the Clausiliinae (Clausiliidae) are lacking the taxonomic important aperture region so

a more exactly determination is not possible.

An examination of the ecologically preferences of the Recent relatives of the fossil
landsnails of the Randeck Maar makes it possible to reconstruct the different

ecological niches around the ancient Maar lake (see Rasser et al. 2019).

8.1.4. Steinheim Basin

The examination of the material from the Steinheim Basin (Miocene, MN7) resulted
in the verification of 48 Miocene landsnail species belonging to the following genera
(number of species in brackets): Cochlostoma (2); Carychium (1); Oxyloma (1);
Pseudoleacina (1); Palaeoglandina (1); Azeca (1); Cochlicopa (1); Strobilops (1);
Truncatellina (1); Vertigo (4); Gastrocopta (3); Negulopsis (1); Granaria (3); Vallonia
(3); Gibbulinopsis (1), Pupilla (2); Triptychia (1); Pseudidylla (1); Opeas (1);
Ceciloides (1); Punctum (1); Discus (1); Janulus (1); Aegopinella (2); Oxychilus (1);
Vitrea (1); Archaeozonites (2); Vitrina (1); Helicodonta (1); Leucochroopsis (1); Apula
(1); Pseudochloritis (1); Palaeotachea (1); Arion (1); Milax (1) (see Hoéltke & Rasser

2017). The fauna covers a whole range of different ecological niches from very moist
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habitats (Oxyloma) to very dry ones (Granaria). The last named genus is also the
most abundant landsnail taxa in the Steinheim deposits. This implies the presence of
open and dry habitats around the ancient Steinheim lake. Three different Granaria
species could be verified in the Steinheim deposits. The following fifteen species are
only known from the Steinheim Basin: Cochlostoma ebfraasi (Jooss, 1902);
Cochlostoma excellens (Jooss, 1912b); Azeca tridentiformis Gottschick, 1911;
Cochlicopa procera Gottschick, 1920b; Granaria crassiventer Salvador, Holtke,
Rasser & Kadolsky, 2016; G. grossecostata (Gottschick & Wenz, 1919) Strobilops
joossi Gottschick, 1911; Truncatellina lentilli (Miller, 1900); Vertigo milleri Gottschick
& Wenz, 1919; Pupilla iratiana suevica Gottschick & Wenz, 1919; Pupilla
steinheimensis (Miller, 1900); Gibbulinopsis submuscorum (Gottschick & Wenz,
1919); Janulus gottschicki (Jooss, 1912); Aegopinella erecta (Gottschick, 1920a);
Helicodonta involuta angitorta Jooss, 1912b. If the reason for this restricted
distribution is due to the scarcity of MN7- aged outcrops in SW Germany or due to
ecological reasons can not be answered at the moment. The Steinheim Basin is also
the type locality of Pseudochloritis insignis (Zieten, 1832) which is the largest
landsnail in the South German Miocene (up to 40 mm in diameter) as well as
Granaria schuebleri (Klein, 1846).

The genus Klikia, which is common in the silvana-beds, is absent. Only the
morphologically very similar genus Apula could be identified with Apula
steinheimensis (Jooss, 1918). Gottschick & Wenz (1919) erected the species Pupilla
submuscorum from Steinheim Basin. The species shows a net-like sculpture on the
protoconch which is characteristic for Gibbulinopsis Germain, 1919 (Zilch & Wenz
1959-1960). According to that the name for the species is Gibbulinopsis
submuscorum (Holtke & Rasser 2017). The taxon Aegopinella erecta (Gottschick
1920a), original named as subspecies of A. subnitens, was taken in species rank.
Among the 34 genera, 24 are extant. Most of the extant ones (21) are also part of
the Recent landsnail fauna in Europe. The remaining three genera occur today in
North, South and Middle America (Strobilops); USA, Sibiria, Central and East Asia
(Gastrocopta); Canary Islands and Madeira (Janulus). The slugs could only be
roughly determined by their vestigial shells. The two genera Milax and Arion could be

identified according to the shape of their rudimentary shells. Unfortunately not all
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species described by Gottschick & Wenz (1919); as well as Gottschick (1919, 1920a,
b, ¢) could be find in the collection of the SMNS. The most common landsnails in the
Miocene sediments of Steinheim am Albuch are the xerophilic chondronoid snails
(Chondrinidae). According to Schweigert (1993) the ancient climate can be
interpreted as warm-temperate with marked dry periods. The author also supposed
for the surrounding of the crater lake a deciduous dry forest. This environment is
consistent with the ecological preferences of the Recent Chondrinidae. For detailed
climatic features in the SW German Miocene see Tltken et al. (2006) as well as
Bohme et al. (2007).

8.2. Taxonomy and Morphometrics

8.2.1.Palaeotachea

All'in all 6 different Palaeotachea species could be identified in the Miocene of SW
Germany (see Holtke & Rasser 2016). These are Palaeotachea silvana (Klein,

1853), P. sylvestrina (Schlotheim, 1820), P. dentula (Quenstedt, 1867), P. renevieri
(Maillard, 1891), P. elevata (Berz & Jooss, 1927), P. turonensis (Deshayes, 1831).

The statistics clearly revealed a separation of the two species Palaeotachea silvana

and P. sylvestrina. The two species differ in the following points:

1. P. sylvestrina is usually more spherical and higher.

2. P. sylvestrina is usually larger.

3. The protoconch of P. sylvestrina is a bit flatter than that of P. silvana.
4. P. silvana has a flatter spire and is more stretched in width.

5. The outline of the last whorl of P. silvana is stronger curved and can be indistinctly
subangulate. Also some specimens of P. sylvestrina can have a very slight

angulation on the last whorl, but it is usually less distinct than in P. silvana.
6. P. sylvestrina has a deeper suture.

7. The peristome of P. silvana is more expanded.

8. In P. silvana, the periostome region is generally more thickened.

9. The angle of spire around 117° in P. silvana and around 100° in P. sylvestrina.
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Wenz (1920a & b) named three subspecies of Palaeotachea sylvestrina: P.
sylvestrina sylvestrina (Schlotheim), P. sylvestrina gottschicki (Wenz) and P.
sylvestrina geniculata (Sandberger). This subspecies were emended because there
are no clear dividing lines, also in the statistical charts, which would justify a division
into subspecies. Already Wenz (1920a & b) wrote that they are not clearly
distinguishable. Contemporaneous with P. sylvestrina lived the smaller sized
Palaeotachea species P. elevata (Berz & Jooss, 1927). Other Palaeotachea species
occuring in the silvana-beds are Palaeotachea dentula (Quenstedt, 1867); P.
renevieri (Maillard, 1891) and P. turonensis (Deshayes, 1831) which could be

differentiated of P. silvana by size and shell morphology.

The silvana-beds:

Our taxonomic results in fact confirm the differentiation between Palaeotachea
silvana and P. sylvestrina and accordingly the presence of two different
lithostratigraphic units (silvana-beds and sylvestrina-beds). The silvana-beds seem
to be deposited before the Ries event whereas the sylvestrina-beds represent Post-
Ries sediments. According to the missing of permanent outcrops, one has to rely to a
large extent on the stratigraphic information of Wenz (1919; 1920a & b; 1921) and
Jooss (1923). This authors divided the silvana-beds in three parts (Lower, Middle
and Upper silvana-beds) according to the occurrence of the different Palaeotachea
species.

Genus Frechenia:

The morphometric analysis yielded no results. So the potential relationship between
Palaeotachea turonensis and the Pliocene genus Frechenia as well as the Recent
Eobania vermiculata mentioned in literature, cannot be solved with morphometric
features.

An identification key for the six different Palaeotachea species are given by Holtke &
Rasser (2016).

8.2.2.Granaria

All'in all 12 different Granaria species were discussed for the NAFB, five are known
for the Miocene of SW-Germany (see Holtke & Rasser 2013). Taphonomic features
are often a problem in the identification of the different Granaria species. Especially,
the important aperture teeth/folds of the Granaria species were often not preserved.
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The most common species in the Miocene of SW Germany is Granaria schuebleri
(Klein, 1846) which has a shell height of c. 5 mm. All of the fossil Chondrinidae show
the typical aperture and size of Granaria. Following Zilch & Wenz (1959-1960), the
genera names Pupa Drapanaud, 1801 and Torquilla Studer, 1820 used in older
literature, are synonyms. Originally, Granaria schuebleri was named as Pupa antiqua
by Zieten in 1832. Following Klein (1846), this is a junior synonym because the
French malacologist Matheron had also named a species as Pupa antiqua earlier in
1832 (see Matheron 1832; Holtke & Rasser 2013). According to that Klein (1846)
changed the name of Pupa antiqua in Pupa schuebleri. The original material of Klein
(1846) was designated as neotype because the original material of Zieten (1832) is
lost. Other occurrences of G. schuebleri apart from the Steinheim Basin are near
Geisingen/Donau and in the Hegau region. Other verified Granaria species which are
only known from the Steinheim Basin are Granaria grossecostata (Gottschick &
Wenz, 1919) and Granaria crassiventer Salvador, Holtke, Rasser & Kadolsky, 2016.
The latter was formerly named as Granaria pachygastra (Fraas in Miller, 1900) by

Holtke & Rasser (2013) but this name is preoccupied (see Salvador et al. 2016).

Another taxon often named for the Miocene of SW-Germany is Pupa noerdlingensis
Klein, 1846 (=Granaria noerdlingensis (Klein, 1846). The author erected this species
only on the basis of casts (see Klein 1846, pl. 1, fig. 20) which originated from
Goldberg near the Nordlinger Ries. The original material of Klein (1846) is lost.
According to the lack of information and the incomplete preservation of the figured
and lost original specimen of Klein (1846), the status of this species is completely
unclear and therefore Pupa noerdlingens Klein, 1846 is a nomen nudum. An
additional Granaria species, Granaria subfusiformes (Sandberger, 1872) named in
the literature for the silvana-beds, could only be verified from Moérsingen in 2016 (see
Holtke et al. submitted). According to that, the taxa was already termed as homen
dubium by Holtke & Rasser (2013). From the Helicidenmergel, Jooss (1923)
described the species Granaria helicidarum (Jooss, 1923). The original material is
stored in the SMNS but consists only of three steinkern fragments. Due to the size
and morphology of the shell fragments, they are different from the Granaria species
named before. As type locality Jooss (1923) named Zollhaus-Blumberg, Baden-

Wrttemberg.
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An older Granaria species is G. subvariabilis (Sandberger, 1863), which occurred

during the late Oligocene and early Miocene. The author gave an illustration of this

species and according to that it is very similar to the neotype designated for G.

schuebleri. However, the description given by Sandberger (1872) shows

morphological differences to G. schuebleri. The taxa G. subavariabilis is known from
+RFKKHLP +HVVHQ 7XFKR LFH %RKHPLD DV ZHOO DV IURP

SuRwassermolasse from Thalfingen near Ulm, Baden-W{rttemberg.

For the Miocene of Austria, three Granaria species could be verified according to the
recent literature (Lueger 1981; Harzhauser & Binder 2004): Granaria costata
(LUEGER, 1981); Granaria schlosseri (Cossmann, 1908); Granaria moedlingensis
Harzhauser & Binder, 2004.

From the older literature (Slavik 1869; Gutzwiller 1905; Wenz 1923) two other
Tertiary species are known: Granaria intrusa (Slavik, 1869) from the Early Miocene
of Tucho LFH DQG /LSQR &]HFK SHilSco&EuataNGOttwiBerr 1905) from

the Eocene of Lausen/Baselland, Switzerland.

Holtke & Rasser (2013) also gave an identification key for the verified species from

the Miocene of SW-Germany.

8.2.3.Pseudochloritis

The statistics as well as the sh/sw diagram show no signs of the existence of more
than one species (see Holtke & Rasser 2015). The species shows a high degree of
variability according to the height of the spire. The range is from flat forms to higher,
helicoid-shaped ones. The remarkable bulbuos protoconch of P. insignis shows a
distinct microsculpture. It consits of little pustulae and pits. Also fold-like ribs can be
seen. On the teleoconch, little pits, probably hair-pits, can be seen on the first whorls
which disappear on the later ones. The original material of Zieten (1832) is lost so a
specimen from the Klein collection was designated as neotype. The largest
specimen stored in the SMNS has a diamter of 40 mm, the avarage diameter is
between 24 and 36 mm. In the sh/sw diagram, the values of Pseudochloritis insignis
and P. Incrassata form a linear function. The values of Dinarica pouzolzi form a
separate linear function. According to the measured A and SD values of the different

ratios named in the introduction, Pseudochloritis insignis and P. incrassata show the
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highest SD in the sw/di division. So this ratio seems to be the most variable one
among the shells of this species. The forenamed species has the lowest SD in the
sh/lwh ratio. So the relationship of the shell height and the height of the last whorl
seems to be relative constant. Dinarica pouzolzi hast the highest SD in the lwh/di
ratio. The cluster analysis of the A values shows a more distinct affinity between
Pseudochloritis insignis and P. incrassata than between the forenamed one and
Dinarica pouzolzi. The PCA scatter plots reveal a clear separation of the three

species. Most overlaps occur between Pseudochloritis insignis and P. incrassata.

Palaeogeographic and stratigraphy:

It seems that P. insignis had a limited geographical distribution. Most of the
specimen stored in the collections are from the Steinheim Basin. The second locality
with a higher number of shells is Héwenegg near Engen, Baden-W rttemberg
(Upper Miocene, MN9, see Munk et al. 2007). However, the specimens from the last
named deposit are mostly deformed. Another verified occurrence is Minsingen-
Bottingen on the Swabian Alb, Baden-Wirttemberg (probably Middle Miocene
according to Rosendahl et al. 2003).

Palaeoecology:
The size and the presence of hair indicate more moist and humid micro-habitats (see
Goodfriend 1986; Pfenninger et al. 2005).

Discussion of the systematic position:

All the proposed genera (Helix, Trigonephrus, Ampelita, Liburnica) from the authors

named before could be ruled out according to palaeogeographic aspects and/or

morphological features, especially the sculpture of the protoconch. The species

Monacha homalospira (Reuss, 1860), also proposed by O. Boettger (1909) as

descendant of P. insignis, only occurs in the Early Miocene deposits of Lipno and

7XFKR LFKH &]J]HFK 5HSXEOLF 6DQGEHUJHU +DU]JKDXVHL

that fact, P. insignis cannot be its ancestor.

A snail-group with P. insignis-like species is the genus Chloritis Beck, 1837
(Camaenidae). The Camaenidae includes many shell forms and the family was
defined only by anatomical features of the soft body. According to that, it is difficult to
affiliate a fossil snail to this taxon. Only the fact that this group lives in tropical

latitudes can be used as indication against a relationship with P. insignis. The most
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similar forms concerning morphology and distribution are Pseudochloritis incrassata
and Dinarica stenomphala. As named above, the statistics show a stronger
relationship of the species insignis with Pseudochloritis incrassata as with the type
species of Dinarica, D. pouzolzi. The taxon insignis shows also the same growth rate
and sculpture on the protoconch like P. incrassata. Following this reasons, insignis
are placed in the genus Pseudochloritis (see Holtke & Rasser 2015). The
morphological features named by Pfeffer (1929) do not justify the establishing of a
new genus (see Holtke & Rasser 2015).

Binder (2008) assumed a relationship of Pseudochloritis with the Ariantinae, whereas
Nordsieck (1986) proposed a membership within the Eloninae (Elonidae sensu
Gittenberger 1979). From the discussed geographic distribution, the general shell
morphology and the microsculpture of the embryonic whorls, Pseudochloritis fits

more to the Ariantinae (Helicidae) (see Holtke & Rasser 2015).
8.2.4 Type catalogue

The collection of the SMNS comprises circa 180 type specimens of fossil land and
freshwater gastropod from Cenozoic and Pleistocene fossil sites, mainly in the

Baden-Wirttemberg and Bavaria. For 20 taxa lectotypes were designated.

8.3. Palaeobiogeography

8.3.1. Statistical comparison of the Early/Middle Miocene landsnail deposits.
All'in all 30 different Early/Middle Miocene deposits (fig.4) of Central Europe
(European Mammal Neogene zones MN 4 to MN 8) was compared using statistical
methods (cluster and NMDS analyses) (see Holtke et al. 2016). This includes 300
different species that have been identified so far. Most of the analyzed deposits were
part of the Miocene Paratethys region and are today located in France, SW Germany
(Baden-Wiirttemberg state), SE Germany (Bavaria), Austria, Poland, and Hungary.

The NMDS analyses brought no useful results. The Cluster analyses resulted in

GLITHUHQW FOXVWHUV LQFOXGL@JThe BRI |deaitey; el U V-

Baden-Wirttemberg localities (including the Austrian OSM localities); The Bakony
Mountains and the Helicidenmergel localities. When plotted on a palaeogeographic
map, the majority of the clusters can be explained by the geographic situation and/or
by the distribution in time. The remaining clusters cannot be fully explained so far,
particularly certain "outliers”. Perhaps this results from the presence of probably
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endemic species and/or on the comparably low dataset. A distinct contrast is

between Morsingen as representative of the Pre-Ries event OSM deposits and the

younger, post-Ries event deposit of the Steinheim Basin. They have only 13 species

in common, which most of them had preferred more humid environments. In

comparison to Morsingen, there is a distinct increase in the number of xerophilic

species in the younger Steinheim deposit. If the differences in the malacofaunal

content between the two deposits are due to climatic change or due to the Ries

/Steinheim meteorite event can not be said at the moment. Another remarkable point

is the comparable high amount of endemic Clausiliidae in the Middle Miocene of

Opole, Poland.
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Fig. 4. Studied localities (modified after Holtke et al. 2016).

8.3.2. Miocene continental gastropods from the southern margin of the Swabian Alb,
SW Germany.

All in all 14 freshwater and 50 landsnail species could be verified from this region but
not all species reported in the literature could be confirmed (see Hoéltke et al. 2018).

The different localities can be seen in fig. 5. A lot of the verified taxa have Recent
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relatives. The freshwater snails were mostly inhabitants of stagnant waters. The

reported landsnails covered all the different ecological niches from very moist to dry

environments. However, only very few localities from this region have already been

extensively explored and further collection efforts should take place in all the

localities where excavation is still possible. Such efforts will no doubt be rewarded

with an extensive amount of new occurrence data (including non-molluscan fossils)
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9. Canclusn

The silvana-beds of Morsingen contain at least 35 landsnail and 9 freshwater
species. The silvana-beds of Dischingen bear 7 different freshwater and 35 landsnail
species and from Hohenmemmingen 5 freshwater- and 18 landsnail species could
be identified. Hygrophilic landsnail species are dominating and most of them have
extant relatives. The contemporaneous sediments of the Randeck Maar contain 32
different land- and freshwater gastropod species. The landsnails cover the whole
range of different micro-palaeohabiatats (moist to dry) which existed around the
ancient maar lake. The two important index fossils, Palaeotachea silvana and P.
sylvestrina could be clearly separated using statistic and morphometric methods. In
addition to that four other Palaeotachea species could be identified in the Miocene of
SW Germany. The sylvestrina-beds of the Steinheim Basin contain 48 different
landsnail species. In contrast to the landsnail fauna of the silvana-beds, the
proportion of xerophilic species in the sylvestrina-beds was increased. One of the
most abundant species in the Steinheim Basin is the xerophilic landsnail Granaria
schuebleri. Next to this one, four other Granaria species could be verified in the SW
German Miocene, which can all be used as facies fossils. The largest landsnail in the
Miocene of SW-Germany, Pseudochloritis insignis, could clearly be asigned to the
genus Pseudochloritis according to morphometrics and microsculpture. A
membership of Pseudochloritis within the Ariantinae (Helicidae) is the most likely but
this can not finally clarified without knowledge of the soft body. The resulting cluster
of the statistical comparison of the Middle Miocene continental deposits could mostly
be explained by palaeobiogeographic and biostratigraphic features. The localities
within the silvana-beds at the southern margin of the Swabian Alb contain landsnail
species which cover the whole range of different micro-habitats (moist to dry). The
according freshwater snails were mostly inhabitants of stagnant waters. Most of this
localities, however, has never been the subject of a scientific excavations. So an
intensive field work would certainly expanded the knowledge of the ancient terrestrial

mollusk fauna.
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Land snails from the Miocene Steinheim impact crater lake sediments
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Abstract: Although the Middle Miocene (Mammal zone MN7) fnester deposits of the impact
crater of Steinheim am Albuch (Steinheim Basin, SWh@e1y) are famous for their fossil mammal
and freshwater gastropod fauna, the rich land éaaila has not been studied for almost 100 years. A
re-study of the available material resulted inittemtification of 48 species belonging to the faling
genera (number of species in brackegichlostomd?2); Carychium(l); Oxyloma(l); Pseudoleacina
(1); Palaeoglandingl); Azeca(1); Cochlicopa(l); Strobilops(1); Truncatellina(l); Vertigo (4); Gas-
trocopta(3); Negulopsiq1); Granaria (3); Vallonia (3); Gibbulinopsis(1); Pupilla (2); Triptychia

(1); Pseudidyla(l); Opeas(l); Cecilioides(l); Punctum(l); Discus(1); Janulus(1); Aegopinella(2);
Oxychilus(l); Vitrea (1); Archaeozoniteg?); Vitrina (1); Helicodonta(1); Leucochroopsi¢l); Apula

(1); Pseudochloritig1); Megalotachegl); Arion (1); Milax (1). Steinheim am Albuch is also the
type locality of 26 Miocene land snail taxa. Tharfa covers a whole range of different terrestrial
ecological niches from very wet habita@®x{/loma to very dry onesGranaria). In contrast to the
oldersilvanabeds (MN5), the Steinheim deposits contain thitearly distinguishable species of
Granaria. This genus is the most abundant land snail irsteanheim deposits, implying a dryer and
warmer climate than during the deposition of sheanabeds. The genuslikia, which is common

in thesilvanabeds, is absent. Among the 34 genera, 24 are extdnhost of them (21) are also part
of the Recent land snail fauna of Europe. The ramgithree genera occur today in North, South and
Central America$trobilop3; North and South America, Cap Verde Islands, NorfiticA, Siberia,
Central and East Asia, Australia, Pacific Oceami$aGastrocopt® Canary Islands and Madeira
(Janulus. The slugs could only be roughly determined by thestigial shells.

Key words: Steinheim am Albuch, gastropods, Pulmonata, Proschra, Miocene, impact crater.

1. Introduction lusare even more famous, because they reveal a unique
intralacustrine evolution that was discovered saiber

Apart from the Nérdlinger Ries and Randecker Maathe publication of

the Miocene meteorite impact crater of Steinheim afiiLceEnpborr 1867; for a review selRasser2013), and

Albuch is one of the best known Tertiary freshwaler thus provided a tangible example for morphological

posts in South Germany. It is especially famous fer trevolution through time. Further papers on the freshw

diverse and well preserved mammal fauna&esner  ter snails where published BorTHNER (1992),NUTZEL

& Heissic 1999 for information and literature). Among& BanpeL (1993) and-inGer (1998). The fossil veg-

the invertebrates, the aquatic snails of the g@yuau- etation was examined bycS$veicerT (1993) and the
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Fig. 1. Locality and stratigraphy of the lake sediments of the Steinheim Basin. The shells are rajvesaftthe genus
Gyraulusthat were used to define the different beds @Egraulus kleinj etc.). Modified fromRasser (2013).

ostracods byakz (1992). In contrast to studies of theirJooss AboLF v. KLEIN, IMME FINGER, WILHELM BECHTER
aquatic counterparts, studies of the land snaie haandKonrap MiLLER Which are all stored in the SMNS
been underrepresented. The first taxonomically infSavapor et al. 2016). All available land snail taxa are
portant paper with the description of new species waescribed and illustrated. Not all of the taxa dieésct
published byKLein (1846), and the first monographicby GoTtscHick & WENz (1919) andGoTTscHick (1919,
publication of both land and freshwater snails was #920a-d, 1921) could be found or identified in this
MiLLER (1900). Soon after thispdss(1902, 1912, 1918) study. The missing ones are listed in Table 2.
andGorttscHick (1911) described different freshwater
and land gastropod taxa.

Later, GoTtTscHick & WENz (1919) and GTTscHick . :
(1919, 1920a-d, 1921) described 63 landsnail taxa, Cco0dica! setting
including four slugs. In more recent times, some ef thThe Steinheim Basin in southwestern Germany (Fig.
land snails from the baskleini beds were figured by 1) is situated in the Swabian Alb. The basin has a
FINGER (1998), but a comprehensive modern study gmeter of c. 3.5 km and is characterised by a peculia
still lacking. central elevation. After long discussions about thle v

This paper provides the first modern revision anganic nature of this basin, comparisons with therine
description of the important Middle Miocene landin Nordlinger Ries revealed that the basin was forbyea
fauna from the Steinheim Basin based on the collegeteorite impact c. 14.8 Ma agRg(Fr 1988;BucHNER
tions of the Staatliches Museum fir NaturkundetStutet al. 2003BucHNER & Schmiper 2015), whereby the
gart (SMNS). Altogether 48 land snail taxa, includingentral elevation represents a rebound structuneefd
two slugs, could be identified. The snails examine@s a response to the impact. The basin was filléal wi
are from the collections ¢franz GoTTscHick, CarLo  lake sediments that can be correlated with the Maimm
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Land snails from the Miocene Steinheim impact crater lake sediments 269

Neogene Zone MN 7, which is Late Badenian (Midcollection that was destroyed during World WamlFrank-
dle Miocene) in age (summaries @orTHNeR 1992;  furt. Details about the different collections arallectors
Heizwann & ReiFF 2002; ToTken et al. 2006). These mentioned here can be found im%oor et al. (2016). The

. S . ’ L shells were examined under a microscope (Wild Hegd)
lake sediments contain, besides other fossngjllkats with a magnification of up to x50 and with an autom
and vertebrates, the famous freshwater snail f@e® tage microscope (Leica) with a magnification otepx300.
Rasser2013 for a review) as well as the landsnails dexdditionally, the protoconch was studied using anséag
scribed here. Today, 30-40 m of lake sedimentstire electron microscope. The suprafamilial classifmafiollows
preserved. The duration of the lake has long been UcHET & Rocrol (2005), and the arrangement of families

ollows Wiese (2014). Table 1 shows the stratigraphic distri-

bated and estimations range from some hundred thQflzion of some of the species described here airaptd

sand to more _than one million years. This char&®8r Gorrscrick & Wenz (1919) andSorTscrick (1919, 1920a-d).
Lake Steinheim as a palaeolaB®gTHNER 1992). The

endemidGyraulusspecies flockiliLceEnporr 1867; for
latest reviews seRasser 2013 andRasser & CovicH
2014) allows a subdivision of the lake sediments in
seven units based on their evolutionary stagest lan

4. Systematic palaeontology

snails can occur in all of these units. The units a Caenogastropodaox, 1960
(from the base to the top, see Fig.Klgini bed [with Architaeniogloss#laLLEr, 1892
Gyraulus kleini(GoTTscHick & WENz, 1916)], stein- Cochlostomatida&oseLt, 1902
heimensided [withG. steinheimensi@HILGENDORF,

1867)),sulcatushed [G. sulcatugHiLceNDORF, 1867))], Cochlostoma ebfraagiooss 1902)
trochiformisbed [G. trochiformis(StaHL, 1824)], 0x- Fig. 2.1

ystomabed [G. oxystomgKLEIN, 1846)], revertens . _
bed [5. revertens(HiLceNDORF, 1867)], supremused 1902 Pomatias Eb.Fraasiooss p. 305, fig. 2.

1921 Pomatias fraasdooss ... GTTscHick p. 166.
(G. supremus(Hicenporr, 1867)]). The next older 1967 Cochlostoma fraagiJoosy. ... &uTT, p. 201.

Miocene deposits in South Germany aresieana 5015 Cochlostoma ebfraagiooss1902). . SavAbor et
beds (MN5), which were degosited prior to the Ries/ al., p. 24, pl. 3, fig. 17.

Steinheim impact (spre-RiesZ). These sedimentsroccu

south of the Steinheim Basin, along the margin of tHdaterial: SMNS 106385 (1 specimeiosscollection,
Swabian Alb, and are characterized by the occurrenv?b@type)”; S't\./'NS 'M?AS If. 45192/2005 (1 specimen,
of the land snaiPalaeotachea silvanéLeiN, 1853), osscollection, syntype).
which is absent in sediments younger than the Riegj/pe locality: Steinheim am AlbuctSéLvabor et al. 2016).
Steinheim impact (i.e., *post-RiesZ), such as @inst

heim, Nordlinger Ries and Héwenegg. The charactelype horizon: Steinheimer SeeschichteBa(vabor et al.
istic «Cepaed-like species of the younger deposits i4016).

Palaeotachea sylvestrin@crLoTHeIM, 1820)'WENZ Description: Tower-shaped, dextral shell with c. seven
(1921)made the proposal to name these sedin®is \horls. The apex is not preserved. The whorls atieer
vestrinabeds. This term, however, is no longer in usélat and only slightly convex. The whorls grow slgvout
During the 19 and the beginning of the 2@entury, regularly. The aperture has a round to oval shape.

the Steinheim lake sediments, called the -Steinheim@?e,”ulre is ‘?”f“{_?{v atta‘?hting to_thetprevilous nﬁhﬁl}rg}ost

Seeschichtenz, were commercially exploited in séve%f;?g ren g%inn' Thg Feelgc‘:‘c%r:fh'Sisscgjvr;%gdrzyemo"es‘;

sandpits. regularly arranged prosocline ribs. The specimeism
high and 3 mm wide.

Discussion: The species name has usually been changed to

3. Material and methods -fraasiZ. The original spelling was reinstated byv8oor

et al. (2016). The species differs frain excellensy its
For the documentation of the Steinheim land snaiésstud  flatter whorls.
ied the collections oK LeiN, GoTTscHick, JoossandMILLER
as well as the original material of\Ber (1998). We only  Distribution: Wenz (1923) mentioned only Steinheim am
considered taxa that where available for examinaieanz  Albuch.
GoTTscHick (1865-1927) was a forester in Steinheim am Al-
buch). The material dealt with in his 1919-1921¢vaps, Ecology: According toFecHTER & FALKNER (1989), the
however, are not present. Maybe it was part ofiiE@z  family is calciphilic and lives on rocks and boulsler
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270 O. Holtke and M.W. Rasser

Cochlostoma excellerfdooss 1912) 1877 Carychium suevicumBoeTTceR p. 79.
Fig. 2.2 1900 Carychium suevicurBotTa. .. MILLER, p. 401, fig.
24.
1912 Pomatias excellenkoss pp. 43-44, pl. 2, fig. 9. 1920c Carychium sueviCurBoeTTGER ... GTTSCHICK, pp.
1921 Pomatias excellen®oss ... GrscHick, p. 167. 108-110. , .
1967 Cochlostoma exceller(§oosy. ... &uTt, pp. 200- 1923 ffgg‘?h'um nouleti SUeViCUBOETTGER .. WENZ, p.
201. .
2016 Cochlostoma exceller{Sooss1912). ..SaLvADOR et . ) . o
al., p. 25, pl. 4, fig. 6. Material: SMNS 36702/2005 (1 specimen, material original

of MiLLER 1900); SMNS 63016 (1 specimen, originaFte-

Material: SMNS 106390 (1 specimedposs collection, GER 1998 kleini bed); 63017 (1 specimen, originalfaficer
holotype). 1998, kleini bed); SMNS 12402/2008 (50 specimens).

Type locality: Steinheim am AlbuchSaLvapor et al. 2016).  Type locality: Steinheim am AlbuchQl BoeTTcer1877).

Type horizon: Steinheimer SeeschichteB(vabor et al. I%’g% horizon: Steinheimer Seeschichte@®.(BoeTTcer
2016). :

Description: Tower-shaped shell, of which only the last thred2€Scription: Very small elongate-oval dextral shell, con-
whorls are present. The whorls are rounded witheraleep ~ Sisting of 4 moderately rounded whorls. The whgrisw
sutures. The aperture is obliquely egg shapedpehistome  relatively rapidly but regularly. The last whorl makgss a

is strongly reflected. The parietal callus is contimsiwith ~ bit more than half of the total shell height. Theuse is deep.
the columellar and palatal callus. Umbilicus narrdive  The last whorl does not change the direction befesehing
whorls are covered with prosocline ribs. Betweeséribs, the aperture, which has an oblique-oval shapepehistome

there is a variable number of small growth lines. The spedg reflected. Three teeth are present within thetape. One
men is 6.5 mm high and 4 mm wide. is the end of the parietal fold and another at e & the

columellar fold. The third is a rounded palatalttodrhe
Discussion: The species differ from th@. ebfraasiby its ~Palatal tooth and the parietal lamella reach thrspmene.
more convex whorls. The columellar lamella ends a little bit furtherckan the
aperture than the two others. The parietal causick.

Distribution: Wenz (1923) mentioned only Steinheim amUmbilicus slit-like. The teleoconch ornamentatiamsists of

Albuch. regularly arranged and closely spaced, thread-liie The
large protoconch consists of c. 1.5 whorls and Hadlzous
Ecology: SeeC. ebfraasi shape, without visible sculpture (under 50x magnii@rg.

The maximum shell height is c. 2 mm.

Discussion: According toGotTscHick (1920c), there are
Orthogastropod&onpeR & L INDBERG, 1996 some morphological ?Jlifferences betvE/een sz)ecimama fr
Eupulmonatadiaszrrunar & Huser, 1990 the *SandgrubeZ in Steinheim am Albuch and fronkkiei
Carychiidae grrreys 1830 bed. Also the extant representantiveCafychiumshow
intraspecific variation (S€@/ELTER-ScHuULTES 2012a;WIESE
2014). According toMiLLER (1900),Carychium suevicuns
similar toC. antiquumA. Braun from Wiesbaden. Accord-
ing to him,C. suevicums a bit larger, more barrel-shaped

Carychium suevicur®. Boettcer 1877
Fig. 2.3

Fig. 2. 1..Cochlostoma ebfraagidooss 1902) Syntype. Scale 10 mm. SMNS 1063B5.Cochlostoma exceller{8ooss
1912), holotype. Scale 5 mm. SMNS 1063%0. Carychium suevicurBoetTcer 1877. Scale 500 pm. SMNS 1058b...
Oxyloma minimgKLein, 1853). Scale 5 mm. SMNS 1581754. Pseudoleacina eburn€& LEin, 1853). Scale 2 mm. SMNS
J68.5746 ..Palaeoglandina porrectéGoeanz, 1854). Scale 5 mm. SMNS 15817-72. Azeca tridentiformis&oTTscHick,
1911. Scale 1 mm. SMNS 15817-84.. Cochlicopa procerdsotTtscHick, 1911. Scale 1 mm. SMNS 63030.. Strobilops
joossiGotTscHick, 1911. Scale 1 mm. SMNS 1064@8... Truncatellina lentilii(MiLLER, 1900). Scale 500 pm. SMNS 15817.
11 ..Vertigo anguliferaBoeTTceR 1884. Scale 500 um. SMNS 15812...Vertigo milleriGotrscHick & WENz, 1919. Scale
500 pum. SMNS J67.326.3 .. Vertigo callosaReuss 1849. Scale 500 um. SMNS J67.44... Vertigo protracta suevica
GotTscHick & WENz, 1919. Scale 500 pm. SMNS 15817 (16254/2003%).. Gastrocopta acuminatéKLEin, 1846). Scale
1 mm. SMNS 158176 ..Gastrocopta nouletianéDuruy, 1850). Scale 500 um. SMNS 15817 (14704/2007)..Gastro-
copta sandbergei$rworzewicz & PrisyazHnyuk, 2006 Scale 500 pm. SMNS 15818 ..Negulopsis gracili$SoTTscHick
& WENz, 1919 Scale 500 um. SMNS J68.577.
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with a smaller peristome, which is comparably muessed cording to Vénz (1923) also Hohenmemmingen, Emerberg,

to the last whorl.

Additional distribution : According to Kokay (2006):
Nyrirad and Varpolata, Hungary (Sarmatian).

Ecology: The Recent European relatives live mostly in hu-

mid habitats. Se®/eLTer-ScHuLTES (2012a) for the ecology
of the different extant relatives.

Succineidadeck, 1837

Oxyloma minimdKLeiN, 1853)
Figs. 2.4, 5.7
1853 Succinea minim&Le, p. 205.
1872 Succinea minim&LEN. ... SVDBERGER pl. 29, fig.
26; 1875: 601.
1923 Succinea (Amphibina) minim@ein. ... iz, p. 893.
1998 Succinea minim&on KLEIN. ... INGER, p. 18, pl. 12,

fig. H.

2014a Oxyloma minimgKLein 1853) n. comb. .. ARZHAU-
seret al., p. 27, pl. 9, figs. 1, 2, 6.

2016 Oxyloma minimgKLein 1853). . SaLvapor et al., pp.
30-31, pl. 6, fig. 13.

Material:
13940/2007 (2 specimens, c@oTTscHick); 63032 (1 speci-
men, original ofFincer 1998 kleini bed).

Type locality: Morsingen, Baden-Wirttember§a(vabor
et al. 2016).

Type horizon: Silvanabeds $awvabor et al. 2016).

Mundingen. For localities in Switzerland sé&nz (1923).

Ecology: The extant European relatives live mostly near wa-

ter but can also be found in drier plac@sese 2014).

OleacinidaeH. & A. Apawms, 1855
Pseudoleacina eburnd& LeiN, 1853)
Fig. 2.5

1853
1911

Poiretia eburne&K e, p. 213, pl. 5, fig. 1
Oleacina hildegardia&oTTscHick, pp. 498-499, pl.
7, fig. 1, 1a.

Poiretia eburnea hildegardiagsoTTscHick
GoTTscHIck, pp. 120-121.

Pseudoleacina eburng&LeiN). ... LEGER pp. 55-56,
pl. 7, figs. 15-16.

Pseudoleacina eburnd& LEin, 1853). ... ARzHAUSER
& BINDER, p. 130, pl. 9, fig. 2.

Pseudoleacina eburnd&Lein 1853). . SaLvapbor et
al., p. 24, pl. 3, fig. 18.

1919
1981
2004
2016
Material : SMNS J685742 (1 specimelyoss collection,

trochiformis bed); 14763/2007 (1 speCimeBTTSCHICK
collection).

SMNS 13651/2007 (1 specimen); SMNS

Type locality: Morsingen, Baden-Wirttember§a(vabor
et al. 2016).

Type horizon: Silvanabeds Sawvabor et al. 2016).

Description: Spindle-like, dextral shell. It consists of ap-

proximately five rapidly and regularly growing wierThe
last whorl is very large, c. 79% of the total shelgheéi The

Description: Small, dextral gastropod with a pointed, eggwhorls are only slightly convex with shallow sutsir&he

like to spindle-like shape. The convex whorls i rather
rapidly resulting in a very broad last whorl, whimbmprises
c. 88% of the total shell height. The last whopears to be a
little less convex. The shell consists of 2% tovt6rls. The
sutures are rather deep. The aperture is egg- tespaped.
The peristome is simple. Umbilicus absent. Theotsach is
covered with thread-like, irregular prosocline growttes.
The bulbous protoconch consists of c. 1% whorls ackkla
sculpture. The maximum height is c. 10 mm.

Discussion:One lot was labelled &uccinea minimaar.
steinheimeinsidy GoTTscHick. However, this name has
never been published. It shows no significant déffiees to
s material 0fS. minimaGotTscHick (1920b) labelled
another Steinheim forras Succinea minimda. pfeifferi
[preoccupied byuccinea pfeiffefiRossmissLEr 1835] Un-
fortunately, the original material is lost. We didt find any
other specimen of this variety among the studietensl
and therefore the validity of this taxon cannotveeified.
The specimen illustrated here fits exactly with $lgatypes
from theKLEIN collection (see alsBaLvabor et al. 2016).

Additional distribution:
Germany,silvanabeds (MN5 according t&cHWEIGERT
1996; Bu 1999): ZwiefaltendorfScHuickum 1976), and ac-

aperture has a narrow, pear-like shape. The perésis sim-
ple and not reflected. No umbilicus. The teleocomat very
fine growth lines. A spiral sculpture mentionedlbyecer
(1981) was not observed; possibly it is not preseérvhe
protoconch consists of ¢. 1% whorls and has a lnslisbape.
It lacks any sculpture. Maximum shell height is 12 mm.

Discussion:According toLUecer (1981) this species shows
a variable shell morphologGoTtTscHick (1911) named the
Steinheim speciedleacina hildegardiagbut later he placed
it as a subspecies Bf eburnegseeGoTTscHick 1919). Fol-
lowing LUEGER (1981),P. hildegardiaecannot be maintained
as a taxon separate fraf eburneaThe spindle-shaped
shell with the remarkably large last whorl makes Hpecies
unique and distinctive within the Steinheim landisfauna.

Additional distribution: Baden-Wirttembergilvanabeds
(MNS5 according tdScHwEIGERT 1996; EBu 1999): Mdrsingen,
Zwiefaltendorf. Localities in Austria according tQEGER
(1981): Leobersdorf (Heilsamer Brunnen, brickyaR#innon
D; Vosendorf, Pannon E; Velm, Pont G/H.

Baden-Wirttemberg, southern Ecology: Possibly like the extant European representatives

of Poiretia (open habitats with shrubs and forests; \Wee-
TER-SCHULTES 2012a).
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Palaeoglandina porrectéGosanz, 1854)
Fig. 2.6

1854 Achatina porrectan. ..Goeanz, p. 196, fig. 5.

1900 Glandina porrectaGosanz (var. zuinflata Reus9
SANDB. ..MILLER, p. 401, fig. 25.

1923 Poiretia (Palaeoglandina gracilis porrecta(Go-
BANZ). ... \liNz, p. 846.

Material: SMNS 15817-12 (1 specimeBpTTscHick collec-
tion).

Type locality: Rein, Styria, AustriaGosanz 1854).

Type horizon: Early Middle Miocene HarzHaAuseR et al.
2014a) freshwater limeston@dsanz 1854).

Material: SMNS 16261/2007 (27 specime@HTTSCHICK

collection); SMNS 14752/2007 SMNS (3 specimens,

GoTtTscHick collection); J67239 (4 specimerlspsscollec-
tion); SMNS 63029 (1 specimen, originalEmcer 1998,
kleini bed). The holotype is missin§a{vapor et al. 2016).
Type locality: Steinheim am AlbuchQoTTscHick 1911).

Type horizon: Steinheimer SeeschichtebdrTscHick 1911).

Description: Spindle-like, dextral shell with c. seven slowly

but regularly growing whorls. Whorls and suture memark-
ably shallow. The last whorl comprises more thalf dfehe
total shell height. The aperture is obliquely psaaped. The
peristome is thickened and slightly reflected &t Ilase of
the columellar region as well as along the lowef pait of
the outer margin. On the upper half part of theeuppargin,

Description: Comparably large, spindle-shaped, dextral shefhere is a remarkably deep indentation. There is cstncli

with blunt apex. Shell incompletely preserved. Wi®rls in-
crease in size rapidly, so that the last whorigé, compris-
ing ¢. 79% of the total shell height. Maximum heighthe

shells is 47 mm, with c. 3% whorls. Both the whorls dr&d t

suture are shallow. The aperture has an adapialhgated
pear shape. The peristome is simple and not refleét thin
parietal callus seems to be present but is poorlyepved.
The shell is imperforate. The teleoconch has thiikad
growth lines. Because of the incomplete preservatidhe
Steinheim specimens, the shape of the protoconutotde
identified. Specimens from Dischingen, Baden-Wiintterg
(probably MN5) show a slightly bulbous protoconcimsist-
ing of c. 1.5 whorls without visible sculpture.

fold-like parietalis with a small spiralis that ligsthe front
area of the parietal margin. One pronounced bukegala-
tal tooth near the peristome. One small basal tegldeep
within the aperture. One flat, broad, bump-like codllar
tooth near the peristome. Above the latter, theeedistinct,
fold-like second columellar tooth deep within theeeture
that is not visible in the normal apertural view.

The teleoconch shows no sculpture in the specirthens
we examined. However, according @TTscHick (1911),
there can be occasionally very fine growth linesble. The
protoconch has a bulbous shape and lacks sculfjtoesend
of the protoconch where it connects to the teleocasclot
visible and therefore its size and number of wheelsnot be
determined. The maximum shell height is 4.7 mm ted

Discussion: There seems to be variation in the presend@@ximum width 2 mmGotrscHick 1911).

of ribs and growth lines and in how pronounced ¢hae.
Compared witlPalaeoglandina gracilisllustrated inZieTen

Discussion: This is the only representantive of the genus

(1832, pl. 39, fig. 3p. porrectahas a more convex last whorl AZeca in Steinheim am Albuch.

and a generally more bulbous habitus.

Distribution: In Baden-Wurttemberg, South Germasiy
vanabeds (MN5 according tBcHwEIGERT 1996; Eu 1999)

Distribution: WEenz (1923) mentioned only Steinheim am

Albuch.

following Wenz (1923): Mérsingen, Hohenmemmingen, RanEcology: The extanAzeca goodall{Ferussag 1821) lives

decker Maar near Kirchheim unter Teck. Other loieitn
Baden-Wirttemberg according to this author arehdiin
near Ehingen (Miocene), Dischingen (Miocene). kwttfer
localities se@Venz (1923).

Ecology: Possibly like the extant EuropeRniretia species,
open habitats with shrubs and forests (&erer-ScHULTES
2012a).

AzecidaeK ENNARD & WoobwaRD, 1926
Azeca tridentiformis&soTTscHick, 1911

Figs. 2.7, 4.13
1911 Cionella tridentiformisGoTTscHick, pp. 507-508, pl.
7, fig. 3, 3a.
1923 Azeca (Azeca) tridentiform{&oTTscHicK). ..WEeNz,
p. 1096.

in deciduous forests with ground vegetation, in ltlend
moderately open places, in moss and ground |\ {ER-
ScHuLTES 2012).

CochlicopidaePiLsery, 1900 (1879)
Cochlicopa procerdoTTscHick, 1920

Fig. 2.8
1920b Cochlicopa subrimata procem. v. ... GrrscHick,
pp. 63-64.
1923 Cochlicopa subrimata procef@oTTscHick. ... \liz,
p. 1108.
1998 Cochlicopa subrimatéReuss1852). ...IkGER, pp. 18,
25, pl. 5, fig. F.

Material: SMNS 6303Q1 specimen, original material of

Fincer 1998 kleini bed). The holotype is missinga{vabor
et al. 2016).
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Type locality: Steinheim am AlbuchQoTTscHick 1920b).

Type horizon: Steinheimer SeeschichteGqrTscHick
1920b).

whorls. The maximum diameter according@oTTscHick
(1911) is 2.1 mm.

Discussion:AccordingGoTtTscHick (1911),Strobilops joossi
differs fromS. costatugSanpBerGeR) because: (1) it has a

Description: Incomplete specimen with a damaged aperturdigher spire, (2) five whorls instead of the 4Y&ircostatus

Elongated-oval shell with a blunt apex region. Apgpmate-
ly 5 1/2 convex whorls and a slightly sunkened sutline
whorls grow rather rapidly and regularly. The apesthas
an oval shape. The columellar margin is reflect@d|osing
a narrow umblilicus. The teleoconch shows no scupt
The blunt, knob-like protoconch consists of ¢ Whorls. It
lacks any sculpture. The shell is 4 mm high and 2 nighe.w

Discussion:*Cochlicop& subrimata(Reuss 1849) is today
considered as a species of the geitysnophilaBourcuic-

(3) a deeper suture, (4) narrower whorls and fapéral ribs
(*Querrippchenz), and (5) a more fragile and ntiecéed
peristome.

Additional distribution:
Steinheim am Albuch.

WENz (1923) mentioned only

Ecology: The genus is today restricted to AmeriZa.¢H
1959-1960).

NAT, 1858 (cf.HARzHAUSER €t al. 2014b), whereas the present

form belongs tdCochlicopaFerussag 1821 because of its

more rounded whorls.

Distribution: WENz (1923) mentioned only Steinheim am

Albuch.

Ecology: The extant European representatives of Cochlicopa

live both in humid and dry habitats (S&kese 2014for the
different speciés

StrobilopsidadVenz, 1915
Strobilops joossGoTTscHick, 1911
Fig. 2.9

1900
1911
2016

Strobilops costatuSanps. ..MILLER, p. 396, fig. 8.
Strobilops JoosgBoTTscHick, p. 503, pl. 7, fig. 16.
Strobilops joossiGoTTscHick 1911. . Salvapor et al.,
p. 29, pl. 5, fig. 15.

VertiginidaeFiTzINGER, 1833
Truncatellina lentilii(MiLLER, 1900)
Fig. 2.10

1900 Pupa (Isthmia) LentiliMiLLER, p. 406.
1923 Truncatellina lentilii (K. MiLLER). ... Wiz, p. 1020
[and further synonyms].

Material: SMNS 63013 (1 specimen, original material of
Fincer 1998 kleini bed); SMNS 16251/2007 (14 specimens,
GoTTscHick collection). The holotype is los§{Lvabor et

al. 2016).

Type locality: Steinheim am AlbuchMiLLEr 1900).
Type horizon: Steinheimer Seeschichtedi(Ler 1900).
Description: Small, pupiform, cylindrical and dextral shell,

consisting of approximately 5 ¥2 convex whorls. Thewgro
relatively slowly and regularly. The suture is deelpe Bp-

Material: SMNS IMDAS If 45281/2005 (1 specimen, origi- erture has an oval shape. The peristome is retlepta-
nal material oMiLLer 1900); SMNS 106403 (1 specimen,ticularly on the abapical part of the palatal mardipproxi-

laevisbed, syntype).
Type locality: Steinheim am AlbuchSawvapor et al. (2016).

Type horizon: Steinheimer Seeschichte®(vapor et al.
(2016).

mately in the middle of the palatal margin, thesailow
indentation. Parietal callus very thin. Umbiliciearow. The
aperture has a fold-like parietal tooth and a cellem tooth
which lies relatively far back within the apertuk&iLLER

(1900) also described a palatal tooth, which ispresent
in all specimens. The teleoconch shows regularly ge@n
prosocline ribs. These ribs are most pronounced &oout

Description: Small, trochiform and dextral shell with c. five the second to the fourth whorl. The flat protoconch consists

convex whorls and a deep suture. The whorl sizeeasgs
slowly and regularly. The last whorl does not cleliige
direction before reaching the aperture. The lasirivlso

of ¢. 1% whorls and lacks sculpture. Maximum shell eig
is 1.6 mm MiLLer 1900).

shows a very slight keel on its periphery. The aperture ha®#scussion: The number of teeth/folds within the aperture

narrow oblique-oval shape. The peristome is refleutiti
a slightly thickened margin. A thin parietal callapresent.
On this callus, two folds run inwards. The adaxiaé is
relatively small. The abaxial fold has a remarkalte sind
ends much closer to the parietal margin than tlhaiatione.
The deep umbilicus is rather narrow. The teleocoholws
distinct and regularly arranged prosocline ribg tra more
or less evenly spaced. These ribs are less distnati the
umbilical side of the shell and some of them disappeze
flat protoconch shows no sculpture and consists Gf5

seems to vary. It is the onlruncatellinaspecies known
from Steinheim am Albuch and its cylindrical-shapedIshel
(see Fig. 2.10) makes the identification easy.

Distribution: Wenz (1923) mentioned only Steinheim am
Albuch.

Ecology: The Recent European representatives of the genus
prefer mostly dry or moderately humid, vegetatebitads
(WELTER-ScHULTES 2012a).
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Vertigo anguliferaBoeTTcer 1884

Fig. 2.11

1884 Vertigo(Alaeg anguliferaBoeTTceR p. 271, pl. 4, fig.
10.

1900 Pupa(Alaeg apertaSanos. ... MLER, p. 397, pl. 7,
fig. 13 [nonMARTENS 1863, neSANDBERGER 1895.

1923 Vertigo(Vertilla) angulifera anguliferédBoeTTGeR ...
WENz, p. 1006.

1919 Vertigo anguliferaBoETTGER ..(GoTTSCHICK & WENZ,
p. 18, pl. 1, figs. 36-37.

1998 Vertigo anguliferaBoETTGER ... INGER, p. 18.

Material: SMNS 36706/2005 (1 specimen, original material923

to MiLLEr 1900); SMNS 63014 (1 specimen, original mate
rial to FINGER 1998 kleini bed); SMNS 15817 (21 specimens,
GoTTscHick collection).

Ecology: The extant European relatives live in a variety of
habitats (Kerney et al. 1983; Welter-Schultes 2p12a

Vertigo milleri GottscHick & WENz, 1919

Fig. 2.12
1912 Vertigo apertaSaNDBERGER ...doss pp. 40-41, pl. 2,
fig. 7.
Vertigo angulifera millerin. var. ..GoTTscHick &
WENz, p. 21, pl. 1, figs. 38-39.
Vertigo perapertdPiLsBeRry, p. 219.
Vertigo angulifera milleriGortscHick & WENz. ...
- WENz, pp. 1006-1007.

1919

1919

Material: SMNS J67326 (2 specimerdspsscollection,dis-
coides...trochiformizzds), SMNS IMDAS If. 45501/2005 (1

Type locality: Niederrad, near Frankfurt am Main, Hessespecimen, original material 3boss1912) The holotype is

Germany BoeTTGER1884).
Type horizon: CorbiculaTone BoeTTGER1884).

Description: Small, pupiform dextral shell with a nearly cy-
lindrical shape and c. 4 ¥ relatively flat whorls. Wigorls
increase in size regularly, apart from that thera com-
paratively rapid increase in size between the steom

missing GaLvapor et al. 2016).

Type locality: Steinheim am AlbuchQoTTscHick & WENz
1919).

Type horizon: Steinheimer SeeschichteBdrTscHick &
WENz 1919).

the third whorl. The sutures are rather deep. The last wh@rescription: Pupiform, dextral shell with c. 4 %2 whorls.

comprises c. ¥ of the total shell height. The aperhas the
shape of a slightly oblique oval with a distinctpirassion
in the middle region of the palatal margin. The gt@re is
slightly reflected. Four teeth lie within the aped. Two are
distinct parietal teeth/folds, of which the abaxiak nearly
reaches the peristome whereas the adaxial one erttisif
back. The columellar tooth lies relatively deephivitthe

aperture. That is also the case with the palatahgh is the
most inconspicuous tooth/fold and can be missingoime

specimens. The umbilicus is a slit. The two insediare
connected by a very thin parietal shield, ofterdharsee.
The teleoconch has prosocline, closely packed gramis,|
but these can only be seen on very well presepedmens.
The flat protoconch lacks a sculpture and consists b5

whorls. Maximum height c. 1.4 mnidpss1912).

Discussion:MiLLer (1900) originally named his illustrated
specimerPupa apertaSANDBERGER SANDBERGER gave the
description of this species in a letter to the *Nelswbuch
fir Mineralogie, Geologie und Paléontologie, |, e&]67
from 1895 but without any illustration. ASoTTscHICK &
WENz (1919) already noticed, the description given bytS

These are moderately convex and usually regularhgas:
ing in size. There is also a more rapid increassiza be-
tween the second and third whorl. The sutures agp dad
the aperture has an oval shape with an impressiohei
middle region of the palatal margin. The peristasightly
reflected and the umbilicus is a slit. The two itis@s are
connected by a parietal shield. The number of teethe
same as iv. angulifera two parietal teeth, one columellar
and one palatalis. All four teeth are fold-like amedhark-

ably pronounced. The abaxial parietal tooth reaches up to

the margin of the parietal shield. It seems abéfénd of
the abaxial parietal tooth is merged with the omiargin of
the parietal shield. Neither the teleoconch noffidteproto-
conch reveals a sculpture, but this may be due to pes-
ervation.GotrscHick & WENz (1919) mentioned fine stripes
on the shell (+ffeiner gestreifte SchalefZ).

Discussion:GotTtscHick & WEeNz (1919) originally described

it as variation olV. angulifera.Compared td/. angulifera

it has a slender shell with more rounded whorls aedwo
parietal teeth are not as pronounced (see @tgoscHick

& WEenz 1919). According to this it seems to be justified to

BERGER(1895) does not fit to the specimens from Steinheirtake this taxon into species rankmilleriis slenderer than
am Albuch. According to them the Steinheim specisnerV. callosaandV. protracta suevicaln Steinheim am Al-

are identical withvVertigo anguliferaBoeTtTcer 1884. The
species differs fronV. callosaandV. protracta suevicdy
having two distinct parietal teeth and not so rouhashell
shape. For differences Yomilleri see below.

Distribution: According toGoTTscHick & WEeNz (1919):
Undorf near Regensburg (MN 5 according toA&sr 1999),
Frankfurt am Main (Upper Oligocene/Miocene, $&e-
CHENBACHER 2000).

buch, this species only occurrs in tliscoides...trochiformis
beds, whereae anguliferais only present in thkleini bed
(GoTTscHick & WEeNz 1919).

Distribution : Wenz (1923) mentioned only Steinheim am
Albuch.

Ecology: The extant European relatives live in a variety of
habitats KernEey et al. 1983WELTER-ScHULTES 2012a).
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Vertigo callosaReuss 1849 Vertigo protracta suevic&oTTtscHick & WEeNz, 1919
Figs. 2.13, 5.5 Fig. 2.14
1852 Vertigo callosaReuss p. 30, pl. 3, fig. 7. 1919 Vertigo protracta suevica. var. ..GOTTSCHICK &
1919 Vertigo callosa(Reuss. ... GrtscHick & WENZ, pp. WENz, pp. 21-22, pl. 1, figs. 40-41.
13-14, pl. 1, figs. 26-34. 1923 Vertigo protracta suevic&oTTscHick & WENz. ...
1999 Vertigo callosaReuss1849). ...180rRzEWICZ p. 137, WENz, p. 1001
figs. 6-7. 1981 Vertigo protracta suevic&oTTscHick & WENz. ...

LUEGER pp. 21-22, pl. 2, figs. 14-15.
Material: SMNS J67570 (1 specimedgoss collection);
SMNS J67499 (3 specimerdspsscollection); SMNS J67391 Material: SMNS 15817 (60 specimer@pTTscHick collec-
(3 specimensjoosscollection); SMNS 63012-1, 63012-2, tion). Type material is missing{LAvDor et al. 2016).
63012-3, 63012-4, 63012-5, 63012-6 (6 specimenginai
material toFINGER 1998, Kleini bed); SMNS 15817-108 (13 Type locality: Steinheim am AlbuchQoTTscHick & WENz
specimensoTTscHick collection). 1919).

Type locality: Tuchorice, Lipno and Kolosoruk, Bohemia, Type horizon: Steinheimer SeeschichteBTTscHick &
Czech RepublicReuss 1849). WEeNz 1919).

Type horizon: Miocene freshwater limestonB#uss1849). Description: Small, dextral pupiform shell with blunt apex.
It consists of c. 5 regularly increasing whorlsehorls are

Description: Small, dextral pupiform shell, with c. five rounded and the sutures moderately deep. The apdrasr

rounded whorls. It has a typicskrtigo shape. The whorls an oval shape and a simple peristome. Only inohewellar

increase in size regularly. The sutures are modgrdeglp and basal regions is the peristome slightly refi:cidne two

and the umbilicus is a slit. The peristome is i@fe. On the insertions are connected by a thin callus layee Oibilicus

palatal side of the peristome there is a distindemation. is a slit. A distinct crest is present. The follogidentition

The parietal region is covered by a pronounced met- is present: a fold-like parietalis, a distinct shaalgularis,

lus which connects the columellar margin with tladapal  one distinct columellaris and two palatales. Theenpala-

one. The folds in the aperture do not reach thesjpene. talis extends further forward than the lower onendl of

The specimen illustrated here has one angularisoaed these five fold-like teeth reaches the peristoBwrTscHick

parietalis, two palatal folds/teeth and one coldandboth/ & WEenz (1919) and Lecer (1981) also mentioned the oc-

fold. The teleoconch has prosocline, more or legsilarly casional occurrence of a very fine basal toothctvhie

arranged growth lines. The flat protoconch congibts 1Y2  could not see in the specimens examined. The tetebhichas

whorls and lacks a sculpture. The maximum shell heégyh fine thread-like growth lines that are poorly vieibven at a

c. 2 mm. maghnification of x50. The flat protoconch of the spans
examined lacks any sculpture so that its sizeffecdit to

Discussion: The number of the teeth varies remarkablyletermine.

(Srworzewicz 1999), as is the case in many extant species

(KerNEY et al. 1983;WaLDEN 1986; Sworzewicz 1999). Discussion:For differences to the oth¥ertigospecies from

Stworzewicz (1999) also wrote that shells ¥f callosa Steinheim am Albuch see their descriptions.

from Belchatéw, Poland are very variable in their sizd a

shape. According to this variabilitgoTTscHick & Wenz  Additional distribution: WEenz (1923) mentioned only

(1919) named four variations 9f callosaandWenz (1923) Steinheim am Albuch. According tasecer (1981) it also

named six subspecies \dfcallosafrom Steinheim Follow- occurs at Eichkogel, Austria (Pont H).

ing Srworzewicz (1999) it is necessary to take into account

that most of those variations and subspecies weserithed Ecology: The extant European relatives live in a variety of

on the basis of very scanty material, in some casgge habitats KeErnEY et al. 1983WELTER-ScHULTES 2012a).

specimens only, hence intraspecific variability wax

known. The specimens bf callosaexamind have a stouter

and more rounded shell shape thaprotracta suevicaFor Gastrocopta acuminatéKLein, 1846)

differences to the othafertigospecies from Steinheim am Fig. 2.15

Albuch see their descriptions.

1846 Pupa acuminatanihi. ..KLeIN, p. 75, pl. 1, fig. 19a,

Additional distribution: According toLuecer (1981): b.

Hochheim, Hessen (Upper Oligocene); Tuchorice, 82eq923 Gastrocopta acuminata acuminatéLein). ... \&hz,
Republic (MN 3Ginssurc 1999); Eichkogel, Austria (Pont) p. 916.

H; Ocs, Varpolata, Tab, Hungary (Pont). 1981 Gastrocopta acuminata acuminatéLei). ... Le-

GER, pp. 23-24, pl. 2, fig. 10.

Ecology: The extant European relatives live in a variety 0bg16 Gastrocopta (Albinulapcuminata(KLei, 1846). ...
habitats Kerney et al. 1983; WELTER-ScHULTES 2012a). Sawvabor et al., p. 18, pl. 1, figs. 1-2.
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Material: SMNS 106361 (2 specimensLeiNn collection,

Type locality: Sansan, Franc®(puy 1850).

syntypes); SMNS 63010 (1 specimen, original materia
of Finger 1998, kleini bed); SMNS 15817 (70 specimens,Type horizon: Middle Miocene FiscHer 2000) freshwater

GoTtTscHick collection).
Type locality: KLEIN (1846) named no type locality.

Type horizon: Silvanabeds $aLvapbor et al. 2016).

limestone Dupuy 1850).

Description: Dextral, pupiform shell. It consists of c. 4% dis-
tinctively convex whorls. The penultimate whorl ig timost

convex one. The sutures are deep and somewhatelhann

like. The whorls grow rapidly and regularly. Thetlagorl

Description: Dextral, pupiform shell, slightly egg-shapedcomprises c. 50% of the total shell height. The uicimlis

with c. five convex whorls. The whorls increaseulegly

narrow. Close to the aperture, the last whorl hagakly

in size and the sutures are deep. About %2 to ¥ of a revopronounced bulge. The aperture has an obliqgueshagpe

tion behind the aperture, the last whorl distirel§nnarrows.
The aperture has a rounded shape. The peristastrengly
reflected. The parietal region is covered by a pumted
parietal callus. The angular and the parietal tee¢hfused
and reach the peristome. The palatal side comptisegs
folds. The palatalis inferior is the most pronoutdellowed
by the palatalis superior. The infrapalatalis isna@mall and
bump-like. The bulbous basalis is located relagivet back
in the aperture. The columellaris is very pronouhaad
runs in an arc from the peristome into the apertOrdy
the columellaris and the fused parietalis/angulegach
the peristome. The teleoconch has regularly ar e
prosocline growth lines. The protoconch lacks scugptur

with a reflected peristomehaving simple and shaapgins.
The two insertions are connected by a very thinepalr
callus, which cannot be seen on all specimensapketure
contains seven teeth. The angularis and parietadifused
together to form a distinct lobe-like fold which ersif®rtly
before reaching the peristome. The infraparietaligery
small and knob-shaped. There are three palatdl.téae

upper one is small and knob-shaped whereas the others are

fold-like. The middle tooth is somewhat broader ahdrter
than the lowest tooth. The basalis is also knob-shajiesl
only columellaris forms a distinct fold. The teleocbrhas
regularly arranged, prosocline, thread-like growties,
which are barely visible even at a magnificatiox50. The
protoconch lacks sculpture and is therefore hard limde

Discussion:This species is variable in the shell morpholnate. Maximum shell height is 2.3 mmuficer 1981).

ogy and dentitionNI ANGANELLI & GiusTi 2000a). The speci-

mens ofG. acuminataexamined have more slender shell®iscussion: According toLueceR (1981) the specieBupa
thanG. nouletianaG. acuminateahas flatter whorls than gracilidensSanpBercer 1875, later name@astrocopta nou-
G. sandbergeriln G. acuminatahe basalis is located far letiana gracilidendy GottscHick & Wenz (1919), is a junior
back inside the aperture in comparisorGtosandbergeri  synonym ofG. nouletiana This species differs markedly
In addition,G. sandbergerhas a more pronounced palataliSrom the other twd@sastrocoptaspecies by its more bulbous

inferior thanG. acuminata

Additional distribution: According toLuUeGeR (1981) the
species is present in all location of Sivanabeds (MN5
according tdScHWEIGERT 1996; Esu 1999).

Ecology: The genusGastrocoptais extinct in Europe

shell shape.

Additional distribution: According toLuecer (1981) the
species occurs throughout tei@lanabeds. He reported it
also from Hollabrun, Austria (Sarmatian). Otherdbens
listed byLuecerare a sandpit in Leobersdorf, Austria (Pan-
non B/C), the brickyard Leobersdorf, Austria (Pamiiy)

(WEbEL 2008). AccordindZiLcH (1959-1960), the genus oc- and Vosendof, Austria (Pannon E). For other loiesisee

curs in tropical regions as well as in North Amarand also

Siberia. In additioniKovanpa (2004) mentioned Central and

East Asia.

Gastrocopta nouletianéDupruy, 1850)

Fig. 2.16
1850 Pupa nouletian®upuy, pp. 309-310, pl. 15, fig. 6.
1919 Leucochila nouletiangDupuy). ... GTTSCHICK &
WENz, pp. 12-13, pl. 1, figs. 22-23.
1923 Gastrocopta nouletiana nouletiariBupuy). ... iz,
p. 930[and further synonyms].
1981 Gastrocopta nouletianéDuruy). ... LEGER pp. 25-

26, pl. 2, figs. 16-19, 22.

Material: SMNS 15817 (c. 200 specime@&TTscHicK col-
lection); SMNS 63008/1-3 (3 specimens, original eniai to
FinceER 1998 kleini bed).

WENz (1923) and_ueGER (1981).

Ecology: SeeG. acuminata

Gastrocopta sandberge8rworzewicz & PRisyA-
ZHNYUK, 2006
Figs. 2.17,5.2

1875 Pupa(Vertigg suevicasp. Nov. .SANDBERGER, . 654.

1900 Pupa (Leucochilu¥ suevicaSanDBERGER 1875. ...
MILLER, p. 398, pl. 7, fig. 16.

2006 Gastrocopta sandbergesp. nov. . STworRzewicz &
PrisyazHNYUK, pp. 167-169, fig. 1, 2A-E [and further
synonyms].

Material: SMNS 15817 (>20 specimernSpTTscHick col-
lection); SMNS 63009-3; SMNS 63009-2, SMNS 63009-1
(3 specimens, originals &fNGER 1998.
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Type locality: Stworzewicz & Prisvazh- 1912 Negulus lineolatusL. Braun. ... doss pp. 36-37.

NYuk 2006). 1919 Negulus suturalis gracilig. var. ..GoTTscHick &
WENz, pp. 9-10, pl. 1, figs. 12, 13.

Type horizon: Bel-B horizon, Miocene, MNSSfworzewicz 2004 Negulus gracilissottscHick & WEeNz 19109. ... kkz-

& PRisyazHNYUK 2006). HAUSER & BINDER, p. 126, pl. 6, figs. 9-10.
2014 Negulopsis gracilifGoTtscHick & WENz 1919). ...
Description: Small dextral, pupiform, slightly egg shaped Norbsieck pp. 175-176.

shell with c. 5 rounded whorls that increase ire siegu-

larly. The last whorl of some specimens can be rather fldflaterial: SMNS J68.577 (3 specimens, original material

The sutures are rather deep. The umbilicus istaT$lie of Jooss 1912; Jooss collection). Type materiatissing

peristome is reflected. The columellar margin andlptdl (Salvador et al. 2016).

margin are connected by a parietal shield resultingn

unbroken continuous peristome. The aperture has a roundggbe locality: Steinheim am AlbuchGoTTscHick & WENz

shape. The angularis and parietalis are fused together, wit$i9).

the former abaxially curved. The infraparietaliklfis small.

Three palatal teeth are visible, increasing in stieagépi- Type horizon: Steinheimer SeeschichteB(TTscHIck &

cally. The upper one is small, whereas the thired fanms  Wenz 1919).

a distinct fold. The basalis is also small and btikg. The

columellaris is strong and fold-shaped. The telecboof Description: Very small, dextral shell with a tower-like, cy-

some specimens has irregularly arranged threadgdikso- lindrical shape and blunt apex. It consists of apipnaxely

cline growth lines. The protoconch is slightly balis and no  four regularly and relatively rapidly growing wherand

sculpture was visible on the shells examined. Tagimum therefore the last whorl comprises nearly halfhaf total

size seems to be 2 mm. shell height. The whorls are slightly rounded wiasréhe
last one is more flat. The sutures seem to be nabelgr

Discussion: This species was originally introduced bydeep. Due to preservation, not all details areblgsiThe

SANDBERGER (1875) asPupa(Vertigg suevicabut without aperture is obliquely egg shaped. The peristonsanigle.

description or illustration. Nevertheless, this mawas used The umbilicus is a slit. Due to the poor preseorathere

in later literatureSrworzewicz & Prisvazunyuk (2006) des- is no sculpture visible on both teleoconch andqaonch.

ignated it is a nomen nudum and re-named the sp€cie According toHARzHAUSER & BINDER (2004) the entire tel-

sandbergeri For a detailed discussion séevorzewicz&  eoconch is ornamented with thin, widely spaced but promi-

PrisyazHNYuk (2006). nent prosocline axial ribs and much weaker, dersgged
secondary ribs in the interspaces. For the protogdheke

Additional distribution: According toStworzewicz &  authors mentioned a hammered, regularly wrinkletaser

PrisyazHnYuk (2006)G. sandbergeris a rare species. Apart sculpture and a size of 1.25 whorls. Maximum heighit95

! P #$ $ mm (LueGcer 1981).
Poland (MN5 according t8rworzewicz & PRISYAZHNYUK
2006). Discussion:Originally described bysottscHick & WENz
(1919) as subspecies/variationNggulopsis suturaliéSanp-
Ecology: SeeG. acuminata BERGER 1858),HARzHAUSER & BINDER (2004) designated it as

a species. Originally named degulus gracilisNorbpsieck
(2014) placed it in his newly erected gemNegulopsisFor
. - the differences between the genRiegulusandNegulopsis
Negulopsis graciligGotrscick & Wenz, 1919) seeNorbsieck (2014). According to Lecer (1981),N. gra-

Fig. 2.18 cilis is smaller and more slender thidegulopsis suturalis

Fig. 3.1 ..Granaria schuebler{KLEIN, 1846). Scale Imm. SMNS 10011021.. Granaria grossecostatéGoTTscHICK &
WENz, 1919). Scale Imm. SMNS 155@9.. Granaria pachygastrgFraas in MiLLER, 1900). Scale 5 mm. SMNS 100141.
..Vallonia subcyclophorelléGoTTscHick, 1911), neotype. Scale: a: Imm; b: 500 um. SMNS-RAG&17/1+1085 ..Vallonia
lepida(Reuss 1849). Scale 500 um. SMNS 15817-64. Vallonia majorGoTTscHick, 1920. Scale 1 mm. Lectotype. SMNS
15817.7 .. Pupilla iratiana suevicaGoTTscHick & WENz, 1919. Scale 1 mm. Inv. Nr. SMNS 15181.. Pupilla steinhei-
mensigMILLER, 1900). Scale 500 pm. SMNS J67.537. Pupilla submuscorur@otrscHick & WEenz, 1919. Scale 500 pum.
SMNS J67.49810 .. Triptychia steinheimensiQuensTtept, 1884) Scale 10 mm. Original Bkaas (1910). SMNS 107216.
11 ..Pseudidylasp. Scale Immrinv. Nr. SMNS J66.933L2 .. Opeas minutunKLein, 1853) Scale 2 mm. SMNS J67.040.
13 ..Cecilioides aciculellgdSanpBercer 1872). Scale 1 mm. SMNS J67.230... Punctum propygmaeumnbRreAg, 1904,
Scale 500 pm. SMNS 15817-12% .. Discus pleuradru$BourcuicNaT, 1881). Scale: a, b: 1 mm; c: 500 um SMNS J65.813.
16 ..Janulus gottschickiJooss 1912). Scale 1 mm. SMNS 106394... Aegopinella subniten@LeiN, 1853) Scale 2 mm.
SMNS 15817-4118 .. Aegopinella erect§GoTTscHick, 1920) Scale 2 mm. SMNS J65.683.
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Fig. 3.
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(SanpBERGER 1858) from theHydrobiabeds of the Mainz
Basin. Following this author, the PlioceNegulopsis truci
(ScHuickum, 1975) could be a descendant\bfgracilis

Additional distribution: According toHARZHAUSER & BIN-
DER (2004) is common throughout the Pannonian of Aaistr
Slovakia, and Hungary.

Ecology: Unknown.

Chondrinidae SEenBerg 1925
Granaria schuebler{KLein, 1846)
Fig. 3.1

1832
1846
1900

Pupa antiquaScHUBLER. .. ZIETEN, pl. 19, fig. 7.
Pupa schuebleninihi. ..KLeN, p. 74, pl. 1, fig. 18.
Pupa schueblerfKLein 1846). ... M.ER, p. 396, pl.
7, fig. 12

Granaria schuebler{KLeIN 1847). ... b6iTKE & RAs-
SER pp. 185-186, fig. 4.1-4.3.

Granaria schuebler{KLeiNn 1846). . SaLvaDoR et al.,
p. 34, pl. 8, fig. 3.

2013
2016
Material: SMNS100110-1(neotype, designated BloLTKE
& RAsser2013;KLEIN collection).

Type locality: Steinheim am AlbuchZieTen 1832;KLEIN
1846).

Type horizon: Steinheimer SeeschichtenigTen 1832).

two Granaria species see the according descriptions.

Distribution: Howenegg (MN 9 according togkdsic 1999);
according toWenz (1923) «Phonolithtuff des HohentwielZ
(Late Miocene to Early Pliocene aftéeveEr & GWINNER
1991) and Hinterried maar near Geisingen (Miocene).

Ecology: More dry habitats (se#&/ELTEr-ScHuLTES 2012a;
HoLTke 6 Rasser2013).

Granaria grossecostatéGoTTscHick & WENz, 1919)
Fig. 3.2

1919 Torquilla schuebleri grossecostata. var.
GoTTscHick & WENz, p. 3, pl. 1, fig. 3;

2013 Granaria grossecostat@GoTtscHick & WENz 1919).
... [dLTKE & RASSER pp. 186-187, figs. 3.3, 4.4, 4.5.

Material: SMNS 15509 (2 specimenSpTTscHick collec-
tion, kleini bed).

Type locality: Steinheim am AlbuchQoTTscHick & WENz
1919).

Type horizon: Steinheimer SeeschichteB(TTscHICK &
WENz 1919).

Description: The description based on the single specimen

by HoLTkE & RAasser(2013) is as follows: Only one of the two
specimens has an aperture free of sediment. Thisnspe
is 6 mm high and c. 2.5 mm wide. It has a dextral, foupi

Description: The neotype was designated and described tspell. The eight whorls increase in size regularly. Sl
Howtke & Rasser(2013) as follows: The neotype of this spe-s slightly cylindrical, but becomes narrow towatle apex.

cies is 5 mm high and 2 mm wide. It has a dexpngbiform
and slightly conical shell. The shell has nine whartsese

are only slightly convex and the suture is moderately deegrem is two times of the ribse width. Near the aperture, the

The whorl size increases regularly. On the whorksglare
very fine axial lines. They are prosocline and mor&ess

The whorls are more convex tharGnschuebleriThey have
fine and regular, prosocline axial ribs. The diseahetween

ribs are more distinct and less regular. The susudeeper
than inG. schuebleriThe shell has a slit-like umbilicus. The

regularly arranged in a close distance. The aperture hasraauth is more circular than that@f schuebleriThe peri-

oval shape. The shell has a slit-like umbilicuse peristome

stome is bent backwards. Outer and inner lips aneected

is bent backwards. The palatal margin runs down in@moby a parietal callus. Marked angular fold and gaitg which

or less straight line and then forms a very rouruesis. The
parietal region is covered by a thin parietal cgllwhich
connects the outer and inner lip. A part of thidgtal callus
is not preserved in the type specimen. The apedoms
prises six lamellae: One prominent angularis, omeidant
palatalis inferior and one parietalis. Possiblyr¢hsas an in-
fraparietalis on the abraded part of the parieddilis. There
is also a distinct columellaris and an infracoluised, but
they are less strong than the p. inferior and tgepalis.
Above the palatalis inferior, a short and very stidict pala-
talis superior is recognisable. The angularis heasodb-like
shape, whereas the others are folds running deerhia
mouth. The palatalis inferior and the palatalisesigr do
not reach the peristome.

run into the mouth. A strong palatalis inferior andesaker
palatalis superior, which ends behind the p. iofeiColu-
merllaris and infracolumellaris are restrictedte tolumel-
lar region and are equally distinct way. At the insiele of
the palatal margin, there is also a little knob. Afiaom the
Angularis, none of the folds reach the peristome.

Discussion:Type material is missings{Lvapor et al. 2016).
According toHoLTKE & Rasser (2013) the species differs
from G. schueblerby the following points: (1) More convex

whorls; (2) a deeper suture; (3) stronger ribs; (4) a more dis-

tinct palatalis superior; (5) a small knob on thiedr side of
the palatal margin.

Additional distribution: Mentioned only from Steinheim

Discussion:For a detailed discussion about the two namesm Albuch Wenz 1923).

Pupa antiqueScHuBLER, 1832 andP. schueblerKLEin, 1846

seeHoLTKE & Rasser(2013). For differences from the otherEcology. SeeG. schuebleri
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Granaria crassiventeBaLvapor, HOLTKE, RASSER&
KaboLsky, 2016
Fig. 3.3

1882
1883

Pupa pachygastr&raas, p. 174 (nomen nudum).
Pupa pachygastr&raas. ... EceL, p. 287 (homen
nudum).

Pupa schueblewar. pachygastreFraas. ... MLER,
pp. 396-397, pl. 7, fig.12.

Granaria pachygastrgFraas in MiLLER 1900). ...
HouTke & RasseRr p. 187, fig. 4.6.

Granaria crassiventefalvabor, HOLTKE, RASSER&
KapoLsky, pp. 23, 31-32pl. 1,fig. 7.

1900
2013

2016

Material: SMNS 106416 (1 specimen, syntype, original ma-

terial of Fraas 1882).

Type locality: Steinheim am AlbuchMiLLEr 1900;HOLTKE
& Rasser2013).

Type hoizon: Steinheimer Seeschichtedi{Ler 1900).

Description: The description based on a single specimengg

HoLTkeE & Rasser (2013) is as follows: The specimen is 1
mm high and 4 mm wide. It has a dextral, pupifdoarrel or
cylindrical shape. There are seven whorls, whiehstightly
rounded and increase in size regularly. The pratolcas
abraded. The suture is moderately deep. The wiaoes
covered by regular prosocline ribs. They are steorigan

in Granaria schuebleriThe distance between the ribs is

two times of the respective ribs width. The umhitids a
slit. The aperture has a rounded, slightly circidaape.

The peristome is bent backwards. Outer and inmex li

are connected by a parietal callus. At the innge sif the
reflected palatal margin there is a little knob. Plaeietalis
and angularis are very prominent. Both are fol@-lénd
run inside the mouth. On the parietal callus thsralso
one small, knob-like infraparietalis. Beside thisre is a
prominent columellaris and an infracolumellaris. Tdiéer
is situated far away from the peristome. The bagpdilatalis
inferior and p. superior are slender, but markdua palatalis
inferior is more distinct than the palatalis superFrom
the last three, the palatalis inferior runs mostiyauls the
forepart, but does not reach the peristome.

Discussion:Due to the larger size and slightly ton-shape

shell morphology of5. crassiventetthis species is remark-
able different from botis. schueblerandG. grossecostata

Additional distribution: Only named from Steinheim am
Albuch.

Ecology: SeeG. schuebleri

ValloniidaeMorsg 1864
Vallonia subcyclophorell§GoTtTtscHick, 1911)
Fig. 3.4

1911 Helix (Vallonia) subcyclophorell&oTtTtscHick, p.
503, pl. 7, fig. 2, 2a, b.

Vallonia subcyclophorelléGotTscHick 1911). ... €&
BER, pp. 147-150, figs. 3w, x, 56b-¢, 59, 60, 6lantl[a
further synonymes].

Vallonia subcyclophorell§GoTtTscHick 1911)... SaL-
VADOR et al., p. 36.

1993
2016

Material: SMNS-FGO 15817/1+108 (1 specimen. Neo-
type designated b$erser 1993 and 108 other specimens;
GoTTscHick collection).

Type locality: Steinheim am Albuch.

Type horizon: Steinheimer Seeschichtddeini bed GaL-
VADOR et al. 2016).

Description: Small, dextral shell. Discoidal shape with only
slightly elevated spire. It consists of c. threemded whorls.
They increase regularly in a moderately pace. Therss are
deep. The last whorl runs obliquely downwards talsahe
aperture. The aperture has the shape of an eggriaid side
quer-eiférmigZ according tGerser 1993). The aperture
es at an oblique angle to the shell axis. Thespame is
reflected. The two insertions are remarkably ckoseach
other. They are connected by a callus layer. Thigilicus is
relative wide and incorporates accordingtreer (1993) c.
!/, of the total shell width. The teleoconch comprigesad-
like ribs that are clearly visible. The distancénsen them is
a bit irregular. Within the space, there is a vagymumber of
additional smaller growth lines. The protoconch cosgsi
accordingGerseR (1993) ¥ whorls. It lacks a sculpture.
Maximum diameter 2.36 mMnGERBER 1993).

Discussion:For differences to the two other specieVal-
lonia from Steinheim am Albuch see the according descrip
tions.

Distribution: The species has a wide distributiG@Erser
(1993) mentioned locations in Austria and in Kazztkh.
From the Molasse Zone, only Steinheim am Albuchl@nd
dorf (Bavaria), MN 5 were mentioned. According terRBeER
(1993), it ranges from MN5 to MN10.

Ecology: The extant European relatives live in different
Habitats (Se®Viese 2014).

Vallonia lepida(Reuss 1849)
Fig. 3.5

1849 Helix lepidaReuss p. 24, pl. 2, fig. 4.

1993 Vallonia lepida(Reuss 1849). ... €BER pp. 88-98,
figs. 3d, 29a-g, 30a-d, 3la-f, 32a-c, 33 [and ferrth
synonymes].

Material: SMNS 15817-54 (45 specimel@yTTscHick col-
lection).

Type locality: Korozluky, NW Bohemia, Czech Republic
(GerBER 1993).
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Type horizon: Lower Miocene freshwater limeston8eg-
BER 1993).

It comprises c. 40% of the total shell width. Thedetench

has curved, regularly arranged ribs with growtlesiibe-

tween them. Mostly, there are two growth lines festwtwo

Description: Small, slightly discoidal shell with low spire ribs (GErser 1993). The protoconch is large and bulbous. It

and blunt apexGerger (1993) described the morphology lacks sculpture and comprises accordinGeteser (1993) c.

as estark gedriickt kugelig bis sehr dick scheibemigZ. 1%, whorls. Maximum diameter c. 2.75 m@eRser 1993).

It has c. 3 ¥ convex whorls and a voluminous lasbnlv

The whorls grow rapidly and regularly. The sutuaesonly Discussion: Originally this taxon was designated by

slightly deepened. The last whorl slowly runs dowmigé  GotTscHick (1920) as a variety dfallonia subcylophorella

before reaching the aperture. The peristome is strongly rf&ottscHick, 1911), butGereer (1993) defined it as a spe-

flected and forms a torus (*RingwulstZ accordinGteser  cies. According t@Serser (1993), the species differs frovh

1993). The aperture has an oblique-oval shape. Thétwo subcyclophorellay its larger protoconch and more rapidly

sertions are relatively converged and connectetlfigrietal growing whorls.V. majoris more disc-shaped thah sub-

callus. The deep umbilicus comprises c. 18% oftthal cyclophorellaandV. lepida

shell width and has a relatively steep margingbeldrhe

teleoconch comprises occasionally unregular growis|in Additional distribution: Nordlinger Ries, Bavaria, MN 6

which are distinctly pronounced. The blunt protodfonon-  (Gereer 1993).

sists of ¢. 1 whorl and comprises no sculpturemagimum

diameter of this speci€3erBeR (1993) mentioned 2.80 mm. Ecology: The extant European relatives live in different
habitats (see Wse 2014).

Discussion:According toGereer (1993),V. lepidashows a

certain variability in shell morphology. Accorditgthe ex-

amined materiaV. lepidadiffers fromV. majorby a higher

spire and fronV. subcyclophorelleby the absence of the

thread-like ribs on the teleoconch.

Pupilliidae TurTon, 1831
Pupilla iratiana suevicasoTTscHick & WENz, 1919
Fig. 3.7
Additional distribution: The known stratigraphic and geo-

graphic distribution is very wide, ranging from tbigocene 1919 Pupilla iratiana suevican. var. ..GoTTscHick &

of Rheinland Pfalz, Germany, to the Pliocene of Frafuce ( WENz, pp. 5-6, pl. 1, figs. 4-5.
details se&erBER 1993). 1923 Pupilla iratiana suevicaGoTTscHick et WeENz. ...

WENz, p. 960 [and further synonyms].
Ecology: The extant European relatives live in various habi

tats (see Wese 2014). Material: SMNS 15151 (9 specimenSpTTscHick collec-

tion, kleini bed). Type material is missin§a{vapor et al.
2016).

Vallonia majorGoTTscHick, 1920
Fig. 3.6

Type locality: Steinheim am AlbuchQoTTscHick & WENz
1919).

1920b Vallonia subcyclophorella major. GoTTscHick, p.
54, pl. 2, fig. 4.
1993 Vallonia majorGotTscHick 1920. ... €&BeR pp. 150-
154, figs. 3Y; 58a, b, 59, 60 [and further synonyms}Description: Small, pupiform, cylindrical and dextral shell
with blunt apex and c. 5 ¥2 convex whorls with compayabll
Material: SMNS 15817 (5 specimens including the lectotypeleep sutures. The whorls grow relatively slowly, but regu-
and 4 paralectotypes designated3mgreer 1993). larly. The umbilicus is narrow or a slit. The apeg has
an oval shape with a strongly reflected peristome. Tloe tw

Type horizon: Steinheimer Seeschichtddeini bed GaL-
VADOR et al. 2016).

Type horizon: Steinheim am Albuch, sandp&¢TTscHick
1920b).

Type horizon: Steinheimer SeeschichteGqrTscHick
1920b).

insertions are connected by a pronounced paribtelds
Distinct neck bulge. The aperture contains fivaheene
bump-like angularis, one distinct parietal fold anfibld-like
columellaris. On the palatal side, there are twmpdike
teeth relatively far inside the aperture. The upper is small
and inconspicuous. Apart from the angularis, ndnghe

Description: Small, slightly disk-shaped, dextral shell withother teeth reach the peristome. The teleoconctpdses

very low spire and c. three convex whorls. Theygrapidly
and regularly. The sutures are deep. The last vijeortls
slowly downwards, shortly before reaching the apextThe
peristome is slightly reflected. The aperture thasshape of
an egg laid on its sid&Erser 1993 «quer-eiférmigZ). The
two insertions lie very close to each other. They @on-
nected by a parietal callus. The deep umbilicweiyg wide.

regularly arranged prosocline ribs that are conmpgnaide-
spaced. The protoconch consists of c. 1¥ whorlslacic
a sculpture. According t&oTTscHick & WENz (1919) the

maximum size is 2.6 mm in height and 1.4 mm in width.

Discussion: The specimen illustrated b§okay (2006, pl.
25, fig. 7) named aB. iratiana suevicas definitively a dif-
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ferent species. According ®BoTTscHick & WENz (1919),P.
iratiana suevicadiffers P. iratiana iratiana (Dupuy, 1850)
by stronger ribs and the presence of a remarkaigela-
ris. P. iratiana suevicaliffers fromP. steinheimensigy its
dextral shell.

Additional distribution: WEenz (1923) mentioned only 1923

Steinheim am Albuch.

Ecology: The extant European relatives live in differenﬁvlaterial'

habitats (se®VELTER-ScHULTES 2012a).

Pupilla steinheimensi@ViiLLEr, 1900)
Figs. 3.8, 5.3

1877 Pupa (Pupilla) steinheimensis sp. . BOETTGER p.
79 [nomen nudum].

1900 Pupa (Pupilla) steinheimensMiLLER, p. 398, pl. 7,
fig. 15.

1923 Pupilla (Primipupilla) steinheimensi@VILLER). ...
WENz, pp. 966-967.

Material: SMNS J67537 (1 specimekosscollection,tro-
chiformisbed); SMNS J67535 (1 specimdogpsscollection,
trochiformisbed).Type material is missin(BaLvapor et al.
2016).

Type locality: Steinheim am AlbuchMiLLer 1900).

Type horizon: Steinheimer Seeschichtel i Ler 1900).

Gibbulinopsis submuscoru(@otTscHick & WENz,
1919) nov. comb.
Figs. 3.9, 5.4

1919 Pupilla submuscorum. sp. .GoTTscHick & WENz,
pp. 6-7, pl. 1, figs. 6-7.

Pupilla (Pupilla) submuscorui@oTtTtscHick et WENz.
... Viinz, p. 957.

SMNS J67498 (2 specimenioss collection,
kleini bed).Type material is missings{Lvapor et al. 2016).

Type locality: Steinheim am AlbuchQoTTscHick & WENZ
1919).

Type horizon: Steinheimer Seeschichtddeini bed GotT-
scHick & WENz 1919).

Description: Dextral, pupiform, cylindrical shell with c. 6
% slightly rounded whorls. The shell comprises arowa
winding and the whorls growth slowly but regulafne
sutures are relative shallow. The aperture half-tarcThe
peristome is slightly reflected. Behind the apestuhere
is a shallow impression, followed by a crest. Umbilicua
slit. According toGoTTscHick & WENz (1919) the two inser-
tions are connected by a thin callus layer (elevatiThe
specimens examined in this study do, however, mt/shis
feature due to preservation. The aperture comptizes
teeth: one fold-like distinct parietalis and oneucoéllaris
as well as a palatalis located adapically. Theroelaris and
palatalis do not reach the peristome, but the taisedoes. It
is also the most pronounced tooth. The teleocoantpcises

Description: Sinistral, pupiform shell with a slightly cylin- Prosocline, closely packed growth lines which areitedy

drical shape consisting of c. 6 ¥ convex whorls. The whorfdranged. The protoconch consists of ¢. 1.5 whorls and has a

grow rapidly and regularly. The sutures are dedy ap-
erture has a rounded shape with a reflected peristohee
two insertions are connected by a distinct parietdlus
so that the aperture seems to have a continuocislatr
ing peristome. The umbilicus is a slit. Distinct kdarrow
(sNackenfurcheZ). The aperture contains three te@iie
remarkable, fold-like parietal tooth; one columeliaoth,
also fold-like but not as pronounced as the first;mne
small and more bump-like basal tooth relativelyifeside
the mouth. The teleoconch usually lacks a sculptndy on
some specimens, a few thread-like, prosocline growds |
are visible. The flat protoconch lacks a sculptasewell.
Maximum height is 2.4 mm accordingNbLLER (1900).

Discussion:The species was hamed byBoeTTGER(1877)

flat-bulbous shape. It shows a net-like sculpture. ikfaxn
height is 3.5 mmGoTTtscHick & Wenz (1919).

Discussion:According toGoTtTtscHick & WENz (1919) the
following features allow separation frdfupilla muscorum
(1) the dentition within the aperture; (2) the kiled bulge;
(3) a broader impression between aperture and aires
submuscorumOriginally described by the above authors as
Pupilla steinheimensisiowever, according tdiLcH (1959)
the net-like sculpture on the protoconch (see (ig44) is
characteristic foGibbulinopsisGermain, 1919. Other au-
thors interpreted this taxon as a subgenutpflla FLEMING,
1928, whereasd@iiLevko (1998) took it in genus rank. The
net-like protoconch sculpture separates it fronotifier two
Pupilla species.

without an illustration nor description. The first description o .
was given byMiLLer (1900). According to him, the basal Additional distribution: WEenz (1923) mentioned only

tooth mentioned above is not always present.

Steinheim am Albuch.

Additional distribution: Wenz (1923) mentioned only EC0logy: The Recent European species of the Pupillidae

Steinheim am Albuch.

prefer different habitats, but prefer mostly drglapen habi-
tats (Se&VeLTER-ScHULTES 2012:; Wiese 2014). The modern

Ecology: The Recent European species of the Pupillidg@ember of the genuSibbulinopsidive in E Europe, Cape

prefer different habitats but most live in dry anzko land-
scapes (SER/ELTER-ScHULTES 2012y ; Wiese 2014).

Verde Islands, Réunion, N and E Asia as well asustralia
(ZiLcH 1959-1960).
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FilholiidaeWENz, 1923
Triptychia steinheimens{QueNsTeDT, 1884)

Fig. 3.10
1872 Clausilia (Triptychia) suturalisSanpBerGeR pl. 28,
fig. 11, 11a; 1875: 652.
Clausilia steinheimensis. QUENSTEDT, p. 94, pl. 187,
figs. 136-138.
Clausilia (Triptychia) suturalissanps. ... EcEL, p.
566, pl. 6, fig. 25.
Clausilia suturalis ..E. Fraas, p. 220, pl. 66, fig. 33.
Triptychia (Triptychia) steinheimens{@uensTEDT
1884). ...cBINABEL, pp. 169-171, pl. 8, figs. 91-93.

1884
1908

1910
2006

Ecology: The genus became extinct in the Pliocehect
19594960). The related Recent Clausiliidae mostly iive
humid habitats, occasionally in forests on trees Korp-
sieck 2007 oMWELTER-ScHuULTES 2012a for the climate prefer-
ences of the individual species).

Pseudidylasp.
Fig. 3.11

Material: SMNS J66.933 (1 specimedgoss collection,
sulcatusbed).

Description: One incomplete specimen with c. six whorls.
These whorls are slightly convex with deep sutufd®

Material: SMNS 107216 (1 specimen, original material tavhorls grow rapidly and regularly. At the last twiorls,

E. Fraas 1910); SMNS 15817-8 (1 specimeéBoTTSCHICK
collection; SMNS IMDAS If. 12422/2008 (1 specim@&t-
cHTER collection).

Type locality: Steinheim am AlbuchStHnaABEL 2006).
Type horizon: Steinheimer SeeschichteBcfinaBeL 2006).

Description: Sinistral, spindle-shaped shell. Typic@lausi-
lia shapeZ with a bulbous apex. The number of whaniges
from 12.5 to 15 (84naBEL 2006). The whorls grow very
slowly and irregularly. The first four whorls indiisct. Only
from the fifth to ninth whorl, a remarkable incregsin size
is visible. From the ninth to the last whorl, tmerease in

the width is constant. The sutures are flat but distinct. The

aperture has an oblique pear shape. The aperteness®
be detached from the last whorl. The sinulus is reatayk
pronounced. The two insertions are connected hgtact
parietal callus and therefore the peristome isinanus. It is
slightly reflected and thickened. No umbilicus. Tdperture
comprises three fold-like teeth: One distinct pilis, one
upper and one lower columellaris. The two latter eary
close to each other. The parietalis and upper cellanis
terminate distinctly before the peristome. The loa@u-
mellaris terminates shortly before reaching thaspeme.
The teleoconch comprises regularly arranged straigs.
However, the pronouncement of this ribs is variatit&in
the shell. Up to c. the seventh whorl, the ribs\aey dis-
tinct. After that, they become less distinct andirig. The
protoconch has a bulbous shape and lacks a sculptuee.
maximum height is 31.5 mnS¢HNABEL (2006).

distinct, straight ribs are visible. The protocori@s no
sculpture. It is flat but still a little bulboush& specimen
is 4 mm high.

Discussion: The snail is labeled d@3seudidyla moersin-
gensis According to the missing of taxonomic important
features like the dentition of the aperture, a Bmeicenti-
fication is not possible.

Ecology: SeeTriptychia steinheimensibove.

Subulinidag-iscHErR & Crossg 1877
cf. Opeas minutunKLein, 1853)
Fig. 3.12

1853
1872

Bulimus minutuKLe, p. 212, pl. 5, fig. 9.
Subulina minutdLEIN. .. SANDBERGER pl. 29, fig. 16;
1875: 596.

Opeas minutunKLeiN). .. WENz, pp. 872-874.
Opeas (Opeas) minutufLEIN). ..ScHLIckum, p. 15,
pl. 3, fig. 46.

1923
1976

Material: SMNS 67.040 (1 specimedpyoss collection).
Type material is missing{Lvapor et al. 2016).

Type locality: *WiirttembergZ K ein 1853 did not mention
a specific locality) $aLvapbor et al. 2016).

Type horizon: «SiiRwasserkalkformationX (ein 1853).

Description: Only one steinkern is known. Tower-shaped

Discussion: This species is often mentioned in older lit-shell, 7 mm high, with slowly but regularly growing wiso

erature agriptychia suturalis(SANDBERGER, 1872). It was
originally described bysanpeerceR (1872) asClausilia
(Triptychia) suturalis According toNorpsieck (1998) and

The c. 4 1/2 whorls are flat. The aperture is creissbaped
and relatively low. It comprises only c. 50% of the heigf
the last whorl.

ScHNABEL (2006) this taxon is a junior homonym, because

in 1861KusTer had already named a sped@ausilia su-
turalis. For the differences to oth@&riptychia species see
ScHNABEL (2006).T. steinheimensis the only knowript-
ychiaspecies from Steinheim am Albuch.

Discussion:Due to the incomplete preservation, a clear iden-

tification is not possible.

Additional distribution: Opeas minimunis widely dis-
tributed in thesilvanabeds (MN5 according tBcHWEIGERT

Additional distribution: Further Miocene occurrences in1996; Eu 1999).

Baden-Wirttemberg according\iégenz (1923) are Limburg
and Boéttingen. For Switzerland, he mentioned (witjue-
stion mark) Vermes bei Delsberg, Kanton Bern.

Ecology: The extant relatives live in tropical AmerioA/fL-
TER-SCHULTES 2012b).
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FerussaciidaBourcuicNAT, 1883
Cecilioides aciculelldSANDBERGER 1872)
Fig. 3.13

1872 Caecilianella aciculellaSanbBercer pl. 29, fig. 15,
15a; 1875: 595.

1900 Caecilianella aciculellésanpg. ... MLER, p. 399, pl.
7, fig. 18.

1920b Cecilioides aciculell&SANDBERGER ... GTTSCHICK, pp.
64-65.

1981 Cecilioides (Cecilioides) aciculellSaNDBERGER. ...
LueGer p. 49, pl. 7, fig. 1.

2004 Cecilioides (Cecilioides) aciculell§SANDBERGER
1874). ... KRzHAUSER & BINDER, p. 129, pl. 9, figs.
8-11.

Material: SMNS J67.230 (2 specimens, Jooss collectio
trochiformisbed).

Type locality: Birk near Mérsingen, Baden-Wirttemberg
(SANDBERGER 1875).

Type horizon: Silvanabeds.

Description: Slender, a bit spindle-shaped shell. Dextra
with a blunt, bulbous apex. The thin-shelled gasitbcom-
prises c. five relatively flat whorls. The sutuie® com-
parably deep. The first whorls grow slowly and riegly.
From the penultimate to the last whorl there is aandable
increase in size. Therefore, the last whorl is reddtivge. It
comprises a bit more than 50% of the total shell heie
aperture is relatively low and comprises c. half of the heig
of the last whorl. The aperture is pear-shaped witim-
ple peristome. The columellar region is truncatedrrthe
basis of the shell. The columellar region appearssdrat
thickened. It turns into a thin parietal callus. No iliobs.
Neither the teleoconch nor the protoconch compstsgp-
ture elements. Maximum height accordingd. t&cer(1981)

is 4.7 mm.

Discussion:Luecer (1981) described indistinct spiral chan-
nels close to the sutures, which are absent on #iks gx-
amined herein. The slender and tapered shell diffignifi-
cantly from other taxa found in Steinheim am Albuch.

Additional distribution: Baden-Wurttemberg, South Ger-
many,silvanabeds (MN5 according t8cHwEIGERT 1996;
Esu 1999): Morsingen, Zwiefaltendor&HLickum 1976). In
Austria (according thuecer 1981): Hollabrunn (Sarmatian);
Eichkogel (Pont H); St. Margarethen and RichardhieRkz-
HAUSER & BINDER 2004).

Ecology: The extant European relatives live in subterranean

soil habitats WEeLTER-ScHULTES 2012a).

PunctidaéMorsg 1864
Punctum propygmaeufnpreag, 1904
Fig. 3.14

1904 Punctum propygmaeum sp. .ANDREAE, p. 6, fig. 4.

1920a Punctum propygmaeum parvulum. ..GoTTSCHICK,
pp. 39-40.

1981 Punctum (Punctum) pygmaeum propygmaénn
DREAE ..LUEGER Pp. 39, pl. 4, figs. 4a-c; 5a-b.

2004 Punctum propygmaeunNbRreAE 1904) . HARZHAU-
SER& BINDER, p. 22.

Material: SMNS 15817-128 (5 specimel@;TTscHick col-
lection, kleini bed).

Type locality: Opole, Czech Republi@&{(preae 1904).

Type horizon: Middle Miocene (MN7 according tGins-
BURG 1999)freshwater limestonéANDREAE 1904).

Pescription: Very small, low spired, slightly discoidal to
tfochiform shell. It consists of ¢. 3 ¥ whorlSofTscHick
1920a named a specimen with 4 % whorls). The whoels a
rounded with relative distinct sutures which araratel-like
pronounced. According to that, the top of the singherls
looks a little bulged. The last whorl doesn't bedd be-
fore reaching the aperture. The latter has an oblioyal
shape. The peristome is simple and sharp. The umbiticus

ide and deep and comprises c. 25% of the totdll\sfuh.

he teleoconch of the examined specimens showdHilea
densely packed growth lines on the last whorl, Whace
visible also on the lower sideuecer (1981) mentioned a
fine spiral sculpture, which cannot be seen on xaenéned
specimens due to preservation. Also the growtlsliane
only visible on the last whorl. No sculpture is visildn the
ﬁlfat protoconch and therefore its size is unclear. Miai-
mum diameter is c. 1.7 mm accordind-teeGer (1981).

Discussion:According toLuecer (1981), this could be only
alocal race or ecological variation (*Standortfeni) of the
extantPunctum pygmaeu(@RrararRNAUD, 1801). The genera
differs from similar taxa lik®iscusor Janulusby its higher
spire and the wider umbilicuBunctunpropygmaeunis the
only species of this genus in Steinheim am Albuch.

Additional distribution: According toLuecer (1981):

Opole, Czech Republic (MN7 aft&insBurc 1999); Krems-
Stein, Austria (Upper Miocene), Velm, Austria (P&iH),

Eichkogel, Austria (Pont H).

Ecology: The Recent European relatives live mostly in litter
layers of forests, with a wide ecological amplitudeasen
wet habitats and warm and dry plac®¢e(TErR-ScHULTES
2012a).

Patulida€eTvyron, 1866
Discus pleuradrugBourcuicnaT, 188)
Fig. 3.15

1881
1911

Helix pleuradraBourcuiGNAT, p. 53, pl. 3, figs. 67-72.
Patula (Charopa) costata. sp. . GoTTscHICK, pp.
501-502, pl. 7, fig. 15a-c.

1923 Gonyodiscus (Gonyodiscus) pleuradra pleuradra
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(BOURGUIGNAT). ... Wiz, p. 341 [and further syno-

nyms].

1981 Discus pleuradrugBouRrGuUIGNAT). ... LEGER pl. 4,
figs. 6a-c, 7.

2004 Discus pleuradru$BourGUIGNAT 1881). ... kkzHAuUs-
ER & BINDER, p. 130, pl. 7, figs. 9-11.

Material: SMNS J.65813 (9 specimerdeosscollection,
kleini bed).

Type locality: Sansan, Franc&0urcuIGNAT 1881).

Type horizon: Middle Miocene FiscHer 2000), freshwater
limestone BourGUIGNAT 1881).

1912 Patula gottschickn. sp. .Jooss pp. 32-33, pl. 2, fig.
2

1920a Janulus gottschicklooss ... GTTscHick, p. 38.

1923 Janulus gottschickiJoosy. ... iz, p. 302.

2016 Janulus gottschickidooss1912). ...AB/ADoR et al.,
p. 26, pl. 4, fig. 14.

Material: SMNS J65.7382 (1 specimekosscollection;
SMNS 106394 (1 specimedgosscollection, holotype).

Type locality: Steinheim am AlbuctaLvapor et al. 2016).
Type horizon: Pupa(Granaria) layer of Pharion sandpit;

upperGyraulus discoideuled toG. trochiformisbed) GaL-
VADOR et al. 2016).

Description: Small, dextral, discifom shell with moderately
elevated spire. Typicddiscusshape. It consists of c. 5 ¥ Description: Small, disciformis, dextral shell. It consists of
closely wounded, convex whorls. The whorls are gngw c. four moderately rounded whorls. The whorls aratie

regularly and increase in size very slowly. The \&sorl

builds up a distinct keel on the periphery. It runaigtrt up
to the aperture without turning down. The apertwe an
oblique-oval shape. The peristome is simple and sHzuep.
two insertions are connected by a thin callus laylee Im-
bilicus is relative wide and perspectival. It cosps c. 25%
of the total shell width. The teleoconch comprisssark-
able, regularly arranged prosocline ribs with mordess

narrowly winded and they are regularly increasimgize.
The sutures are deep. The aperture as well asrtnantge
portion of the last whorl is not preserved on thareined
shells. According t&iLcH (1960) the genudanulushas a
crescent aperture. The inside of the palatal reggonprises
two teeth. One lower tooth near the basis of tledl sind one
at approximately the middle of the palatal regione Tdst
named tooth is a bit larger and lies a little fertin front.

constant space between them. These ribs run across the Kgbether the two insertions are connected, cannoleaely

and continue on the lower side of the shell withrtieze or
less same pronouncement. The protoconch has #slgit
bous shape and consists of c. 1% whorls. It lacksibpture.

determined, but most probably they are not. The unuisilic
has a steep margin. The teleoconch comprises regalarl
ranged, closely packed prosocline ribs. The spateden
them seems to be more or less constant all oveshék

Discussion:According to the pronouncement of the menAt the periphery of the last whorl, these ribs amimto

tioned keel, there seems to be a distinctive vditialvithin

the species (seasEcer1981). Following this authoRatula
costatafrom Steinheim, described I3oTTscHick (1911) is a
synonym ofD. pleuradrusl|t differs from the similabiscus

fine stripes running towards the lower side ofghell. The
flat protoconch comprises c. 1¥4 whorls. It lacks aptoué.
Maximum diameter is 2.9 mnGpTTscHick 1912).

euglyphoidegSanpeerceRr 1872) by a more convex basis andDiscussion: The stratigraphically older relativdanulus

much weaker ribs on the lower side of the shell.

moersingensiglooss 1918), differs froml. gottschickby a
lower spire and the presence of six whorls.

Additional distribution: Widespread species. In Baden-

Wirttemberg it occurs in thelvanabeds (MN5 according Additional distribution:
ScHWEIGERT 1996; Esu 1999) of Mérsingen and Zwiefalten- Steinheim am Albuch.
dorf (ScHuickum 1976). Wenz (1923) also quoted Ohningen

(Miocene). For BavarislVenz (1923) listed Undorf near Re- Ecology: The extant relatives live on the Canary Islands an

WENz (1923) mentioned only

gensburg (MN 5 according ScoTT 1981 quoted ifFEJFAR

Madeira ZiLcH 1959-B60).

1999), Georgensgmiind (Miocene), Hasenmiihle near Eich-

statt (Miocene), Fenterbach (Miocene), WirtachtobelbtM
cene). In Austria, the species occurs from the Biateto the
late Pannonian of the Austrian basinsg&er 1981, quoted

in HARzHAUSER & BINDER 2004). For the localities in Hun-

gary see Iikay (2006). For other localities s&¥enz (1923).

OxychilidaeHessein GeYeRr, 1927(1879)
Aegopinella subniten@Lein, 1853)
Fig. 3.17

Ecology: The Recent European relatives live under wood di853 Helix subnitensnihi. ..KLe, p. 210, pl. 5, fig. 7.

gravel WELTER-ScHULTES 2012y; Wiese 2014).

Gastrodontidadvron, 1866
Janulus gottschickiJooss 1912)
Fig. 3.16

1920a Hyalina subnitensKiein fa. recedensn. f. ...

GoTTscHick, p. 33.

Oxychilus subnitens subnite(fSLein). ... Wiz, p.

282 [and further synonyms].

1998 Aegopinella subnitenfy. KLein 1853). . FINGER, p.
18.

2016 Aegopinella subniten@<Lein 1853). ...AB/ADOR et
al., p. 37, pl. 8, fig. 20.

1923
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Material: SMNS 106435-a (1 specimeiein collection,
lectotype); SMNS 106435-b (2 specimefsgin collection,
paralectotype); SMNS 15817-41 (35 specim&us;TscHIcK
collection,sulcatugrochiformisbeds).

Type locality: Zwiefalten, Baden-Wirttember&y.vAbor
et al. 2016).

Type horizon: Silvanabeds $aLvabor et al. 2016).

Description: Dextral, flat and thin shell with a very low
spire and c. four convex whorls. The whorls grow fedwy
and rapidly with a large last whorl. The peristomsiisple
and sharp. Whether or not the two insertions are aiadge
cannot be seen on the studied specimens from ®iainh
am Albuch. According to shells from Mérsingesilana-
beds, MN5 according t8cHwelcGerT 1996;Esu 1999) the
insertions are not connected. The umbilicus is r&atay
wide with relatively steep marginal slope. It coisps c.
36% of the total shell width. The teleoconch is ered
by fine, prosocline growth lines. However, these ane-
venly expressed on the shell. Spiral lines as rmead by

Type horizon: Steinheimer Seeschichte®dTTscHick
1920a).

Description: Flat, slightly disciform, dextral shell. It has a
relative weakly elevated spire. The shell consi$ts. 4 %
rounded whorls that grow regularly. The suturesnaoeler-
ately deep. The last whorl does not bend down befesich-
ing the aperture. The aperture has an oblique-sivape
and a simple and sharp peristome. Whether the riger
tions are connected or not, cannot be seen onrdsent
specimens. The umbilicus comprises c. 25% of thal to
shell width and has a relatively steep margingbeldrhe
teleoconch comprises fine, prosocline growth linésch
are unevenly pronounced within the shell. Spirssi are not
visible (50x magnification). The slightly bulbousopoconch
lacks a sculpture. It consists of c. 1% to 12 whddaximum
diameter according tGoTTscHick (1920a) is 6.5 mm.

Discussion:Originally, GotTscHick (1920a) described this
species as variation 8f subnitensBecause of the following
differences td\. subnitensa species rank is justified: (1) the
more rounded whorls; (2) the slower growth of theuls; (3)

GoTTscHick (1920a) cannot be seen at 50x magnificatioras the result of (2), a lower last whorl; (4) al@gspire; (5) a

The flat protoconch lacks a sculpture and consists ©/4
whorls. According to the present specimens, the maxim
diameter is 10 mm.

Discussion:Due to the smaller siz&oTTtscHick (1920a)
named the specimens from Steinheim am Albdghlina
subnitenda. recedensFor the differences tA. erectasee
there.

Additional distribution: Baden-Wurttemberg, South Ger-
many,silvanabeds (MN5 according t8cHwWEIGERT 1996;

more bulbous protoconch; (6) a smaller umbilicus.

Additional distribution:
Steinheim am Albuch.

WENz (1923) mentioned only

Ecology: SeeA. subnitens

Aegopinella? procellarigdooss 1918)
Fig. 4.1

Esu 1999): Emerberg near Zwiefalten, Hohenmemmingen

(Wenz 1923), Mdrsingen. Other occurences quotebMayz
(1923) are: Ohningen (Miocene) and Hengen (Middle-M
cene). In Bavaria, Undorf near Regensburg (MN ®ating
to ScotT 1981, as cited ifresrar 1999). For more localities
seeWenz (1923).

Ecology: Probably more wet habitats like most of the extar#016

European species #legopinella(seeWiese 2014).

Aegopinella erectéGoTTscHick, 1920)
Fig. 3.18

1920a Hyalina subnitensKLeiN var. erecta n. v.
GoTTscHIck, p. 33.

1923 Oxychllus subnitens erectuf@oTTscHicK). ... iz,
p. 284.

1976 Aegopinella erectéGoTTscHIcK). ... SHLickum, p. 13,
pl. 3, fig. 41.

Material: SMNS /65.683 (4 specimenosscollection).
Type material is missings{Lvabor et al. 2016).

Type locality: Steinheim am Albuch, GrothaG¢TtTscHick
1920a).

918 Hyalina procellariaJooss p. 289.
1923 Oxychilus procellariugJoosy. ... iz, p. 279 [and
further synonyms.

Oxychilus procellariugJoosy. ... LEGER p. 46, pl.
6, fig. 2a-c.

Oxychilus procellariugJoosg 1918. ... &Av, p. 78.
Aegopinella? procellarigooss1918)... SaLvapor et
al., p. 32, pl. 7, fig. 8.

1981

2006

Material: SMNS 15817 (1 specime@pTTscHick collection,
sulcatusbed).

Type locality: Mérsingen, Baden-Wirttember§a(vabor
et al. 2016).

Type horizon: Silvana-beds $aLvabor et al. 2016).

Description: Small, dextral and flat shell. TypicaDxy-

chilus- shapeZ. It consists of ¢. 3 1/2 rounded whorls fwhic

increase in size relatively rapidly. Particularly tastlone is
very convex. The sutures comprise a concave intienta
The last whorl does not turn down before reachingties-
ture. The latter has an oblique-oval shape anthplsiperi-
stome. The two insertions are connected by a cédires,
which is, however, incompletely preserved. The deapili-
cus comprises c. 14% of the total shell width. Tedeoconch
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bears no sculpture. Only some traces of thread-likertthn ~ Type horizon: Steinheimer Seeschichtédeini bed GoTT-

lines are hardly visible. The flat protoconch also comprisesHick 1920a).

no sculpture and consists of c. 1.5 whorls. Theimam

diameter according tbuecer (1981) is 7.3 mm. Description: Small, flat discifom shell with a low spire. It
has c. 4 ¥2 whorls which grow moderately rapid agltarly.

Discussion:According to the small size, this specimen isThe whorls are slightly rounded. The sutures aae flhe

probably a juvenile/subadult onreegopinell® procellariais  last whorl develops a faint shoulder. It does not tdown be-

remarkably flatter thaA. erectaA. subnitenfias a weakly fore reaching the aperture. The peristome hasra shargin

higher spire and a more oblique aperture. and is crescent shaped. The funnel-like umbilicuspmrises
c. 25% of the total shell width. Shell basis slightlymded.

Additional distribution: M©orsingen, Baden-Wirttemberg, Maximum width c. 2.5 mm. On the teleoconch, sonuwin

South Germanysilvanabeds (MN5 according t&cH-  lines are visible, but only at a magnification &x2The

WEIGERT 1996; Esu 1999). For Austria\Wenz (1923) and_ue-  spiral lines described b@oTtTtscHick (1920a) could not be

GER(1981) quoted Leobersdorf, Vienna Basin (PannofERD/ seen. The protoconch is flat and very hard to detezniin

HarzHAUSER & BINDER (2004) also mentioned Eichkogel, Vi- consists of ¢. 1.5 whorls and lacks a sculpture.

enna Basin (Pannonian). Hungary: Ocs, (Upper Pannonian

ForpINAL 1996), Somlévasarhely (Lower Miocene), Vapalotdiscussion:According to GTTscHick (1920a), this subspe-

(Sarmatian) Kokar 2006). Slovakya: Oreeany (Upper Pan-cies is more domed on the upper side than the retmin

nonian;ForbiNAL 1996). species. It is the onlitrea species known from Steinheim
am Albuch.

Ecology: Probably more wet habitats like its extant Euro-

pean relatives (SEAELTER-ScHULTES 2012a). Additional distribution: Germany: Andelfinger Berg,

Baden-Wirttemberg (Miocengp¢TTscHick 1920a); Rich-
ardhof, Austria (Late MioceneH@aRzHAUSER & BINDER
PristilomatidaeCockereLL, 1891 2004); Leobersdorf, Austria (Miocen&VEnz 1923).

) ) S Ecology: The extant European relatives live in various habi
Vitrea procrystallina steinheimens&oTTscHIcK, tats YVeLTER-ScHULTES 20123).

1920
Fig. 4.2
) . L . ZonitidaeMorcH, 1864
1920a Vitrea procrystallina steinheimensis. v.
GoTTscHIck, pp. 37-38.

1923 Vitrea procrystallina steinheimens@oTTscHick. ... Archaeozonites subcostat{@noeerceR 1875)

Wenz, p. 294. Fig. 4.3
1981 Vitrea procrystallina steinheimens@oTTscHick. ... )
LueGer pp. 42-43, pl. 5, figs. 4, 7. 1875 Archaeozon!tes subcostat8s\pBerGER p. 604.
2004 Vitrea procrystallina steinheimensi@otrscrick 1902 Archaeozonites subcostatBsupBeRGER ... doss p.
1920. ... kkzHAUSER & BINDER, pp. 132-133, pl. 11, 304.
figs. 11-13. 1919 Zonites subcostatUSANDBERGER ... GTTSCHICK, p.
126.

Material: SMNS J 65.703 (6 specimemdspsscollection, ) ) o )
kleini beds)Type material is missings{Lvapor et al. 2016). Material: SMNS 10588 (1 specimen, original material of
Jooss1902).Type material is missing{Lvapor et al. 2016).

Type locality: Steinheim am Albuch3oTTscHick 1920a).

Fig. 4. 1..Oxychilus procellariugJooss 1918) Scale 1 mm. SMNS 158Z7... Vitrea procrystallina steinheimensis
GoTtTscHick, 1920 Scale 500 pm. SMNS J65.783. Archaeozonites subcostat{(®n~peercer 1875). Scale 5 mm. SMNS
105884 ..Archaeozonites costat(SanpBerceR 1875). Scale 5 mm. 15817-3B.. Vitrina suevicaSANDBERGER, 1872. Scale

2 mm. SMNS 15817-1% ..Helicodonta involuta angitortdooss 1912, holotype. Scale 2 mm. SMNS 106365.Leu-
cochroopsis klein{KLEiN, 1846). Scale 2 mm. SMNS 15817/83. Apula steinheimens{Sooss 1918). Scale 10 mm. Syn-
type. SMNS 106432 ..Pseudochloritis insigni€ZieTen, 1832) Neotype. Scale 10 mm. SMNS 2391@h.. Megalotachea
sylvestrina(ScHLoTHEIM, 1820). Scale 10 mm. SMNS 15.817-1B0... Arion sp. Scale 1 mm. SMNS 15812 .. Milax sp.
Scale 1 mm. SMNS 15817-1B8 .. Azeca tridentiformi§&ottscHick, 1911. Detail of the protoconch. Scale 100 pm. SMNS
15817-3414 ..Leucochroopsis kleif(KLeIN, 1846). Detail of the protoconch. Scale 100 pm. SMISS00.
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Type locality: Sanpeercer (1875) did not mention a type Description: Flat, dextral helicoid shell. Typical «Zonitidae-

locality.

Type horizon: Obere Sulwassermolasse (Mioce&aji-
BERGER 1875).

shapeZ. It consists of 4 ¥ regularly growing whanlsich
are flat apart from the last one. The last whorl ®@dis-
tinct keel in the middle, which extends towardsaperture.
The upper part of the last whorl runs ramp-like ddwrthis
keel. The sutures are flat. The deep umbilicus cmap

Description: Dextral, helicoid shell with blunt apex. It about 22% of the total shell width. The umbilicus lsaun

consists of approximately 4 % rounded whorls wigobw

regularly. The sutures are generally deep apant free first
one, which is remarkable flat. The last whorl coisgs a
slight keel, which disappeared c. ¥ whorl befoeeaherture.
The last whorl does not turn down before reachingpies-

ture. The latter has an oval shape. The peristommdes

Whether the two insertions are connected or not, @anm
seen because this region is covered by sedimentd&€bp
umbilicus comprises c. 29% of the total shell widtll &as
a relatively steep marginal slope. The teleoconch cizep

downward relatively steeply. The protoconch is.flEe
specimens are not completely preserved. Accordinlgan
no sculptures are visible. Also the aperture regioncom-
plete. The aperture probably had an oblique-ovapshThe
specimen has a diameter of 20 mm.

Discussion: The species was described 8YNDBERGER
(1875), but without any illustratiorGoTTscHick & WENz
(19186, pl. 1, fig. 1la-c) gave a drawing of the seeand
wrote, it might be identical witMiozonites costatuSanp-

regularly arranged, prosocline ribs that can already be sesmrcer 1875) (Efdirfte wohl identisch sein mit dem von

without microscope. These ribs are continued attss
of the shell but in a much lesser pronouncement. Tdi@pr
conch is flat and consists of c. 1 to 1% whorls. Ndptave
is visible. The specimen has a diameter of 18 mm.

Discussion: This species was described SyNDBERGER
(1875), but without illustration. The descriptioiven by the
author fits to the examined specim&venz (1923) expect-
ed M. subcostatuso be a synonym dfliozonites costatus
(SAnDBERGER 1875). HoweverM. subcostatusliffers from

SanDBERGER Nur fllichtig erwdhntedrchaeozonites costa-
tusZ). The here described specimen fits to the de&mrip
given by SAnDBERGER (1875). According tdinDer (2002)
this species shows a distinct disparity in shell molqady.

Additional distribution: Locations quoted b$aNDBERGER
(1875) are Morsingen, Hader (Dinkelscherben), Bayar
Miocene, and Gutgrieder Graben at the PeissenBerg,
varia (all are Miocene in agegpoTTscHick & WEeNz (1916)
also mentioned Hohenmemmingsailanabeds, MN5 ac-

M. costatuswith respect to the keel and umbilicus width.cording toScHweicerT 1996;Esu 1999) and Undorf near

The latter has an umbilicus width of c. 22% of tibial shell
width, while atM. subcostatuthe percentage is c. 29%.

Regensburg (MN 5 according 8sotT 1981, as quoted in
FesrAr 1999) and the Pfander region near Bregenz, Austria
(probably MN5/6). For Hungarisokay (2006) listed the fol-

Additional distribution: Sanpsercer (1875) qouted Hader lowing locations: Pusztamiske (Upper Badenian), Hegym
(Dinkelscherben), Bavaria, Miocene, Ohningen, Bademos (Lower Badeinan), Herend (Lower Badenian), @ad

Wiurttemberg (MN7 according tGenTRry et al. 1999) and
Wirrenlos, Kanton Aargau, Switzerland, Miocene.

palota (SarmatianBinper (2002) mentioned the following
locations in the Korneuburg Basin (Karpatian) inskia:
Teiritzberg, Oberganserndorf and Grof3ruRbach. Hwero

Ecology: Probably more wet habitats like many of the extaribcalities se&Venz (1923).

European Zonitidae (S&¥ELTER-ScHULTES 20124a).

Archaeozonites costat(SanpBerGeR 1875)
Fig. 4.4

1875
1916

Archaeozonites costati8NDBERGER, p. 604.
Zonites coOstatu$SANDBERGER). ... GTTSCHICK &
WENz, pp. 21-23, pl. 1, fig. 1la-c.

Zonites costatugSaNDBERGER). ... Wiz, pp. 254-257.
Miozonites costatuSanpBeRGER 1874). ... IBDER, pp.
168-169, pl. 1, figs. 14-16; pl. 3, fig. 8; pl. 7, fig.@.
8, fig. 4.

1923
2002

Material: SMNS 15817-38 (2 specimer8pTTscHick col-
lection, kleini bad). Type material is missinga{vapor et
al. 2016).

Type locality: SanpBerGeR (1875) named no type locality.

Type horizon: Obere SiiBwassermolasse (Mioce&eji-
BERGER 1875).

Ecology: Probably forestsRinber 2002).

Vitrinidae FiTzINGER, 1833
Vitrina suevicaSaNDBERGER 1872

Figs. 4.5, 5.6
1872 Vitrina suevicaSaNDBERGER PL. 29, figs. 27, 27b;
1875, p. 602.
Vitrina suevicaSoBGR. .. GOTTSCHICK, pp. 122-123.
Vitrina suevica sueviC&NDBERGER ... Wiz, pp.
219-220.
Vitrina suevicaSANDBERGER 1872). . SaLvabor et al.,
p. 38, pl. 9, fig. 11.

1919
1923

2016
Material: SMNS 106439 (1 specimen, holotype); SMNS
15917-11 (20 specimenSpTTscHick collection).

Type locality: Neuselhalder Hof near Steinheim am Albuch
(SaLvapor et al. 2016).

A10266/37892/C1C59309

20220812-123701



Land snails from the Miocene Steinheim impact crater lake sediments 291

Type horizon: Marl layers withPlanorbariuscornu(Brong-  sibly due to preservation. The flat protoconch incoapes
NIART, 1810) GaLvapor et al. 2016). ca 1% whorls. No sculpture is visible. The diameté&rmm.

Description: Small, ear-shaped shell with a very low spireDiscussion:We follow MANGANELLI & GiusTi (2000b: 356)

It consists of ca 2 %2 convex whorls which increasesze who assigned the specigw/oluta to Helicodonta Jooss

very rapidly. This results in a wide last whorl.eT$éutures are (1912) described the here illustrated specimen asamgi-

flat but also somewhat gutter-like. The peristomsingple. torta. However, there seem to be a certain degree gbtmoer

No umbilicus is present. The teleoconch comprisestiyn  logical disparity within this species. This can afsoseen

no sculpture. Some specimens show hardly visibletatenc among the Recerdelicodonta obvolutdMULLER, 1774).

depressions. The flat protoconch has c. 1.5 whaordsshows  Following WELTER-ScHULTES (2012a), specimens of this taxon

regularly arranged rows of tiny dots. This featurehiarac- from Albania and Montenegro show some morphological

teristic for the Vitrinidae Kerney et al. 1983). differences compared to those from other regionseakly
Jooss(1912) has mentioned the significant variability of the

Discussion:GoTTscHick (1920b) describelitrina suevica extantH. obvoluta.According to that more material would

fa. erecta Unfortunately, the original material is lost ar@ n be necessary to determine the variability of theeniHeli-

other specimen of this variation could be founde Typical codonta involutgTHomAE, 1845).

ear-shaped shell makes this taxon undistinguistisdie all

others found in Steinheim am Albuch. Additional distribution: Wenz (1923) mentioned only
Steinheim am Albuch.

Additional distribution: According toWenz (1923): Ho-

henmemmingen, Baden-Wurttemberg, South GermsiRy ( Ecology: The Recent European relatives live in more humid

vanabeds, MN5 according t8cHweIGERT1996; ESu 1999).  habitats (se®VeLTER ScHULTES 2012a).

Undorf near Regensburg, Bavaria (MN5 afteroTz 1981

quoted inFeJFarR 1999). Vermes near Delsberg, Switzerland

(Miocene) WWenz 1923). For other localities s&®enz (1923). HygromiidaeTvron, 1866

Ecology: The Recent European relatives live mostly in cool Leucochroopsis klein{KLein, 1846)

and humid habitatK(Erney et al. 1983). Fig. 4.7, 4.14

1846 Helix kleiniiKrauss ... Ke, p. 69, pl. 1. fig. 8.
1846 Helix mucronateKLeiN, p. 72, pl. 1, fig. 15.

. Hehcos:lontldad(osE.LT, 1904 1853 Helix carinulataKLein, p. 208, pl. 5, fig. 5.
Helicodonta involuta angitortdooss 1912 1916 Hygromia(Trichiopsi§ leini (KLeIN). ..GoTTSCHICK
Fig. 4.6 &WEenz, pp. 30-31.
1920a Hygromia(Trichiopsi9 kleini KLEIN. ..GOTTSCHICK,
1912 Helicodonta involutalHomA var.angitortan. var. ... pp. 42-43.
Jooss p. 34, pl. 2, figs. 3, 3a. ?1920aygromia (Trichiopsi9 kleini scalarisn. f. ...
1923 Helicodonta(Helicodontd involuta angitortalooss GoTTscHIck, pp. 42-43, pl. 1, fig. 2.
... iinz, p. 452. 1923 Trichia (Leucochroopsiskleini kleini (KLEIN). ...
2016 Protodrepanostoma involutum angitortu@doss WENz, pp. 429-434 [and further synonyms].
1912). ...ABvAaD0OR et al., p. 19, pl. 7, fig. 1. 1976 Leucochroopsis kleinKLe). ... &iLickum, p. 15,
pl. 3, fig. 52.
Material: SMNS 196365 (1 specimen, holotype). 2004 Leucochroopsis KleinKLein 1846). ... AkzHAUSER

& BINDER, p. 133, pl. 11, figs. 8-10.
Type locality: Steinheim am AlbuctPharion sandpitaL- 2016 Leucochroopsis klein{iKLein 1846). ..SaLvADOR et
VADOR et al. 2016). al., pp. 21, 31, pl. 2, fig. 11.

Type horizon: Pupa(i.e., Granaria) layer (uppeiGyraulus Material: SMNS 15817/37 (4 specimetaevisbed); SMNS

discoideushed toG. trochiformisbed), Steinheimer See- 15817/35 (3 specimensgevisbed); SMNS 15817/33 (3 spec-

schichten $aLvapor et al. 2016). imens,laevisbed); SMNS 15817/31 (15 specimelagvis
bed); 15817/29 (8 specimetesevisbed); SMNS 15817/13(1

Description: Flat, dextral shell with sunken spire. The shelspecimen/aevis bed). All the specimens are from the

consists of ¢. 4 ¥ rounded whorls. They grow sloamyl GoTTscHick collection.

regularly. The sutures are comparably deep. Theuastl

runs ramp-like downward just before reaching the aperturéype locality: Neue Steige near Hohenmemmingen, Baden-

The aperture has a crescent shape and the periggame Wirttemberg KLein 1846).

flected. The two insertions are not connected. Thspee-

tival and deep umbilicus comprises c. 25% of theltstiell Type horizon: Silvanabeds.

width. The teleoconch is covered by straight ribs Whsice

more or less regularly arranged. These ribs cormmmsall Description: Dextral, helicoid shell with 4 to 5 convex

and irregularly distributed papillae. This irregiitgis pos-  whorls. The height and width of this species appearbe
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very variable. The flatter specimens have shallotures, Apula steinheimensi»oss 1918
while the high-spired ones have deeper sutureseSpeci- Figs. 4.8, 5.1
mens also comprise a more or less distinct keeherast

whorl. Shortly before reaching the aperture, the Vehorl 1918  Kiikia coarctata(KLem) var. steinheimensis. var.

turns down very slowly. The peristome is simple &imel ..Jooss p. 294.

aperture has a horseshoe-like shape. Only at the ioosbil 1923 Kiikia (Apula) coarctata steinheimensioss. ...
region, the columellar margin is reflected. The Uioiss WEenz, p. 537.

ranges from small and slit-like to completely c@rThe 1981 Kiikia (Apula) coarctata steinheimensisoss ..Lu-

teleoconch comprises radial growth lines whoseniitg EGER pp. 69-70, pl. 10, fig. 4.

is different within the species. The shell compsifille, 2016 Apula coarctata(KLein 1853). . Salvapor et al., p.
regularly arranged papillae, which sometimes caagest- 35, pl. 8, fig. 10.

like appearance together with the growth lines. el@w, the

Qistribution of these papillae can.be very variaBlecord-  pmaterial: SMNS 106432 (1 specimeiposs collection,
ing toGorTscHick (1920a) also their shape can be extremelysyntype): SMNS J66.311 (1 specimaspss collection);

variable. The protoconch lacks a sculpture andistnef  gvNS J66.309 (1 specimedooss collection); SMNS
¢. 1¥a to 1% whorls. According to the examined specimensse 308 (1 specimetyosscollection).

the maximum diameter of this species seems to bemrd0 m

. . . . ) Type locality: Steinheim am AlbucHaLvapor et al. 2016).
Discussion: Similar to the specimens of tsdvanabeds,

the shells from Steinheim am Albuch show an extremgpe horizon: Steinheimer Seeschichte®vabor et al.
disparity. There are no clearly differences betwé®n 2016).
Steinheim specimens and those of sileanabeds. The
variability includes the height-width ratio, theagie of the  pescription: Medium-sized, flat shell with hardly recog-
papillae as well as their distribution on the shalso, the pjzaple spire. It consists of c. five convex whoflse last
umbilicus ranges from slit-like to completly closed. Alreadyyne comprises a slight keel, which already disamtba.
GOTTSCHICK (1920&) mentioned a S|gn|f|cant Var|ab|l|ty The]/4 whorl before reach|ng the aperture The pronoumm
original material td-elix kleiniKraussin KLeIN, 1846 is lost  of this keel seems to be variable within this specThe
(Sawvapor et al. 2016). Only the original material lelix  \horls grow regularly and with a medium growth ratee T
carinulataKLein, 1846 ancHelix mucronateKLein, 1846,  sytures are moderately deep. The last whorl ruasgsit
which were later synonymized wittelix kleini are present. up until c. 2 mm before the aperture. At this paintins
GorTscHick (1920a) separated a form ldggromia(Trichi-  opliquely downwards. The aperture has an obliqua-tay
opsi9 Kleini scalarisn. f. Unfortunately, no specimen of thategg_”ke shape. The peristome is remarkably res:etnd
form could be found during our studies. Only a draws\g the margin is slightly thickened. The shell hasaienum-
presentin @TTSCHK_:K(lQZOa, pl. 1, f|g._ 2) and therefore it is pjjicus region. The teleoconch of the syntype cosgsino
not possible to verify the status of this taxon. sculpture. However, growth lines are visible on ofells

. o ) andLueceR (1981) mentioned a thread-like spiral sculpture
Additional distribution: Baden-Wirttemberg, South Ger-gnd a hardly visible papillae sculpture. The protah con-
many,silvanabeds (MN5 according t8cHweiGERT 1996;  gists of c. 1% flat whorls. Indistinct radial ribs are visible on

unter Teck, ZwiefaltendoriScHiickum 1976). According  to |ygcer (1981) is 13.2 mm.

to Wenz (1923): Altheim near Ehingen, Deutschhof near

Pflummern, Emeringen (Miocene). For other locaditie  pjiscussion:Jooss(1918) named this species as a variety of
Germany and Switzerland s@éenz (1923). Austria (after  Apyla coarctatgKLem, 1853). The two taxa are very similar
Luecer 1981): Leobersdorf (brickyard) (Pannon D); Vosenyccording to their morphologg. steinheimensis flatter
dorf, Hennersdorf (Pannon E), Gotzendorf (PontHe).  and has a different upper part of the palatal nmaryddi-
other localities in Austria and Hungary seeeter (1981)  tionally to thatA. coarctatahas a bit more rounded whorls.
andHARzHAUSER & BINDER (2004).

) ) ) Additional distribution: Luecer(1981) mentioned Leobers-
Ecology: More humid habitats like foresteecer1981).  orf (brickyard) (Pannon D).

Fig. 5.1 ..Apula steinheimens{dooss 1918). Detail of the protoconch. Scale 100 um2453 ..Gastrocopta sandbergeri
Stworzewicz & PrisyazHNYUK, 2006. Detail of the protoconch. Scale 20 pm. Z581.Pupilla steinheimensi@ViLLER,
1900). Detail of the protoconch. Scale 100 um. SMI§&5374 ..Gibbulinopsis submuscoru{@oTTscHick & WENz, 1919).
Detail of the protoconch. Scale 100 um. SMNS J&3.89. Vertigo callosaReuss 1849. Detail of the protoconch. Scale
30 pm. SMNS 15817- 108. .. Vitrina suevicaSanpBerGeR 1872. Detail of the protoconch. Scale 30 um. SMIS81T-34.

7 ..Oxyloma minimgKLein, 1853). Detail of the protoconch. Scale 200 pum. SMI§817-4.8 .. Pseudochloritis insignis
(ZieTeN, 1832). Detail of the protoconch. Scale 200 um. SVASS10b.
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Ecology: Probably drier habitatd (ecer 1981). most reasonable. For a detailed discussion abisusplecies
seeBINDER (2008) as well abloLTke & Rasser(2015). Ac-
cording to the last named authdPseudochloritis insignis
differs from the very similaP. incrassatgKLein, 1853) by

HeIicidqe'R/.an\'lEsguE 1815 its larger size, more prominent prosocline radia$ and a
Pseudochloritis insigniéZieTen, 1832) less reflected peristome.

Figs. 4.9, 5.8
Additional distribution: Howenegg near Engen, Baden-
1832 Helix insignisScHUBLER. ... ETEN, p. 38, pl. 29, fig. Wurttemberg, South Germany (MN9 accordingHtaner
1. MANN 1989, quoted irHeissic 1999); Boéttingen, Baden-
1846 Helix insignisScHuBLER. ..KLEIN, p. 65, pl. 1, fig. 2.  Wurttemberg, South Germany, Miocene. Specimens from
1846 Helix Steinheimensis.KLe, p. 70, pl. 1, fig. 10.  these localities exist in the SMNS collection andld be
1900 Helix (Campylaea) insignigar. maior. ..MILLER, p.  verified hereinWenz (1923) also quoted other occurrences,

394, pl. 7, fig. 1. but the determinations are not verifiable. Largen® of the
1920a Chilostoma (Dinarica) insigni$ScHuBLER) ZIETEN.  Badenian specieBseudochloritis incrassatéK Lein, 1853)

..GoTTSCcHICK, p. 44. often look very similar td°. insignis Therefore, literature
1929 Joossia insigni¢ZIeTEN). ... FEFFER p. 246 data about the distribution are difficult withoetevaluation

2008 Joossia insigni¢ZieTen 1830). ...1BoER, pp. 176-177, of the material.
pl. 2, fig. ba-c, pl. 5, figs. 1, 2, pl. 6, fig. 4.
2015 Pseudochloritis insigni@zon ZieTEn 1832) ... 6ltke  Ecology: Probably warm and humid fores&nper 2008).
& RasseR figs. 4.1, 4.2, 4.7, 4.8, 5.7, 5.8, 6.1-6.12.
2016 Tropidomphalus insigni¢fide HoLTKE & RASSER
2015). ...ABmoor et al., p. 28, pl. 5, fig. 10. Palaeotachea sylvestrin&cHLoTHEIM, 1820)
Material: SMNS 23910b (1 specimen, neotype); SMNS Fig. 4.10
J66.156 (7 specimen&osscollection,trochiformisbed); o _
SMNS 4779a (1 specimen, holotypettélix (Campylaea) 1820 Helicites Sy|Ves'[.rInU§CHLOTHEIM, p. 99.
insignisvar. maior MiLLER, 1900); SMNS 106431 (1 speci- 1920b Cepaea gottschickVenz. ... GrrscHick, pp. 49-52.

men, holotype oHelix steinheimensisLein, 1846). 1923 Cepaea sylvestrina gottschickienz ... Nz, pp.
93-695 [for the very large number of synonyms see
Type locality: Steinheim am AlbuchZ{eTen 1832;SALvADOR WEenz 1923]. .
et al. 2016). 1929 Megalotachea sylvestringcHLorT. ..PrerFFER p. 147.
2016 Palaeotachea sylvestrinéScHLoTHEIM 1820). ...
Type horizon: Steinheimer SeeschichteBa(vabor et al. HoLTke & RAsseR pp. 245-248, figs. 5.6-5.9, 6.5.
2016).

Material: SMNS 106767 (1 specimen, originaHOLTKE &
Description: Dextral, helicoid and massive shell with c. 4 1/2RAsser 2016); SMNS 15817-112 (9 specime@gTTscHick
convex whorls, which grow regularly. The suturesdeep. ~collection); SMNS IMDAS IF. 12193/2008 (16 speciraen
Height and width of this species are extremelyalalg. It BEcHTERCOllection).
ranges from flat shells to high-spired specimens.shiadls ) ) )
of P. insignisare normally wider than high. The last whorlType locality: Miocene freshwater limestone of the
runs obliquely downwards towards the aperture. The latt®lordlinger Ries, Bavaria/{enz 1920a).
has an oblique egg-like shape. The peristome iectel. . ]
The two insertions are connected by a thin callusrlathe  Type horizon: Obere SuRwassermolassglvestrinabeds
umbilicus is deep and half covered by a parietalfvailar  (Wenz 1920a).
callus. The teleoconch comprises partly regulariprged o o _ )
axial ribs/growth lines. The intensity of this riprowth lines  Description: Dextral, helicoid shell with a typicabepaea
is very different within this species. The secondadlby on  shapeZ. It consists of c. 4 %2 regularly growing \ehdrhe
the last whorl, described BinDeR (2008), are also vari- sutures are moderately deep. The last whorl runsjudii
able according strengthens. On some specimens, very wévnward shortly before reaching the aperture. dfierture
traces of spiral lines are visible. The microsculptaf the ~has an oblique-oval shape. The peristome is sjigétlected
teleoconch consists of little pits on the first wha@nd disap- and also slightly thickened. The two insertions@renected
pear later. The protoconch is built up of c. 1% whohicty by a parietal callus. No umbilicus. The teleococamprises
have a remarkable bulbous shape. The protoconchttias lifine, irregularly arranged growth lines, which fimwever,
pustulae and hair pits (Fig. 5.8), which was alyegescribed not visible on all specimens. On some very welbpreed
by Gotrscrick (1920) and Bier (2008). On some speci- SPecimens, fine spiral lines are visible as wetie proto-
mens, also some folds can be found on the protbcdiie  conch consists of ¢. 1% whorls and lacks a scuptline
size ranges from 24 to 40 mm. maximum width is c. 27.25 mm. The species is, hanev
very variable in height and width.
Discussion: According to biogeography as well as shell . . o
morphology, a membership in the geseudochloritigss ~ Discussion: The specimens from Steinheim am Albuch

A10266/37892/C1C59309

20220812-123701



Land snails from the Miocene Steinheim impact crater lake sediments

295

can be often found in literature Balaeotachea gottschicki lines on the surface. The shell rudiment is mdsiljy sym-

WENz, 1920, oPalaeotachea sylvestrina gottschidKenz,
1920. For genus discussion ge&errer(1929) and\orp-
sleck (1986, 2014)Wenz (19204, b) dividedylvestrinainto
three subspecieB. sylvestrina sylvestringscHLoTHEIM), P.

metrical.

Ecology: The extant European relatives live in different
habitats YWELTER-ScHULTES 2012a).

sylvestrina gottschickiVenz andP. sylvestrina geniculata
(SAnDBERGER). However, he also mentioned that there are no

distinct boundaries between them. We agree withfithds

ing and summarize them into one specieaeotachea

sylvestrina(ScHLoTHEIM, 1820) (sedHoLTKE & RAssER2016
for details).

5. Palaeoenvironmental aspects

The land snails identified and described here cther
complete range from xerophil to hygrophil habitarsj]

Additional distribution: Baden-Wiirttemberg, South Ger-Some forms with unkown ecological preferences. What

many: Howenegg (MN9 accordimyNERMANN 1989, quoted

is striking is the high abundance of specimens fiioen

in Heissic 1999); Hohenstoffeln (Middle to Upper Miocenexerophile genu§ranaria. This fits with the results of

according toGever & GwinneER 2011). Bavaria, South Ger-

many: Lauchheim (Miocene); Reimlingen at NordlinBeégs
(Miocene); Trendel near Ottingen (Miocene). Switzed:

ScHWEIGERT (1993), who concluded that the surround-
ings of the crater lake was a deciduous dry faiebt

Nebelbergweg near Nunningen, Kanton Solothurn (MNb"_ spefzies oQuercu_saccompanied beltis Juglans
accordingk ALin & Encesser2001); Le Locle, Kanton Neu- Pistaciaand Leguminosae. Laurophyllous trees and co-

enburg (MN 7 according tBoon-KRisTkoiz & KRIsTKOIZ
1999); Ramsen, Kanton Schaffhausen (Miocene).

nifers were nearly totally abse@cHwWEIGERT (1993)
interpreted the climate as warm-temperate with ewrk

Ecology: Probably the same mesophile habitat like the eﬂry periodsGrecor (1983) stated that Steinheim had

tant and morphologically similar genGgpaea

Slugs

According to their shape, the calcareous platesbeaas-
signed to three different families: Arionidae, Liodae and
Milacidae. Whether or not the morphology of the plates
taxonomically relevant for the determination on @gr
species level, is unknown. Taxonomic studies cexslugs
focus only on anatomy and DNA (see for exaniibg/son
et al. 2014).

ArionidaeGray, 1840
Arion sp.
Fig. 4.11

Material: SMNS 15817 (>10 specimerSpTTscHick cok
lection). Whitish, rounded calcareous granule, mr in
length. Without any recognizable sculpture.

Ecology: Varying, but the extant European relatives live-ge

erally in more humid habitats (S@éELTER-ScHULTES 20124).

MilacidaeELLis, 1926
Milax sp.
Fig. 4.12

Material: SMNS 15817-19 (>10 specime@TTscHick col-
lection). The plate-shaped shell rudiments are up to c. 4
long and 3 mm wide. The nucleus is situated moress
in the centre, but this can vary. There are conaegtowth

a dense and uniform mesophytic deciduous foret wit
a palaeotropical-arctotertiary character. Mosthef t
fossil plants from Steinheim have relatives inhagit
Southeast Asia as well as the southeastern pareof th
USA (Grecor1983). The macroflora is currently under
revision by JKovar-Eper (pers. comm. 2017). Mean
annual precipitation in Central & Eastern Europe dur
ing the time of Lake Steinheim was between 125 and
375 mm BoHwnE et al. 2011). The mean annual tempera-
ture was approximately 15 °@¢Hme 2003), which is

in accordance witlerecor (1983) and with estimates
from other south-west German localitidss€RrRHARD
1989), even thoughiutken et al. (2006, and discus-
sion therein) found that lake water temperaturaged
from 16.7 to 21.8 °C.

6. Conclusion and comparison with other
Miocene localities

48 different land snail species representing 3fedif
ent genera could be identified within the collectiohs
MILLER, JoossandGoTTscHick as well as in the original
material ofFinGeR (1998) from the Steinheim Basin.
They indicate a considerable spectrum of diffehatut-
itats. The inferred ecological preferences of todied
snails range from very humi®xyloma to dry Gra-
naria) environments. The most abundant specimens
are members dbranaria. Most of the genera (24) are
extant. Most of them (21) are also common among the
modern land gastropod fauna of Central Europe. The
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remaining three taxa are today distributed in ogeer- is the only known occurrence Apula steinheimensis
graphic regiongGastrocoptan North and South Amer- besides the type locality Steinheim am Albucheger
ica, Cap Verde Islands, North Africa, Sibiria, Gaht 1981). The genuKlikia is also present in the Panno-
and East Asia, Australia, Pacific Ocean islaifisci  nian and Pontian of the Vienna Badivecer (1981)
1959; Kovanpba 2004);Strobilopsin North, South and also describe@ranaria schueblerfrom the Vienna
Central AmericadiLcH 1959);Januluson the Canary Basin, but the accompanying illustration shows the
Islands and Madeir&(.cH 1960). 13 species from the speciesGranaria schlosser{Cossmann, 1908) (see
Steinheim sediments (MN7) also occur in the oldedoLTke & Rasser2013). The malacofauna of Sansan,
silvanabeds (MN5). The landsnail fauna of Steinheinirrance (MN6) shares only two species with the yeung
comprises 15 endemic taxaochlostoma ebfraasC. er Steinheim faunasastrocopta nouletianadiscus
excellensAzeca tridentiformisCochlicopa procera pleuradrus(FiscHer 2000).
Strobilops joossiTruncatellina lentilij Vertigo millerj Unfortunately, most of the examined material from
Granaria grossecostat@ranaria crassiventePu-  Steinheim had not been collected stratigraphically
pilla iratiana suevicaP. steinheimensi§&ibbulinopsis  within the basin (apart frorRinger 1998). Therefore,
submuscorumJanulus gottschickAegopinella erecta it is not possible to make assumptions about the-ve
andHelicodonta involuta angitortal he abundance of cal distribution of the single taxa within the sadnts.
the three species Gfranaria contrasts with their rarity
in the oldersilvanabeds, which could be a response to
a warmer and drier climate. The gerliia, which
is very abundant in theilvanabeds, was not found in Acknowledgements
the Steinheim sediments. 15 species from Steinhelye wish to thankarin WoLr-ScHwENNINGER (SMNS) for
are also known from the oldsilvanabeds:Oxylo- thGISE('le ghomgfﬂtlj)g)s a%e"BEELRICH KA(TZOLSKE]‘(S?nd-

tAi ; ; erstead, surrey, a NALD JANSSEN (Frankrurt am
ma mmlmaPS.EUdOIeaqma ebumeaalangland.ma Main, Germanz) as well aSUNTER ScHWEIGERT (SMNS)
porrecta Ver_tlgo angullferaGaStrocopta acumina- ¢o their critical reviews and linguistic supporttbe manu-
ta, G. nouletianaVallonia subcyclophorellgOpeas  script.
minutum Cecilioides aciculellaDiscus pleuradrus
Aegopinella subniteng\egopinella? procellarigAr-
chaeozonites costatugitrina suevicaandLeucoch- References
roopsis kleinii The Upper Badenian part of the Bakony
Mountains in HungaryKokay 2006) shares at leastAbawvs, H. & Apaus, A. (1853-1858): The genera of Recent
two species with the Steinheim sedime@agtrocopta 'l"gg‘f‘%z r?{/rggr%fd according to their organization.
nouletiang Discus pIeuradru)s-The Sarmatlan S_e_d" Beck, H. '(1837-1838): Index molluscorum praesentis aevi
ments of the Bakony Mountains comprise additional musei principis augustissimi Christiani Frederici Fas-
species similar to those of the Steinheim Bastxay ciculus primus [1837]: vi + 100 pp., fasciculus secundus
(2006) mentioned nine species from Sarmatian sedi- [1838]: 101...124 pp., specierum novarum et chagacter
ments of the Bakony Mountains that are also pregent _ Preves [1838]: 1-8; Hafniae.

. . . . . BiNDER, H. (2008): The systematic positions of the genera
SteinheimCarychium suevicunPalaeoglandina por- PseudochloritisC. BoeTTcer 1909 andloossiaPrerFeR

recta Vertigo callosaGastrocopta acuminat&s. nou- 1929. ... Archiv fiir Molluskenkund&g7 (2): 167-193.
letiang Vallonia lepida Discus pleuradrusOxychilus  Bonme, M. (2003):The Miocene Climatic Optimum: evi-
procellarius andVitrea procrystallina steinheimensis.  dence from ectothermic vertebrate®alaeogeography,
The forenamed author also mentioridikia for the Palaeoclimatology, Palaeoecolpg9s 389-401

Sarmatian sediments of the Bakony Mountains, whidg? & M., WiNKLHOFER, M. & ILG, A. (2011):Miocene pre-
cipitation in Europe: Temporal trends and spatiatigra

is absent in Steinheim. The younger Pannonian and gns . palaeogeography, Palaeoclimatology, Palacoecol-
Pontian sediments of the Vienna Basin share 13epec  ogy, 304 (3-4): 212-218.

with Steinheim:Pseudoleacina eburng®ertigo cal- BoetTcer O. (1877): Uber die Fauna einiger schwabischer
|Osa V. protracta suevicaGastrocopta acuminat@_ Tertlérlagerstétten. ... Neues Jahrbuch fir Mlneealog
nouletiana Negulopsis gracilisCecilioides aciculella Geologie und PalaeontologlE77 78-80.

= i | drusOxvchi eTTGER O. (1884): Fossile Binnenschnecken aus den
unctum propygmaeuriscus pleuradrusOxychi- untermiozanerCorbiculaThonen von Niederrad bei

lus procellarius Vitrea procrystallina steinheimensis  Frankfurt. ... Bericht iiber die Senckenbergischer-Natu
Leucochroopsis kleinandApula steinheimensig ¢- forschende Gesellschaft in Frankfurt am Mdiég84

EGER1981). The Pannonian D of Leobersdorf, Austria, 258-280.
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BoetTeeR O. (1908): Die fossilien Mollusken der Hydrobien-Feirar O. (1999): Subfamily Platacanthomyinae. ..Rés:
kalke von Budenheim bei Mainz. ... Nachrichtsblatt der sner G. E. & Heissig K. (Eds.): Land Mammals of Eu-

Deutschen Malakozoologischen Gesellschét, 145- rope: 389-394; Munchen (Pfeil).
157. FINGER, I. (1998): Gastropoden dd&teini-Schichten des
Boon-KRristkoiz, E. & KrisTkoiz, A.R. (1999): Order Lago- Steinheimer Beckens (Miozan, Stddeutschland). tt- Stu
morpha. ... IRossNeR G. E. & Heissig K. (Eds): Land garter Beitrage zur Naturkunde, (BRS 1-51.
Mammals of Europe: 259-266; Minchen (Pfeil). FiscHER H. & Crossk P. (1877): Mission scientifique au Me-
BoucHeT, P. & Rocroy, J.-P (2005): Classification and no- xique et dans l’Amérique Centrale. ... Recherches-Zool
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Appendix

Table 1. Stratigraphic distribution of some of the land$species described from the Steinheim Basin acngrdiGotT-
scHick & WENz (1919) andGoTTscHick (1919, 1920a-d). (A S abundant; R S rare).

Species kleini |steinheimensis sulcatus | trochiformis| oxystoma| revertens| supremus
beds beds beds beds beds beds beds

Carychium suevicum (R)

Oxyloma minima X (A)

Pseudoleacina eburnea x (R)

Azeca tridentiformis X (A)

Cochlicopa procera x (R)

Strobilops joossi x (R)

Truncatellina lentilli x (R) x (R)

Vertigo angulifera x (R) x (R)

Vertigo milleri X X

Vertigo callosa X (A) X (A)

Vertigo protracta suevica x (R)

Gastrocopta nouletiana X (A) x (R)

Granaria schuebleri X (A)

Granaria grossecostata X

Vallonia subcyclophorella X (A)

Pupilla iratiana suevica X

Gibbulinopsis submuscorum x (R)

Triptychia steinheimensis X X X X X X X

Cecilioides aciculella x (R)

Punctum propygmaeum X (A)

Discus pleuradrus X (A)

Janulus gottschicki X

Aegopinella subnitens X (A)

Archaeozonites subcostatus x (R)

Archaeozonites costatus x (R)

Vitrina suevica X (A)

Helicodonta involuta x (R)

Apula steinheimensis X

Pseudochloritis insignis X (A) X

A10266/37892/C1C59309
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Table 2.Missing material.

Missing taxa as named IoTTscHick & WENz

Reference

Succinea minim&_LeiN fa. pfeifferi GoTtTscHick 1920

GoTTscHick (1920b), pp.65-66, pl. 2, fig. 7.

Poiretia (Palaeoglandina gracilis) porrect@osanz fa.

steinheimensidooss

GoTTscHick (1919), pp. 119-120.

Azeca(Azeca sexdentatan. sp.

GoTTscHick (1920b), pp. 62-63, pl. 2, fig. 6.

Cochlicopa subrimata loxostontaein

GoTTscHick (1920b), pp. 63-64.

Strobilops (Strobilops) subconoidélosg

GoTTscHick & WENz (1919), pp. 22-23.

Vertigo (Alaea) callosa divergefsacH

GoTTscHick & WENz (1919), p. 14, pl. 1, fig. 29.

Vertigo (Alaea) callosa diversidei®8NDBERGER

GoTtTscHick & WEeNz (1919), pp. 14-15, pl. 1, figs. 30-31.

Vertigo (Alaea) callosa steinheimensisvar.

GoTtTscHick & WEeNz (1919), p. 15, pl. 1, figs. 32-33.

Vertigo (Alaea) callosa perarmata var.

GoTtTscHick & WENz (1919), pp. 15-18, pl. 1, figs. 34-35.

Leucochila acuminata procef@otTscHick & WENz

GotTscHick & WeNz (1919), p. 11, pl. 1, figs. 18-19.

Leucochila acuminata larte{Dupuy)

GotTscHick & WEeNz (1919), pp. 11-12, pl. 1, figs. 20-21.

Torquillan. sp.?

GotTscHick & WeNz (1919), p. 5.

Vallonia subcyclophorella majar. v.

GortTscHick (1920b), pp. 54-58, pl. 2, fig. 4.

Vallonia lepidaReussvar. steinheimensis. v.

GoTtTscHick (1920b), pp. 58-61.

Pupilla perlabiatan. sp.

GotTscHick & WENz (1919), pp. 7-8.

Hyalinia (Hyalinia) subniten&Lein fa. recedens n. f.

GortTscHick (1920a), pp. 33-35

Hyalinia (Gyralina) circumscisa. sp.

GortTscHick (1920a), pp. 35-37, pl. 1, fig. 2

Zonites (Aegopsis) verticilloiddsiomaE

GoTTscHick (1919), pp. 123-124.

Zonites (Aegopsis) costat8secr.

GoTTscHick (1919), pp. 124-126.

Vitrina (Vitrina) suevicaSoecr. fa. erectan. f.

GoTTscHick (1919), pp. 122-123

Hygromia (Trichiopsis) kleini scalaris. f.

GoTTscHick (1920a), pp. 42-43.
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THE PALAEOTACHEA COMPLEX (GASTROPODA:
PULMONATA) IN THE MIOCENE OF SW GERMANY: A
MORPHOMETRIC APPROACH

OLar HOLTKE & MiICHAEL W. RASSER

Staatliches Museum fiir Naturkunde Stuttgart, Rosenstein 1, 70191 Stuttgart

Abstract Gastropods in the Obere Siiffwassermolasse (“Upper Freshwater Molasse”) of Germany formerly referred to the
genus Cepaea include five species: Palaeotachea dentula (MN 5), P. silvana (MN 5), P. renevieri (MN 5) as well as
P. turonensis (MN 5/6), P. sylvestrina (MN 7- MN 9-?) and P. elevata (MN7). Their taxonomic status is discussed in this
study. Palaeotachea sylvestrina and P. silvana can be differentiated morphologically using statistical methods. The previ-
ously recognized subspecies Palaeotachea sylvestrina sylvestrina (Schlotheim, 1820), P. sylvestrina gottschicki (Wenz,
1919) and P. sylvestrina geniculata (Sandberger, 1872) are no longer maintained in the species Palaeotachea sylvestrina
(Schlotheim, 1820). Likewise, a subspecies P. silvana malleolata (Sandberger, 1875) is no longer recognized in the species
Palaeotachea silvana (Klein, 1853). The taxon Palaeotachea renevieri elevata (Berz & Jooss, 1927) is elevated to spe-
cies rank. The attempt to solve the proposed relationship of Palaeotachea turonensis with the Pliocene Frechenia and the
Recent Eobania vermiculata using morphometric features brought no result.

Key words Cepaea, Megalotachea, Palaeotachea, Obere Siifiwassermolasse, silvana-beds, morphometrics.

INTRODUCTION

Traditionally, a wide range of helicid landsnail
species have been attributed to the genus Cepaea,
although already Pfeffer (1929) suggested that
the fossil forms cannot be related to the extant
forms of this genus. Instead, all fossil species-
level taxa of this group should be summarized
into Palaeotachea Jooss 1912 (see also Nordsieck
2014b & c). Members of Palaeotachea are among
the most abundant and conspicuous landsnails
of the Obere Siifwassermolasse (OSM) (“Upper
Freshwater Molasse”, Middle to Late Miocene).
Despite their abundance and although their
taxonomic status is problematic in most cases,
they have never been subject of detailed studies.
Particularly two common species, Schlotheim’s
(1820) “Cepaea” sylvestrina and Klein’s (1853) “C.”
silvana are problematic due to their high morpho-
logical variability. A further problematic genus
of this taxonomic complex is Frechenia, because
its taxonoic status is under debate as well. This
paper aims to answer of the following questions:
(1.) How many species of Palaeotachea were pre-
sent in the OSM and what is their taxonomic
status? (2.) Can a Frechenia /Palaeotachea rela-
tionship be demonstrated using morphometic
features? (3.) Which are the differences between
Palaeotachea silvana (Klein, 1853) and P. sylvestrina

Contact author : ol_hoel@yahoo.de

(Schlotheim, 1820), and can they be considered
as different species? (4.) What is the palaeogeo-
graphic distribution of this species complex in
Central Europe? The single species are described
in detail together with their distinguishing fea-
tures. Finally, we provide an identification key
for the Palaeotachea species of the OSM.

MATERIAL AND METHODS

In order to test for the separation of the two spe-
cies Palaeotachea silvana and P. sylvestrina, more
than one hundred specimens were measured
and statistically analysed. The material comes
from Middle Miocene Obere Siilwassermolasse
(OSM; “Upper Freshwater Molasse”) locations
and time equivalent sites in South Germany,
which were chosen because they yield the high-
est numbers of well-preserved specimens. The
OSM is a freshwater episode in the North Alpine
Foreland Basin (NAFB), which was formed dur-
ing the Alpine orogeny. Sediments of the NAFB
are dived into four units: Untere Meeresmolasse,
Untere Siifwassermolasse, Obere Meeresmolasse
and Obere SiiBwassermolasse. The lake basins
of Randeck Maar and Steinheim Basin are time-
equivalent developments of the OSM situated
on the Swabian Alb. For a detailed overview of
the geological background see Geyer & Gwinner
(2011).
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PSEUDOCHLORITIS INSIGNIS — A PECULIAR LARGE
LAND-SNAIL FROM THE MIOCENE OF SW GERMANY:
TAXONOMIC STATUS AND CENSUS OF MORPHOLOGICALLY
RELATED FORMS

OLar HOLTKE, MicHAEL W. RASSER

Staatliches Museum fiir Naturkunde Stuttgart, Rosenstein 1, 70191 Stuttgart.

Abstract The Miocene land gastropBdeudochloritis insignis (von Zieten, 1832) shows a very high variability in size

and its systematic designation has been debated for a long time. Statistical analyses reveal no indications for the presence
of more than one species. Since the original material is definitely lost, we have defined a neotype. The relationships between
P. insignis and the following taxa are discussed: Gémagelita (Acavidae), genufrigonephrus Pilsbry, 1905 (Dorcasidae),
genusChloritis Beck, 1837 (Camaenidae), gehilsurnica Kobelt, 1904 (Helicidae: Ariantinae), genDfarica Kobelt,

1902 (Helicidae: Ariantinae) andlonacha homalospira (Reuss, 1860) (Hygromiidae) as wellRseudochloritis incras-

sata (Klein, 1853) and the family Elonidae Gittenberger, 1979. An assignmehingaelita , Trigonephrus, or Chloritis

is rejected because of morphologic differences as well as palaeobiogeographic and palaeoclimatic considerations. The species
Monacha homalospira (Reuss, 1860) is remarkably older tHrinsignis. Due to teleoconch morphology as well as shape

and sculpture of the protoconch, a membershipsadnis within the fossil genu$®seudochloritis C. R. Boettger, 1909 is
suggested herein. The stratigraphyPofnsignis ranges from late Langhian to early Tortonian (mammal zones MN 7 to MN

9). The suprageneric designation of this genus is, however, problematic. As for the morphological characters, it shows more
similarities with the subfamiliy Ariantinae Mdrch, 1864 (Helicidae) than with the Elonidae Gittenberger, 1979, but due to

the absence of anatomical features this designation remains tentative.

Key words Gastropods, Ariantinae, Joossia, Dinarica, Steinheim Basin, microsculpture.

INTRODUCTION

The Middle to Late Miocene speciesPseudochloritis
insignis(von Zieten, 1832 (Pulmonata, Gastropod)
is a large land gastropod from the lacustrine sed-
iments of the Steinheim Basin in SW Germany, a
Middle Miocene impact crater lake. It was first
described by von Zieten (1832) asHelix insignis
from Steinheim am Albuch (Baden-Wirttemberg,
SW Germany). Since then, several authors
have discussed the phylogenetic relationships
of this species. The first was von Kurr (1856),
who related P. insignis to the South African
genus Trigonephrus (Dorcasidae), followed by
Sandberger (1872), who suggested a relation
ship with Liburnica hoffmanniRossmassler, 1836)
(Helicidae: Ariantinae). Several authors then
made assumptions about the relationship of P.
insignis and in 1909 O. Boettger sawP.insignisas
an ancestor of Monacha homalospirgReuss, 1860)
and the Madagascan genusAmpelita (Acavidae)
(see O. Boettger 1909). Gottschick & Wenz (1920)
and C.R. Boettger & Wenz (1921) compared it
with the extant Dinarica stenomphala(Menke,
1830) (Helicidae, Ariantinae) (see also Schileyko
2006). Pfeffer (1929) proposed the new genus

Contact author: ol_hoel@yahoo.de

Joossidor the speciesinsignis within the family
Eulotidae. Later, Nordsieck (1986) placed it in the
family Xanthonychidae. Binder (2008) referred
P. insignisto the Ariantinae. According to C. R.
Boettger (1909), some authors (not mentioned by
him) had placed P. insignisinto the relationship
of Chloritis (Camaenidae). Miller (1900), C. R.
Boettger (1909) and Nordsieck (1986) as well as
Binder (2008) saw a strong relationship with the
Badenian speciesPseudochloritis incrassat&lein,
1853).

This paper presents the first detailed study of
P. insignisand aims to clarify its taxonomic status
with statistical methods and considerations of
shell morphology. The geographic distribution as
well as stratigraphy and palaeoecology are dis-
cussed. After a morphological description with
the definition of a neotype, a statistical analysis
of shell parameters is presented. Then we com
pare P. insigniswith other genera and discuss its
attribution to a family.

M ATERIAL AND M ETHODS

The species was first described asHelix insignis
by von Zieten (1832). The next studies were con
ducted by Adolph von Klein (1805-1892) in 1846
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Figure 1 Measurements of the different morphometric features.

and by Miller (1900), the material of whose is
present in the collection of Staatliches Museum
fur Naturkunde Stuttgart (SMNS). A remarkable
number of shells also occurs in the collection of
Franz Gottschick. He was a forester in Steinheim
am Albuch at the beginning of the 20" century
and the author of some publications about the
fossil snails of Steinheim am Albuch, partly
together with the malacologist Wilhelm Wenz.
After his death in 1927, his collection came to the
SMNS. Another important contemporary collec -
tion with a considerable number of unpublished
shells of P. insignisat the SMNS is that of Carlo
H. Jooss (born in 1883).

The collection of the first author Carl Hartwig
von Zieten (1785 — 1846) is lost, apart from some
Mesozoic material (Cleevely 1983). We searched
the SMNS collection intensively and made a sur-
vey among other German colleagues and so we
can confirm that no relevant material exists. Due
to this fact and to delineate it from Pseudochloritis
incrassataKlein, 1853) , we are herein defining a
neotype in accordance the International Code of
Zoological Nomenclature (online version: www.
nhm.ac.uk/hosted-sites/iczn/code). The neo -
type is from the original material of Klein (1846).
The front cover of the issue of this journal shows
the year 1847, but the pagination within the jour -
nal always quotes the year 1846. It is not clear,
whether this is because of a typo, but from the
beginning (e.g., Klein 1853) this paper was cited
as 1846.

In order to analyse the morphological variabil -
ity of P. insignis and to find potential relation -
ships, the following standard parameters were
measured (Fig. 1la—c)shell height (sh), shell width
(sw), height of the aperture (mh), and height of
the last whorl (lwh). Additionally, the angle of
spire (as) and the distance between the insertions

(di) were measured. This was done for the species
Pseudochloritis insignign=82), P. incrassata(n=
82) as well asDinarica pouzolzi(n=77). The two
last named species are the type species of their
genus. They were chosen, because they represent
the morphologically and palaeogeographically
closest forms toP. insignis Only adult shells were
measured. The measurements were made with a
digital slide gauge, a goniometer, and the image
analyses software Image J (Burger & Burge 2006).
All material is stored in the Staatliches Museum
fur Naturkunde Stuttgart (SMNS): fossil gastro -
pods in the collection of Tertiary and Quaternary
Invertebrates, and modern gastropods in the
Malacozoology collection. The numbers and
localities of the measured specimens are listed in
Appendix 1. For further statistical calculations,
the following ratios were calculated (compare
Fig. 1): sh/sw, sh/mh, sh/lwh, sh/di, sh/as, sw/
mh, sw/lwh, sw/di, sw/as, Iwh/mh, mh/di,
mh/as, lwh/di, lwh/as. Furthermore, arithme -
tic mean (A) and standard deviation (SD) were
calculated for each ratio (Appendix 2). A cluster
analyses (Ward's method, euclidean) was calcu
lated using all measured ratios mentioned above,
and another one using arithmetic means only
(Fig. 2b; Appendix 2) using the statistics soft-
ware “PAST” (Hammer et al 2001). Furthermore,
a Principal Component Analysis (PCA; variance-
covariance Matrix; Fig. 3) was calculated using
the measured single parameters (sh, sw, etc.).
All the measured material of P. insigniscomes
from Steinheim am Albuch. The SMNS also
has a relatively large number of specimens
from the Late Miocene (MN 9) of Howenegg
near Immendingen (Baden-Wurttemberg, S
Germany). These specimens are, however, mostly
deformed and therefore not usable for morpho -
metric methods.
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SYSTEMATICS

Pseudochloritis insignis (von Zieten, 1832)

(Figs 4.1, 4.2, 4.7, 4.8; Figs 5.7, 5.8; Figs 6.1-12)

Helix insignis Schibler in von Zieten, 1832: P. 38,
Tab. XXIX, Fig. 1 (Steinheim am Albuch (Original
material lost).

Helix insignis Schibler — Klein, 1846: P. 65, tab. 1,
fig. 2

Helix steinheimensis Klein, 1846: P. 70, tab. 1, fig.
10

Helix steinheimensiklein- Sandberger 1872: pl. 28
F. 9, 9a

Helix (Campylaea) insignisvar.
Klein- Sandberger, 1872: 650
Helix (Campylaeginsignis Schibler — Sandberger,
1872: P. 650.

Chilostoma (Dinarica) insignigSchubler) Zieten —
Gottschick & Wenz, 1920: P. 44.

steinheimensis

Figure 2a. Diagram with the plotted shell height and
shell width. b. Cluster analysis with Pseudochloritis
insignis, P. incrassatand Dinarcia pouzolzi.
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Campylaea(Dinarica) insignis (Zieten) — Wenz,
1923: P. 522 (see there for more synonyms)
Joossia insigni§Zieten) — Pfeffer, 1929: P. 246
Joossia insigni§Zieten 1830) — Binder, 2008: P. 177.

Material A most typical specimen of the Klein
collection (Figs 4.1, 4.7, 4.8)) is defined as the neo
typus of Pseudochloritis insigniévon Zieten, 1832).
Itis stored at Staatliches Museum fur Naturkunde
Stuttgart (SMNS), inv. no. SMNS 23910b. The
locus typicusis the Steinheim Basin (coordinates
of the basin center: 48°41'11.8’N 10°03'55.8"E),
political district Steinheim am Albuch, Baden-
Wirttemberg, SW Germany. The stratum typicum
are the “Steinheimer Seeschichten”, mammal
zone MN7, Middle Miocene.

Description The massive shell has a dextral,
helicoid shape, ranging from globular to very
depressed. It consists of 4.5 regular whorls. The

Figure 3 Principal component analysis (PCA)
with Pseudochloritis insignisP. incrassataand Dinarcia
pouzolzi



4 O HoLtke & MW R AsSER

neotype is 28mm high and 32mm wide. The aper-
ture is 18mm high and the last whorl 24mm. The
protoconch of the neotype is ca. 2.5mm in diam-
eter. Height and width measures of the different
shells are extremely variable. The average height
/width ratio is ca. 0.81, that of the neotype is
ca. 0.89. The whorls are convex with moderately
deep sutures. Before reaching the periostome,
the last whorl runs downwards obliquely. The
aperture has an oblique-ovate shape. The peri
stome is deflected. The insertions are connected
by a thin callous layer .The umbilicus is deep and
half covered by a columellar callus. There are
very distinct and regular prosocline growth lines
on the whorls. Their strengths differ between
individuals. The microsculpture consists of little
hair pits on the first teleoconch whorls (Figs 5.7,
5.8), which disappear on the later whorls. The
protoconch consists of ca. 1.5 whorls and has a
remarkably bulbous shape. The microsculpture
of the protoconch consists of little pustulae and
little pits (Fig. 6.10), which was also described
by Gottschick & Wenz (1920) and Binder (2008).
These are visible on the neotype even at low mag
nification. Likewise, fold-like ribs can be found
on the protoconch. The thickness and strength
of these folds are variable. A few specimens bear
traces of a brown band near the periphery of
the last whorl just like Pseudochloritis incrassata
(Klein, 1846) (see also C. R. Boettger 1911; Binder
2008). The secondary ribs on the last whorl as
described by Binder (2008), are hardly visible
in the studied material. In some specimens, also
very weak traces of spiral lines can be seen. In
the collection of the SMNS, the largest specimen
has a width of 40mm. Most of the shells widths
range between 24 and 36mm. The maximum
diameter according to Miller (1900) is 43mm, but
he also wrote that the specimen figured in von
Zieten (1832) has 44mm. Quenstedt (1884) men
tioned 47mm for the specimen figured by von
Zieten. Unfortunately, the original description of
von Zieten (1832) contains no size specification
and the material is lost.

Statistics The sh/sw diagram (Fig. 2a) for P.
insignis and P. incrassataeveals a linear function
between shell height and width. The measured A
and SD values are listed in App. 2. Pseudochloritis
insignis and P. incrassatashow the highest SD in
the swi/di division. This ratio seems to be the
most variable one among shells of P. insignis This

species has the lowest SD of the sh/lwh ratio with
0.03, which means that the relationship between
shell height and height of the last whorl seems to
be relatively constant. D. pouzolzihas the highest
SD of the Iwh/di ratio. The cluster analysis of
the arithmetic mean values (A) (Fig. 3) shows a
closer affinity between P. insignisand P. incrassata
than between the former and D. pouzolzi The first
three components of the PCA (Fig. 3) account for
66.73%, 31.69% and 0.94%, respectively. Both a
scatter plot of PC1 (Eigenvalue 193.40) and PC 2
(91.85), and one of PC 2 and PC 3 (2.72), respec
tively, reveal clear separation of the three species.
Most overlaps occur between P. incrassatand P.
insignis, on the one hand, and betweenP. insignis
and D. pouzolzj on the other.

Palaeogeographic distribution Pseudochloritis in-
signis has a relatively limited geographical dis -
tribution in Baden- Wirttemberg, SW Germany.
Most of the specimens in the collections come
from Steinheim am Albuch (48°41'16.6"N
10°03'35.6"E). The other locality with a higher
number of shells is HOwenegg near Engen
(47°54'41.2’N 8°44'30.9’E). Besides that, only
one specimen from Bottingen (48°24'44.5"N
9°33'10.0"E) is known. Several other localities
are mentioned by Wenz (1923), but none of these
findings could be confirmed among the studied
collections. Therefore, these records should be
treated with caution. A confusion with the spe -
ciesP. incrassatas possible.

PalaeoecologySince direct descendants are
unknown, the ecological preferences of P. insig
nis are difficult to reconstruct. According to
Goodfriend (1986), larger snails are frequently
associated with relatively moist conditions. The
presence of hairs would also indicate a moist
environment (see Pfenninger et al 2005).

Stratigraphy The species is reported from
Middle Miocene (mammal zone MN 7, Steinheim

am Albuch; summary in Rasser 2013) to Late
Miocene (mammal zone MN 9; HoOwenegg;

summary in Munk et al 2007). The stratigraphy
of the locality Bottingen is not supported suf -
ficiently, but assumed to be Middle Miocene

(Rosendahl et al 2003). According to Gottschick
& Wenz (1920),P. insignis occurs in Steinheim am
Albuch in the trochiformisbeds and in the kleini-
beds as well as in the layers above them (review
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Figure 4.1 Pseudochloritis insignigvon Zieten, 1832), Steinheim am Albuch, Miocene, Neotype, Scale 10mm,

SMNS 23910b.4.2 P insignis Steinheim am Albuch, Miocene, Scale 10mm, SMNS 1016664.3 P. incrassata
(Klein, 1853), Zwiefalten, Miocene, One of the original material of Helix inflexa Klein, 1846. Scale 10mm. SMNS
101525. 4.4 Dinarica stenomphalgMenke, 1830) SMNS-Z10078280. Welebit, Croatia. Scale: a=5mm, b=2mm.
4.5D. pouzolzi(Deshayes, 1832) SMNS-ZI0078278, Aleksina Medja near Trebinje, Bosnia and Herzegovina, Type
species ofDinarica. Scale 10mm4.6Liburnica hoffmann{Rossmassler, 1836), SMNS-Z178279, Dalmatia. Scale 10mm.
4.7P. insignis Protoconch of Fig. 1, Neotype, Scale 200um4.8P. insignis, Detail of Fig. 7, Neotype, Scale 100um.
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in Rasser 2013). Finger (1998) also mentioned
“Dinarica-fragments” (probably P. insignis) in the
basal kleini beds. For most specimens, however,
detailed stratigraphic information is lacking.
Following Binder (2008), the related P. incrassata
is restricted to the Badenium (Langhian of the
International Chronostratigraphy), which incor -
porates mammal zones MN5 and MN6 (Berger
et al 2005; Hilgenet al 2012).

DISCUSSION OF THE SYSTEMATIC POSITION

The specimens ofP. insignisshow a distinct vari -
ability in height and width. They range from very
flat forms to relatively high ones. However, mor -
phometric analyses reveal no evidence for the
presence of more than one species. Originally,
the speciesinsignis was placed within the genus
Helix Linnaeus, 1758, like many of other terres
trial gastropods in the 18" and 19" century. Since
this time, different proposals for the systematic
position of P. insignis were made, which are dis-
cussed herein.

Helix Linnaeus, 1758

P. insignis clearly differs from Helix (compare
Schileyko 2006) by the following points: (1.)
height/width ratio, (2.) growth development of
the protoconch and (3.) lack of sculpture on the
protoconch.

Trigonephrus Pilsbry, 1905 (Dorcasidae)
According to von Kurr (1856), no European spe-
cies is comparable to P. insignis. He assumed
that it is related with the South Africanp secies
TrigonephrusrosaceugMiiller, 1774), because of its
funnel-like umbilicus. This genus is known from
SW Africa since the Eocene (Wenz & Zilch 1960).
Today it is limited to the vicinity of the coastline
and rivers in the desert regions of SW Africa
(Wenz & Zilch 1960). Following Schileyko (1999),
however, the embryonic whorls of Trigonephrus
are smooth, which is in opposite to P. insignis
This fact and the geographic distance between
them is an argument against this relationship.

Monacha
(Hygromiidae)
O. Boettger (1909) suggested thatPseudochloritis
insignis is a “mixed-type” (“Mischtypus”), being
the ancestor of the madagassian genusAmpelita
(family Acavidae) and of Helix homalospird&Reuss,
1860 (Monacha homalospiraccording to Wenz

homalospira (Reuss, 1860)

1923). O. Boettger (1909) did, however, not specify
his hypothesis. Following Sandberger (1872), the
last named species occurs only in Tuchogce and
Lipno/Czech Republic. The stratigraphic corre -
lation of these localities is Early Miocene (MN
3b; Harzhauser et al 2014), which is much older
than the stratum typicumof P. insignis Therefore,
insignis can hardly be the ancestor ofhomalospira

Ampelita Beck, 1837 (Acavidae)

O. Boettger (1909) suggested thatP. insignis is

the ancestor of the Ampelita Beck, 1837 Ampelita

contains several species with varying shell

morphologies. The genus is known since the

Pleistocene (Wenz & Zilch 1960) and is restricted
to Madagascar (Schileyko 1999). The type species
of the genus is A. lanx (Férussac, 1821), which
differs significantly from the gastropods dis -

cussed herein. The only species within the genus
that is morphologically comparable with P. insig

nis is A. robillardi (Angas, 1876). Nevertheless,
there are two arguments against O. Boettgers
hypothesis: (1.) Ampelita has smooth embryonic

whorls (Schileyko 1999) and (2.) the palaeoge

ography: when P. insignis first appeared in the

Miocene, Madagascar was already isolated from

the continent.

Chloritis Beck, 1837 (Camaenidae)

Another group with a P. insignis like morphol -
ogy is the Camaenid genus Chloritis Beck, 1837,
which includes Austrochloritis Pilsbry, 1891
and Nannochloritis Iredale, 1938, whose taxe
nomic rank is under discussion (Schileyko 2003;
Dharma 2005; Stanisicet al 2010). The species
Nannochloritis layardi (Gude, 1906), illustrated
in Stanisic et al (2010), has a similarly shaped
protoconch and the same pustulated sculp-
ture as P. insignis. From the overall outline
Chloritis  (Austrochloritis) argillacea (Férussac,
1821), illustrated in Dharma (2005, PI. 89), is
comparable with P. insignis. It has a reflected
lip and a half covered umbilicus like P. insignis.
The Camaenidae are widespread in the tropics
(Richardson 1985, cited in Harzhauseret al 2008).
It is a very large group with many different shell
forms (Dharma 2005 or Abbott 1989). They are,
however, a polyphyletic group and need to be
revised, because the American forms are closely
related to the Helicidae and Helminthoglyptidae,
while the Australasian ones are a sister group to
the Bradybaenidae (Scott 1996). According to this
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Figure 5.1 Pseudochloritis incrassaf&lein, 1846), Protoconch of Fig. 4.3, Scale 100 uns.2P. incrassataZwiefalten,
Miocene, One of the original material of Helix inflexaKlein, 1846, Detail of the teleoconch, Scale 1Imm. SMNS 101525.
5.3 Dinarica pouzolzilDeshayes, 1832), Dubrovnik, Croatia. Subadult, Protoconch, Scale 1mm, SMNS-Z17828%5.4
D. pouzolzi(Deshayes, 1832), Detail of Fig. 3 Scale 100 uns.5 D. stenomphalgMenke, 1830), Protoconch of Fig.
4.4, Scale Imm5.6 D. stenomphaldMenke, 1830), Detail of fig. 5. Scale 100 um5.7 & 5.8 P. insignis (von Zieten,
1832), Steinheim am Albuch, Detail of the teleoconch, Neotype, SMNS 101.524. Scale fig. 7: 200 um, fig. 8: 100 um.
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author, the family Camaenidae was defined only
by anatomical features (lack of a dart sac and
glands). Therefore, an affiliation of a fossil taxon
to this family is problematic. Also the “ Chloritis-
group” within the Camaenidae seems to be in
need to revision.

Dinarica Kobelt, 1902 (Helicidae, Ariantinae)
Gottschick & Wenz (1920) and C. R. Boettger &
Wenz (1921) comparedP. insigins with the Recent
species Dinarica stenomphalgMenke, 1830) (Fig.
4.4; Figs 5.5-5.6). The genuBinarica occurs in the
Balkan region (Knipper 1939) and the type species
is Dinarica pouzolziDeshayes, 1830) (Fig. 4.5; Figs
5.3-5.4). Following the descriptions of Gottschick
& Wenz (1920), however, there are remarkable
differences: (1.) Teleoconch:D. stenomphalahas
up to six whorls. The first whorls of P. insignis
are wider and more massive and the last whorl
is more bulbous. The umbilicus in D. stenom
phalais more covered than that of P. insignis. (2.)
Embryonic whorls: D. pouzolziand D. stenomphala
lack the little knobs that occur on the embryonic
whorls of P. insignis The growth development
of the protoconch is different. The size increases
faster in P. insignis . (3.) Shells of Dinarica are
hairless (Subai 2002). (4.) Morphometrics sug
gest clear separation of the type speciesDinarica
pouzolziand of P. insignis (Figs 2, 3)

Liburnica Kobelt, 1904 (Helicidae, Ariantinae)
Sandberger (1872) placedP. insignis close to
Liburnica hoffmanni (Rossmassler, 1836) (Fig.
4.6; Figs 5.3-5.4), which corresponds particy
larly with the low-spired forms of P. insignis. L.
hoffmanni has little hair pits on the first whorls
(Subai 2002), but the presence of hairs can be
different among the single populations and
individuals (Knipper 1939). Gottschick & Wenz
(1920) have already pointed out the differences
between P. insignis and L. hoffmanni These are:
(1.) The forms of P. insignisare lower spired and
the peristome is more strongly reflected. (2.) The
last whorl is a little more descending and the
aperture is not that oblique; L. hoffmannihas a
thin callus-ledge on the basis of the aperture.
(3.) The insertions are remarkably closer to each
other in L. hoffmanni (4.) The radial growth lines
of P. insignisare much stronger. (5.) According to
Schileyko (2006), the genusLiburnica has mostly
smooth embryonic whorls, or they are very finely
granulated.

Joossia Pfeffer, 1929 (Eulotidae)

Based on morphology and sculpture, Pfeffer
(1929) concluded thatP. insigniscannot be related
to the Ariantinae. Instead, he placed P. insignis
in his newly designated genus Joossiavithin his
also redefined family Eulotidae Mollendorff 1898
(valid name Bradybaenidae Pilsbry 1934 (1898),
see Bouchet & Rocroi 2005: 38, 269). This decision
was based on a comparison betweenP. insignis
and Dinarica pouzolzi However, the differences
he described, can even be found between the
members within the Ariantinae. Since these argu-
ments are insufficient to place P. insignisin the
family Bradybaenidae, Wenz & Zilch (1960) and
Schileyko (2006) consideredJoossia synonym of
Dinarica.

Pseudochloritis C. R. Boettger, 1909 (Helicidae,
Ariantinae)

C. R. Boettger (1909) placedP. insignisin his new
genus Pseudochloritisvithin the Ariantinae. The
most recent work on Pseudochloritisvas published
by Binder (2008). He confirmed the placement
within the Ariantinae. Whether Pseudochloritiss
a subgenus of Tropidomphalu®r a separate genus,
is still debated in literature. We follow Binder
(2008) who designatedPseudochloritias a separate
genus. Gittenberger (1979) sawTropidomphalus
Pseudochloritias a possible “connection” between
the extant Elona quimperiangdFérussac, 1821) and
Norelona pyrenaicgDraparnaud, 1805). Based on
anatomical features, he united these two spe
cies into the new family Elonidae. Nordsieck
(1986) then assumed thatPseudochloritidoelongs
to the Eloninae (= Elonidae sensuGittenberger
1979) as well, but not to the Ariantinae. Later,
however, Binder (2008) argued that the similari-
ties between Pseudochloritiand Elonaas well as
Norelonaare only superficial. Binder suggested
a relationship with the Ariantinae, which he
strongly supported by documenting the similari -
ties in shell microsculpture with the modern spe -
cies Helicigona (Campylaea) lefeburiaf@.Pfeiffer
1828), and we can confirm this with our study.
From the discussed geographic distribution, the
general shell morphology and the microsculpture
of the embryonic whorls, Pseudochloritidits with
the Ariantinae. Both P. insignisand P. incrassata
show the same “pattern” of morphological vari -
ability as Arianta arbustorum the type species
of the Ariantinae (see Fechter & Falkner 1989,
p. 227, fig. 3-9).
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Figures 6.1-6.3 Pseudochloritis insignigvon Zieten, 1832), Miocene, Steinheim am Albuch, trochiformisstrata,
Collection Jooss. SMNS J66159, Scale 10mr6.4 P. insignis Steinheim am Albuch, trochiformis strata, Miocene,
Collection Jooss. SMNS J66162, Scale 10mn6.5-6.6 P. insignis Steinheim am Albuch, trochiformisstrata,
Miocene, Collection Jooss. SMNS J66156. Scale 10m@.7—6.8P. insignis, Steinheim am Albuch, trochiformisstrata,
Miocene, Collection Jooss. SMNS 66161. Scale 10mr6.9 P. insignis, Protoconch of Fig. 4.2. Inv. No. 101666. Scale
1mm. 6.10P. insignis, Detail of fig. 9. Scale 200um.6.11 P. incrassataProtoconch of Fig. 4.3. Scale 1mm#6.12
P. incrassataDetail of fig. 11. Scale 200um.
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As the type species for his new genus
Pseudochloritis C.R. Boettger (1909) choseHelix
inflexa sensu Klein, 1846, non Zieten 1832, for
which the valid name is Pseudochloritis incras
sata (Klein 1853) according to Binder (2008).
The specimens shown in Fig. 4.3; Figs 5.1-5.2;
Figs.6.11-6.12 are from the published material
of Klein (1846). C.R. Boettger (1911) described
Pseudochloritiss follows (translated from Latin):
“Shell spherical-depressed to conical-depressed,
half covered umbilicus, solid to massive, often
with one band; low spira, apex in most cases
blunt, convex basis; distinct suture. 4.5-5.5 con
vex whorls, radial ribs and also equipped with
pits. The last whorl runs downwards to the tight
aperture. Aperture oblique, sickle-shaped, peri-
ostome callous thickened, extensively reflected.
The columellar region is extended to the outside”.

Sandberger (1872) and Miller (1900) pointed
to the similarities between Helix insignis (i.e., P.
insignis) and Helix zelli Kurr 1856 (i.e., P. incras
sata according to Binder (2008)). According to
our studies, P. insignis and P. incrassatareveal
the following similarities: (1.) The development
of the whorls are comparable; because of this,
the large forms of P. incrassatehave often been
confused with P. insignis (see also Wenz 1923).
(2.) Following the sh/sw plot (Fig. 2), the clus -
ter analysis (Fig. 2b), and the PCA (Fig. 3),P.
insignis is more related to P. incrassatathan to
the type species ofDinarica, D. pouzolzi (3.) The
growth of the protoconch is similar (see Fig. 5.1
and Figs 6.9-6.12). (4.) The protoconch of both
species bears the same pustulae and hair-pits

(see Fig. 4.7; Fig. 5.1; Figs 6.10-6.12). For these

reasons a membership of the speciesnsignis in
PseudochloritisC. R. Boettger, 1909 is suggested
herein.

The main differences between P. insignisand P.
incrassataare: (1) P. insignisis larger. (2.) P. inc
rassatahas a stronger reflected peristome. (3.)P.
insignis bears more prominent prosocline radial
growth lines. (4.) Despite a certain overlap, mor-
phometrics suggest a separation into two differ -
ent species (Figs 2, 3).

CoNcLUSION

Based on shell characters and morphology, as
well as protoconch development and sculpture,
insignis is placed into the genus Pseudochloritis
Regarding shell morphology, variability pattern

and protoconch sculpture, Pseudochlorits fits
more with the subfamily Ariantinae within the
Helicidae, than with the Elonidae. Due to the
limited amount of differentiating shell charac -
ters, and the tendency to convergent morpholo-
gies of land snails, however, a final decision may
remain tentative for fossil material. The proposal
of von Kurr (1856) about a membership within
the Dorcasidae with the genus Trigonephrusis
impossible due to palaeobiogeographic consid-
erations. The same is true for the assumption of
O. Boettger (1909) thatP. insignisis the ancestor
of the Madagascan genusAmpelita According to
Schileyko (1999), both genera have smooth pre
toconchs, which is in contrast to the sculptured
protoconch of Pseudochloritis The Camaenidae
with Chloritis, which O. Boettger (1909) brought
into discussion, is a problematic group. Some
members of the Australian genus/subgenus
Austrochloritis are similar to P. insignis The
Camaenidae are a very large, and according to
Scott (1996), obviously a polyphyletic group that
needs to be revised. Therefore, an assignment
of fossil land-snails to the Camaenidae remains
uncertain.
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APPENDIX 1: MEASURED SPECIMENS: THEIR
LOCALITIES AND NUMBERS.

Dinarica pouzolzi

Herzigowina, Aleksina Medja bei Trebinje. Original to PI.
1, fig. 5; Pl. 2, fig. 3 & 4 {): Ragusa (6): location? 24084
(1): Ragusa 738 1): Dalmatia (2): Herzigowina, Biléca (1):
Dalmatia 39830 @): Dalmatia 14943 @): ?Krivorizc 14906
(2): Makarska, Dalmatia (2): Serbia (): Dubrovnik-Gruz,
Dalmatia (3): At Sentarisee (3): Dalmatia 2249 %): Cattaro
(2): Dalmatia 36746 @): Dubrovnik-Gruz, Dalmatia HN 2550
(2): Cattaro (5): Dalmatia, Dubrovnik-Lapad ( 3): Cetinje (1):
Bosnia (2): Gravosa, Dalmatia (2): Dalmatia (1): ?Herticea
14934 @): Dubrovnik, Dubrovacko-neretvanska Z10086291
(2): Dubrovnik, Dubrovacko-neretvanska Z10086292 (2):
Nasic, Bosnia 39837%): Ogram (2): Bosnia and Herzegowina,
Federacija Bosnc i Herzegovine, Hercegovacko-neretvanski,
Mostar, Neretva-Valley Z10086294 (2): ?Zvezda, Serbia {):
Serbia and Montenegro, Crna Gora Lovcen Z10086293 1):
Jablaniko, Herzegowina, 39832 B): Cattaro (12).

Pseudochloritis incrassata

Morsingen/Germany, Miocene. Coll. JOOSS. SMNS
66.206 (1): Mdrsingen/Germany, Miocene. Coll. JOOSS.
SMNS 68.532 8): Michelsberg near Dischingen/Germany,
Miocene. Coll. JOOSS. SMNS 66.2144). Schauenberg
near Hohenmemmingen/Germany, Miocene. Coll. JOOSS.
SMNS 66.213 4): Friedingen/Germany. Miocene. Coll.
JOOSS. SMNS 66.2242). Mdrsingen/Germany. Miocene.
Coll. Bechter 4443/2008. (6): Mdrsingen/Germany.
Miocene. Coll. Bechter 4341/2008 4): Mérsingen/Germany.
Miocene. Coll. Bechter 4444/2008 (8): Coll. Jooss. 66.221
location ? (1): Andelfingen/Germany. ? Miocene. ?Holotype
to Helix zelli VON KURR, 1856. IMDAS If. Nr. 38992/2005

(1): Mdrsingen/Germany, Miocene. Coll. JOOSS. SMNS
66.234 (): Scheuenberg near Hohenmemmingen/Germany.
Miocene. Coll. JOOSS. SMNS 66.227 1. Nunningen,
Kanton Solothurn, Switzerland. ? Miocene. Coll. Jooss
SMNS 66.150 {): Zwiefalten/Germany. ?Holotype of Helix
incrassata KLEIN, 1853. IMDAS If. Nr.25251/2005 (1): Rein,
Steiermark/Austria, Miocene. Coll. JOOSS. SMNS 66.235
(2): Zwiefalten/Germany. Miocene. Originals of Helix
incrassata KLEIN, 1853. IMDAS Nr. If. 41555/2005 ():
Friedingen/Germany, Miocene. Coll. JOOSS. SMNS 66.224
(2): Hof, Nebelberg near Munningen Kanton Solothurn/
Switzerland, Miocene. Coll. JOOSS. SMNS 66.1644j: Hof,
Nebelberg near Munningen Kanton Solothurn/Switzerland,
Miocene. Coll. JOOSS. SMNS 66.1652). Zwiefalten/
Germany. Miocene. Original material of Helix inflexa Klein,
1853. Inv. No. 101525 J).

Pseudochloritis insignis

Steinheim am Albuch/Germany. Miocene (MN7). Neotype.
Original to KLEIN, 1847. Inv. No. 23910b (1): Steinheim am
Albuch. Original to KLEIN 1847. IMDAS If. Nr. 25138/2005
(1): Steinheim am Albuch. Original to MILLER 1900.
IMDAS Ifd. Nr. 38305/2005 (2): Steinheim am Albuch.
Original to Helix steinheimensis Klein, 1847. IMDAS If.
25227/2005 (1): Steinheim am Albuch. Coll. JOOSS. SMNS
66.159 B): Steinheim am Albuch. Coll. JOOSS. SMNS 66.158
(4): Steinheim am Albuch. Coll. JOOSS. Original material
to PI. 1, fig. 2; Pl 3, fig. 8; Pl. 4, fig. 5, 6, 9 & 10. SMNS
66.156 {): Steinheim am Albuch. Coll. JOOSS. SMNS 66.161
(5): Steinheim am Albuch. Coll. JOOSS. SMNS 66.1621j:
SteinheimamAlbuch. Coll. Bechter. 12409/2008 @): Steinheim
am Albuch. Coll. Bechter. 12410/2008 @): Steinheim am
Albuch. Coll. Bechter. 12411/2008 §): Steinheim am Albuch.
Coll. Bechter. 12192/2008n @): Steinheim am Albuch. Coll.
Bechter. 12414/2008 4): Steinheim am Albuch. Coll. Bechter.
12413/2008 @): Steinheim am Albuch. Syntype. Original
to PI. 1, fig. 2. Inv. No. 101666 {): Steinheim am Albuch.
Coll. Degenfeld (5): Steinheim am Albuch. 15873/2007
(3): Steinheim am Albuch. Coll. Hermann. 12131/2008
(2): Steinheim am Albuch. 12133/2008 £): Steinheim am
Albuch. Leg. KAPITZKE 1986. Original material to PI. 2,
fig. 7 & 8 ().

APPENDIX 2. MEAN VALUES (MV) AND STANDARD DEVIATION (SD) OF THE DIFFERENT RATIOS .

Morphometric P.insignis P. insignis P. incrassata P.incrassata D. pouzolzi D. pouzolzi
ratios (mv) (sd) (mv) (sd) (mv) (sd)
sh/sw 0.828 0.052 0.742 0.049 0.658 0.048
sh/mh 1.411 0.086 1.356 0.067 1.387 0.08
sh/lwh 1.526 0.032 1.54 0.032 1.197 0.042
sh/di 2.222 0.221 1.904 0.174 2.023 0.184
sh/as 0.235 0.056 0.138 0.033 0.195 0.046
sw/mh 1.706 0.072 1.831 0.092 2.114 0.115
sw/lwh 1.396 0.076 1.562 0.098 1.826 0.113
sw/di 2.691 0.239 2.56 0.224 3.079 0.237
sw/as 0.281 0.052 0.185 0.034 0.293 0.055
Iwh/mh 1.226 0.057 1.175 0.049 1.159 0.046
mh/di 1.583 0.127 1.402 0.115 1.458 0.099
mh/as 0.165 0.033 0.101 0.022 0.14 0.029
hiw/di 1.94 0.175 1.649 0.152 1.69 0.135
hiw/as 0.204 0.047 0.119 0.029 0.162 0.038
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$SEVWUWDKRRMDGULQLG VQDLOV DUH FRPPRQ LQ 0 L\GHEELHP MQRVAD WH VWK R F H ¢
1RUWK $OSLQH JRUHODQG %DVLQ ORODGBGWMFHEHAWH WRLEE WTKH. GHCRY W
ODNHV EXW WKHLU WD[RQRPLF VWDWHKWY $VR¥YQEGNDD WQ[RRRWLFDWH
VHVVPHQW RI*WKQDUMURKE RQO\ JHQXV RI FKRQGULQU®UQDLOV LGHQ
WKXV IDU $ OUBQDSH ORWEKXHEOHWLGHAQHG D DKMLBIK B (5

L @1 =(7(1 LV FRQVLGHUHG MRAKRRBOMHBL ,W LV VXJIHVWHG WKDW
JURVVHFRYAW-DMW D (1= EH DFFHSWHG DV D VHSDUDWH VSHFLHV LQVV
RI* VFKXHEQHUL 7KH WD[RQRPLRRWDB/XNVQEHQVIMHHPYV YHU\
GRXEWIXO EHFDXVH WKH RULJL Q CHOW @ HACRWL 8 VIDIQRED LW HELIWHHG) B'Q L, Q F6
DP $OEXFK WKH W\SH ORF D O*UND\QRIUW B HV FR R R R Q HWEZHRF DHWW K H U
VSHFLHV FRXOG EH ER QURN\PHGE ROBWRNOD (1- DQGSDFK\JD

VW WBs LQ,i/(s 7KH RULJLOQDBXNRMHMSRHQ RIZDV ORFDWHG EXW D
VSHFLHV GHVLJQDWLRQ LV LPSRVVLEOH GXH WR LWV SRRU SUHVHUYD

.H\ ZRUSELGD 3XSD *UDQRSXSD 6RRDWR $0OSR QFRLIRXHODQG %DVLQ

oo o RQRP\ Rl H{WDQW JDVWURSRGV VXFK
QRW SUHVHUYHG LQ IRVVLO PDWHULL
&KRQGULQLGDH DUH SXOPRQDWWHKXNVWEHRS\RGHG QREZQJI BRPSKRORJL
VHYHUDO IRVVLO ORFDOLWLHVVRIUZHG®WDDBLAXGRGHHOID UMW LFXKDV (
ODUO\ IURP WKH $OSLQH )RUHODEW WEHDMQ DD O VIR\WLRZ QUBVKZDWHU
WKH ORODVVH =RQH 7KH\ DUH DFR-PLPRYQUHQI HDKHX BESHYHH EHORZ DL
JUHVKZDWHU ORODVVH “2EHUH SHBRIDQ/MHURQDNNMHL DQG
WLPH HTXLYDOHQW OLR#HHQHs GHIRYVWSYDSHU SURYLGHV D UHDVVH\
*o7ma+.8 (1= ZLWKD QDRQRP\ DQG SDODHRHFRORJ\ Rl WKH 0
ULD VFKXHEOHULEHLQJ WKH PRRAMHGRPSPKRRQGULQLGDH IURP WKH IUH
VSHFLHY*HQW XU\ SXEOLG&PMLR OWWKH/ XRKWK $OSLQH )RUHODQG %DVL
L1 =(7(1 D @ G (5 (5 WKLOUDNHV DQG SUHVHQWY D GLFKRWRP
VSHFLHV ZDV WUD G LW3LRSYDP & ® M EKH FMBHHFG HVRDDW GLVFXVVHG LQ GH\
OHWILQFH WKHQ WKLV DQG RWKHQHVSHAFGHV LK DDAV ERGI QWKW DVVRF
WULEXWHG WR YDULRXVSRVERUHKRIHWKHD DIWFIGLIVWLQJIXLVKHG IURP
7RUTXLOOD VSHFLPHQV DQG IXUWKHU PDWHULDO
2QH SUREOHP DPRQJ WKH L GRHIDWMRZARDMUIRE LAHID IRFKXHEOHULE *
VLO VQDLOV LV WKDW DQDW R P WDIODGH DIV HIAVKWUHCED [RQ RIAKIHF VBIR|V L \

1.

20220812-
A10266/37:

oo £ --fE €, -—-f€ €, .. ¢



«.. ¢ EZ"

YLJ 2FFXUUHQFHV *RID\Y PWEVIFQHOYHLQ *HUPDQ\ $XVWULD 6ZLW]HUODQG DQG

*UDQDULD FRVWDWDDQGP\RHM\Q/AHH@LVWGLHG PDWHULDO LV GHULYHG
LV FOHDU DQG WKH\ DUH RQO\ FWl @gEU‘LWAOXWK'MPYDQL@WXUNX

LW\ DQG VWDWXV RI WKH IROO ?@m@ %DWﬁgﬁv‘@%Gd"%

GRXEWURQDULD QRHUGOLQJHQ HG LQ WKH 6016
* VXEYDULDELOLV' * K&0IBROBGED \iUXIPRZHYHU LQFRPSOHWH DQG VRPH VS
PXOWLFRWI/KHD® VR FRPSDULYVRQVJIZQMMOK P H B R/QVEX RO L VK H:Gr (L Q

VSHFLHV RI WKLV IDPLO\ ’\MIDPQIB!FROF%S’\FFRIPW@(H-IWJ'I-@Q)@\RVW JXUWKHU PD\
ULDY DOVR GLVEXVVHG FROOHFWLR®: RIDOVR LQ WKH 6016

e E E € E- %o E o,

7KH GHYHORSPHQW RI WKH $0SLQH KU R®PERIG WDV LEQ VIvDLUAW HEKBRB UL QLG
LQJ WKH /DWH (RFHQH GXH *“R WKB B0G LIWHI SKIBIPMRQDWH ODQG VQDLOV
*:,11(5 - 8+/(0811  (03) $IWHU D QI-_IB*I/S QG VOHQ GHU VKHOO ZKLFK |

LQ WKH (DUO\ 20LIRFHOH 7KLV SKBYLY R R gt BHERDO WR
WUDQVJUHVVLYH UHJUHVVLYH F\FOHY WLHD% Ekl@ C?H\%Rl \Mﬁ\k)kﬁWHC

/RZHU ODULQH ORODVVH /RZHU )UH‘VM&[Q/\QM.ROB(EIB WY & WDQ SHU
8SSHU ODULQH ORODVVH 8SSHW(sU MK DIFIFR U o VW R )LJ WKH VKHO
*,11(5 ORVW RI WKH PDWHULD@NWS@R'@@KWE‘BQQEH—UlGJI-HVFULEHG DV S

QDWHV IURP WKH 8SSHU )UHVKZD Wl R@RM%HVEH%CD@HWVGWMFRFB RWKHU

DGMDFHQW ODNHV 7KUHH RI WKHHﬁ,w QXWW ?{7\%% \QQQFWLRC

9LHQQD %DVLQ ZKLFK ZDV VXEMH

GHYHORSPH® Hsd-=+s86(5 7KH W1 %45 PRUSKF

FDOLWLHV DQG WKHLU VWUDWLJU[TS’ID\W@QVWMG/HQWUDW’EQWE?I\_J@
8QIRUWXQDWHO\ IRU VRPH ORFOLOULW MV HPREBHIBE X BWB/OYUDSELE WK R

GDWD DUH ODFNLQJ
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7TDEOH

/IRFDWLRQ

6WUDWLJUDSK\

%DGHQ :*UWWHPEHUJ *HUPDQ\

% O X P E-tbbkJ

2WWQDQRdED G+1

+DXVHQ QHDB1(KEQIHQ

/DWH 0L RxH HQrHs

+LOQWHUULHG DW .LUFKHQ@=+DXVH

0D W H L V/ILRRE B@H

+|ZHQHJJ QHDU ,PPHQGLQJHQ X

TXRWHsG* LQ

JOVES LYRAB X RE

/HKU QHD:U180P

7KH H[DFW ORFDOLW31{5V X Q NPRZIDW LERKQH G
(DUO\ OLRFHQH 860 01 VHGLPHQWYV DOR
80P WR -XQJLQJHQ ZKLFK LV D IHZ NLORPF

SKRQROLWKWXII RI +RKH@WZLHO

/@MDHJ 0BLRFHH@H WR*(BWOY: 3:1Q(sRFHQH

0|UVLQ&H®(s(s

OLRFHQH D SDSHU RQ WKLV ORFDWLRQ LV
+g/7.(

6WHLQKHLP DPr#&@EXFEK:1=

OLGGOH OLRFHQH< 8IW DO

7KDOAQJHQ QHDU 80P WRGD\ S
651'% (5 (5

> oW B PRI

=ZLHIDOWHQ

LG ZURWH WKDW WKH PDWHULDO FDP!
IUHVKZDWHU VHGLPHQWY LQ WKH YLFLQLW
&RQVHTXHQWO\ LW PLIJKW EH WLPH HTXLY]I
=ZLHIDOWHQGRUI EHORZ

=ZLHIDOWHQ&GBR U I

OLGGOH OLRFHQI&+0&3UPDWLDQ

%DYDULD *HUPDOQ\

$GHOBI I (5 (5

/IDWH (DUO\ OLRFHQH 01 WR HDUO\ /DWH
VHGLPHQWY RFFMXUBDBW $GHOHJJ

*HRUJHQ V 6sR =Qs& 5

OLGGOH OLRFHHRH (G112

*ROGEHUJ QHDU/LRUGOLQJIJHQ

OLGGOH OLRFH®H (01  TXRW6G(/LQ

6FK|QEUXQQ QHD®1:hSIHQEHUWRZ
SDUW RI '"HQNHQGRUI

PowWH 0L R HoHis

+HVVH *HUPDOQ\

+RFKKHLP D&10404(®

7KH VHGLPHQWYV WKHUH UHDFK IURP /DWH
OLRFHZ K+ (1%3$&+(5

$XVWULD

(LFKNRedH®q5 %1'(5 +$5=+$86(5

/IDWH OLRFHQ®¥1' (61 +3$5=+$86(5

/IHREHUVY&GRU I

/DWH OLRFHQH 3PQQRQLDQ

5LFKDUGKRI QHMUSO0 |66 Lsesds

/DWH OLRFHQ44 (50 1+3$5=+$86(5

&]HFK 5HSXEOLF

/LS QR1=

%XUGLID©OGLDQ

7TXFKRIBsFd{s (5

(DUO\ OLRFHQ#6 01 TXRW Hedsd Q

6ZLW]HUODQG

/IDXVHQ .DQWRQ %DY¥YHOI/I(DQGVF

D (1=

<(QDIMVO\ OLRFHQH /DWH /XWHW1=DQ OLGGOH (

A10266/37877/C1C59309
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)L 7HUPLQRORJ\ RI WKBHQIMIHWW XUH RI

FRQYH[ ZKRUOV DQG RQO\ VKRUW HHDKYE Hs'W K JEDQ KDYH AQH WR YHL

1(< HW DOBRODWRRHIDQRW KDYRUDHYEHROVHRRWK ULEV

WKLFNHQHG* RXWilkkd OLS $I1WHEHU $FFRUGEQIIWRS DOO RI WKH IR

1(< HW DO *UDQDUYDPRUH F\OLQE@UQFOIR YEDIQQLGDH VKRZ "WBRH W\SLF

$ELGBXW WKLV SURSHUW\ LV RIQBDIQR@BIRGROBEYWRHMREYH O IRUPV DU
7KH DUUDQJHPHQW RI IROGV AX@® DFNHHVUK ]HGJE\ DLODDJHU VL]H W

FUXFLDO GLDJQRVWLF IHDWXUHHRKXWDIQD tJHR %M5DQG VSHRHE WKDW

OHYHOr (19%¢%5 SURSRVHG QDKR®O XPHO O DUDIRDIBMHRUHVWULFWHG W
DQ@WDQRSKBDPH IRXU SDODSHLG XPOIGW DIK ISEHIGREKHMH IROGV UHDFK W
KDV WKW HH+8/7(6 DOVR QDPOIGRRRONP HO @ D*UrZ O Qs $ELGD

SDODWDO* URQOWIFEBUGLQJ WR WHKFLDO B XBAERGDIR SVRYEELGD VHFDOH
LQ WKHSEHQ®KH XSSHU DQG OREBGLIBQDWDO W HKREHYBIYH D VPRRWK
DUH HTXDOO\ VWURQJO\ GHYHQR®H®EG, OBRRUGLQIKWRBDODWDOLV LQI
1(< HW DO *UDQDULD YDkskDiEL OWKH VWURQJHVW BQDEWIDAH | REE SO O

KDV WKUHH WR IRXVWSDELIWDOL\WRQGMULRU DQG WKH SDODWDOL

9 (57(16 KDV DSSUR[LPDWHOS$ BNHGYH Q< WW HDADK $DOVER (1% ¢55
* EUD XXedswse (5 PRVWOBIVL[VWDWHG WKDW WKH SDODWDOLV LQIH
HW DO ):RO @ R&Z &/Qe) * WDO IMRDPRDBPULWK VLPSOH SDODWDO IR

EUDXRQRY WZR SDODWDO IROGV $RAVHML DIRQY PAD ZLBWKLRQRIEQOLNH SD(
WKH QXPEHU Rl WHHBMKHRDD ®FBXBVHQW LQ WKH VSHFLPHQV VWXGLF
PHQW LR Q$EL GEBD W W UR QJHID QRENOWKH® IROGV GR QRW UHDFK WKH
ULD,77(1%¢%5 QRWHG KR¥HYGMWLPBRBWDODWDO IROGV 7KHVH GLIIH

20220812-.
A10266/37:
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ZLWK WKH H[WHQW RI WKH FROXRBI®H Z§ HRIBN WKHIHPWWHRU E HD WHK IHR O G \
EHVW PHWKRG WRLGDRWDQDUQAKH SDODWDOLV LQIHULRU DQG WKH SDO
IRVVLO PDWHULDO )RU PRUH LYKRUPBWERYRFRQFHUQLQJ WKH

SK\ORJHQ\ RI WKH H[M6BD:QW VSHFLAM\NHRROGHU OLWHUDWXUH )LJ "
DQ)Gtes HW DO 7KH JHQXBWXISIEP HM 7 5e+.6  : (1= WKLV VSHFLHV ZDV UHIHI
3$51$8" D QRSU T Y6tsQ O D XVHG LIHQWOHB BURUT XD Q G DO B WIHEHD WR* (5
ROGHU OLWHUDWXUH DUH/&V\QRV?\P\'/X*DWVFRQWGHQ’J(W@[@ PRUSKRORJ\ DQG
C(1- KH VSHFLHV FOHDUO\ EHORQJV WR WKH
PRUSKRORJ\ LV VLPLODU WR VRPH 2UFX
3 ODFN DQ D.QsiXOBWLWO 7KH JHQHUD RI W
Ze E &KRQGULQLGDH DUH PRUSKRORJLFDOO\ °
JXLVK 'XH WR WKH IROORZLQJ DUJXPHQW
*UDQDULD VEKXHEOHUL VFKXHEQHWHIHUUHG WORQWK HDIHQ XV

)LJ ‘LGWK ! PP
KRUOV RQO\ ZHDNO\ URXQGHG
3XSD DQedsTHXD B+h%/(5LQ 9HU\ AQH D[LDO OLQHV
921 =,(7(1 SO AJ 'RPLQDQW SDODWDOLV LQIHULRU
3XSD 6FKPEB®HMUERL S SO BFFRUGLQ@I(AMRW DO *UDQRSKXSIDHVV
WKDQ PP Z&IGRIQIBEE®YDPRUH URXQGHG Z}
3XSD D Q&4nFXD B1w(>(s DV ZHOO DV OHVV GLVWILEQREVID MV AKDWKD F7 K +
S SO AJ WHUL]JHG E\ HTXDOO\ VWURQJO\ GHYHOR
3XSD VFKsE@HUL ®//(s S SDODWDOLVsMXBWUDRRU
SO AJ Be+ho/ (s LORE(7(1 AUVW GHVFULEHG Wt
3XSD VFK O HIsL 2277 FLHW@XOWD DQWLIXD ,Q WKI@svidsPH \HDU
6e+,& S QDPHG DQRWSDBI WD QRMQPWKKOH 6 HSWHPEH
7RUTXLOOD.VRK+EOHa e+, e 2FWREHU HGLWLRQ RI '$QQDOHV GHV 6FL
S (1= S SO AJV GX OLGL GH O®R)BRQY¥HEO\ WKH HGLWLR
$ELGD DQWLTX®(D QWMLETXD (521 ZDV SXEOLVKHG LQ HDUO\ 6HSWH!
VHH WKHUH IRU IXUWKHU V\S)REDPEBM ERQ R¥HIW 1U 9p WKH RQO\ L
QRQ $ELGD VFKXHEOEHWE S SOWLRQ LV WKDW LW ZDV SXEOLVKHG LQ W

Al D F*UDQDULD Vé&KésRVYVHUL 7KLV LQIRUPDWLRQ FRPHV IURP D W\!

WKH EHILQQLQJ RI WKdt1 FRRSWOWRWMHHBGR UN

*UDQDULD V¥FKeEOHULY (5 LQ WKH OLEUDU\ RI WKH 6WDDWOLFKHYV

SO AJV + 6WXWWJDUW 2Q WKLV QRWLFH WKH \HD!
VLQJOH SXEOLFDWLRQV “"+HIWHp E\ WKL

ODWHULKHD RULJLQDO PDIWHALLDO AWXWPHGLQWHUYDO EHWZHHQ WKH WZR SXE

yLJ LV ORVW 7KHUHIRUH D QHRQ\GHDIPRR WK IR U R A EHFAMERNY RIW LV WK

i1 )LJIVv 6016 LV GHAQ®YE ZKLFK DXWKRU VKRXOG EH JLYHQ ¢
LIt O0s$7+(521 ZDV WKH HDUOLHU DXWKRI

'"HVFULSWHHR@QHRW\SH )LJ RRUHKKW VEHEQUH & M 3B PHDRMQAW R D

PP KLJK DQG PP ZLGH ,W KDV DBXHDWIKX HEOHURUYRIDQG 7KH KRORW\S
VOLJKWO\ FRQLFDO VKHOO 7KH VKGO DOMBAQERDAKRUYOV 7 KHMH DRMYVLEO\
RQO\ VOLJKWO\ FRQYH[ DQG WKH VHWXWH QY P\RMH S B W HDQ\HGPINSV LIGIH $SD UV
ZKRUO VL]H LQFUHDVHV UHJXODU®D W KHUBO D WH&¥sH B 0@ B FWE RD IRIE
OLQHV RQ WKH ZKRUOV 7KH\ DUHYSURVRROEQH DY ® RRW HVRHH OIRWV G H
UHJXODUO\ DUUDQJHG DW D FORVHVG LW D GFHBR EHGH 1B MULRW X BiH FIRD\O B RW L R ¢
RYDO VKDSH 7KH VKHOO KDV D VIR0 ® I2KH-OMR ZIDVL ZMAL ODK B OLWBILV,W LV QF
WRPH LV WXUQHG EDFNZDUGV 7KHPSImO® DN B 6 LRHEDIQW WK QK7 G KDE LMY DL O

D PRUH RU OHVV VWUDLJKW OLQH DEGHWRHQVWUR\V $0YVRU WKRXGGING QR |X |
EDVLV 7KH SDULHWDO UHJLRQ LV WRWHKRIGRB &HWIKQ QV & B UQ HWHDWDD RMXQ H 7
OXV ZKLFK FRQQHFWV WKH RXWHUPB QG URPQW B RDLSH FBWE R QW \R WWXVYVKHUHE
SDULHWDO FDOOXV LV QRW SUHVHUIR\G\ 8 @D\MEEB I LD\ § IF KXHEFOL P AL V7 KM WK H
DSHUWXUH FRPSULVHV VL[ ODPHORQQRB\ B RPLEFOMHDHD QB BIDGN Y0 KXW E € B U L
GRPLQDQW SDODWDOLV LQIHULRU MRXEO B FIDLLRIQHW D G HIAE WWVWEDW W K HIUDHG
ZDV DQ LQIUDSDULHWDOLY RQ WKWSBIEUPBO & LK W KRl O\DKHV SR X UHVOD U L R
FDOOXV )LJ ZKLFK LV QR ORQIMKHS HB VDY Y2K®R UDKH D) H. VILBIQ B BKD ORU J L C
D GLVWLQFW FROXPHOODULV DQG ZB@ AKH UFKR DK WP V@D KKIDAW EDXW B KH \Y L H
DUH OHVV VWURQJ WKDQ WKH SD ULH WBIOXIQE! HUQL R K (D GG WV B Pl BOIHL H W\BEOQ Y
$ERYH WKH SDODWDOLV LQIHULRU DI YHKRYBH @G WLHII\OLHQ G $ M WLLFGHQV LSO B H
WDOLV VXSHULRU LV UHFRJQLVDEOH FRK®® IMXIODW ER KD VE RQE® EFRLSNEED W

20220812
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)LJ 'UDZLQJV IURP WKH RUIX$D D@ MWL WHBEIDW X UKBXSD VFKe@QHUL
7RUTXLOOD VFK+EOBUY DURNYHFRYWDWD 3XSD Q|UGOL@MJIHQVLV

IRU RQH DNEWFWHVFULSWLRQ AWV *2DMKDWK B BB RSB R V WD-W D

RJ\ Rl WKH SUHVHQWH.G(,Q)HRW\QHW/L%(BIFLPHQ(}LJV F?LJ

WKH SUHVHQFH RI RQO\ D VLQJOH SDODWDO IROG ZKLOH WKH QHR

W\SH FRPSULVHV WZR SDODWDO IROGVRUJTXNIOM EURNKE &S HE L DRV VR FR V

PHQWLRQHG DERYH WUDFHV RI D VHFRQ@GeSPODWDS IRG® DUKRNLVLEOH

RQO\ DW VWURQJ PDJQLAFDWLRQ 7KLV FRXOG EH WKH VSHFLPHQ

W K. DWW XVHG IRU KLV GHVFULSW DRG RIKMOK R DHIFMMWRUEHRQWDLQV D ER[ ZL

LV KRZHYHU QRW NQRZQ ZKULUPKVUSHFR AKMOBNLEH®W AR P T AHGOBOKIA DVYRV V+

DV WKH EDVLV IRU KLV GUDZLQJ FRVWGOMB 7KH FROOHFWLRQ ODEHO
7KH QXPEHU RI SDODWDO IROG\EXW ULKN FEHHNZHMQRD XWKKRGBWH LV XQNC

0.//(5 PHQWLRQHG WZR IROGV D\QR WEdVKH 6018 XEONLADWLRQ LV DEVHQW

ULDO KH HYHQ IRXQG WZR VKHOOWRHWKHRXR44A@RE Vi- EXW XWKHG WWZKRLY P D W

XSSHU DQG WKH ORZHVW IROGV ZHUBIORI®O\ WKHLND G SHFYUHIOSRABIHRR)

8QIRUWXQDWHO\ LW LV QRW NQRZQ ZKLFK VSHFLPHQ KH H[DP

LQHG %0VsR TXRWHGBEQ GHVFULEHDB/ FRILOMWIARQRQH RI WKH WZR VSHFLPHQV

SDODW D O* UFDGQEMFIKDUH D@HUV HOGRPWWE@R RUHH RlI VHGLPHQW 7KLV VSHFLPHC

W K WHH /s 5 QDPHG HTXDOO\ WKUHRPSRD®M D& IRDBGWD GH[WUDO SXSLIRU
DQG7me+,e HYHQ D YHU\ ZHDN AAMRKUSNODHNRODIBOGLQFUHDVH LQ VL]H 7}

RQ VRPH VSHFPHQV VXJJHVWHG DGWIHIDVD YEXW QDUURZV WRZDUGV WKH DS
DELOLWV DP@QFKXHEWHBRQQRW ERR{IFAKGHKBGKXHEB®RHUKDYH AQH DQG UH.
KRZHYHU WKDW WKH UHFRJQLVDE G RNFPEMLQ R | O RM®®V UIMEZLIKHGGEVWD QFH
WDSKRQRPLF SURFHVVHV VHH GLVWXPWNVRWKDHORZ WKH ULE ZLGWK 1HDU W

PRUH GLVWLQFW DQG OHVV UHJXODU 7Kt
2FFXUURMRAHW\SH ORFDOLW\ IRU W KH \VGHXLHEXBNUKGE O6 KWRW\ VIO LW OLNH XPE
DQG KRORW\SH LV BWHLQKHLP DP $® EPXFEWKHDRLG) MXKOD W RAK B BKEREWBLAYU R R VW R P I
LV WKH "6 WHLQKHEWHDQKHY% R B Vs HHW RKXLFBMWE EDFNZDUGY 2XWHU DQG LQQ]
01 DFFRUGL®GJI NWR DO )X UWKBDURHFXDO FDOOXV ODUNHG DQJXODU
UHQFHV DUH +s/fZH XHUSIIXEOLVKHG GBWBVHQWHRLFK UXQ LQWR WKH PRXWK
RFHQH Orhi(s0$11 TXRWHI.G+LQ ULRU LV SUHVHQW DORQJ ZLWK D ZHDNHU
DQG DFFRUGLQJ WRBKRQROLWKW X IH QGHV EHRKIHIIE WKH SDODWDOLV LQIHULRL
WZLHOW /DWH OLRFHQH (WR (D'LO\ FROLRFFHH@GIDULY DUH UHVWULFWHG WR WK
1(5 DQG +LQWHUULHG QHDU *HHVXDOKWY GLDWH QAR FARMHUH LV DOVR D VP
Ba+$/8+ Rl WKH SDODWDO PDUJLQ $SDUW IURP Wi

IROGV UHDFK WKH SHULRVWRPH

20220812-12374
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'"LVEXVVLeReQ+ & (1= VHSDUDWHB\ Q% DYDHWDO FDOOXV 7KHUH LV D VPD
ULHW\ RFKXHE®Y MFAKXHEMMWRBRY VHFRRIWDKMHDW XUQHG EDFN SDODWDO PDUJLQ
)LJ 7KH\ QRWHG UHJXODU VWWILLIN \J UHRYWHW L JKWRP LEH@QW UEEWK DUH
LQ WKH GLDJQRVLYV 7KH\ KRZHYHWKHD ®@RRKWK W HREHO W&V R RDQUHOVPDOO
WA\SHV RI ULEV RFFXU IURP AQH \WWQUWEHGS WRL FRDOVHDO QX EEWBVLGH WKL
7KH IROORZLQJ DVSHFWV*DUBRMXEFREXWR OV/AHSDINDWEAG DQ LOQIUDFROXPHOO

WDWDss&+,& @ (1= IURPVFKXHEQHUUDU DZD\ IURP WKH SHULRVWRPH 7KH EL
ULRU DQG SDODWDOLV VXSHULRU DUH V(

ORUH FRQYH[ ZKRUOV SDODWDOLV LQIHULRU LV PRUH GLVWLQF

$ GHHSHU VXWXUH JURP WKH EDVDOLV SDODWDOLYV LQIHUL
6WURQJHU ULEV WKH SDODWDOLV LQIHULRU UXQV PRVWO

$ PRUH GLVWLQFW SDODWDOLV VXBHWIORW UHDFK WKH SHULRVWRPH
$ VPDOO NQRE RQ WKH LQQHU VLGH RI WKH SDODWDO PDUJLQ
7KH VSHFLHV SUHVHQWUHDQOIWID LVHFAR @ids@sQVR GHAQHG WKLV VSHFLHV L
FDXVH WKH SDODWDOLV LQIHULRUFDWWR® XMWKRRXW \DWG SV 6 D WIDDL RRQO B UDIQRC
WKH FROXPHOODU IROGY GR QRW PHOFXX®XMulk®QWR @LBHG KW \FP@DOLQ D
NQRE RQ WKH LQQHU VLGH RI WKHGSMGNOW DO PDRN LMK IHY ARIQ/OM RIQR X EO L VK
I[URPUDQDULD SD Fds'sd D QWD DQBQG VL]H GHVFULSWLRQ RI WKLV VSHFLH
D F F R U Gés Qud(sW5R IURRUDQDULDWBHE LOPHM® XVHG IRU VWOKLY AIJXUFHVLJ
| X VLI RE Pok(¥ (5 * SDFK\JDB¥WUD QDWHSDFK\JDNVW DDY DB VKX R ETCKHHUULH
KDV D ODUJHU VL]H DQG D *RBWH B ®H QCHYHADIDO IKDSWX UHYV KRZHYHU WKD)\
VXEIXVLI®RIWREM LV XQIRUWXRKDWIDONDDGLVWLQFW VSHFLHV
QRW AJXUHG DQG FDQQRW EH FRPSODWKHGO RUWK WHKHVRVXERB NKIHOWO KHLJIJKW
*UDQDULD PR HG©Rs63H QY 5V KDV $ PRUH FRQYH[ VKHOO ZKLFK EHFRPH\
PRUH FRQYH[ ZKRQOV LIDQ/BR¥WDWDWRZDUGY WKH DSHJ
LV GLIIHUHQW LQ VKDSH $ GLVWLQFW SDODWDOLV VXSHULRU
'XH WR WKH DERYH OLVWHG PRUSKRRR JLG DXOIBHDM/XINH P RW K H FDOAGWQLLN H
EXWLRQ WRUDIQDIA@XYWLAHG 2ZLQJ KR SUKW HQFID Rl D EDVDOLV
VHSDUDWLRQ IURPURWRHUDV SHRMWWFRWUWIBWDWXUH LV PRUH FLWFKOXHO L NH
GHVLJQDWHG DV D VSHFLWNKXHEDSHIMMPOHUWPWRUKY R J OLNH
7KH NQRE DW WKH LQQHU VLGH RI WKH
BWURQJHU ULEV
7KH ODVW IHDWXUH LV*SVRERHEPOWUE

*UDQDULD SDYsKsJIDY M4 D FDQ EH AQHO\ WULSHG* WRFRDUNYHO\ ULEE
)LJ $PRQJ H[WDQW UHSUHVHQWDWLYHV
qﬂu VLGH RI WKH SDODWD OUDIQUIURDLYV F
3XSD SDFK)kxViNdsEB S QRRAEH®D xmds w66 (5 EXW WKLV VKHOO GLIIF
QXGXP FKDUDFW H UL \8\W ERKYJDMWPU D
3XS®DFK\JDVMUT1+(/ S QRPHQ
QXGXP 2FFXUUHMBQMHL QKHLP DP $OEXFK
3XSD VFKXB®ODHULDYsW WD ,//(s
S SO AJ

$ELGD DQWLTXDBG(DQ@WETED
*UDQDULD /IeREWDWD

ODWHUL L@ VSHFLPHQ RFFXUV LQ WKH 6016 FROOHFWLRQ
6016 )55% GLG QRW VXSSO\ DQSERODDHFRY¥WDWD PRs(*(5 S SO
GHVFULSWLRQ IRU WKLV VSHFLHV $ VBHFLPHQ LV SUHVHQW LQ WKH
FROOHFWLRQ WKDW )sksDRW LYL QD BH®O HBKDV W KH
VSHFLHV )LJ W LV QRW , N RZDQWHKUWWKHKIR RBW B Wk ¥ RIGQO MVRKWILRQ R \

XVHG WKH VDPH VSHFLPHQ IRUQMWL®/XDZH QRU 3DODHRQWRORD\ 8QLYH

[8(*(5

'"HVFULSMKIRQSHFLPHQ LV PP LQ KHLJKW DQG PP
LQ ZLGWK ,W KDV D GH[WUDO SX&VIRUWSLRMBEPYHO RUWKIOL YSHEEB® GLIIH!
VKDSH 7KHUH DUH VHYHQ ZKRUOVD QR LREW KHIH \EQ LSIIX WWHBB-FEBED0QI@MN & W U R Q J |
DQG UHJXODUO\ LQFUHDVH LQ VL]H 7KBWW B WRFARDE KWNIKY. CBENDBL 8 ey W R
7KH VXWXUH LV PRGHUDWHO\ GHHS 7KH ZKRUOV DUH FRYHUHG E\
UHJXODU SURVRFOLQH ULEVUDRIWD\URDDH VWURQJHU WKDQ LQ
VFKXHEEKMHUGLVWDQFH EHWZHHQ WXAFXULHEHM&K&RAHW3R WWRBWRP DQG ORFDOL\
WKH UHVSHFWLYH ULE ZLGWK 6KHED/HRNDUWCGRRELSXFIWWHD 7=KHH DHSCHHIL 1 )
WXUH KDV D URXQGHG VOLJKWO\ PAQNRRDQ MKDRS R WKKHJ SOHRUAD/OWRAPLHH W \,E
WXUQHG EDFNZDUGV 7KH RXWHU DQG LQQHU OLSV DUH FRQQHFWHG

C!
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*UDQDULD V&KesRiVVHUL '"HVFULSWLRQ DQG/KLVFXSWERRBV KDV VI
VWURQJO\ FRQYH[ ZKRUOV W LV PP KL.

3XSD RYL&RWGRLV Be+/ima5 S KDV WKUHH SDBOBMWDOWROGYV 2Q0\

SO AJ RQH VSHFLPHQ zZzDV DYDLODEOH IRU WKH

3XSD VEK&@RWYHUL &s6s11 S WISLFXV DQG VWUDWXP W\ISLFXP DUH 5L
GOLQJ LQ /RZHU $XVWULD 9LHQQD %DVL

$ELGD VFRORMYHUL :2(1= S LWHG LQ D 3DQQRQLDQ /DWH OLRFHQH V

*UDQDULD V&Ks@BRYV V H U L#2 5=+ 58 /IDNH 3DQQRQ ZKLFK DUH GDWHG WR PDPF

65 Ya'(s S +$5=+$86(5 Y’ (5 WKLV VSHFLHV LV UHPL
WKH 30OLRFHQAUDWQ® BHP HQWR Q) X P

0DW H ULAF®R U G 16Q I ¥¢ R WKH KRORW\8&Y IRU DV VKDSH DQG VFXOSWXUHYV |

VWRUHG LQ WKH %D\HULVFKH 6w D bMWHPpH H YU LYo K HRI ROEW K SDOD
3DOIRQWRORJLH LQ OXQLFK ZKLFK FRXYE QRBWistH WRW EH YHUL

AHG E\ WKH DXWKRUYV
2FFXUUHBJFKKDUGKRI QHDU 0|GOLQJ [/R.

"LVF XV kR Rqs QDPHG WKRXSDSHFELEHs %(s

RYLIRUPKMY QDPH WXUQHG RXW WR EH SUH RFFXSLHG DQG

W K 260511 S U R S3R\SHDG V F K MRV WHKWL

QHZ QDrR#+s86(5 Y% (5 W LV D UH N

ODUJH VSHFLHV 7KH KHLJKW LV %? I%LgL(\aij%RzH'U%CK)LQJPW\PUW GXEL
B +/ 2665 7KH VKHOO KDV D GLVWLQFW XPELO& j<v DQG

VWURQJ VOBRSA23J ULEYIWsis-bsse(s

%1 (5 WKH VSHFLPH@EsAIJXUBXE LQ .
LGD VFKXHEOHUL LV DFWRROOLD VFKORMD 1|UGOPQBEHQML® SO Al
VH@ds60511 ,Q WKHLU GHVFKORWVRQ LRI

+$5=+4$86(5 O’ (5 QRWHGWFKEWEKMHUL 3XSD $OORJORVVD/(,QABG@5QIJHQVLYV

YHORSV ADW ZKRUOV DQG EHDUV D SURPLRHQWSEOQJIXORULV D
$ELGD DQWLTXD Q(UGALQIIBQVLV
2FFXUUHZFGIQRQLDQ RI (LFKNRJHO DQG 5K KHWEDRU PRUH VIQRQ\PV
$X VW Bkl: Dsgs +$5-1$86(5 Y1 (5 *UDQDULD DQWLTXD(Q|WeRQLQIJHQVLV
S

ODWHULKOKW RULJLQDO PDWHULDO LV XQN
*UDQDULD PR H&04sQs) H QiV(s V Q QNQ

'"HVFULSWHULRQ GHVFULEHG FDVWV WKDYV
VWULSHG ZKRUOV ZLWK D YHU\ VKDOORZ

*UDQDULD PRHGOQIHQM V2 HJJ OLNH VKDSH )LJ 7KH SHULRVWR

+o5-r586(5 Yw'(5 S SO AJV QRW YLMUEOH 61%(5 (5 ZURWH WKDW W

ODVW ZKRUO UHDFKHV Rl WKH FRPSOF

ODWHULKHD KRORW\SH LV VWRUHG LI SAHKUS H Q & XFDKQ B b/ QENRIML FKLMR/Q B RVCHGD O W |

OXVHXP :LHQ LQY QR +ss}ss65 HJJ VKDSHG PRXWK 7KH PDUJLQV RI WK

%1 (5 EH VKRUWO\ GIHYHQ@QGH®@®GHU NXU] DXVJIHE
VFKHL GH (5 (5 $FFRUGL@d W R

WKH DSHUWXUH LV QRW FRPSOHWHC
IRXU SDODWDX®P HROBUMHEK LQFUHDVH LC
IURP WKH WRS WRZDUGY WKH EDVH

)LJ 2*UDQDULD VEKXHEOHUL 1HRW\SH 6WHLQKHLP DP $O0&XIFK %DGHQ :<U

6FDOH PP SBURWRFRQFK RI )BHUKNM&ED WHKEDRULJLQPO.IURP WKH GHVF
6WHLQKHLP DP $OEXFK %DGHQ :*UWWHPEHW?*BDIBDULD JUBKEDMklFKRVWDWD
D(1= SURWRFRQFK RI WKH VKHOBXKK)I%DGHQ 6W MWVOHKMERUDIP $016
PP 2*UDQDULD SDF%DVWUGO16 6WHLQKHLP DP $OEXRK 6%DGH Q :*RIRVW
2*UDQDULD VXE&BX¥lzIRUPLV 6 SHFIRPHES RF .QRY =ZLHIDOWHQ DG
c*UWWHPEHUJ 6016 6FDOH PPWK RIORYH X&FR IGWKHYBRI D KHOL%LGD
-2266 3DUW Rl WKH WHOHFRQFK J%OKPEHUJIP P4 D6@HE :-UWWHPERUWYDO

WKH ODVW WZR ZKRUOV %OXPEHUJ %DGHQ :*UWWHPEHUJ 6FDOH P 601
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7TDEOH

6SHFLHV +DELWDW

* TUXPHQWXP1ss: 2SHQ FKDON\ KDELWDWV *UDVVHV UXEEOH AHOGV RC
* LOO\3ddsBbe (5 'U\ RSHQ ORFDOLWLHYVY RQ FKDON\ XQGHUJURXQG

* YDULDEds€sl¥s: 'U\ ZDUP DQG H[SRVHG ORFDOLWLH® WKHDNOW\ JUDVVHYV
* VWDEILOG®Hdr (16 'U\ H[SRVHG ORFDOLWLHVY EHWZHHQ URFNV DQG UXEEC
* EUD B@elmee (s ([SRVHG ORFDOLWLHVY EHWZHHQ URFNV DQG UXEEOH P

'LVFXVVMRQV QRW FOHDU 64 RP EK LAKH VRXWIARVWRPH LV QRW FRPSOHWHO\ S
UHFHLYHG WKH LQIRUPDWLRQSARRQMAHIFPLAI VSO URBBND @ HRDOOXV 1R T
WLRQHG DERYH 7KH\ DUH QRW SURQIOUYHGIROPWEW RS HFKRHSD BIHWDOLV L
XUHG /EA $00 RI WKH DBiWiksR UNA G O HRBUZWWRK VHGLPHQW DQG WHHWK DUH
(5 DV TXRW-HG LQRQO\ OLVW WKLV VSHFLHV
ZLWKRXW IXUWKHU GHVFBLSWISRQV 2Q WKH EDVLV RI
GHVFULBMWLRQ GHWHUPLQHG VSHPMAPHGEWLR@PRI 7KH WUDQVODWHG GHVFI
WKH 1|UGOLQ3HDQDUHW MWQWLTXD @RMEGOLQIJHQWHDGY DV IROORZV $ VOHQ
/(1 $FFRUGWH®QJ WR * DQWLTXD FQWIQIXWLFDO VKHOO ZLWK EOXQW XSSHIL
=LHWHQUDQDULD VFKXWEGIDWNHU JGRAHBKXBEEYLFXV ,W KDV HLJKW DOPRVW
DQG D PRUH EXOJHG XSSHU SDUW GHWKNWSWUHH7 KHUGHQBRMW R¥E ONLKXW D[LDO
* DQWLTXD JURMY¥sHRRVYMIDAD ULD ZWRVK RI WKH JURRYHV EHWZHHQ WKH U
VHFRVWDWBDWURQJIH WD QWEYT X\DKE [UGDEWY-JBEIQGWY 7KH ODVW ZKRUO LV VOLJK!
/(1 %7216 PDWHULDO ZDV LQYHVWSDDWHBQIGQ DWKQVIKWRE\D @PXADENRQ WKF
EXW WKLV PDWHULDO GRHV QRW VERZDG KN QX&RW WI1ZK R H DWYHDHK HAWVK D WR | W K
DOORZ DQ\ VSHFLHVY LGHQWLAFDWERB DXHUWRK UHKHYODIINVRD SR IPWG WKH F
PDWLRQ DQG WKH LQFRPSOHWH S FHRQHIUHMMH®R Q2 @ | WKHIHU A JKKHTEIHEDQ\S K FHBIK) L
ORVW RULJLQDQ, 1VS\HKFH R/AMD WIXV RGN K NX @B\H ALK LQHU VLGH $Q REWXVH
FRPSOHWHO\ XQFOHDU OLHV LQ WKH YLFLQLW\ RI WKH FRUQHU
ULJKW RXWHU OLS DQ® +\§ G GDUZAHWD O P
2FFXUUHQEH GHVFULEHG FDVW V$D@ISUM W IDQNH OB VVRHU EHQGHG WRRWK
WKLV VSHFLHV IURP *ROGEHUJ QHDWKH|OR®2HQ JSMU W DRY DVI K@ GRINUIMZW QG P D L
DFFRUGWLQJISWR TXRWHE/LQ JRUTKHVH WHHWK FRQWLQXH WR WKH LQQHU
RWKHU OREBD@IsMELHV VBI® G DUH DOVR WZR OLWWOH REWXVH IROGV
FROXPHOODULYV 7KH SUHVHQFH RI SDOD
FDXVH WKLV UHJLRQ LV QRW H[SRVHG

* 0, <3
UDQDULD VXBIXMEIRUPLVQRPHQ, cy\ yrm@sDRY vei® . 1os
GXELXP GHVFULEHG HLJKW ZKRUOV EXW WKH VK
LIV UHPRYHG LW IURP WKH PDWUL[ 7KH VSH
6016 AWV ZLWK WKLM,GHVF§L/GMLRQ RI
3XSDRY VSHE "S %(3 (5 WKLV VSHFLPHQ LV UDGHIW\LIDFD O
3XSD VXEIXG/LhRUP BB 1'%(5(5 S VXEIXVLER B $ 1OV H(E DQG
*o7ma+.a  © (1= WKH ODWWHU VSHFLHV
*UDQDULD VX BddXoMk R URL\eso ZLWBKSD QRHUG®LIQJIH QLS
s GHVLIGRBM W XEIXDRBREDRY .VS1"

DV VIQRQA\PNMQPIULD VEKXHEOHUL

ODWHU2QO\ RQH VSHFLPH.Q(RFROWMHFAQG WKH DOVR DV VYUDHD WIKIDW XE I XV LIR LU
WLRQ ZKLFK FDQ WKHUHIRU H 3K DV Hos RlsL J L Q D OV VISGHHF Q RUIBQRIU Z DWAKF K X HE O F
QRY VSHF " 6016 7KH RULJLQDO PDVEMFDXVH WKH\ VKRZ WKH VDPH \
ULD®1R{5(5V3 VXEIXVLMMPNQRZQ QD WaOA(s (5 GLG QRW SXEOLVKHG D A.

3XSD VXEIXVQIRUPLG/HVFULSWLRQ KH QD
'"HVFULSWLRQ RI WKH R3IXSIQEDOVSHMNBRELDW WKH LQQHU VLGH RI WKH SDODW
7KLV VSHFLPHQ LV PP KLJK DQG L @ DZLIDUAKE N EORQYQ\ WKRIRQVHTXHQWO\ W
ODVW IRXU ZKRUOV DUH SUHVHUY H&RKIOG AUWKUHK/RIQWV LWSZIRIEEEP HQUH QW VSt
WDU\ 7KH VKHOO KDV D SXSLIRUP PERMWLRIMH & KDGH DIIIK @ B WXW HRIQH SDULF
PRGHUDWHO\ GHHS DQG WKH ZKRUONUDIB® RQERKVOEIWRIGI URXQJEHGDOD
2Q WKH WKLUG ZKRUO WKHUH D UHWIH \| RQEV FRR\OGF Q ROH EHY & HHRQ K Q 5 W K H
RU OHVV UHJXODU D[LDO ULEV 7KBI1WKHO®O LV HOLDOVR\ GPELORW FPMWEELR Q

1!

20220812-
A10266/378!



U
.
.

n
°
.

w
|

(03

(0]

1
..
&

PHOODU IROGV UHDFK WKH LQQHUVOR SWRH QRMD GILVWEHVW KK U/ B SR VKIIE0 A Q J
RULJLQDO VBXHFQRRMQVESL" LV SRRWODQDULD BsQWUXVIEXW KDV D PRUH F\OL
SUHVHUYHG D VSHFLHV GHVLJQDWRRGE KRORR S R\QA EXDH MY DO BI®VFD UL Q
UHSUHVUPQWULD VEKXHEOHUL

2FFXUUHQKAHVSHFBRBORY VSHF " RULJLQDWHYV
IURP =ZLHIDOWHAQ OLRFHQHUW[&HUDRFE{J%WUFEH Rh-@zhd:LGDUXP

VX EIXV L BRWksLY DUH DFFRUGLQJ WR
%(5 (5 OJUVLQJHQ OLGGOH (BARFHQH 01 LIV
+DXVHQ /DWHBs10REHQH *HR U

JHQVJHP-QG OLGGOH+LRFHOH 01 $ELGD KHOQF IV&B® XSP

BFK|QEUXQQ WRGD\ SDUW RI '"HQNHQGRUI %DYDULD /DWH OL

RFH @sH % (5 (5 $GHOHJJ ZKHUH OXDWHH Y-pBO\ OL IRXQGHG KLV GHVFULSWLI

RFHQH 01 WR HDUO\ /DWH OLRAMQBIPHQWYV \RH GMKH QWMOHFRQFK DQG RQH

RFF Xok)5+s5° $QRWKHU ORFDOLWWR/ WERHHFRQW H Q ®RR H 5 6 FARIVOH ¥ WILER QURIP\

OLGGOH OLRFHQH6RUBPDWLDQ 6016 ZKLFK LV ODEHOOHG DV WKH RULJL
R 2266 7KH SUHVHQFH RI PRXWK IUDJ]
HU OHDGV WR VRPH FRQIXVLRQ VHH GL\

*UDQDULD VXEBY®BW®IDELOLV DQG

"HVFULSWLRQ D Q®& H.WKUHH RID JPHQW YV D |
3XSD VXEYBUkDEL ©6&Y %5 (s SOHUQV ZKLFK DUH SDUWO\ AOOHG DQG FF

Al W\SH ORFDOLW\ LV %OXPEHUJ =ROOKDX\
3XSD VXEY Bedkulyid GBM % (5(5 S *HUPD @66 PHQWLRQHG "+HOLFLGHQF
WKH OLWKRVWUDWLJUDSKLF KRUL]JRQ I

$ELGD VXEY®IULDELGLY- S DV WKH ELRVWUDWLJUDB®BKEF @HYHO $FF
VHH KHUH IRU PRUH VIQRQ\PV WKH "+HOLFLGHQPHUJHO LV 2WWQDQ
LQ D-dHs JDYH WKH IROORZLQJ GHVFL

0DWHU7LIDHDRULJLQDalP%IDs»\/h/sFLL\VLD@\IQRY-@UJHVW IUDJPHQW FRQVLVWVY RI HLJKW
DW DQG VHSDUDWHG E\ VKDOORZ VXWXL

HVFULSWLRQ DQGFRRNEGVYIRWR VWKK'HGZlk[P?ZU-d?\/] DUH FRYHUHG ZLWK GHQVHC
L@s1 % WKH KHLIKWes1L¥(s5(5 PPOLIJKWO\ EHQGHG JURZWK OLQHV p 7KH
ZURWH WKDW HLWKHU WKH SDRRMWBRODV W @ Lol RW \R F (Wt W KD WM F U L
OLV VXSHULRU FDQ EH WKHK ® FDFKBURWHODELAK W XKH DSHUWXUH ~,Q WKH |
6FKOXQGH VLQG QRFK GUHL ODQJK Vb pWMBDY Q 8 RRKAUHMF KRO XBPHO® DU IRO!
GLH XQWHUVWH EDOG GLH PLWWOHAKE ¥ WMIUWNKH BRWIEbFRKOWYW HYWKHLRQW O
7KH VKDSH RI WakHo(&DJIH LQORRNZ‘KV\N(LP?U\VWDOOLQH FDOFLWH VR LW LV
LODU WR WKH VKDSH RIFWXHEQHRWUHN HROFH RI \ IROGV 7KHUHIRUH LW |
GHVFULEHG IXUWKHU DERYH )BQ@BZZ-[Q\/JW RYRMKEVGLHRE RLSWLRQ R

G51 % (5 (5 KRZHYNMEYDUGDEEGLY  $|1WHs * KHOLFLIGW OORIJIHU WKDQ
PXVW KDYH D PXFK PRUH GLVWERKWEBROPWDBBHG WHNSHWURWYLWK UHVS
$FFRUG BQ&WR WKH VSHFLHV K\PDWHWEARDWRERWKO GY 7KH DERYH QDPHG W
OLNH FROXPHOODU IROGV DQG WK phhhi @R R IRR Q HWb LI YK B - @ Q Hp PR WK 6 R
LP 6FKOXQGH VLQG QRFK (RWHIR OHHEAIW VRSO KBS D GLVWL QFFKX\HBOH UK U
LW KDV DQ DQJXODU&®P BRGDP PSDQMWRNVH.V EXW GXH WR WKH SRRU SUHVH

GHV UHFKWHQ SDQGHV XQG GHU 0- @QWQUMQ}Q)QVQR%JMK/FU-FQ/VI YRADUE O H
YRUWUHWHQGH VWXPSIH ZHLWHU QDFK OLQNV HLQH VFKPDOH WLHI

LQV ,QQHUH IRUWYHW]HQGH /DPHOOH

2FFXUUHMGFR UG L6u% &R WKH VHGL *UDQDULDGsQWUXVD

PHQWV RI +RFKKHLP +HVVH UDQJH IURP WKH /DWH 20LJRFHQH

WR (DUO\ GBlRF AL (5 7XFKRILFH %RBXSD LQYGXV IS SO ,9 AJV

PLD (DUO\ OLRFHsH 01T X R WH1:dsQ $ELGD L@WUX¥YD=-= S VHH KHUH IR

7KDOAQJHQ QHDU 80P WRGD\ SDUWURNKBBKLQRQ P L/HDW H

20LJRFHQH
ODWHUIRIDRW\SH XQNQRZQ

5HPDUNNM-= HVWDEOLVKHG WD PXWDWLRQU
ULD VXEYPYMWDPHIWPXKW ZKLFK GHIVFUUSWRRQ DQGHsSLVFXVVIGRKYFULEHG
RWKHU IRUWPXERD Us DEE QL V LQ KBMKLV VSHFLHV IURP WKH FKDON RI 7XFKI
LQJ ODUJHU DQG VWURQJHU VKHOQW PRUH RPWNHRHEBKRUGPY FR®W V,EQIR
HU VWURQJHU DQG PRUH LUUHJXOMRIXWMKR 2B K UMLQUHH st WQIRWV SHA[ RIS IBQVEH & R

20220812-1.
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651 % (5 (5 WKLV VSHFLHV LY IMGHQ@WLFDO ZLWK KLV

YDUDLGL@(Vs
$ JHQHUDO WDSKRQRPLF SUREOHP WK
2FFXUUHQMEKRILFH &]JHFK 5HSXEODP O/L3MRVWWRSRGY LV WKH DUDJRQL
5HS X E6QdL F D(1= VLQFH DUDJRQLWH LV PHWDVWDEOH LC
WUDQVIHU LW LQWR FDOFLWH 7KLV L
Rl WKH SULPDU\ VKHOO VWUXFWXUH I
*UDQDULD PXOWEFRYWXODWDRWHLQNVKE®RVDY WKH RQH LQ )LJ }
VKHOO LQWHULRU UHSUHVHQWYV

WK
3XSD PXOWLPRMWAODBWD SO FDA‘S EH AOOHG ZLWK FDOFLWH FHPHQV

SELGD P XOWA1sFRV/VEX O DIW 5 LPSRUWDQW |HDWXRGIVU IVIX KK O VFILG D
VHH DERYH
ODWHUHRIDRW\SH XQNQRZQ $ FUXFLDO GLDJQRVWLF IHDWXUH L
X ZLWK IROGYV WHHWK DQG NQREV )LJ
'"LVEXVVY47RQ/ (5 GHAQHG WKXSDGH

VA,
PXOWLFRUWR®IMWRFHQH IUHVKZD Wﬂj dgj%)/mploé‘f{%'gv lv FDOOXV KRZHYF
LR )

%DVHOODQG 6ZLW]HUODQG +H PH EVPYOYLEOW ZKHQ
RQO\ RQH Rl WKHP LV FRPSOHWH D @8 LARIK MKR B\O IR ADXNGDEGY RON ADKHO XV ZL
LQQHU SDUW RI WKH PRXWK/-FR¥OG/ RRY¥VED AHAHISIRYIBGU HVHUYHG SDULHWDO
VHQWLDO IHDWXUHV 7KLV VHHPV WR

_ PRIOQDDUYXDWKHUPRUH WKH DS

ZEFXQUHQRMAR %DVHOOD@G"’G(ZLWP@AQ?WO\ AOOHG ZLWK VHGLPHQW
ZKLFK LV RIWHQ GLIAFXOW WR UHPRY
HUV LPSRUWDQW WD[RQRPLF IHDWXU|
PRYDO Rl WKH VHGLPHQW HDVLO\ OHEL
RI WKH WHHWK DQG ADNLQJ RI WKH S|

$Q LGHQWLAFDWLRQ NH\ LV VXPPDULVHG IURP WKH DERYH

GHVFULSWLRQY QRHUGHFQLMNEY.LV &

IXVLIRWPPXOWLFRQW XQUMIIUMD H

FOXGHG EHFDXVH LPSRUWDQWﬂé‘@W‘kUﬁ'thLUN-IVPSLWVW FQ WR WKH HF
EDUUHO RU F\OLQGULFDO VKOYHI[WDQW UHSUHDGIIURDMLEHY WIR X

<HV « IRVVLO VSHFLHV DV SDODHRHFRORJLF
1R « SXOPRQDWH JDVWURSRG VUDKFQ G ULQ
9HU\ FRQYH[ ZKRUOV ULPHORQJV DUH KHUHRYRURXV )ROO|

<HV *UDQDULD PRHGOLQJHQVLWKH &KRQGULQLGDH DUH [HURSKLOR}
1R «UDQDULD SDFK\JDVWUD ODQGVFDSHV VXFK DV JUDVVODQG VEC

&RQLFDO VKDSH YHU\ VWURQYLYBE RIQMYMWFROyLEY OLVWV AYH V
<HV*YDQDULD FRVWDWD *UDODIWIRP QRUWKHUOQ DQG FHQWUDO

1R RU LQGLVWLQFW ULEV « RI WKHPRPUXPH QW41 ss" RFFXUV LQ

$ SURPLOHQW DQJXODULY  *HUPDQ\ VRXWKHUQ WR FHQWUDO *H
<HV « VSHFLHV OLYH LQ RSHQ.B®GE HYSRVHG
1R *UDQDULD VFKORVVHUL DO $FFRU4GLQJ WRIUXPHQWXP

$ VPDOO NQRE RQ WKH LQQHU WYGH WIKWRﬁPS%Iﬂ/VBOvﬁﬂﬁ\L}Q? WKDW
<HV*WYDQDULD JURVVHFRVWDWRBU ORHVV DQG UDUHO\ RQ AIDJHOAX
1R VHUSHQW L Qs HiV T % RWHB1 L Q

7ZR SDULHWDOLV * |UXPHQ5W3X!Pl$8' LV ORFDOO\ |RXQ
<HV*WYDQDULD KHOLFLGDUXP PLFD VODWHV DQG SK\OOLWHV LQ ZD
1R SLQH ZRRGV 8VLQJ DQ DFWXDO
2QH SDULHWDOLYV SDULVRQ WK H *RPRXOCWQBIGRNY RO PDWH !

ORUH GLVWLQFW SDODWDOLVLWXBRBRRY LQRGLFDWLYH IRU RSHQ H[S
<HV*9YDQDULD VXEYDULDELOLVWKDON\ HQYLURQPHQWYV
1R ¢UDQDULD VFKXHEOHUL
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HUQ 2 -DKUEXFK GHU *HRORJLVFKHQ %XQGHVDQYWDMMMGELEOPPDOV RI (X
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WHPEHUJ 2 SS O6WXWWJIDUW 6kRKZMLIHYEDPUW (GV /IDQG ODPPDOV RI
(es8 ' &RQWULEXWLRQ WR WKH NREBFOHGIH RI-OERBIGOBIHLO

FOLPDWLF FKDQJHV LQ ZHVWHUQd QG+ FHQWU.B OO0 ROUWRKS/HN HEE IIDRELIH G5 H U
PHDQV RI QRQ PDULQ#HsePROQBVFV VFKQFIGWMMQ+HVVOHU EHL ORVEDFK %LH
/ $'5(6 3(GV+RPLQRLG HYROXWLROHE GIPL 1DVVDXLVFKHQ 9HUHLQV |
PDWLF FKDQJHV LQ (XURSH 9ROXPH , 7KH (YROXWLRQ RI
1HRJHQH 7HUUHVWULDO (FRV\VWHRV&LY (XURSHH 6FKQHFNHQIDXQD GHU
&DPEULGJH &DPEULGJH 8QLYHUVLWFBUHMHWULVFKHQ +HOLFLGHQPHUJHO
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HDVWHUQ SDUW RI WKH V&RBEKWR iDL &0 =R X QP O Rdo/g7+ -+
ORJ\ 'LH /IDQGVFKQHFNHQ 1RUG XQG OLWWH(
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JLH 5RKVWRIIH XQG %HUJEDX %DGHQ GHYWWHKREHVUIHLGHQ 8QLYHUVLW\

*(175< $  Sgea (s *( t=0s11 ( 3 .8+/(0$11 -  (03) 2 3RVW (RFHQH HYRO
6XERUGHU 5XPLGQGBOQWLD 2 +6- RI WKH 1RUWK $0OSLQH )RUHODQG %DVl
. (GV /DQG ODPPDOV RI (XURSH $OSLQW*"WHKW®RQLFYV 2 6HGLPHQWDU\ *I
3IHLO /8(*(5 - 'LH /DQGVFKQHFNHQ LP 3DQQ

*(<(5 2)  *11(5 0 3 *HRORJLH YRQGHINGHEQHU %HFNHQV , 6\WWHPDWLN
e UWWHPEHUWIS 6WXWWJIDUW 6FKZ]HJHjS|IUIEHDU)VDXQHQSURYLQ]H({BNE) HQENVF

* 16%85 [ 2UGHU &DUGYRUT 2 ,QGHPIGHU :LVVHQVFKDIWHQ PDWKH;E*DWL

+(66* . (GV /IDQG 0DPPDOV RI (KRKRSMWOLFKH .ODVVH
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Terrestrial gastropods are a common faunal element in continental Miocene fossil
Although having lived during a time span that includes the Miocene Climatic Optimum and the devastating
Ries/Steinheim meteorite impacts, the state of knowledge about their faunal composition and geo
bution is surprisingly incomplete. The land snail faunas of 30 different Early and Middle Miocene deposits of

Lagerstéatten of Europe.

graphic distri-

Central Europe (European Mammal Neogene zones MN 4 to MN 8) were compared using statistical methods

Keywords:

Cluster analysis
Helicidenmergel
Ries/Steinheim impacts
Silvana Beds

Upper Freshwater Molasse

(cluster and NMDS analyses, using the Ochiai, Simpson and Kulczynski indices). This includes 300 different

taxa identi ed so far. Most of the analyzed deposits were part of the Miocene Paratethys and are today located

in France, SW Germany (Baden-Wurttemberg state), SE Germany (Bavaria state), Austria, Poland, and Hung ary.
Cluster analyses resulted in different clusters, the majority of which can be expla
situation and/or by their distribution in time (e.g., the consistently recovered Baden-Wirttemberg and B
clusters and the Bakony Mountains cluster). The remaining clusters cannot be fully explained so far, but some
possibilities are explored here. Our results reveal the power of a solid taxonomic fr

ined by their geographic
avaria

amework as a basis for

palaeobiogeographic studies. As such, more <basicZ palaeontological studies are required to strengthen future

analyses.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Continental gastropods, especially those belonging to the Pulmonata,
are a crucial faunal element in Miocene continental deposits. Despite
their abundance in the European fossil record, however, only few at-
tempts have been made to study them from a paleobiogeographical
point of view. Esu (1999) broadly described the land snail faunal changes
throughout the Neogene, but only in relation to climaticcha ngesandina
more descriptive and qualitative manner.  Stworzewicz (1993) also car-
ried on a qualitative analysis, focusing only on the terrest rial gastropods
of Poland. Finally, Harzhauser and Mandic (2008) analyzed the faunal di-
versity of freshwater gastropods of Neogene lake systems in  Central and
Southern Europe, describing also the interrelationships o  f these lakes.

Following a similar course as these previous authors, we aimto |l
some gaps in the paleobiogeographical knowledge of terrestrial gastro-
pods and present a study of the Miocene land snail fauna of Central
Europe. We focus on deposits that are suf ciently known and studied.
This means basically the Middle Miocene outcrops, in special the
stratigraphic group known as the Upper Freshwater Molasse ( *Obere
SuiRwassermolasseZ, in German; abbreviated OSM). This age is of

Corresponding author.
E-mail address: ol_hoel@yahoo.de (O. Holtke).

http://dx.doi.org/10.1016/j.palae0.2016.08.027
0031-0182/© 2016 Elsevier B.V. All rights reserved.

particular importance, since the +Mid-Miocene Climatic Optimum Z
(ca. 17..15 Ma; European Mammal Neogene zone MN 5) was the last
time interval favorable for thermophilous fauna and ora in Europe
and a time of increased seasonality ( Zachos et al., 2001; Bohme et al.,
2011). We compare the land snail faunas of thirty distinct localities
from the Middle Miocene of Poland, Hungary, Austria, Germany and
France (Fig. 1), searching for similarities and differences. These localities
were chosen according to their state of knowledge (and eventually the
authors' ongoing works). After an overall statistical analysis clustering
these localities in groups, we offer more detailed explanations of the lo-
calities and the relationship between them.

2. Material and methods

Information on each fossil deposit and its respective land s nail fauna
is widely scattered throughout the literature. Unfortunately, several of
these localities were never systematically examined and species lists
are rarely present; or, when present, not entirely reliable. Apart from
some very recent works, the literature is mostly dated from the end of
the 19th century or beginning of the 20th century (mainly Wenz,
1923), especially for the OSM.

Furthermore, for a locality to be chosen for the present analysis, it
should count with at least eight different terrestrial gastropod species.

Please cite this article as: Holtke, O., et al., Paleobiogeography of Early/Middle Miocene terrestrial gastropods in Central Europe: An approach
using similarity indices, Palaeogeogr. Palaeoclimatol. Palaeoecol. (2016), http://dx.doi.org/10.1016/j.palae0.2016.08.027
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Fig. 1. Stratigraphy and localities. Mammal Neogene (MN) zones after

Kélin and Kempf (2009) .

Map modi ed after Rasser and Harzhauser (2008).

This was deemed a good number for the biogeographical analysis and
this choice implies that most known localities were left out, since they
usually have just a few records of the most common species. There are
two exceptions to this rule: Amstetten-Stubersheim and Harthausen
auf der Scher, both in Germany ( Fig. 1). Despite having only  ve species
each, these localities were included because they are the best represen-
tatives in number of species of the Helicidenmergel stratigraphic unit
(see below).

2.1. Taxonomy

The systematic classi cation used here follows the most recent
works for each locality (as listed on Table 1), with eventual updates
of posterior taxonomic works. On a few cases, literature dat a was
complemented with material from the collection of the Staat  liches
Museum fur Naturkunde Stuttgart (SMNS; Stuttgart, Germany).

The generic assignment of many species has changed often over the
past century and sometimes there are concurrent distinct opinions
about this matter. Conveniently, our statistical methodology only com-
pares taxa at the species level, so distinct generic placements do not
interfere.

2.2. Stratigraphy

Data on stratigraphy and age of the Middle Miocene localitie s
used here were also acquired from the literature (  Table 1). The age
of the localities range from the European Mammal Neogene zon es
MN 4.5 to MN 7 ..8, spanning the entire Middle Miocene. During
this period, two meteorite impacts have occurred in souther n
Germany, the so-called Ries impact (ca. 14.7 Ma) and the less -
known Steinheim event ( Buchner et al., 2013; Buchner and Schmieder,
2013).

Please cite this article as: Holtke, O., et al., Paleobiogeography of Early/Middle Miocene terrestrial gastropods in Central Europe: An approach
using similarity indices, Palaeogeogr. Palaeoclimatol. Palaeoecol. (2016), http://dx.doi.org/10.1016/j.palaeo.2016.08.027
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Table 1

List of all localities used for the present analyses, with data on their stratigraphy and age, total

locality can be found in the Appendix A .

number of land snail species, and references for the species list. The full species list of each

Locality Country Stratigraphy/age Nr. species References

Adelschlag-Fasanierie Germany OSM/MN 5 8 Salvador et al. (2016)

Altheim (near Ehingen) Germany OSM (Silvana Beds)/MN 5 11 Wenz (1923) , Gottschick (1928) , Esu, 1999

Amstetten-Stubersheim Germany Helicidenmegel/MN 4 .5 5 Jooss (1923), Schweigert (1996) , Berger et al. (2005)

Bakony Mts C Hungary Lower Badenian 18 Kaokay (2006)

Bakony Mts D Hungary Middle Badenian 13 Kdkay (2006)

Bakony Mts E Hungary Upper Badenian 49 Kaékay (2006)

Bakony Mts F Hungary Sarmatian 79 Kokay (2006)

Bechingen Germany OSM (Silvana Beds)/MN 5 15 Salvador and Rasser (2016a)

Be chatow Poland MN5 .6 31 Stworzewicz (1995, 1999a, 1999b) , Stworzewicz and Soltys (1996) ,
Stworzewicz and Prisyazhnyuk (2006)

Gratkorn Basin Austria MN7 .8 13 Harzhauser et al. (2008)

Gundlkofen Germany OSM/MN 5 .6 8 Gall (1980) , Salvador (2014)

Harthausen auf der Scheer Germany Helicidenmegel/MN 4 .5 5 Jooss (1923), Schweigert (1996) , Berger et al. (2005)

Oggenhausen Germany OSM (Silvana Beds)/MN 5 9 Berz and Jooss (1927), Bottcher et al. (2009) , Salvador and Rasser (2016b)

Hohenmemmingen Germany OSM (Silvana Beds)/MN 5 22 Gottschick and Wenz, 1916; Esu, 1999 ; SMNS collection material

Korneuburg Basin Austria MN 5 20 Daxner-Héck (2001) , Binder (2002, 2003)

Lake Rein Austria MN 5 30 Harzhauser et al. (2014)

Matrasz | s Hungary MN 7 15 Hir and Kékay (2004)

Mdrsingen Germany OSM (Silvana Beds)/MN 5 37 Gottschick and Wenz (1916) , Wenz (1923) , Esu (1999),
Holtke and Rasser (in preparation)

Opole Poland MN 7 48 Andreae (1902, 1904) , Wenz (1923) , Nordsieck (1981) , Ginsburg (1999)

Pfander Austria OSM (Silvana Beds)/MN 5 25 Jooss (1910), Wenz (1933, 1935) , Esu (1999)

Randeck Maar Germany OSM (Silvana Beds)/MN 5 20 Salvador et al. (2015)

Riedensheim Germany OSM/MN 5 16 Salvador et al. (2016)

Sandelzhausen Germany OSM/MN 5 14 Salvador (2013a, 2013b, 2015) , Salvador and Rasser (2014)

Sansan France MN 6 23 Wenz (1923) , Fischer (2000)

Steinheim Germany MN 7 52 Gottschick and Wenz (1919) , Gottschick (1919, 1920a, 1920b, 1920c, 1921) ,
Wenz (1922, 1923) , Finger (1998) , Ginsburg (1999) , Holtke and Rasser (submitted)

Stoffelberg (near Ehingen) Germany OSM (Silvana Beds)/MN 5 16 Wenz (1923) , Esu (1999)

Undorf Germany OSM (Silvana Beds)/MN 5 33 Clessin (1910-1911) , Fejfar (1999)

Zwiefalten Germany OSM (Silvana Beds)/MN 5 10 SMNS collection material

Zwiefaltendorf Germany OSM (Silvana Beds)/MN 5 47 Schlickum (1976)

Zwierzyniec Poland MN7 .8 31 Stworzewicz et al. (2013)

For the following discussion, it is important to highlight
two lithostratigraphic units: (1) the freshwater Silvana B  eds
(+Silvanaschichten7), within the OSM, dated from zone MN 5 ( Esu,
1999) and very rich in terrestrial gastropod fossils; and (2) the brack-
ish-marine Helicidenmergel ( <helicid marls Z also called *Marnes
rouge2), within the Upper Marine Molasse ( *Obere MeeresmolasseZ,
in German), dated from zones MN 4 ..5 (Jooss, 1923; Berger et al.,
2005; Geyer and Gwinner, 2011 ).

2.3. Biogeographical analysis

After all the land snail species of each localities were listed and had
their taxonomical status checked, the dataset was subject to two types
of analyses: (1) cluster analysis, and (2) non-metric multidimensional
scaling (NMDS). For both types of analysis, three distinct similarity indi-
ces,Kulczynski (1927) ; Simpson (1949) and Ochiai (1957) , were used
for the presence-absence data of the species in order to test f or stability
of the groupings. Trial with other indeces (not shown) all yielded very
similar results. All analyses were conducted using 10,000 bootstrap
replicates, in order to test for the robustness of each group (robustness
estimates range from 1% to 100% and are shown at each node of the
resulting dendograms). The analyses were carried out in PAST 2.17c
(Hammer et al., 2001 ).

3. Results

In total, 30 localities were selected according to the crite ria
outlined above ( Table 1; Fig. 1), containing 300 different species.
The full list of species present in each locality is given in t he
Appendix A . The locality Bakony Mountains, in special, represents a
long time span, so it was divided into six distinct sections (  named
*AZto *F2) according to the biostratigraphical occurrences given by

Kdékay (2006) . Of these six sections, only the last four (the youngest)
were in accordance with our selection criteria and, thus, we re the
only ones used in the analysis.

The localities with the highest number of species are: Bakony Moun-
tains F (79), Opole (52) and Steinheim am Albuch (52). Apart from
Amstetten-Stubersheim and Harthausen auf der Scher, explained
above, the locality with the smallest number of species is Adelschlag-
Fasanerie (8).

Similar grouping patterns were recovered for the three indices in the
cluster analyses (Figs. 2.4). The results of the NMDS-analyses are re-
dundant and thus are not shown here. In order to obtain reasonable
groupings, those localities with a similarity of ca. 0.35 were summarized
into clusters (a slightly lower value, ca. 0.24, was chosen for some
groupings of the Ochiai index in order to allow further discussion).
This resulted in 11 clusters for the Ochiai index ( Fig. 2), 11 for the
Simpson index ( Fig. 3) and 12 for the Kulczynski ( Fig. 4) index. The
main differences in clusters between indices are as follows.

By the Ochiai index ( Fig. 2), the following localities are alone in their
own clusters: Korneuburg Basin, Sansan, Opole, Giindlkofen and
Gratkorn Basin. The larger clusters are: (1) the four levels of the Bakony
Mountains; (2) the two Helicidenmergel deposits, namely Harthausen
auf der Scher and Arnstetten-Stubersheim (with the highest similarity
index, of ca. 0.94); (3) the Baden-Wurttemberg localities (including
the Austrian localities Pfander and Lake Rein); (4) the Bavarian localities
(Adelschlag-Fasanerie, Riedensheim, Sandelzhausen and Undorf); (5)
Be chatéw and Matrasz | s; (6) Steinheim am Albuch and Zwierzyniec.

According to the Simpson index ( Fig. 3), the following localities are
alone in their own clusters: Korneuburg Basin, Sansan, Be chatow,
Zwierzyniec, Opole, Gundlkofen and Gratkorn Basin. The larger clus-
ters are: (1) the four levels of the Bakony Mountains; (2) the  two
Helicidenmergel deposits (with similarity index of ca. 1.0 ); (3) the
Baden-Wirttemberg localities (including the Austrian loc  alities);

Please cite this article as: Holtke, O., et al., Paleobiogeography of Early/Middle Miocene terrestrial gastropods in Central Europe: An approach
using similarity indices, Palaeogeogr. Palaeoclimatol. Palaeoecol. (2016), http://dx.doi.org/10.1016/j.palae0.2016.08.027




4 O. Holtke et al. / Palaeogeography, Palaeoclimatology, Palaeoecology xxx (2016) xxxxx

Fig. 2. Result of the cluster analysis using the Ochiai index, indicating the most relevant locality clusters. The top bar indicates overall similarity; numbers on the base of each cluster are
robustness estimates resulting from bootstrapping. Abbreviations:  BkMt , Bakony Mountains cluster; BW, Baden-Wirttemberg cluster (including Austrian localities); BY, Bavaria cluster;
Hmg, Helicidenmergel cluster.

(4) the Bavarian ones (which include, albeit with a clear separation, By the Kulczynski index ( Fig. 4), the following localities are alone in
the localities Matrasz | s and Steinheim am Albuch). Two other their own clusters: Korneuburg Basin, Sansan, Opole, Be chatow,
pairs reach a similarity index of ca. 1.0: (1) Altheim near Eh ingen Gundlkofen, Gratkorn Basin, Matrasz | s and the level C from the
and Mdrsingen, and (2) Zwiefalten and Zwiefaltendorf. Bakony Mountains. The larger clusters are: (1) the remaining three

Fig. 3. Result of the cluster analysis using the Simpson index. Abbreviations follow  Fig. 2.
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Fig. 4. Result of the cluster analysis using the Kulczynski index. Abbreviations follow  Fig. 2.

levels of the Bakony Mountains; (2) the two Helicidenmergel deposits
(with the highest similarity index, of ca. 0.94); (3) the Baden-
Wirttemberg localities (including the Austrian localities); (4) the
Bavarian localities; (5) Steinheim am Albuch and Zwierzyniec (albeit
with a similarity index of only ca. 0.3).

4. Discussion

All the three cluster analyses reached largely the same groupings.
Considering the stratigraphic and age relationship ( Table 1) and
the palaeogeographic situation ( Figs. 1, 5) similarities, some of
these groupings were reasonably expected, like: (1) the fou rlevels
of the Bakony Mountains, despite some differences according to the
Kulczynski index; (2) Amstetten-Stubersheim and Harthaus en auf
der Scher forming a solid group with high similarity indices , since
both outcrops are coeval and the only representatives of the
Helicidenmergel among the studied localities; (3) the Bade n-
Wirttemberg localities (including the Austrian localitie  s); (4) the
Bavarian localities (except for Gundlkofen); (5) all the re  maining
localities being largely isolated. In order to better under stand the
potential factors behind these clusters, some of them (incl uding
the unexpected groupings) are discussed below in more detail.

4.1. Bakony Mountains

The separate stratigraphic levels of the Bakony Mountains form a
single cluster on its own according to the Ochiai and the Simpson
indeces. An explanation for this might be the palaeogeographic position,
because Bakony was part of the Transdanubian Range, which was a sep-
arate geodynamic unit. The cluster is most similar to the OSM clusters
from Baden-Wurttemberg and Bavaria, which agrees with the sugges-
tion of Kokay (2006) of a paleobiogeographic relationship between
these areas.

The Kulczynski index, however, gives Layer C of Bakony Mountains
as a separated unity from the other layers. This could be due to its

older age. These remaining layers (D to F) are instead grouped with
Matrasz | s, which is a Hungarian locality of roughly the same age,
sharing nine species with them ( Carychium nouleti, Gastrocopta
acuminata, G. nouletiana nouletiana, G. n. gracilidens G. sandbergerj
G. obstructa ferdinandi, Palaeoglandina porrecta Tropidomphalus gigas
Vertigo callosa).

Kokay (2006) reports only one noticeable change in the composition
of the land snail fauna across the layers. This happens in Layer C, where
six different members of the Ellobiidae are present. Ellobiids live near
water in estuarine or coastal settings ( Kerney et al., 1983), so either
these are exceptions to the rule or the taxonomic determination of
Kdkay (2006) is mistaken. In any case, this difference may be the reason
why Layer C is a separate unity by the Kulczynski index.

4.2. The Upper Freshwater Molasse (OSM)

The OSM localities form one all-embracing cluster accordin g to
the Ochiai and Kulczynski indices ( Figs. 2, 4); the Simpson index
also include the Bakony Mountains and a small cluster formed by
Métrasz | s and Steinheim am Albuch in this group. Regardless,
this large group is divided into two well-de ned clusters: (1) a
group composed of all the OSM localities of Baden-Wurttembe rg
and curiously, including the coeval (MN 5) Austrian localit ies Lake
Rein and Pféander; and (2) a group composed of the Bavarian loc ali-
ties Riedensheim, Adelschlag-Fasanerie, Sandelzhausen and Undorf,
whose close relationship was already alluded to by Salvador et al.
(2016) . The absence of the Bavarian OSM locality Gundlkofen from
this latter cluster is remarkable; it forms an outlying clus  ter of its
own, well separated from the rest. This will be discussed fur ther
below.

The presence of the Austrian localities in the Baden-Wirttemberg
OSM cluster is curious, since they are quite geographically removed.
While the outcrops of Pfander are considered to belong to the Silvana
Beds, the deposits from Lake Rein do not belong to OSM. Nevertheless,
from the 33 land snail species reported from Lake Rein, 18 also occur
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in coeval OSM deposits, which clearly indicates an af
these faunas.

The deposits of Gundlkofen (#1) lie consistently and remarkably
outside of the OSM group in all analyses. This may be due to the follow-
ing reasons: (1) only 9 different species are identi  ed from there, which
might bias the analysis; (2) Gundlkofen is the single OSM locality where
some species occur, namely: Serrulastra ptycholarinx, Triptychia solida
and Testacella schuett (3) as suggested by Gall (1980) , the deposits of
Gundlkofen could be reasonably younger (maybe MN 6) than other Ba-
varian localities, such as Sandelzhausen and Undorf.

nity between

4.3. Steinheim am Albuch and the OSM localities

Despite the geographical closeness, Steinheim Basin is separated
from most of the German OSM localities. To get a clearer picture of
why this might be, we compare the land snail fauna from Steinheim
with that of Morsingen, which is here used as a representative of the
Baden-Wurttemberg OSM localities.

Steinheim am Albuch counts with 60 land snail species, while
Mérsingen counts with 46. They have only 13 species in common:
Aegopinella subnitens Carychium nouleti, Cecilioides aciculella Cochlicopa
subrimata, Discus pleuradrus Gastrocopta acuminata, Gastrocopta
nouletiana, Helicodonta involuta, Apula coarctata, Leucochroopsis kleinj
Oxyloma minima, Pseudidyla moersingensisand Pseudoleacina eburnea
Taking into account the habit requirements of present-day congeners,
most of the species listed above would have inhabited more humid en-
vironments. More speci cally, Aegopinella, Helicodonta and Discusare
typical humid forest dwellers, while  Oxyloma and Pseudoleacinawould
have lived near the lakeshore.

Despite both localities having counted with wet forest habitats,
there is a curious increase in the number of xerophilic species: from
4.6% in the older Mdérsingen to 11.8% in the younger Steinheim
(Holtke and Rasser, submitted ). This agrees with studies with the
mammalian fauna from Steinheim, which is a mixture of semi-aquat-
ic species, woodland species, and species from more open and arid
habitats (probably representing a warm-temperate landsca pe;
Tutken et al., 2006 ). In Steinheim, the sheer abundance and relative
diversity of the xerophilic gastropod genus Granaria is remarkable,
counting with three different species (G. schueblerj G. pachygastra
and G. grossecostata Only unidenti able Granaria fragments were
found in Mdrsingen. Moreover, there are four species of the g enus
Vallonia in Steinheim (and none in Mérsingen), which is also deemed
an inhabitant of dry grasslands (e.g., Welter-Schultes, 2012 ).

The genus Palaeotacheais important due to one species, namely
Palaeotachea silvana which lends its name to the Silvana Beds of the
OSM. A strong change happens during the Middle Miocene, since in
the later part of this period the species is ereplacedZ by the form
Palaeotachea sylvestrina( Holtke & Rasser, 2016). A similar case happens
in the genus Pseudochloritis where the MN 5 Pseudochloritis incrassata
seems to have died out at the time of the Ries event and in later sedi-
ments is sreplacedZby Pseudochloritis insignis

All aspects considered, there is a remarkable change in the species
composition from Morsingen (and, generally, of the other MN 5 OSM
localities) to the younger Steinheim. Three factors may affect this sepa-
ration. (1) Age: Steinheim is younger (MN 7) than the remaining OSM
localities (Silvana Beds, MN 5) and some species simply went extinct.
(2) The Ries impact: The devastating impact may have caused a faunal
change between the pre-Ries (MN 5) and post-Ries (MN 7) environ-
ments. (3) Ecology: Different environmental conditions (e.g., global or
regional climatic changes) led to a different faunal composition. A
more informed decision would, however, require further studies.

4.4. Steinheim am Albuch, Zwierzyniec and Méatrasz| s

According to the Ochiai and Kulczynski indices, Steinheima m Albuch
is clustered together with Zwierzyniec. These two coeval (MN 7)

localities are share 12 species: Palaeotachea sylvestrinaDiscus pleuradrus
Gastrocopta acuminata, Gastrocopta nouletiana, Granaria schuebleri Pupilla
iratiana , Pupilla steinheimensis Strobilops joosi, Vallonia subcyclophorella,
Vertigo angulifera, Vertigo callosa, Vitrea procrystallina . Given the habitat
requirements of Recent congeners, these species would have inhabited
a very broad array of habitats. As such, not much information can be
extracted from them. Zwierzyniec (similar to what was explained
above for Steinheim) would have counted with several types of
habitats, from more humid woodlands to more open and drier areas
(Stworzewicz et al., 2013 ).

By the Simpson index, however, Steinheim am Albuch is grouped to-
gether with Matrasz | s, which is also coeval. These two localities share
seven species: Carychium nouleti, Cecilioides aciculellg Gastrocopta
acuminata, Gastrocopta nouletiana, Gastrocopta sandbergerj Vertigo
angulifera angulifera, Vertigo callosa The most curious species here
is Ceciolides whose Recent congeners live buried in the soil, especial-
ly between leaf litter and roots, and also inside rock crevic es
(Welter-Schultes, 2012; Wiese, 2014 ).

4.5. Sansan

Sansan is clearly separated in all three indices, forming its own clus-
ter that appears vaguely related to the broader OSM + Bakony Moun-
tains supercluster. Despite sharing some species with the localities in
the supercluster, these are mainly freshwater (not studied here, since
the drives behind freshwater snails biogeography are distinct from the
terrestrial ones). As such, the reason for this isolated palaeogeographic
position in our analyses could be the high number of endemic species
in Sansan (12 in total): Cepaea leymerieana ?Helicigona philoscia,
Leucochroopsis asthenaMilax lartetti , Pupilla blainvilleana, Sansania
lartetti , Tacheocampylaea ludovicj Testacella lartetti, Triptychia lartetti ,
?Tropidomphalus dicroceri, Vertigo sandbergeriand Zonitoides apneus
According to Fischer (2000), this species assemblage would be prefer-
entially found in humid habitats, either in forests or shrublands. Species
that would prefer drier open areas are absent.

4.6. Korneuburger Basin

The Korneuburger Basin lies apart from the others by all three
indices. The reason for this may be the presence of 11 endemic species:
Auriculastra biplicata , Helicigona planata, Holcotachea beaumonti, Klikia
orbiculata, Leucochroopsis phaseolina papillata Melampus pilula,
Melampus turonensis, Ovatella pisolina, Pseudidyla polyptyx, Triptychia
obliqueplicata austriaca and Triptychia suturalis gracilis . Binder (2002)
de ned ve different faunas of continental mollusks (two freshwater
and three terrestrial) for the Korneuburger Basin according to their eco-
logical preferences: (1) the turonensis-fauna (after Megalotachea
turonensis) from open and sunny habitats; (2) the extinctus-fauna
(after Tropidomphalus extinctus) from bushy sparse forests or plant-
rich river banks; and (3) the orbiculatua-fauna (after Klikia orbiculata)
from full forests.

4.7. Opole

Opole is separated from all other localities in all three cluster analy-
ses. The deposits of Opole are remarkable because of its comparable
high amount of endemic Clausilidae: Cochlodina oppoliensis Pseudidyla
boettgeri, Regiclausilia patula, Serrulastra falkneri Serrulastra laevissima
Serrulella andreaei Trolliella silesiaca. This high endemicity may well be
the reason for this isolation. According to  Nordsieck (1981) , fossil
clausiliids were forest inhabitants, which could indicate large densely
forested areas in Opole during the Miocene.

When these clausiliids are excluded from the analysis (not shown
here), Opole consistently group together with Be chatéw. The latter
has older outcrops ( Table 1), butis also located in Poland. Their similar-
ities, when taken together with their difference from all other Central
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European outcrops, might be the reason why they form a distinct clus-
ter. When including the clausiliids, Opole is grouped with Be  chatéw
only by the Kulczynski index, but with a low similarity (ca. 0.15).

4.8. Gratkorn Basin

The Gratkorn Basin in Austria forms its own cluster according to all
three indices, although this locality has only three endemic species
(Platyla callosiuscula, Pleurodonte michalkovaci, Pseudidyla martingrossi.
Nevertheless, it is much younger than the other Austrian localities,
which could help to explain its isolation in the analyses. According to
Harzhauser et al. (2008) , the palaeoenvironment of Gratkorn Basin
consisted of woodlands with moist soil (offering habitats for the more
hygrophilic snail species) and nearby limestone-rich and sun-exposed
open areas (habitats for the more xerophilic taxa).

4.9. Bechatéw, Matrasz | s and Zwierzyniec

By the Simpson index, the Polish localities Be chatéw and Zwierzyniec
are grouped together (although with a similarity of only ca. ~ 0.28) despite
being of different ages. Both localities share eight specie s: Archaeozonites
costatus, Gastrocopta acuminata, Gastrocopta nouletiana, Negulopsis
suturalis, Pomatias rivulare, Vallonia subcyclophorella, Vertigo angulifera
angulifera and Vertigo callosa

The Ochiai index, however, grouped Be chatéw with Matrasz | s,
although with a similarity index of only ca. 0.24. This is sur  prising,
since these localities not only are of different ages but also remarkably
geographically separated. These deposits share only four species:
Gastrocopta nouletiana, Gastrocopta sandbergerj Vertigo angulifera
angulifera and Vertigo callosa

5. Conclusion

Besides the localities studied here, there are several more Miocene
deposits containing land snails in Central Europe. However, only for
our 30 localities the state of knowledge and number of species was
deemed adequate for a statistical paleobiogeographical study. The
restriction of eight species per locality was imposed in order to avoid
sampling biases; this number is considered suf  cient for our purposes.

Cluster (and NMDS) analyses, using three different indices, resulted
in comparable similarities between the faunas of the studied localities.
Given a similarity index  0.35, meaningful clusters were identi  ed.
Among them are several standalone localities, but several larger clusters
consistently appeared in the results of all three indices. Most of the sim-
ilarities can be explained by stratigraphic level (and thus age) and/or
palaeogeographic position, but insights about what actually caused
the changes in time remain elusive. That the observed faunal changes
were in uenced by climate change at the end of the Miocene Climatic
Optimum can be assumed, but the present lack of high-resolution
stratigraphy does not allow this conclusion to be reached with more
certainty. The same is true for the devastating in  uence of the Ries/
Steinheim meteorite impacts, which may have triggered the effect of
climate change. Both aspects require further investigation.

Further factors for unexpected differences/similarities should be
palaeoenvironmental controls that in ~ uenced the distribution of land
snail taxa. More de nitive decisions, however, can only be made when
more palaeoecological information about each locality is known.
Palaeogeographic barriers are further factors that can explain the distri-
bution of land snails and one such example would be the isolated posi-
tion of the Bakony Mountains. Again, such interpretations require
further palaeogegraphic and tectonic studies that were beyond the
scope of this paper.

We assume that the present study shows the power of fundamen-
tal taxonomic research combined with statistical aspects. Without
more detailed information about stratigraphy, palaeoecol ogy and

palaeogeography, however, several interpretations neces sarily re-
main tentative.
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Appendix A
Below is given the list of species reported for each locality , according to

the references given on Table 1. The lists only include those species that
were con dently identi ed to the species level by the original authors.

Austria

Gratkorn Basin
Discus euglyphoides
Gastrocopta sandbergeri
Negulopsis gracilis
Nesovitrea boettgeriana
Platyla callosiuscula
Pleurodonte michalkovaci
Pseudidyla martingrossi
Punctum propygmaeum parvulum
Pupilla iratiana
Testacella schuetti
Truncatellina lentilii
Vallonia lepida
Vertigo angulifera angulifera

Korneuburg Basin
Archaeozonites costatus
Auriculastra biplicata
Gastrocopta nouletiana
Helicigona planata
Holcotachea beaumonti
Klikia orbiculata
Leucochroopsis phaseolina papillata
Melampus pilula
Melampus turonense striata
Negulopsis suturalis
Ovatella pisolina
Palaeoglandina taurinensis
Palaeotachea turonensis
Pomatias turonicum
Pseudidyla polyptyx
Pseudochloritis incrassata
Serrulastra ptycholarinx
Triptychia obliqueplicata austriaca
Triptychia suturalis gracilis

Lake Rein
Aegopinella subnitens
Apula coarctata
Archaeozonites costatus
Carychium minimum
Carychium nouleti
Cecilioides aciculella
Cochlicopa subrimata
Discus pleuradrus
Discus schneideri
Euconulus styriacus
Gastrocopta acuminata
Gastrocopta sandbergeri
Klikia giengensis
Leucochroopsis kleinii
Opeas minutum
Oxychilus procellarius
Oxyloma minima
Palaeoglandina porrecta
Palaeotachea reinensis
Palaeotachea turonensis
Pomatias consobrina
Pseudidyla standfesti

(continued on next page)
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Appendix A (continued)

Pseudochloritis incrassata
Strobilops planus
Triptychia peneckei
Triptychia reinensis
Truncatellina pantherae
Vallonia lepida
Vertigo angulifera angulifera
Vertigo callosa

Pfander bei Bregenz
Aegopinella subnitens
Agardhia pseudoennea
Apula coarctata
Archaeozonites costatus
Azeca lubricella
Canariella disciformis
Carychium nouleti
Discus euglyphoides
Discus pleuradrus
Helicodonta involuta scabiosa
Janulus supracostatus
Klikia giengensis
Leucochroopsis kleinii
Opeas minutum
Palaeoglandina porrecta
Palaeotachea silvana
Palaeotachea turonensis
Praeoestophorella phacodes barreri
Pseudidyla moersingensis
Pseudochloritis incrassata
Pseudoleacina eburnea
Strobilops costata costata
Testacella zellii
Triptychia teutonica
Vitrea procrystallina

France

Sansan
Carychium nouleti
Palaeotachea leymerieana
Discus pleuradrus
Gastrocopta acuminata
Gastrocopta nouletiana
?Helicigona philoscia
Klikia giengensis
Leucochroopsis asthena
Leucochroopsis kleini
Milax larteti
Palaeotachea turonensis
Praeoestophorella phacodes barreri
Pupilla blainvilleana
Pupilla iratiana
Sansania lartetti
Tacheocampylaea ludovici
Testacella larteti
Triptychia larteti
?Tropidomphalus dicroceri
Vallonia lepida
Vertigo diversidens
Vertigo sandbergeri
Zonitoides apneus
Germany, Baden-Wurttemberg
Altheim near Ehingen
Azeca lubricella
Cochlicopa subrimata
Discus euglyphoides
Helicodonta involuta
Klikia osculina
Leucochroopsis kleinii
Palaeoglandina gracilis
Palaeotachea silvana
Pomatias conicus
Pseudidyla moersingensis
Pseudochloritis incrassata
Amstetten-Stubersheim
Archaeozonites praecostatus
Hemicycla asperula
Palaeoglandina gracilis insignis
Palaeotachea renevieri
Pseudochloritis incrassata

Bechingen
Apula coarctata
Azeca lubricella
Discus pleuradrus
Gastrocopta acuminata
Janulus supracostatus
Klikia giengensis
Klikia osculina
Leucochroopsis kleinii
Opeas minutum
Oxyloma minima
Palaeoglandina porrecta
Palaeotachea silvana
Palaeotachea turonensis
Pomatias conicus
Pseudochloritis incrassata

Harthausen auf der Scher
Archaeozonites praecostatus
Hemicycla asperula
Palaeoglandina gracilis insignis
Palaeotachea renevieri
Pseudochloritis incrassata

Hohenmemmingen
Acanthinula trochulus
Aegopinella subnitens
Archaeozonites costatus
Azeca lubricella
Carychium nouleti
Cochlicopa subrimata
Discus euglyphoides
Discus pleuradrus
Gastrocopta acuminata
Gastrocopta nouletiana
Granaria schuebleri
Helicodonta involuta
Klikia giengensis
Leucochroopsis kleinii
Opeas minutum
Oxyloma minima
Palaeoglandina gracilis
Palaeotachea silvana
Pseudidyla moersingensis
Pseudochloritis incrassata
Strobilops uniplicata
Vertigo callosa

Morsingen
Acanthinula trochulus
Aegopinella elatior
Aegopinella subnitens
Apula coarctata
Archaeozonites costatus
Archaeozonites subcostatus
Argna oppoliensis
Azeca lubricella
Carychium nouleti
Cecilioides aciculella
Cochlicopa subrimata
Discus euglyphoides
Discus pleuradrus
Gastrocopta acuminata
Gastrocopta nouletiana
Helicodonta involuta
Janulus moersingensis
Janulus supracostatus
Klikia giengensis
Klikia osculina
Leucochroopsis kleinii
Lucilla subteres
Opeas minutum
Oxyloma minima
Palaeoglandina porrecta
Palaeotachea silvana
Palaeotachea turonensis
Poiretia taurinensis
Pomatias conicus
Pomatias consobrina
Pomatias turonicum
Pseudidyla moersingensis
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Pseudochloritis incrassata
Pseudoleacina eburnea
Testacella zellii
Triptychia kleini
Triptychia teutonica
Oggenhausen
Archaeozonites costatus
Argna oppoliensis
Discus pleuradrus
Palaeotachea renevieri
Palaeotachea silvana
Pomatias conicus
Pseudochloritis incrassata
Triptychia Kkleini
Urticicola perchtae
Randecker Maar
Apula coarctata
Archaeozonites costatus
Cochlicopa loxostoma
Discus pleuradrus
Gastrocopta sandbergeri
Helicodonta involuta
Leucochroopsis kleinii
Negulopsis lineolata
Palaeoglandina gracilis
Palaeomastus locinctus
Palaeotachea renevieri
Palaeotachea silvana
Pomatias conicus
Praeoestophorella phacodes
Pseudochloritis incrassata
Pseudoleacina eburnea
Testacella zellii
Triptychia kleini
Triptychia randeckiana
Vitrina suevica
Steinheim am Albuch
Aegopinella erecta
Aegopinella subnitens
Amalia larteti
Apula coarctata
Archaeozonites costatus
Archaeozonites subcostatus
Azeca tridentiformis
Carychium nouleti
Carychium suevicum
Cecilioides aciculella
Cochlicopa subrimata
Cochlostoma excellens
Cochlostoma fraasi
Discus pleuradrus
Gastrocopta acuminata
Gastrocopta nouletiana
Gastrocopta sandbergeri
Granaria crassiventer
Granaria grossecostata
Granaria schuebleri
Helicodonta involuta
Hyalinia circumscisa
Isthmia lentilii
Janulus gottschicki
Lauria gottschicki
Leucochila suevica
Leucochroopsis kleinii
Limax crassissimus
Negulopsis gracilis
Oxychilus procellarius
Oxyloma minima
Palaeotachea sylvestrina
Pseudidyla moersingensis
Pseudoleacina eburnea
Punctum propygmaeum parvulum
Pupilla iratiana
Pupilla perlabiata
Pupilla steinheimensis
Pupilla submuscorum
Strobilops joosi
Triptychia steinheimensis

Vallonia lepida
Vallonia major
Vallonia steinheimensis
Vallonia subcyclophorella
Vertigo angulifera angulifera
Vertigo callosa
Vertigo milleri
Vertigo protracta suevica
Vitrea procrystallina
Vitrina suevica
Zonites verticiloides
Stoffelberg bei Ehingen
Aegopinella subnitens
Apula coarctata
Cochlicopa subrimata
Discus pleuradrus
Gastrocopta acuminata
Gastrocopta nouletiana
Granaria subfusiformis
Helicodonta involuta
Scabiosa
Klikia giengensis
Leucochroopsis kleinii
Palaeotachea silvana
Palaeotachea turonensis
Pomatias bisculatum
Praeoestophorella phacodes barreri
Pseudoleacina eburnea
Pseudochloritis incrassata

Zwiefalten

Apula coarctata
Cochlicopa subrimata
Gastrocopta acuminata
Helicodonta involuta
Klikia giengensis
Leucochroopsis kleini
Palaeotachea silvana
Pseudochloritis incrassata
Pseudoleacina eburnea
Triptychia kleini

Zwiefaltendorf

Acanthinula trochulus
Acicula callosiuscula
Aegopinella erecta
Aegopinella subnitens
Agardhia oppoliensis
Apula coarctata
Archaeozonites costatus
Azeca lubricella
Canariella disciformis
Carychium nouleti gibbum
Cecilioides aciculella
Cochlicopa subrimata
Discus euglyphoides
Discus pleuradrus
Gastrocopta acuminate
Gastrocopta nouletiana
Granaria subfusiformis
Helicodiscus subteres
Helicodonta involuta
Janulus moersingensis
Janulus supracostatus
Klikia catanostoma

Klikia giengensis

Klikia osculina
Leucochroopsis kleini
Negulus suturalis

Opeas minutum
Oxychilus procellarius
Oxyloma minima
Palaeoglandina porrecta
Palaeotachea silvana
Pomatias conica
Pomatias consobrina
Praeoestophorella phacodes barreri
Pseudidyla moersingensis
Pseudochloritis incrasssata
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Pseudoleacina eburnea
Pseudoleacina kleiniana
Pupisoma distans
Spermodea candida
Strobilops uniplicata plana
Testacella zellii
Triptychia kleini
Vallonia subpulchella
Vertigo callosa
Vitrea procrystallina
Zonitoides suevicus
Germany, Bavaria
Adelschlag-Fasanerie
Carychium galli
Carychium nouleti
Discus pleuradrus
Gastrocopta nouletiana
Oxyloma minima
Palaeotachea renevieri
Palaeotachea silvana
Vertigo callosa
Gundlkofen
Lucilla subteres
Pomatias consobrina
Pseudidyla moersingensis
Serrulastra ptycholarinx
Serrulastra ptycholarinx galli
Testacella schuetti
Triptychia solida
Triptychia teutonica
Riedensheim
Azeca peneckei
Carychium eumicrum
Carychium galli
Discus pleuradrus
Gastrocopta acuminata
Gastrocopta nouletiana
Negulopsis lineolata
Oxyloma minima
Pseudidyla moersingensis
Strobilops costata
Strobilops uniplicata
Urticicola perchtae
Truncatellina pantherae
Vertigo angulifera
Vitrea ammoni
Vitrina suevica
Sandelzhausen
Carychium eumicrum
Carychium galli
Discus pleuradrus
Gastrocopta nouletiana
Gastrocopta acuminata
Janulus supracostatus
Leucochroopsis kleinii
Lucilla subteres
Oxyloma minima
Pseudidyla moersingensis
Testacella zellii
Urticicola perchtae
Vallonia lepida
Vertigo callosa
Undorf
Acanthinula trochulus
Acicula isselii
Aegopinella subnitens
Agardhia praeambula
Agardhia pseudoennea
Archaeozonites costatus
Carychium eumicrum
Carychium nouleti
Gastrocopta acuminata
Gastrocopta nouletiana
Helicodonta involuta
Janulus supracostatus
Klikia giengensis
Leucochroopsis kleinii
Lucilla subteres

Milax crassus

Negulopsis lineolata
Opeas minutum

Oxyloma minima
Palaeoglandina porrecta
Palaeotachea silvana
Platyla alta

Pomatias consobrina
Pseudidyla moersingensis
Pseudochloritis incrassata
Strobilops costata costata
Strobilops uniplicata plana
Testacella zellii

Triptychia Kkleini
Truncatellina lentilii
Vallonia lepida

Vertigo callosa

Vitrina suevica

Hungary

Bakony Mountains, Layer C
Apula coarctata
Archaeozonites costatus
Carychium eumicrum
Carychium minimum
Carychium nouleti
Cochlostoma septemspirale
Emneopupa subcylindrella
Janulus moersingensis
Melampus turonense striata
Oxyloma minima
Palaeotachea silvana
Pedipes myotis pisolina
Pseudochloritis incrassataq
Stolidoma dolioliformis
Stolidoma gracilis
Stolidoma mayeri
Stolidoma tuornoueri
Strobilops subconoidea

Bakony Mountains, Layer D
Apula coarctata
Archaeozonites costatus
Canariella bakonyensis
Canariella disciformis
Carychium nouleti
Emneopupa subcylindrella
Palaeoglandina porrecta
Perforatella punctigera
Platyla alta
Pomatias conicus

Praeoestophorella phacodes barreri

Vitrea procrystallina
Bakony Mountains, Layer E
Acanthinula trochulus
Apula coarctata
Archaeozonites costatus
Argna suemeghyi
Auriculastra badaniensis
Canariella bakonyensis
Carychium nouleti
Carychium sandbergeri
Discus pleuradrus
Galactochilus silesiacus
Gastrocopta acuminata
Gastrocopta nouletiana

Gastrocopta nouletiana gracilidens
Gastrocopta nouletiana tapeina

Gastrocopta sandbergeri
Helicigona wenzi
Helicodiscus subteres
Janulus moersingensis
Klikia giengensis

Limax crassus
Negulopsis gracilis
Nesovitrea mendica
Nesovitrea subhammonis
Opeas minutum
Palaeoglandina porrecta
Palaeotachea silvana
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Perforatella punctigera
Platyla falkneri
Platyla polita
Poiretia taurinensis
Pomatias conicus
Pomatias consobrina
Pseudochloritis incrassata
Semilimax intermedius
Strobilops costata costata
Strobilops subconoidea
Strobilops tiarula
Strobilops uniplicata plana
Tropidomphalus gigas
Vertigo callosa
Vertigo callosa cardiostoma
Vertigo callosa convergens
Vertigo diversidens
Vertigo kochi
Vertigo ovatula miliformis
Vertigo ovatula trolli
Vertigo protracta suevica
Vitrea procrystallina
Zonitoides suevicus
Bakony Mountains, Layer F
Acanthinula trochulus
Agardhia praeambula
Agardhia pseudoennea
Archaeozonites costatus
Argna oppoliensis
Argna reperta
Argna sublamellata
Argna suemeghyi
Azeca lubricella frechi
Canariella bakonyensis
Carychium eumicrum
Carychium nouleti
Carychium pachychilus
Carychium sandbergeri
Cochlicopa subrimata
Cochlodina varpalotensis
Cochlostoma septemspirale
Daudebardia praecursor
Discus pleuradrus
Emneopupa subcylindrella
Fortuna tertia
Fortuna varpalotensis
Galactochilus leobersdorfensis
Galactochilus sarmaticum
Gastrocopta acuminata
Gastrocopta infrapontica
Gastrocopta nouletiana
Gastrocopta obstructa ferdinandi
Gastrocopta sandbergeri
Helicigona wenzi
Janulus supracostatus
Klikia giengensis
Klikia goniostoma
Klikia kaeufeli
Leiostyla gottschicki
Mactrogastra voesendorfensis
Mastus pupa sarmatica
Milax loerentheyi
Negulopsis gracilis
Nesovitrea mendica
Nordsieckia pontica
Oxychilus procellarius
Oxyloma minima
Palaeoglandina porrecta
Palaeotachea etelkae
Palaina martensi
Perforatella punctigera
Planogyra nana
Platyla polita
Poiretia taurinensis
Pomatias conicus
Pomatias consobrina

Praeoestophorella phacodes barreri

Pseudidyla boettgeri

Pseudidyla tricarinata
Pseudochloritis incrassata
Pseudoleacina rakosdensis
Pupilla iratiana

Retinella applanata
Semilimax intermedius
Spermodea candida
Strobilops costata costata
Strobilops pappi
Strobilops sandbergeri
Strobilops subconoidea
Strobilops tiarula

Triptychia leobersdorfensis sarmatica

Triptychia suturalis
Tropidomphalus gigas
Vallonia lepida
Vertigo bakonyensis
Vertigo callosa
Vertigo oecsensis
Vertigo ovatula trolli
Vertigo protracta
Vertigo pusilia sarmatica
Vitrea procrystallina
Zonitoides schaireri
Zonitoides suevicus
Métrasz | s
Aegopinella orbicularis
Carychium nouleti
Cecilioides aciculella
Gastrocopta acuminata
Gastrocopta nouletiana

Gastrocopta nouletiana gracilidens

Gastrocopta obstructa ferdinandi
Gastrocopta sandbergeri

Limax crassus

Nesovitrea boettgeriana
Palaeoglandina porrecta
Punctum pumilio
Tropidomphalus gigas

Vertigo angulifera angulifera
Vertigo callosa

Poland

Belchatow
Acanthinula trochulus
Acicula crassistoma
Acicula schlickumi
Archaeozonites costatus
Carychiopsis prisyazhnyuki
Carychium antiquum
Carychium eumicrum
Carychium pachychilus
Carychium rhenanum
Carychium surai
Caspicyclotus belchatoviensis
Gastrocopta acuminata
Gastrocopta edlaueri
Gastrocopta nouletiana
Gastrocopta sandbergeri
Gastrocopta turgida
Negulopsis suturalis
Nesopupa minor
Planogyra nana
Pomatias rivulare
Renea pretiosa
Strobilops boettgeri
Strobilops costata costata
Strobilops scheri
Strobilops tiarula
Strobilops uniplicata
Vallonia subcyclophorella
Vertigo angulifera angulifera
Vertigo callosa
Vertigo diversidens
Vertigo protracta

Opole
Acanthinula nana
Acanthinula tuchoricensis
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Acicula callosiuscula
Acicula limbata
Agardhia oppoliensis
Archaeozonites conicus
Azeca lubricella frechi
Bolania leptopomoides
Carychium crossei
Carychium minimum
Cochlodina oppoliensis
Daudebardia praecursor
Galactochilus brauni ehingense
Galactochilus silesiacus
Gastrocopta obstructa ferdinandi
Gastrocopta turgida
Janulus gyrorbis
Klikia coarctata
Limacus crassitesta
Limax excavatus
Mllax oppollensis
Monacha neudorfensis
Negulus raricosta
Negulus suturalis
Oxychilus (Gyralina) roemeri
Oxyloma minima
Palaina martensi
Pleurodiscus mamillatus
Pomatias schrammeni
Pseudidyla boettgeri
Pseudoleacina fossilis
Pseudotruncatella microceras
Punctum propygmaeum
Regiclausilia patula
Renea pretiosa
Serrulastra falkneri
Serrulastra laevissima
Serrulella andreaei
Serrulella multiplicata
Strobilops boettgeri
Strobilops costata costata
Triptychia margaretae
Trolliella silesiaca
Vertigo callosa
Vertigo kochi
Vitrea procrystallina
Vitrina intermedia
Zonitoides mendicus
Zwierzyniec
Archaeozonites costatus
Carychium schlickumi schlickumi
Carychium starobogatovi
Discus pleuradrus
Gastrocopta acuminata
Gastrocopta didymodus
Gastrocopta ssidens
Gastrocopta nouletiana
Gastrocopta serotina
Granaria schuebleri
Hawaiia antiqua
Helicodiscus roemeri
Klikia giengensis
Microstele buryaki
Microstele caucasica
Microstele ikvae
Negulopsis suturalis
Palaeotachea sylvestrina
Phenacolimax suevica
Pomatias rivulare
Pseudochloritis incrassata
Pupilla iratiana
Pupilla steinheimensis
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Triloba magurkai
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Vertigo callosa
Vertigo protracta
Vitrea procrystallina

Andreae, A., 1902. Binnenconchylienfauna des Miocéns von Oppeln in Schlesien. Mitt.
Roemer-Mus. Hildesheim 18, 1 ..31.

Andreae, A., 1904. Kenntnis des Miocéns von Oppeln in Schlesien. Mitt. Roemer-Mus. Hil-
desheim 20, 1..22.

Berger, J.-P., Reichenbacher, B., Becker, D., Grimm, M., Grimm, K., Picot, L., StorniA.,
Pirkenseer, C., Derer, C., Schaefer, A., 2005?aleogeography of the Upper Rhine Gra-
ben (URG) and the Swiss Molasse Basin (SMB) from Eocene to Pliocene. Int. J. Earth
Sci. 94 (4), 697..710.

Berz, K.C., Jooss, C.H., 1927Uber die Altersstellung der tertidaren Schichten
(SuRwasserablagerungen und bunter Breccia) von Oggenhaus en bei Haidenheim
a. d. Brenz. Centralblatt Mineral. Geol. Palaontol. Abt. B 1 927, 193..208.

Binder, H., 2002. Die Land- und SuRwassergastropoden aus dem Karpatium des
Korneuburger Beckens (Niederdsterreich; Untermiozén). Beitr. Palaontol. 27,
161..203.

Binder, H., 2003. Terrestrial and freshwater gastropods of the Karpatian (Lower Miocene).
In: Brzobohaty, R., Cicha, I., Kova , M., Régl, F. (Eds.), The Karpatian: A Lower Miocene
Stage of the Central Paratethys. Masarykova Univerzita v Brn , Brno, pp. 213..215.

Bohme, M., Winklhofer, M., llg, A., 2011. Miocene precipitation in Europe: temporal
trends and spatial gradients. Palaeogeogr. Palaeoclimatol. Palaeoecol. 304, 212 ..218.

Béttcher, R., Heizmann, E.P.J., Rasser, M.W., Ziegler, R., 200®iostratigraphy and palaeo-
ecology of a Middle Miocene (Karpathian, MN 5) fauna from the northern margin of
the North Alpine Foreland Basin (Oggenhausen 2, SW' Germany). Neues Jahrb. Geol.
Palaontol. Abh. 254 (1 ..2), 237..260.

Buchner, E., Schmieder, M., 2013. Das Ries-Steinheim-Ereignis - Impakt in eine miozane
Seen- und Sump andschaft. Z. Dtsch. Ges. Geowiss. 164 (3), 459..470.

Buchner, E., Schmieder, M., Schwarz, W.H., Trieloff, M., 2013. Das Alter des
Meteoritenkraters Nordlinger Ries ...eine Ubersicht und kurze Diskussion der
neueren Datierungen des Riesimpakts. Z. Dtsch. Ges. Geowiss. 164 (3), 433..445.

Clessin, S., 1910-1911.Die Conchylien der obermiocaenen Ablagerung von Undorf. Ber.
Naturwiss. Ver. Regensb. 13, 1..13.

Daxner-Hock, G., 2001. Early and Late Miocene Correlation (Central Paratethys). Berichte
des Institutes fiir Erdwissenschaften der Karl-Franzens-Universitat Graz Band Vol. 4,
pp. 28..32.

Esu, D., 1999.Contribution to the knowledge of Neogene climatic changes in western and
central Europe by means of non-marine molluscs. In: Agusti, J., Rook, L., Andrews, P.
(Eds.), Hominid Evolution and Climatic Change in EuropeThe Evolution of Neogene
Terrestrial Ecosystems in Europe Vol. 1. Cambridge University Press, Cambridge,
pp. 328..354.

Fejfar, O., 1999. Subfamily Platacanthomyinae. In: Rossner, G.E., HeiRig, K. (Eds.), Land
Mammals of Europe. Pfeil, Miinchen, pp. 389 ..394.

Finger, 1., 1998. Gastropoden der kleini-Schichten des Steinheimer Beckens (Miozan,
Suiddeutschland). Stuttg. Beitr. Naturkunde Ser. B 259, 1 ..51.

Fischer, J.-C., 2000Le malacofaune de Sansan. Mém. mus. Natl. Hist. Nat. 183, 129..154.

Gall, H., 1980. Eine Gastropodenfauna aus dem Landshuter Schotter der Ober en
SuBwassermolasse (Westliche Paratethys, Badenien) von Giindlkofen/Niederbayern.
Mitt. Bayer. Staatssamml. Paléontol. Hist. Geol. 20, 51..77.

Geyer, O.F., Gwinner, M.P., 2011.Geologie von Baden-Wirttemberg. Schweizerbart'sche
Verlagsbuchhandlung, Stuttgart.

Ginsburg, L., 1999. Order Carnivora. In: Réssner, G.E., HeiBig, K. (Eds.), Land Mammals of
Europe Pfeil, Minchen, pp. 109 ..148.

Gottschick, F., 1919. Die Land- und SuRwassermollusken des Tertidrbeckens von
Steinheim am Albuch. Arch. Molluskenkd. 51, 119 ..127.

Gottschick, F., 1920a. Die Land- und StiBwassermollusken des Tertiarbeckens von
Steinheim am Albuch. Arch. Molluskenkd. 52, 33 ..47.

Gottschick, F., 1920b. Die Land- und SuRwassermollusken des Tertidrbeckens von
Steinheim am Albuch. Arch. Molluskenkd. 52, 49 ..66.

Gottschick, F., 1920c. Die Land- und StiBwassermollusken des Tertiarbeckens von
Steinheim am Albuch. Arch. Molluskenkd. 52, 108 ..117.

Gottschick, F., 1921. Die Land- und SuRwassermollusken des Tertiarbeckens von
Steinheim am Albuch. Arch. Molluskenkd. 53, 163 ..180.

Gottschick, F., 1928. Zwei neue Schneckenarten aus dem schwéabischen Obermiozén.
Arch. Molluskenkd. 60 (1), 146 ..150.

Gottschick, F., Wenz, W., 1916. Die Sylvanaschichten von Hohenmemmingen und ihre
Fauna. Nachrichtsblatt Dtsch. Malakozoologischen Gesell. 48, 17 ..113.

Gottschick, F., Wenz, W., 1919. Die Land- und SiiRwassermollusken des Tertiarbeckens
von Steinheim am Albuch. Arch. Molluskenkd. 51, 1 ..23.

Hammer, @., Harper, D.A.T., Ryan, P.D., 2001PAST: paleontological statistics software
package for education and data analysis. Palaeontol. Electron. 4 (1), 1 ..9.

Harzhauser, M., Mandic, O., 2008. Neogene lake systems of Central and South-Eastern
Europe: faunal diversity, gradients and interrelations. Palaeogeogr. Palaeoclimatol.
Palaeoecol. 260, 417..434.

Harzhauser, M., Gross, M., Binder, H., 2008. Biostratigraphy of Middle Miocene (Sarma-
tian) wetland systems in an Eastern Alpine intramontane basin (Gratkorn Basin, Aus-
tria): the terrestrial gastropod approach. Geol. Carpath. 59 (1), 45 ..58.

Harzhauser, M., Neubauer, T.A., Gross, M., Binder, H., 2014.The early Middle Miocene
mollusc fauna of Lake Rein (Eastern Alps, Austria). Palaeontogr. Abt. A 302 (1 ..6),
1.71.

Hir, J., Kékay, J., 2004Middle Miocene molluscs and rodents from Méatraszolos (Matra
Mountains, Hungary). Fragmenta Palaeontol. Hung. 22, 83 ..97.

Holtke, O., Rasser, M.W., 2016. The Miocene continental molluscs of Morsingen (Baden-
Wiirttemberg, South Germany) (in prep.).

Holtke, O., Rasser, M.W., 2016. Landsnails from the surroun ding of the Miocene Steinheim
impact crater lake (Baden-Wirttemberg, South Germany). Arch. Molluskenkd.
(submitted).

Please cite this article as: Holtke, O., et al., Paleobiogeography of Early/Middle Miocene terrestrial gastropods in Central Europe: An approach
using similarity indices, Palaeogeogr. Palaeoclimatol. Palaeoecol. (2016), http://dx.doi.org/10.1016/j.palaeo.2016.08.027




O. Holtke et al. / Palaeogeography, Palaeoclimatology, Palaeoecology xxx (2016) xxxxx 13

Holtke, O., Rasser, M.W., 2016.The Palaeotacheacomplex (Gastropoda: Pulmonata) in the
Miocene of SW Germany: a morphometric approach. J. Conchol. 4 2 (4), 1..18.

Jooss, C.H., 1910Binnenconchylienfauna aus dem Obermiozén des Pfanders bei Bregenz
am Bodensee. Nachrichtsblatt Dtsch. Malakozoologischen Ges. 42, 19 ..29.

Jooss, C.H., 1923Die Schneckenfauna der stiddeutsch-schweizerischen Helicidenmergel
und ihre Bedeutung fiir die Altersbestimmung der letzteren. Neues Jahrb. Geol
Paléontol. Bd. 49, 185..211.

Kalin, D., Kempf, O., 2009. High-resolution stratigraphy from the continental record of the
Middle Miocene Northern Alpine Foreland Basin of Switzerland. N. Jb. Geol. Palaont.
(Abh.) 254, 177 ..235.

Kerney, M.P., Cameron, R.A.D., Jungbluth, J.H., 1983Die Landschnecken Nord-und
Mitteleuropas. Paul Parey-Verlag, Hamburg und Berlin.

Kékay, J., 2006.Nonmarine mollusc fauna from the Lower and Middle Miocene, Bakony
Mts, W Hungary. Geol. Hung. Ser. Palaeontol. 56, 3..196.

Kulczynski, S., 1927. Die P anzenassoziationen der Pieninen. Bulletin International de
I'Academie Polonaise des Sciences et des Lettres, Classe des Sciences Mathematiques
et Naturelles B 1927, pp. 57 ..203.

Nordsieck, H., 1981. Die posteozénen tertidren Clausilien Mittel-und West-Europas. Arch.
Molluskenkd. 111 (1/3), 97 ..114.

Ochiali, A., 1957. Zoographic studies on the soleoid  shes found in Japan and its neighbor-
ing regions. Bull. Jpn. Soc. Sci. Fish. 22, 526.530.

Rasser, M.W., Harzhauser, M., (Coordinators), 2008. Paleogene and Neogene. In: McCann,
T., (Hrsg.) (Eds.), The Geology of Central Europe: Mesozoic and Cenozoic vol. 2. The
Geological Society, London, pp. 1031..1139.

Salvador, R.B., 2013a.The fossil land and freshwater mollusks of Sandelzhausen (Early/
Middle Miocene, Germany): Caenogastropoda, Neritimorpha, lower Heterobranchia
and Bivalvia. Strombus 20 (1 ..2), 19..26.

Salvador, R.B., 2013b.The fossil pulmonate snails of Sandelzhausen (Early/Middle Mio-
cene, Germany): Succineidae, Testacelloidea and Helicoidea. Zootaxa 3721 (2),
157..171.

Salvador, R.B., 2014.The fossil land and freshwater snails of Guindlkofen (Middle Miocene,
Germany). Zootaxa 3785 (2), 271 ..287.

Salvador, R.B., 2015The fossil pulmonate snails of Sandelzhausen (Early/Middle Miocene,
Germany): Ellobiidae, Pupilloidea, and Clausilioidea. Palaontol. Z. 89 (1), 37 ..50.
Salvador, R.B., Rasser, M.W., 2014The fossil pulmonate snails of Sandelzhausen
(Early/Middle Miocene, Germany) (Hygrophila, Punctoidea and limacoids). Arch.

Molluskenkd. 143, 187 ..202.

Salvador, R.B., Rasser, M.W., 2016aFossil land and freshwater gastropods from the Mid-
dle Miocene of Bechingen and Daugendorf, southwestern Germany. Arch.
Molluskenkd. 145 (1), 111 ..124.

Salvador, R.B., Rasser, M.W., 2016bThe fossil land and freshwater snails of Oggenhausen
(Middle Miocene, Germany). Rev. Bras. Paleontol. 19 (1), 41 ..52.

Salvador, R.B., Rasser, M.W., Holtke, O., 2015Fossil gastropods from Miocene Lake
Randeck Maar and its hinterland (SW Germany). Neues Jb. Geol. Paldontol. Abh.
277 (3), 251 ..273.

Salvador, R.B., Prieto, J., Mayr, C., Rasser, M.W., 2016lew gastropod assemblages from
the Early/Middle Miocene of Riedensheim and Adelschlag-Fasanerie, southern Ger-
many. Neues Jahrb. Geol. Palaontol. Abh. 279 (2), 127..154.

Schlickum, W.R., 1976. Die in der pleistozanen Gemeindekiesgrube von Zwiefaltendorf a.
d. Donau abgelagerte Molluskenfauna der Silvanaschichten. Arch. Molluskenkd. 107
(1/3),1 ..31.

Schweigert, G., 1996. Vergleichende Faziesanalyse, Paldotkologie und paldographisches
Umfeld tertiarer StiBwasserkarbonate auf der westlichen Schwabischen Alb und im
Hegau (Baden.. Wirttemberg). Pro 19, 1..100.

Simpson, E.H., 1949.Measurement of diversity. Nature 163, 688.

Stworzewicz, E., 1993. Palaeobiogeographical characteristics of the Miocene land snail
fauna of Poland. Scr. Geol. Spec. Issue 2, 397406.

Stworzewicz, E., 1995. Miocene land snails from Belchatéw (Central Poland), I.
Cyclophoridae, Pomatiasidae (Gastropoda Prosobranchia). Palaontol. Z. 69 (1/2),
19..30.

Stworzewicz, E., 1999a. Miocene land snails from Belchatéw (Central Poland), IlI:
Carychiinae (Gastropoda; Pulmonata: Ellobiidae). Paléaontol. Z. 73 (3/4), 261 ..276.

Stworzewicz, E., 1999b. Miocene land snails from Belchatéw (Central Poland). IV:
Pupilloidea (Gastropoda Pulmonata). Systematic, biostra tigraphic and palaeoecological
studies. Folia Malacol. 7 (3), 133 ..170.

Stworzewicz, E., Prisyazhnyuk, V.A., 2006. A new species of Miocene terrestrial gastropod
Gastrocopta from Poland and the validity of +Pupa (Vertigo) suevica Z Acta
Palaeontol. Pol. 51 (1), 165 ..170.

Stworzewicz, E., Soltys, Z., 1996.Miocene land snails from Belchatéw (Central Poland). II:
Aciculidae (Gastropoda Prosobranchia). Paldontol. Z. 70 (1/2), 67 ..77.

Stworzewicz, E., Prisyazhnyuk, V.A., Gorka, M., 2013. Systematic and paleoecological
study of Miocene terrestrial gastropods from Zwierzynec (Southern Poland). Ann.
Soc. Geol. Pol. 83, 179.200.

Tutken, T., Vennemann, T.W., Janz, H., Heizmann, E.P.J., 2006alaeoenvironment and
palaeoclimate of the Middle Miocene lake in the Steinheim basin, SW Germany: a re-
construction from C, O, and Sr isotopes of fossil remains. Palaeogeogr. Palaeoclimatol.
Palaeoecol. 241, 457.491.

Welter-Schultes, F., 2012. European non-marine molluscs. Planet Poster Editions,
Gottingen.

Wenz, W., 1922. Eine neue Lauria aus dem Obermiozén von Steinheim am Albuch. Arch.
Molluskenkd. 54, 106 ..109.

Wenz, W., 1923. Fossilium Catalogus, I: Animalia, Gastropoda Extramarina Tertiaria ,, 1ll-
IV. W. Junk Verlag, Berlin.

Wenz, W., 1933. Zur Land- und StiBwassermolluskenfauna der subalpinen Molasse des
Pfandergebietes. Senckenbergiana 15, 7..12.

Wenz, W., 1935. Weitere Beitrdge zur Land- und SuRwasser-Molluskenfauna der
subalpinen Molasse des Pfandergebietes. Senckenbergiana 17, 223..226.

Wiese, V., 2014. Die Landschnecken Deutschlands. Quelle & Meyer, Wiebelsheim.

Zachos, J., Pagani, M., Sloan, L., Thomas, E., Billups, K., 200Ltends, rhythms, and aberra-
tions in global climate 65 Ma to present. Science 292, 686 ..693.

Please cite this article as: Holtke, O., et al., Paleobiogeography of Early/Middle Miocene terrestrial gastropods in Central Europe: An approach
using similarity indices, Palaeogeogr. Palaeoclimatol. Palaeoecol. (2016), http://dx.doi.org/10.1016/j.palae0.2016.08.027




ResearchGate

8JJ INXHZXXNTSX XYFYX FSI FZYMTW YWIXKNQUXWKIKWEYWHNX. NZGC QNHBYRBDINHEFYNTS

*DVWURSRG SDODHRKDELWDWY RI OLRFHQH /DNH 5DQGHF
GH&QHG E\ DQ DFWXDOLVWLF JHQXVOOHYHO DSSURDFK

&WYMHDYMFENF { 8JUYJRGJIW

V4. QJY
(.9&9.438 7*8&)8
FZYMTWX
2NHMFJQ < 7FXXJW 4QFK -°QYPJ
8YFYJ 2ZXJZR TK 3FYZWFQ -NXYTW" 8YZYYLFWY 8YFYJ 2ZXJZR TK 3FYZWFQ -NXYTW" 8YZYYLFWY
5:'1.(&9.48dd (.9&9.4kdd 5:'1.(&9.48d d(.9&9.4kdd
8** 574+.1* 8** 574+ 1%

TTIWNLT ' 8FQ[FITW
2ZXJZR TK 3J\ ?2JFQFSI 9J 5FUF 9TSLFWJ\F

5:'1.(&9.4Bdd(.9&89.4Bdd

8** 574+ . 1*

8TRJ TK YMJ FZYMTWX TK YMNX UZGQNHFYNTS FWJ FQXT \TWPNSL TS YMJXJ WIJQFYJI UWTOJHYX

<JXYJIJWS &YQFSYNH &SWHMWYDHWHWTYSNHNIFJ

LJTRNHWTGNTQTLA TK QFHZXYWNSJ FSI URQQZWYWNSY KWIXM \FYJW HFWGTSFYJX

&QQ HTSYJSY KTQQTINSL YMNXWNALT '\ F&F BURQ 7 ANIT GaI'W

IMJ ZXIW MFX WJIVZJIXYJlI JSMFSHJRJSY TK YMJ IT\SQTFIJI KNQJ



Gastropod palaeohabitats of Miocene Lake Randeck Maar
and its hinterland dened by an actualistic geniesvel
approach

MICHAEL W. RASSER, OLAF HOLTKE AND RODRIGO B. SALVAD®DR

Rasser, M. W., Hdltke, O., Salvador, R. B. 2019:Gastropod palaeohabitats of Miocene
Lake Randeck Maar and its hinterland ded by an actualistic genlevel approach.
Lethaia https://doi.org/10.1111/let.12353.

The Randeck Maar lake sediments from SW Germany were deposited during a climatic
phase known as the Milfliocene Climatic Optimum, providing a unique window into

this last favourable period for a more thermophilous fauna in Central Europe. Previous
palaeoecological reconstructions of Randeck Wlasmvironment focused on thera

and vertebrate fauna. Here, we present a palaeoecological analysis using gastropods as
proxies by means of an actualistic gefexgel approach. This approach is grounded in
comparisons of habitat preferences between extant and fossil congeners and thus obvi-
ously requires a sound taxonomic framework. Despite being commonly applied in the
literature, this approach has hardly beenmd so far. Therefore, we thoroughly delin-

eate it, exploring its applicability, potential and shortcomings. The molluscan fauna of
Randeck Maar counts with 32 species of continental snails, mostly terrestrial pul-
monates, related to the following palaeohabitats: littoral, supralittoral, rocky walls,
shrubland, forests and open habitats. The gastropods indicate atesuperate cli-

mate with a dry season, in line with previous works on Randeck'aaga and verte-

brates. MN 5 European Mammal Neogene Zone, palaeoecology, palaeoenvironmental
reconstruction, pulmonate snails, volcanic maar lake.
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The Randeck Maar lake sediments in SW Germany(Salvadoret al 2015). This paper uses the gas-
were deposited during the Midliocene Climatic  tropods as palaeoecological proxies in an actualistic
Optimum, which was the last time interval favour- genuslevel approach, which is based in habitat
able for a more thermophilous fauna andra in preferences of extant congeners of the fossils. This
Europe (Zachost al 2001). A palaeoenvironmental approach is widely applied in the palaeomalacologi-
reconstruction of Randeck Maar, based largely oncal literature (Laek 1964; Clarke 1979; Fordinal
the ora and vertebrate fauna, provided a picture of 1996; Albesat al 1997; Esu & Ciangherotti 2004;
its palaeohabitats (Rassetral 2013): (1) deepand Moser et al 2009; Salvadoet al 2016), but is
openwater lake habitats with local and shtetm mostly used in an informal manner, being only
mass occurrences of insect larvae, amphibians andoughly delineated and explained so far. Therefore,
gastropods. Fish are extremely scarce and restrictesve thoroughly delineate it, exploring its applicabil-
to few beds; (2) shallow parts of the lake comprisingity, potential and shortcomings. We then use the
a narrow reed belt with insects and gastropods, asRandeck Maar molluscan fauna to exemplify this
well as aquatic turtles, living on the exposed plantapproach, presenting a detailed environmental
stems; and (3) crater slopes and surrounding plateauseconstruction of the setting and comparing this
mainly covered by subhumid, sclerophyllous to approach with previous work on the s#teora and
mixed mesophytic forests. Horses and other forest vertebrates (Rasset al 2013).
dwellers preferably lived in forested habitats, whereas
proboscideans and rhinoceratids occupied more . .
open habitats. Geological setting

The snail fauna of Randeck Maar comprises 32
species of continental gastropods, almost exclusivel\Randeck Maar is located on the northern margin of
pulmonate snails, which occur in various beds the Swabian Alb in SW Germany and belongs to a
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large volcanic area that was active during the Early Most of the terrestrial gastropods come from the
Middle Miocene, formed by a phreatomagmatic reworked volcanites (stages 1 and 2T), generally
explosion (Lorenz 1979). No radiometric data exist referred in the literature atight' (i.e. yellowish to
so far (Krochertet al 2009), but small mammals brownish) and‘dark (i.e. greyish to black) tufes
indicate a MN 5 (Neogene European mammal zone) (Salvadoet al 2015). Ehrat & Jooss (1921) assumed
age, that is latest Early Miocene to earliest Middle that these two tufte types were formed during two
Miocene (Fig. 1; Heizmann 1983; Rasgteal 2013).  different eruptive events. Later studies starting with
As a result of the volcanogenic activity, a crater with Seemann (1926) suggested, however, that they are
a diameter of ca. 1.8 km was formed, with steepdistinct but synchronous facies: the dark tef
slopes and a crater rim, which in turn resulted in a would have been formed in the deepest part of the
lake. The lake lacked tributaries and therefore repre-earliest maar stage under permanent water cover,
sented a protected setting with a topographic relief ofwhile the light tuf te would have been formed sub-
220 m and water depths of up to ca. 130 m (Rasseraerially in a more marginal position. Thadings of
et al 2013, 2014). Today, ca. 60 m of lake sedimentsSalvadoret al (2015) agreed well with this scenario:
is preserved. very few terrestrial gastropod species occur in the
Jankowski (1981) identd three consecutive dark tuf te, while all freshwater ones can be found
lake stages (Fig. 2). Thest one appeared immedi- on this facies; meanwhile, most terrestrial species can
ately after the maar formation, consisting of an be found in the light tufte, while only a single fresh-
alluvial stage with reworked volcanites (stage 1 inwater snail was found there.
Fig. 2). It was followed by a brackish and eutrophic  The marginal limestones and marls, as well as the
lake stage, comprising bituminous laminites (the calcareous laminites, are aquatic sediments (Rasser
socalled ‘dysodil) in the deepest parts (stage 2c), et al 2013). Despite being numerically dominated by
calcareous and marly laminites in the more mar- freshwater species, a large portion of the terrestrial
ginal parts (stage 2b), and littoral limestones and species can be found in these facies as well, especially
dolomites (stage 2a). The third lake stage is characin the former (Table 1; Salvadet al 2015). In fact,
terized by massive, fossiliferous freshwater lime-there are terrestrial species found only in this facies,
stones (stage 3). such as the slud3erocerasp. andMilax sp., and the

Fig. 1. Geographical location and stratigraphy of Randeck Maar Lake. Redrawn froméadg@013).
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Fig. 2. Top: schematic crosection through the Randeck Maar sediments after Jankowski (1981). See Table 1 for the distribution of snails
in the different facies types. Bottom: reconstruction of the lake habitats after Raak(2013).

\S;zgno'rsggarg;tlagéna zeliklein 1853 (Table 1; Sal The actualistic genusvel approach
There are continental gastropods adapted to virtually
) all kinds of ecological conditions, but snails usually
Material and methods tend to be restricted to (or to strongly prefer) a speci-
c type of habitat, especially at genus level (Barker
The gastropod fauna from Randeck Maar was 2001; Cook 2001; Miller & Tevesz 2001; Pearce &
described by Salvadat al (2015); please refer to Orstan 2006; Cameron 2016). This makes land snails
that article for the complete morphological descrip- excellent palaeoecological indicators. That is, ecologi-
tion of the species and taxonomical discussions, agal data (habitat preferences) from extant species are
well as data on collection and material analysed. Theoften used as a guide for palaeoecological inferences
material is housed in the collections of the Staatlichesof fossil congeners.
Museum fur Naturkunde Stuttgart (SMNS; Stuttgart, Despite this methodology seeming rather tenuous
Germany) and the Urweltmuseum Hauff (UHH; at rst sight, it is very informative and its potential
Holzmaden, Germany). For the palaeoecologicalfor palaeoecological analysis is well established
reconstruction, an actualistic methodology is applied, (Miller & Tevesz 2001). This actualistic approach is
comparing the fossil species with their closest extantwidely used in the literature, albeit in an informal
congeners, as described below. manner and lacking a thorough explanation and
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Table 1.Distribution of the gastropod species of Randeck Maar often than not as soundly daed as Recent ones and

in the different facies types can be recognized by dsitive morphological char-
Stage Stage 2 Stage acters (Forept al 2004). Genera have been used in
_ 1 3 numerous kinds of palaeontological studies, both
Species DT LT ML CL Dys FL large and smallscale, of biodiversity, biogeography,
Apula coarctata 65 7 evolutionary trends, ecology etc. (Jablonsky & Finar-
Archaeozonites costatus 1 11 elli 2009 and references therein). Despite some recent
Clausilinae indet. 33 criticisms (Hendrickset al 2014), this taxonomic
perocerasp. 3 level has proven to be an invaluable tool, especiall
Discus pleuradrus 7 4 p In » €SP y
Ferrissia deperdita 4 38 33 1 for macroinvertebrates (Williams & Gaston 1994,
Gastrocoptaf. 1 Sepkosky 1998; Heino & Soininen 2007; Mandelik
acuminata t 12007
Gastrocopta sandbergeri 1 eta 8 )- . .
Granariasp. 218 48 3 Fossil gastropod taxonomy might be problematic
Gyraulus Kleini 2 11 50 3 on the speciekevel, given the paucity of revisionary
Hypnophila loxostoma 1 254 5 ks. but th ioritv of d d stabl
Leucochroopsis kleinii 7 91 22 2 Wor 51. ut the majority o gener_a ar? eemed stable
Lymnaeact. dilatata 13 1 9 45 in the literature. Nevertheless, historically there have
"\\lﬂgaﬁlzp-sis lineolata 1 1 been authors that preferred not to place fossils in
opgea$fmmutum 8 extant genera, leading to a large number of exclu-
Palaeoglandina gracilis 1 3 sively fossil genera (taxonomic ation) discon-
Eg:gggggﬁg:?g]ﬁ:ﬁ 2% nected from their Recent relatives (Nordsieck 2014).
Palaeotachea silvana 2 23 6 As argued by Foregt al (2004), the ludicrous con-
Planorbarius mantelli 8 47 40 1 2 clusion of this practice would be that extant genera
E?a";?)ngocmfélsa 2 ;g 7f L 15 do not have a fossil record. This could be problem-
phacodef atic for the actualistic approach, which bases the
Protodrepanostoma 18 1 palaeoecological reconstruction on living congeners
P'Qgg&lgg‘hlorms ” of fossil forms. In this case, an extant genus related
incrassata to the fossil one should then be found, hopefully its
Pseudoleacina eburnea 68 sister taxon. Luckily, this can be done for many (if
Testacella zellii 10 not most) cases.
Triptychia kleini 1
Triptychia randeckiana 4 31
?Truncatellinasp. 6 P :
Valloniact. lepida 5 Similar methodologies
Vitrina suevica 29

The use of extant relatives of fossil taxa as proxies for
The occurrence of the species in each facies is documented by thpalaeobiological questions is not a new methodology,
numberl of Speﬂmde?ascrggncﬂ foor: ?gcvbesrgeﬁgisih apﬁgyegsb\p/;t\nguédnce we can only try to understand past life based
ﬁcr)?g:sg')ll',rg;?;tgftes (stage 1);gLT, light tutes (m:rginél, stage on what we can observe today. However, this
2T); ML, marginal limestones and marls (stage 2a); CL, calcare-approach has always suffered from two problems: (1)
ous laminites (stage 2b); Dys, dysodil (stage 2c); FL, freshwater nding direct relatives, since some lineages are com-
limestones (stage 3). pletely extinct (e.g. ammonoids, trilobites, con-

odonts); and (2) if a living relative is found, it does
formalization (Ldek 1964), so we will thoroughly not necessarily present the same properties (physiol-
discuss it here. ogy, ecology, behaviour) as the fossil forms.

As an attempt to solve these problems, Witmer
(1995) introduced the Extant Phylogenetic Bracket
concept (henceforth, EPB). The EPB uses the posi-
Since the generic assignment of both fossil and Recention of a taxon within a phylogenetic tree to infer the
species is central to the methodology, it is necessaryprobability of the existence of an unpreserved trait.
to explain it. In palaeontology, the working concepts Simpli ed, this means that features present in either
of genera are thhylogenetic(or ‘cladisti¢) one and  or both crown groupsbracketing the fossil group
the ‘pheneti¢ (or ‘gap) one EensuAllmon 1992), (e.g. Eusuchia and Aves are the crown groups of
although the former is much rarer due to the lack of non avian dinosaurs) can be used to make inferences
actual phylogenies. Regardless, both are used more @bout traits present in an extinct group (Bryant &
less simultaneously in palaeontological studies. Russell 1992; Witmer 1995). The EPB is used for

Genera in palaeontology might be seen as less rigigofttissue reconstruction, as well as physiological
in their taxonomical framework, but they are more and behavioural traits (Benton 2010). However, this

Choice of gendevel taxa
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method requires a sound phylogenetic framework, it is not unusual for a single species to have such a
which is not often available for most gastropod lin- narrow range of ecological requirements that it will
eages. guide the reconstruction (this is commonly observed

Another similar approach is called tHBlearest inthe NLR method).

Living Relativemethod (henceforth, NLR), applied The actualistic genusvel approach works best
to fossil plants in palaeoclimatological studies (for a when the fossil species are evolutionary closer to
review, see Utescher al 2014). NLR focuses on the their extant congeners. For instance, many Quater-
Coexistence Approach, dang a temperature range nary fossil species are still extant today, which makes
in which all fossil plants of a given site can coexist. the approach much more reliable for this time inter-
Their temperature requirements, of course, are based/al. The methodology can be safely used for many
on those of extant relatives, usually congeners. Neogene fossils, since most genera still exist. How-
ever, it becomes more tentative the further it goes
back in time, since not many extant genera can be
found in older periods.

The actualistic approach draws on the core ideas of Finally, beyond the taxonomic aspect of this actu-
both the EPB and the NLR. It uses extant close rela-alistic genudevel approach, there are other sources
tives (optimally congeners) of fossil gastropods to of data to inform palaeoecological reconstructions.
de ne a range of habitats for the fossil taxa. The ideaSome clues of habitat preferences might be gained
behind it is as follows: if all extant species of a givenfrom functional morphology (e.g. shell features).
genus share a certain basic ecological requirement,ikewise, glimpses of trophic interactions might be
then there is a large probability of a fossil congenergained from trace fossils (e.g. predation marks).
sharing this requirement. This probability has vary-

ing degrees of likelihood, if one or few extant species . .

in the genus have disparate requirements from the Palaeoecological proxies

rest. Furthermore, the probability is very low if the

extant species in the genus have a broad range ofn order to extract information out of Randeck Maar
requirements, or if a genus is polyphyletic or other- gastropods and use them as palaeoecological proxies,
wise poorly dened (e.g. wastebasket taxa). It is we investigated their closest living relatives (opti-
important to stress out that we can only talk about mally congeners). This information is summarized
probabilities of the fossil species sharing the require-below. It should be noted that not all the species pre-
ments of its living congeners, since this can never besent in Randeck Maar are appropriate for this type of
actually observed. analysis, as explained further below.

Clearly, the actualistic approach must start with  For each species, Table 1 gives the number of
the proper identication of the fossil species. This is shells that is stored in the SMNS and UHH collec-
a critical step, since poor identiations (i.e. erro- tions. This gives a rough idea about the abundance of
neous generic assignment) will likely lead to falseeach species, but it is important to note that histori-
assumptions and, thus, to a faulty palaeoecologicakal collections were frequently affected by sampling
reconstruction. Following this step, data on the eco- biases: usually, only large and attractive shells were
logicalhabitat requirements of extant congeners collected. Thus, any quantitative discussion must
must be gathered from the literature. This might remain tentative.
seem a trivial step, since these data are reasonably
easily available for European and North American Aquatic snails
molluscan faunas; however, such data are much scar-
cer for other regions. Moreover, published data on Freshwater pulmonates usually have broad geo-
molluscan ecology might often be too generalized tographic ranges at genus level (Zilch 19880). In
be of any use (Yargt al 2001). lakes, they are essentially benthos of the euphotic

The fossil species are then sorted into ecoldgical zones and thus are most common in marginal posi-
habital niche groupings. The handful of resulting tions, while extensive populations below a water
groups will dene the palaeoenvironmental recon- depth of 4 m are rarer (Dillon 2010). They live on
struction. Quantitative data on species abundance, ifvarious substrates, such asshy macrophytes or
available, should also be taken into account. Changesocks, where they feed on aufwuchs or periphyton,
in these groups along the sedimentary peoallow  the distribution of which is a main factor imencing
reconstructing the evolution of the palaeoenviron- their occurrence (Russkelunter 1978; Dillon 2010).
ment through time. While it is usually better to have  The pond snails (Lymnaeidae) are represented in
as many species as possible for this kind of analysisRandeck Maar byLymnaea cf. dilatata (Noulet

Applying the actualistic genlevel approach
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1854), a common species in Miocene formations, calcareous) soil where they can burrow (Kerney &
whose shells reach up to 40 mm in height. Most Cameron 1979; Welte3chultes 2012).

Lymnaeidae need to emerge from the water in order Opeasf. minutum (Klein 1853): recent congeners
to Il their mantle cavity with oxygen, although some are found in warm climates, in tropical and subtropi-
may remain submerged (depending on the &nail cal regions worldwide, living in leaf litter (Zilch
surfacévolume relationship; Russdunter 1978).  1959.1960; Williget al 2013).

Extant Lymnaea prefer richly vegetated, shallow  Clausiliinae indet. Nordsieck (2007) suggested that
standing or slow owing waters and are commonly clausiliids, up to the Middle Miocene, were mostly
found in ephemeral water bodies, being able to sur-forestdwelling animals, preferring humid and warm
vive desiccation and freezing (Gléer 2002; Welter climates.

Schultes 2012). Triptychia kleiniSchnabel 2006 and. randeck-
The other family of aquatic pulmonates in Ran- iana (Kranz 1908). As Filholiidae is an extinct fam-
deck Maar is the Planorbidae, represented by threely, not much can be said about the habitats they
specied-errissia deperdif@esmarest 1814) is alim- occupied. Nevertheless, it is usually suggested in

pet that can form mass occurrences together withthe literature that they were mostly forestelling
Lymnaea cf. dilatata. Extant congeners inhabit animals, preferring humid and warm forests (Schn-
standing or slowly moving waters, living underneath abel 2007, and references therein), similar to their
leaves on partly exposed stems of reeds, and are ndtistertaxon Clausiliidae (Schnabel 2006; Nordsieck
very sensitive to water quality (Gléer 2002). 2007).

Gyraulus kleiniGottschick & Wenz 1916) is the Hypnophila loxostoméReuss 1852) (described as
most abundant aquatic snail, but it is usually poorly Cochlicopa loxoston{ilein, 1853) in Salvadat al
preserved in Randeck Maar: the fragile shellsare  2015). This species is the second most abundant land
tened by sediment compaction. Therefore, it might snail in Randeck Maar (Table 1). Recent European
be underrepresented in the material. Re€yraulus  CochlicopaFérussac 1821, closely related to fossil
species can be found in an ample array of habitats, sdHypnophila show broad ecological amplitude, from
their use in palaeoecological analysis is somewhagrasslands to woods and from dry to wet environ-
limited. Nevertheless, they usually inhabit richly veg- ments (H&lein 1966; WelteGchultes 2012). It is
etated, shallow standing or slowwing waters, thus of limited use in palaeoecology.
sometimes even ephemeral water bodies (Welter Palaeomastuslocinctus(Reuss 1860). This fossil
Schultes 2012), and are typical pioneers in colonizinggenus is related to RecehlapaeusAlbers 1850,
new lake habitats (Gittenbergetfral 2004)Gyraulus ~ which are endemic to the Azores and Canary Islands
snails can take up dissolved oxygen from the water,(Castilloet al 2006). There, they have gone through
which allows them to live in greater depths. Speciesextensive radiation and occur in many kinds of habi-
penetrating such depths remain small as adults andtats €.g Yaneset al 2009a,b, 2011a,b), rendering
feed on detritus from thene ‘rain’ from the waters  them largely unsuitable for palaeoecology. Neverthe-
above (Russélunter 1978). less, Binder (2004) considerédcomplanatuéReuss

Planorbarius mantelliDunker 1848) (a#. cornu 1852), known from the Early Miocene of Bulgaria,
(Brongniart 1810) in Salvadoet al 2015) is also  Czech Republic and supposedly Austria (Klika 1891;
abundant and usually poorly preserved. Recent speWenz 1923; Binder 2004), as a subtropical forest
cies of Planorbarius are found in standing or dweller.
slowmoving waters, typically richly vegetated (Wel-  Archaeozonites costatbandberger 1872. As a fos-
ter Schultes 2012). Some species can survive desiccal genus, any palaeoecological inference must remain
tion and thus live in ephemeral waters as well (Gloer tentative. Nevertheless, Lueger (1981) considered
2002). Representatives of this genus take up mainlythat A. laticostatugSandberger 1885), from the Mio-
pulmonary oxygen, but their haemoglobin also cene of Central Europe, lived under leaves or
allows them to store large amounts of oxygen for between rocks in humid forests.
longer dives (Russelunter 1978). Apula coarctata (Klein 1853). Another fossil
genus, with inconclusive ecological preferences (Lue-
ger 1981), and thus unsuitable for palaeoecology.

Pseudochloritis incrassdtélein 1853). Also a fos-
Pomatias conicuélein 1853). The only nopul- sil genus, but Binder (2008) considered their shell an
monate snail in Randeck Maar is the most abundant adaptation for grounaiwelling, reducing water loss
land snail species (Table 1). Rec&umatiasare in drier environments. Moseet al (2009) likewise
found in Mediterranean climates in Europe, in for- suggested that the genus inhabited open and dry
ests or shrublands with humid and loose (usually habitats.

Terrestrial snails
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Palaeotachea reneviéNlaillard 1892) andP. sil- today. They can be found worldwide, inhabiting a
vana(Klein 1853). This fossil genus is likely related very broad range of habitats and being especially
to presentCepaeapp., which have too broad a range diverse in North America (Zilch 1952960).

of habitats (WelteSchultes 2012) to be used. Vallonia cf. lepida(Reuss 1849). Extant European
Protodrepanostoma involut@homa 1845) (de- congeners usually live in dry open habitatsuch as
scribed asHelicodonta involutain Salvadoret al meadows, grasslands and eventually rocksom-

2015). This fossil genus is closely related to presentnonly on calcareous grounds (Béin 1966; Kerney
HelicodontaFérussac 1821, which are typical forestet al 1983; Gerber 1996; WeltSchultes 2012).
dwellers (mainly in deciduous forests) found in Some species may also be found in wetter environ-
humid leaf litter and rock rubble, usually on calcare- ments and a few, lik§¥. costataMuller 1774), even
ous substrate (Cameron 1972; Maltz 2003, 2007show a wide ecological range from light forest to
Welter Schultes 2012). Seleeucochroopsis kleinii sand dunes (H3ein 1966; Gerber 1996; Welter
(Klein 1847) below regarding the presence of pits onSchultes 2012).
the shell surface. ?Truncatellinasp. As the genus of these few poorly
Leucochroopsis kleiri{lein 1847). This species is preserved specimens could not be precisely deter-
considered an inhabitant of relatively damp forests mined (Salvadoet al 2015), they are not used in the
(Lueger 1981), but it is an entirely fossil genus. It waspalaeoenvironmental analysis.
long considered a subgenus TabchulusChemnitz Negulopsis lineolatgandberger 1872) (described
1786. The pits on the shell surface indicate the pres-asNegulus suturali€Sandberger 1858) in Salvadbr
ence of hairs, shown to increase the adherence ofl. 2015). This fossil genus is related to pres&gu-
Trochulussnails (and hygromiids in general) to plant lusBoettger 1889, of which very little is known. They
leaves during foraging, especially in high humidity live on leaf litter in tropical African forests (Bruggen
settings (Pfenningeet al 2005). A similar function  1994).
would be expected for the hairs of helicodontids, like Pseudoleacina eburn@édein 1853). Despite being
Protodrepanostoma involutaentioned above. a fossil genus, it was likely a malacophagous preda-
Praeoestophorella phacodgéhoma 1845). This tor, as the rest of the family (Barker & Efford 2004).
fossil genus is related to preseDaracollinaBeck Most authors considere®seudoleacinapp. to be
1837. Only a single Recent species exists in Europdyygrophilic woodland inhabitantse(g Lueger 1981,
the MediterraneanC. lenticula (Michaud 1831), Harzhauser & Binder 2004; Harzhauser & Tempfer
which thrives in dry areas under stones and leaf litter 2004); Gall (1980), however, considered it a calci-
(Yaneset al 2009b; WelteBchultes 2012). philic and xerophilic species. The abundance of
Derocerasp. This slug genus is known from a P. eburneacompared to that of the other terrestrial
broad range of habitats, from open grasslands (wheregastropods in this fauna (Table 1) suggests this spe-
they are more commonly found) to forests, including cies was common around the lake.
wetlands and anthropically disturbed areas (Welter  Palaeoglandina gracil{€ieten 1830)Palaeoglan-
Schultes 2012; Rowsenhal 2014). dina spp were likely malacophagous predators, as the
Vitrina suevicaSandberger 1872. Recent vitrinids presentday species in the family (Barker & Efford
are usually found in wet and shaded habitats, mainly 2004). Recent European species have varied lifestyles
woods (Kernegt al 1983; WelteSchultes 2012). (Cossignani & Cossignani 1995; WelBahultes
Milax sp. RecenMilax species are usually found 2012), but Moseret al (2009) suggested that
on warmer calcareous rocky environments Rldin Palaeoglandinavould have displayed the same life-
1966; Mildner 1981; Moorkens & Killeen 2009; Wel- style and habitat preference as North Ameriéarng-
ter Schultes 2012). landina rosedFérussac 1821). The rosy wolfsnail, as
Discus pleuradruBourguignat 1881). The three it is commonly called, is a voracious predator, and it
Recent European species live in leaf litter or underis even found hunting partially immersed in water,
rocks or logs in a variety of humid and shaded placeswhere it preys on freshwater snails such as lymnaeids
(Harlein 1966; Mildner 1981; Kernegt al 1983; (Kinzie 1992).
Tappert 2002; WelteBchultes 2012). Testacella zellKlein 1853. Recerfkestacellapp.
Granariasp. RecenGranariaspp. prefer dry and are predatory, feeding mainly on earthworms (but
open (usually calcareous) habitats (WeBehultes  also on gastropods and centipedes) and living under-
2012; Holtke & Rasser 2013). ground, requiring a moist soil cover (Barker & Efford
Gastrocoptacf. acuminata (Klein 1846) and  2004; Libertoet al 2011). This burrowing habit
G. sandbergerStworzewicz & Prisyazhnyuk 2006. should make preservation in the lacustrine fossil
There are no nativeGastrocoptaspp. in Europe  record more difcult.
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. . could either represent simple accumulation of dead
Results and discussion shells or point to masmortality events.

Supralittoral (marsh and reed belt): the general
lake topography and plant record suggest a narrow
but wellvegetated shoreline, with reeds, grasses and
ferns (Rassest al 2013). The freshwater limpEer-

As seen above, extant congeners of the Randeckissia deperditavould likely be exclusively found in
Maar snails exist for most species. Using the actualisthis area, but the other recorded freshwater snails
tic genudevel approach, we present below a detailedfrom the littoral area could also have inhabited the
palaeoenvironmental reconstruction of the Randeckwell vegetated shallow waters. For example, mass
Maar Lake and its surroundings. occurrences dferrissigogether withLymnaeasug-

Randeck Maar terrestrial snails are surprisingly gest that these two taxa may have lived in similar
diverse, but the same does not seem to be the case fdrabitats. FurthermorePalaeoglandina gracilimay
the freshwater species: only 4 out of 32. Moreover,have hunted for other snails in this environment.
other taxa commonly found in the German Miocene Surprisingly, other common hygrophilous snails usu-
(like the abundant hydrobiids, for instance) are ally found in these habitats in other Miocene out-
absent. Both these facts could be seption of the  crops, such a€xylomaspp. (Salvador & Rasser
water chemistry in Lake Randeck Maar and the 2017; Salvadat al 2017), are notably absent.
anoxic conditions at the lake bottom, as attested by Crater ringwall boulder zone: the calciphilic spe-
the lack of shes and the restricted benthic life (Ras- ciesGranaria sp. andMilax sp. would be found in
seret al 2013). this open rocky environment with exposed Late

Overall, the terrestrial snails present in Randeck Jurassic carbonate rocks. Depending on sun exposure
Maar are very diverse and seem to indicate a variety(i.e. north versus south slopes), various microhabitats
of habitats surrounding the lake, going from humid may have existed here.
and warm forests and shrublands to more exposed There is no single species in Randeck Maar that
rocky limestone habitats. The land snail fauna is would be restricted to the shrubland area; all of them

Reconstruction of gastropod palaeohabitats in
Randeck Maar

dominated byPomatias conicughe only nonpul- likely would also have inhabited forested areas
monate in the fauna)Hypnophila loxostoméaGra- (Fig. 3).
naria sp. andPraeoestophorella phacoflesble 1). Rasseret al (2013) suggested subhumid sclero-

As argued above, the palaeohabitat model pre-phyllous to mixednesophytic forests as the most
sented by Rasset al (2013), focusing mainly on the likely vegetation type in Randeck Maar; this is found
ora and the vertebrate fauna (Fig. 2), is much tooin seasonally dry climates, such as preseayt
broad for continental snails. Therefore, we better Mediterranean. There seems to be many gastropod
de ne the gastropod palaeohabitats below, based orspecies that would have been restricted to the
a schematic crossection through the maar lake, its forested area, as well as many that would also have
ring wall, and its hinterland (Fig. 3). inhabited the shrublands (Fig. 3). Due to the under-

The profundal realm of Lake Randeck Maar is ground formed by Late Jurassic carbonate rocks, the
supposed to have been subjected to (at least temposubstrate might have been calcareous (although the
rary) oxygendepleted bottom waters, as inferred by in uence of volcanic ash is unknown), which is sup-
the presence of bituminous laminated sedimentsported by the abundance of gastropodschaeo-
(dysodil, stage 2c in Fig. 2) and the lack of bottom zonites, Protodrepanostonend Praeoestophorella
dwelling animals (Rasset al 2013). A few planor- lived under leaves or between rocRematiaswas
bids (especiallyGyraulus kleiniand Planorbarius  burrowing here in the humid litter and so difesta-
mantell) can be found in these sediments but given cellg preying on earthworms and gastropods.
their poor preservation, they have most likely been Most of the species from the ringall area would
transported into this environment from shallower also have been found in these more open grassland
parts of the littoral rather than naturally inhabiting areas (Figs 2, 3). Moreover, other species such as
this zone. Opea<f. minutum and Derocerasp. might also have

Littoral sediments consist of laminated carbonates,inhabited this area.
mainly composed of micrite and diatorich layers
stage 2b in Fig. 2) as well as detrital carbonates rich, . . . i
i(n fogssils in the most marginal portions (stage 2a int"l"mltatlonS of the actualistic approach
Fig. 2). Freshwater snailsymnaea Gyraulus and Approximately one third of the Randeck Maar gas-
Planorbariusare most abundant here. There are masstropods could not be used for palaeoecological con-
occurrences oGyrauluson bedding planes, which siderations. Several species (compare those present in
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Fig. 3. Palaeohabitats of the gastropods from Lake Randeck Maar and its hinterland, based on the actuali&ticegj@ppsoach. Scale
bars = 2 mm. Thickness of bar mects the general abundance of the respective species in the studied material (see also Table 1); thin bar:
<10 individuals; medium thickness10; thick bar>200. Grey bars indicate more tentative reconstructions.

Table 1 and Fig. 3) were excluded from the palaeo-of ecological requirements (e.Gastrocopia (2)
ecological analysis for the following reasons: (1) thesome species do not have a clear extant congener
extant species of the genera show a too broad rangandor their supposed sister taxa have too broad a
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range of ecological requirements (eApula and Palaeoglandina gracilis the largest species found in
Palaeotachearespectively); and (3) the taxonomic Randeck Maar (together withseudochloritis incras-
identi cation is uncertain (e.gTfuncatellinasp.). satg, and Testacella zellijudging by the proportion
Although the following genera do not have extant of (vestigial) shell to soft body in Recent congeners,
representatives, they were used herein for the follow-should also have grown quite large. It is also worth-
ing reasons: (1)ArchaeozonitesPalaeoglandina  while to notice thafPseudoleacina eburnisaamong
Pseudochloritis Pseudoleacina and Triptychia the most abundant terrestrial snails in Randeck
because their palaeoecological preferences are wellaar, a remarkable fact given its predatory trophic
established in the literature; (Reucochroopsisleg- level. While Pseudoleacina eburneend Testacella
ulopsis Praeoestophorelland Protodrepanostoma  zellii would be more restricted to the humid forests
because there is a general consensus about their reland shrublands around the lakealaeoglandina gra-
tionship with extant genera; and (3) furthermore, cilis (when considering its living relatives, as
there is additional morphological information for explained above) would have also hunted in the reed
Leucochroopsiand Protodrepanostoméhair pits) belt and perhaps also ventured in the shallower lit-
andPseudochloritishell shape). toral area.
Other typical freshwater malacophagous preda-
: . tors, such as crabs and crah, are unknown in Ran-
Sampling biases deck Maar, but water beetles of the family
Table 1 presents the number of specimens of eactHydrophilidae do occur (Rasset al 2013). Species
gastropod species found in Randeck Maar sedimentsof this family prey on aquatic gastropods, even spe-
However, the historical collections were not con- cializing in this kind of prey (Archangelsky & Dur-
ducted systematically; for many specimens notand 1992; Inodaet al 2015). Vertebrates from
include here, even proper documentation of facies orRandeck Maar that may have preyed on aquatic gas-
section of the outcrop was lacking. Besides, in histor-tropods are tooth carps, newts, and amphibious and
ical collections (from museums and private collectors aquatic turtles.
alike) usually only the larger and more attractive and In the terrestrial environment, insects are common
well preserved shells are well represented. This pracin the studied sediments (Rassetral 2013), but
tice can lead to researchemsissing taxa with smal-  whether they belong to known malacophagous
ler shells, including some that might be more crucial groups (Barker 2004) requires further studies.
for a palaeoenvironmental reconstruction. Among the vertebrates, terrestrial turtles may have
While these sources of bias are present in the Ranpreyed on land snails.
deck Maar material, the numbers presented here
((jTabIe 1) give a reasonable rough estimate, since W%astropods as climate proxies
ocumented as much background data as possible.
Nevertheless, clear signals of abundance and diveruntil now, different methods have been used to
sity can only be gathered from a collection done with reconstruct climatic conditions for the EdiMiddle
a quantitative study in mind; likewise, taphonomical Miocene of Central Europe in general and Randeck
biases should be taken into account. This kind of Maar in particular, with mean annual temperatures
data, if available, could add a wealth of information ranging from 15 to 2ZC (RUf e 1963; Gregor 1986;
to the palaeoenvironmental reconstruction. Bohme 2003). Three gastropod species found in Ran-
deck Maar are very intriguing in this regard, as they
belong to extant tropical or islarehdemic lineages
(Opea<f. minutum, Negulopsis lineolatnd Palaeo-
No signs of predation were found on the studied mastus locinctu¥, which would indicate a warmer
shells. Furthermore, the gut content of vertebratesclimate. Likewise, the Oleacinidae, represented in
did not provide further information (Rasser, unpub- Randeck Maar byalaeoglandina gracilemd Pseu-
lished data). A comparison with the feeding beha- doleacina eburneare presently restricted to warmer
viour of related extant taxa allows, however, certainclimates (Zilch 1959960; WelteiSchultes 2012).
assumptions. Similar ndings in insect taxa (Rasset al 2013)
With such diversity and abundance of snails in also point to a warntemperate to subtropical
Randeck Maar, it is no surprise to attest the presencepalaeoclimate for Randeck Maar. Moreover, the Ran-
of three malacophagous speckeseudoleacina ebur- deck Maar sclerophyllousora is indicative of a dry
nea Palaeoglandina graciliand Testacella zelli  season, such as the presday Mediterranean biome
While Pseudoleacina eburnes rather small, (Rasseet al 2013).

Trophic interactions
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: Bruggen, A.C. 1994: Revisionary notesN®gulusO. Boettger,
CO”C'USIOnS 1889, a genus of minute African land snails (Gastropoda Pul-
monata: VertiginidaeZoologische Mededelingen®20.

; ; 5 _Bryant, H.N. & Russell, A.P. 1992: The role of phylogenetic analy-
The Miocene fossil Lagerstatte Randeck Maar com sis in the inference of unpreserved attributes of extinct taxa.

prises 28 species of terrestrial and four species of philosophical Transactions of the Royal Society of London B
aquatic snails. Based on an actualistic géenel 337405418.

: o Cameron, R.A.D. 1972: The distributiontéélicodonta obvoluta
approach, they can be attributed to seven distinct (Mill.) in Britain. Journal of Conchology, 2363 369,

freshwater and land habitats. This approach could becameron, R.A.D. 2016ugs and Snail§28 pp. William Collins,
applied to circa two thirds of the Randeck Maar snail _ London.

P : Castillo, C., Yanes, Y., Alonso, M.R. & Ibafiez, M. 2R@paeus
fauna, resultlng in a reasonable reconstruction of the lajaensissp. nov. (Gastropoda: Pulmonata: Enidae) from a

gastropod palaeohabitats (Fig. 3), in line with previ-  Quarterny Aeolian deposit of Northeast Tenerife, Canary
ous works (Rassegt al 2013). This validates the  IslandsZootaxa 130741 54.

; ; Clarke, A.H. 1979: Gastropods as indicators of trophic lake stages.
point that continental gastropods are very useful ™3, “\2 s 94138 142,

tools for palaeoenvironmental studies. Cook, A. 2001: Behavioural ecology: on doing the right thing, in
Despite our focus on these animals, however, it is the right place at the right time. In Barker, G.M. (e@he Biol-

: ‘ot ogy of Terrestrial Mollusks447.487. CABI Publishing,
worthwhile to note that the actualistic approach Wallingford.

could (and should) be used for mollusks in general, cossignani, T. & Cossignani, V. 1998lante delle Conchiglie
continental or marine. Furthermore, the potential  Terrestri e Dulciacquicole Italign@08 pp. L'Informatore

; ; Piceno, Ancona.
uses of this approach for other invertebrate taxa Dillon, R.T. 2010The Ecology of Freshwater Mollu&t pp.

should also be further investigated. Cambridge University Press, Cambridge.
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Miocene continental gastropods from Dischingen, Germany

Robrico B. Savabor, OLaF HOLTKE & MicHAEL W. RasseRr

Abstract

Here is given an account, based on museum collections, of the fossil lricegimvater gastropods from
Dischingen (Baden-Wirttemberg state, SW Germany). The fessils outcrops belong to the Silvana Beds unit
of the Upper Freshwater Molasse group, of late Early to early Middle Mecags (Neogene European Land Mam
mal Zone MN 5). In total, 35 gastropod species were found (seven freshn@é@8 terrestrial), mainly belonging
to Pulmonata, but also with representatives of NeritimorpbdeCaenogastropoda. Seven species are reported here
for the first time from DischingerPalaina diezj Radix socialisGranaria sp.,Serruline? sp.,Discus pleuradrus
Punctum pumilipandOxyloma minima

Keywords: Caenogastropoda, Pulmonata, Neritimorpha,r&ileds, Upper Freshwater Molasse.

1. Introduction sented a list of 29 gastropod species compiled with newly
collected material (Table 1).

Dischingen is the easternmost community of Baden- Herein, we examine the original material from the
Wiurttemberg state (part of Heidenheim district; Fig. Lworks of MenceLE (1916) andGaLL (1971), as well as
SW Germany, and its name is often mentioned in thedditional specimens from museum collections in-Ger
paleontological literature due to the several fossiliferoumany. We present an updated classification of the species,
deposits outcropping in the regiand, Wenz 1923-1930). including seven new records, and figure the fossil gastro
Dischingen lies at the northern margin of the Molasggods from Dischingen for the first time.

Basin. Miocene marine invertebrates and continental mol

lusks from the different beds of this locality can be found in Abbreviations

several museum collections. According to the labels found Institutions: BSPG = Bayerische Staatssammlung
in these collections, the locality “Michaelsberg/Michelsfir Paldontologie und Geologie (Munich, Germany), GPIT =

. . " o - L epartment of Geosciences, Eberhard Karls Universitat
berg, Dischingen” is seen in the vast majority of Caseg[]bingen (Tdbingen, Germany; formerly Geologisch-Pal&onto

this hi!l is located in th? SW part o.f'Dis.chingen. HO__WIogisches Institut TUbingen); SMNS = Staatliches Museum fur
ever, like many other Miocene localities in Baden-Wirtnaturkunde Stuttgart (Stuttgart, Germany).

temberg, there is scarce literature dealing specifically she|l measurements = shell height (parallel to
with Dischingen — the outcrops lack detailed documentgoiling axis); D = greatest shell width (perpendicular to H).
tion and description.
Fraas (1869) was the first researcher to describe the
Miocene marine sediments in this region, providing a list 2. Geological setting
of the invertebrates from the sandpits at Michelsberg. He
also noted a younger stratum of freshwater limestone with Dischingen is located at the northern margin of the
continental mollusks, mentioning that it was similar to th&#lolasse Basin in southern Germany (Fig. 1). The Miocene
limestone strata known from Zwiefalten and the Tautsclhieposits from Dischingen belong to the units known as
buch region, also in Baden-Wirttemberg. AfterwardsJpper Marine Molasse Qbere Meeresmolass@bbrevi
QuensTepT (1884) listed three land snail species fronated OMM) and Upper Freshwater Molassel{ere SR
Dischingen on a broader work about gastropods. Besidgassermolassgabbreviated OSM). The sediments of the
this, there is brief mention of the Miocene sediments frolatter can be more especifically assigned to the Silvana
Dischingen byFraas (1882) andEnceL (1908) on their Beds, a unit within the OSM characterized by the pres
works about the geology of Baden-Wiirttemberg. ence of the land sndfalaeotachea silvandNevertheless,
The gastropod-bearing freshwater limestone ofeveral other gastropod taxa are also typical of these beds,
Dischingen was first specifically studied WyenceLe incuding some of those listed further below (Table 1),
(1916). This author presented a list of 27 terrestrial arsdich asGyraulus applanatysHypnophila loxostomaand
freshwater gastropod species from this locality, whicheucochroopsis kleir{Esu 1999; HoLTkE et al. 2018). This
was compiled by malacologi§iarLo G. H. boss(Table supports a late Early to early Middle Miocene age for the
1). These fossils were later included on the compilatiobischingen fossils (Neogene European Land Mammal
work of Wenz (1923-1930). Much lateGaLL (1971) pre  Zone MN 5).



12 PALAEODIVERSITY 11, 2018

Fig. 1. Map showing the locality of Dischingen, Heidenheim district, Bad&mttemberg state (BW), Germany.

Regrettably, there are no recent outcrops exposed anto-montage apparatus or with a scanning electron microscope
the region and so only literature data is available for t€EM) at the SMNS. Shell measurements were obtained with a
OSM sediments in DischingeFraas (1869) first referred digital caliper (for larger specimens) or with the software ImageJ

. . - -~ (RasBaND 2012).
to these sediments as “freshwater limestoneSuR-
wasserkalkg in the original), also mentioning detritus
from the Nordlinger Ries and Steinheim meteorite events
overlying the OSM layers. The Ries event is currently
dated as 14.808 + 0.021 M&cimiEDER et al. 2018), thus
constraining the minimum age of the Dischingen sedlin
ments.

GaLL (1971) described two strata from Dischingen
starting on the bottom with typically red colored marl
clays, the so-called “flame marls” Htammenmergé]
WEenNz 1924). According toWenz (1924), theFlammen
mergelbelongs to the lower part of SilvaBads (for the

4. Discussion

In total, 35 gastropod species, belonging to the Neriti-
orpha, Caenogastropoda and Pulmonata, were found
in museum collections with material from Dischingen
(Table1). The overall gastropod classification follows
¥BoucHeT & Rocroi (2005), with more specific data on the
European fossil snails being gathered frdlorpsieck
(2014) andSaLvapbor et al. (2016a). All these species are
N - _ commonly found in coeval sediments from the Silvana
subdivision of the Silvana Beds, sk@Ltke & RASSER Beds in southern Germany. Consequently, they have
2016). The second stratum GALL (1971), overlying the oo extensively described and explored elsewlesge (
Flammenmergelbecomes more calcareous, passing intﬂARZHAUSER et al. 2014;Savabor et al. 2015, 2016b;
lighter colored marls bearing limestone nodules. On th§ \xpor & Rasser 2016) and we will thus refrain from
top of the profile are the freshwater limestones represegfying a full description of the material here. The best pre
ing the middle Silvana Beds. served gastropod specimens from Dischingen are shown
in Figs. 2 to 38.

Seven species are reported from Dischingen for the
first time: Palaina diezjRadix socialisGranariasp.,Ser

The material analyzed for compiling the present accouftin? sp.Discus pleuradrug>unctum pumilipandOxy-
consisted exclusively of specimens from historical museum cdPma minimaFrom the species listed byaksin MenceLe
lections (see the Appendix for a full list of analyzed lots). Thi§1916), the following three could not be confirmed by
includes the voucher material dfossin MenceLe (1916) and the presently available material (Table Gastrocopta
GaLL (1971), which were respectively depositeq in the SMN%ouIetiana Janulus gyrorbis (considered dubious by
and the BSPG. Unfortunately, not all bfoss specimens were vy, \ve1 1 et al. 2011), an®leurodiscoidesrbicularis
preserved to this day, since a part of the SMNS collection was . !
lost Gavapor et al. 2016a). The composition of the gastropod fauna from

The best preserved gastropod specimens are illustratBdischingen is very similar to other OSM localitiesg(
herein (Figs. 2-38), with images obtained either with a LeicgaLvabor et al. 2017HoLTke et al. 2018). The continental

3. Material and methods
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Fig. 2.Bithynia glabra BSPG 1968 Il 97 (H = 5.1 mm, D = 3.4 mi)g. 3. Palaina dietzi SMNS 68553 (H = 2.3 mm, D = 1.3 mm).
Fig. 4. Lymnaea dilatataSMNS 67687 (H = 19.8 mm, D = 11.0 miR)g. 5. Gyraulus applanatusSMNS 67783 specimen #1 (H =
1.0 mm, D = 3.0 mm¥ig. 6.Gyraulus applanatusSMNS 67783 specimen #2 (D = 4.0 mRigs. 7-9Planorbarius mantellEMNS
67843 (H = 7.2 mm, D = 16.1 mnfjigs. 10, 11Segmentina lartetiiBSPG 1968 Il 92 (H = 0.5mm, D = 1.7 mrR)g. 12.Grana
ria sp., SMNS 67467 (H = 2.7 mn#jig. 13.Pseudidyla moersingensiSMNS 66936 (H = 3.9 mmirig. 14.Serruling? sp., SMNS
66923 (H = 5.3 mm)ig. 15.Azeca lubricellaBSPG 1968 1l 84 (H = 4.6 mm, D = 2.0 miiAjg. 16.Hypnophila loxostoma&SMNS
67252 (H = 51 mm, D = 2.2 mnfigs. 17, 18 Discus euglyphoide SMNS-65807 (H = 1.7 mm, D = 4.3 mnk)igs. 19, 20Dis-
cus pleuradrusSMNS 65830 (H = 2.1 mm, D = 3.8 mrijgs. 21-23Apula coarctataSMNS 66293 (H = 6.9 mm, D = 11.5 mm).
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Figs. 24—-26Klikia giengensisSMNS 66279 (H= 5.4 mm, D = 9.0 mrRjgs. 27, 28Protodrepanostoma involutur8MNS 66009
(H= 2.6 mm, D= 5.0mm)rigs. 29, 30.Leucochroopsis kleiniSMNS 65950 (H= 6.1 mm, D= 9.0 mniigs. 31, 32.Aegopt

nella subnitensSMNS 65691 (H= 7.3mm, D= 12.8 mriigs. 33, 34.Punctum pumilipsyntype SMNS 106420 (H= 1.1 mm,

D = 2.0 mm).Figs. 35, 36.Strobilops costatysSMNS 68544 (H= 1.6 mm, D= 2.2 mnkig. 37. Opeas minutumSMNS 67038
(H=5.1mm, D= 2.1 mm}ig. 38.0xyloma minimaSMNS 67067 (H= 2.6 mm, D= 1.9 mm).
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gastropods have been constantly used as proxies for theSwabian Alb (Baden-Wiirttemberg, SW Germany). — Neues
paleonvironment from an actualistic standpoint, i.e., using Jahrbuch fur Geologie und Palaontologie, Abhandlungen,

he knowl f living congener . 287 1744,
the knowledge o g congeners (seeBoor et a MANGANELLI, G., MarTinI, |. & Benoccy, A. (2011): A newJan-

2015, 201__6b’ for a full analysis Pf OSM Iocalltlgs from ulusspecies (Gastropoda, Pulmonata, Gastrodontidae) from
Baden-Wirttemberg). As such, it can be surmised that the zanclean (early Pliocene) of Tuscany (central ltaly). —

the palaeoenvironment at Dischingen during the deposi Bollettino della Societa Paleontologica Italiarkd; 165—
tion of these sediments was likewise similar, consisting of 173. o o
humid forests and a well-vegetated low-energy water bod{ENGeLe, C. (1916): Erdgeschichtliches Allerlei tber Egau-

; Bachtal und Umgebung. I. Geognostische Sammelblatt von
(Sawvabor et al. 2015, 2016b, and references therein). Dillingen a. D. mit Umgebung. — Blatter des Schwabischen

Albvereins, 1916 |-7.
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Appendix — Material analyzed

Below is listed the material analyzed for producing the preDiscus pleuradrugBourcuicnaT, 1881): SMNS 65830 (1 spec.).
sent compilation. The species are presented in the same ordefpsla coarctata(KLein, 1853): BSPG 1968 Il 81 (>20 spec.),
in Table 1. An asterisk (*) after the lot's number indicates that BMNS 66293 (2 spec.).
is a rock sample with several incrusted specimens. Klikia giengensis(KLein, 1846): BSPG 1968 Il 80 (2 spec.),

BSPG 1968 Il 81 (>20 spec.), SMNS 66279 (16 spec.).

Theodoxus crenulaty&Lein, 1853): BSPG 1968 11 98 (1 spec.). Triptychia kleiniSchnageL, 2006: BSPG 1968 Il 84 (2 spec.).
Bithynia glabra(v. ZieTen, 1832): BSPG 1968 Il 97 (10 spec.). Gastrocopta acuminataKLein, 1846): BSPG 1968 Il 86
Palaina dietzi(FLacH, 1890): SMNS 68553 (1 spec.). (2 spec.), SMNS 67426 (5 spec.).
Pomatias conicugKLein, 1853): BSPG 1968 1l 94 (6 spec.), Palaeotachea silvanéKLein, 1853): BSPG 1968 1l 68 (5 spec.),
BSPG 1968 Il 96 (~15 spec.), BSPG 1968 Il 102 (1 spec.), GPIBSPG 1968 I 69 (1 spec.), BSPG 1968 Il 82 (1 spec.), BSPG 1968

GA/3920 (6 spec.). I1 83 (>40 spec.), SMNS 66656 (4 spec.), SMNS 66857 (2 spec.),
Pomatias consobrinus(SanoBercer, 1872): GPIT/GA/3917 SMNS 66875 (2 spec.).

(17 spec.). Palaeotachea turonensigDesHAaves 1831): SMNS 66813
Pomatiassp. (operculum): BSPG 1968 Il 95 (1 spec.). (3 spec.).

Carychiumsp.: SMNS 67175 (1 spec.). Pseudochloritis incrassatgKLein, 1853): BSPG 1968 Il 78

Lymnaea dilatataNouLeT, 1854: BSPG 1968 Il 88 (3 spec.), (>30spec.), BSPG 1968 Il 79 (1 spec.), SMNS 66150 (3 spec.),
BSPG 1968 Il 89 (>10 spec.), BSPG 1968 Il 90 (8 spec.), SMNSMNS 66214 (4 spec.).

67687 (1 spec.), SMNS 107260 (1 spec.). Protodrepanostoma involutu(itoma, 1845): BSPG 1968 Il 77
Radix socialigv. ZieTen, 1832): BSPG 1968 11 89 (>10spec.). (1 spec.), SMNS 66009 (2 spec.).

Ferrissia deperditd DesmaresT, 1814): BSPG 1968 11 93 (1 spec.). Leucochroopsis klein{KLein, 1846): BSPG 1968 11 61 (1 spec.),
Gyraulus applanatugTHomA, 1845): SMNS 67783 (2 spec.). BSPG 1968 Il 76 (~20spec.), SMNS 65942 (1spec.), SMNS
Planorbarius mantelli (Dunker, 1848): BSPG 1968 Il 91 65950 (7 spec.).

(>50 spec.), GPIT/GA/2705 (2 spec.), GPIT/IGA/2885*, SMNSalaeoglandina gracilis(v. Zieten, 1832): BSPG 1968 I

67843 (3 spec.). (1 spec.), BSPG 1968 11 85 (3 spec.).

Segmentina larteti{NouLeT, 1854): BSPG 1968 11 92 (1 spec.). Aegopinella subniten@<Lein, 1853): BSPG 1968 Il 73 (4 spec.),
Granariasp.: SMNS 67467 (1 spec.). SMNS 65676 (5 spec.), SMNS 65691 (1 spec.).

Pseudidyla moersingens{®. Boettcer 1877): SMNS 66936 Punctum pumilidooss 1918: SMNS 106420 (2 spec., syntypes).
(1 spec)). Strobilops costatuéCLessin, 1877): SMNS 68544 (1 spec.).
Serruling? sp.: SMNS 66923 (1 spec.). Opeas minutuniK Lein, 1853): SMNS 67083 (1 spec.).

Azeca lubricellaD. BoeTteer 1870: BSPG 1968 1l 84 (2 spec.). Oxyloma minimgKLein, 1853): SMNS 67067 (1 spec.).
Hypnophila loxostom& Lein, 1853): SMNS 67252 (3spec.).  Archaeozonites costatUSsnpBercer, 1872: BSPG 1968 Il 67
Discus euglyphoidegSanpBercer, 1872): BSPG 1968 Il 74 (1spec.), BSPG 1968 Il 72 (9 spec.), GPIT/GA/4055 (1 spec.).
(1 spec.), BSPG 1968 I 75 (3 spec.), SMNS 65087 (1 spec.).
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Table 1.Continental gastropods from Dischingen found in the present mateiongside the identifications Bgossin MeENGELE
(1916) andGaLL (1971) as they appear in the original works (authorship was correbtdpertinent). Discrepancies in identifica
tion represent either our revision of their original material (plytimused in the SMNS and BSPG, respectively) or simple nemen
clatural changes(g, new generic allocations, name correctiamsnina novathat have been published since then. Some species
listed byJoosscould not be confirmed by the presently available material.

Present work Joossn Mengele (1916) Gall (1971)

Theodoxus crenulatu&lein, 1853) — Igi%?:tﬁﬁﬁgmqugenuIatus

Bithynia glabra(v. Zieten, 1832) Bythinia gracilisSandberger, 1872 Bulimus glabrus glabruév. Zieten, 1832)

Palaina diezi(Flach, 1890) — _

Pomatias conicuéKlein, 1853) Tudora conicaKlein, 1853) Tudorella conica conicgKlein, 1853)
Pomatias consobrinus Cyclostoma consobriufsic] Pomatias consobriursic]
(Sandberger, 1872) (Sandberger, 1872) (Sandberger, 1872)

Carychiumsp. — —

Radix(Radi® socialis dilatata(Noulet,
Lymnaeus dilatatulloulet, 1854; 1854);Radix(Radi® socialis praelongata
Limnaeus turrituKlein, 1853 (Gottschick & Wenz, 1916);imnaea
turrita turrita Klein, 1853

Radix socialigv. Zieten, 1832) — —

Lymnaea dilatatdNoulet, 1854

Ancylus deperditus deperditus
(Desmarest, 1814)

Gyraulus applanatug§Thomd, 1845) Planorbis(Gyrorbis) declivisBraun, 1851 —

Ferrissia deperditg Desmarest, 1814)}—

Planorbarius mantell(Dunker, 1848) (Pé?lr:]?(gaggigf ru mantell (Péir;cl)(rebraqgig)o rmu mantell
Segmentina lartetiiNoulet, 1854) E?&z;bllségzgmentm)alartetl| (Sﬁgm;ntllréﬁ()agmentm)alartetl|

Granaria sp. — _

Pseudidyla moersingensis Pseudidyla moersingensis
(O. Boettger, 1877) (O. Boettger, 1877)

Serruling? sp. — —
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Joossn Mengele (1916) Gall (1971)

COCHLICOPIDAE

Azeca lubricelleD. Boettger, 1870

Hypnophila loxostoméKlein, 1853)
DISCIDAE

Discus euglyphoides
(Sandberger, 1872)

Discus pleuradrus
(Bourguignat, 1881)

ELONIDAE
Apula coarctatgKlein, 1853)

Klikia giengensigKlein, 1846)
FILHOLIIDAE

Triptychia kleiniSchnabel, 2006
GASTROCOPTIDAE

Gastrocopta acuminatéKlein, 1846)

GASTRODONTIDAE

HELICIDAE
Palaeotachea silvanglein, 1853)

Palaeotachea turonensis
(Deshayes, 1831)

Pseudochloritis incrassata
(Klein, 1853)
HELICODONTIDAE

Protodrepanostoma involutum
(Thoma, 1845)

HYGROMIIDAE
Leucochroopsis klein{Klein, 1846)

OLEACINIDAE

Palaeoglandina gracilis
(v. Zieten, 1832)

OXYCHILIDAE

Aegopinella subniten&lein, 1853)

Azeca(Azecq lubricellalubricella

Cochlicopa lubricella(O. Boettger, 1870) 0. Boettger, 1870

Azeca loxostoméKlein, 1853) Cochlicopa subrimata loxostoma

(Klein, 1853)
Patula(Charopg euglyphoides Discus euglyphoidesuglyphoides
Sandberger, 1972anulus supracostatus (Sandberger, 1872Janulus supracostatus
(Sandberger, 1872) (Sandberger, 1872)
Klikia coarctata(Klein, 1853) Klikia (Apulg) cf. coarctata(Klein, 1853)

o . . Klikia (Klikia) giengensis giengensis

Klikia osculum giengensilein, 1846) (Klein, 1846)
Triptychia(Clausilia) grandis Triptychia(Triptychia) grandis
(Klein, 1846) (Klein, 1846)
Pupa(Leucochilu quadriplicatum Gastrocopta(Albinula) acuminata
guadridentatunKlein, 1853 acuminata(Klein, 1846)

Pupa(Leucochilug neuletianunisic]
gracilidensSandberger, 1875

Patula(Janulug gyrorbis(Klein, 1846) —

Cepaea silvana silvan@lein, 1853);

Otala sylvana(Klein, 1853) Cepaea eversa lartefBoissy, 1839)

— Cepaeacf. dentula(Quenstedt, 1867)

TropidomphalugPseudochloritiy
Al ssatus incrassaty&lein, 1853);
3VHXGRFKORC Buetigér, 1G04 rﬁ)@idomphalus{PseudochIoriti)scf. zelli
(Kurr, 1856)

Helicodonta(Helicodontg involuta

Helicodonta scabioséSandberger, 1875) scabiosaSandberger, 1875)

Leucochroopsis kleini kleifsic]

Trichiopsis carinulatgKlein, 1853) (Klein, 1846)

Palaeoglandina gracilis porrecta
(Gobanz, 1852)

Oxychilus subnitens subnitens
— (Klein, 1853);Vitrina cf. suevicus
(Sandberger, 1875)
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Present work Joossn Mengele (1916) Gall (1971)

— Hyalina orbicularis(Klein, 1846) —

Punctum pumilidooss, 1918 — —

Strobilops costatugClessin, 1877)  Strobilus costatu€lessin, 1877 —

Opeas minutunKlein, 1853) Subulina minutgKlein, 1853) —

Oxyloma minimgKlein, 1853) — —

Archaeozonites costatus Archaeozonites costatus Archaeozonites costatus
Sandberger, 1872 Sandberger, 1872 Sandberger, 1872
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Fossil land and freshwater gastropods from the Miocene of
Hohenmemmingen, Germany

Robrico B. SaLvabor, OLAarF HoLTke & MicHAEL W. Rasser

Abstract

Herein we present an account of the fossil terrestrial and fréshgastropods from the locality of Hohen-
memmingen (Baden-Wurttemberg state, SW Germany) based on musieotiacts. The fossil outcrops belong
to the Silvana Beds of the Upper Freshwater Molasse, being of EarlyéMitidcene age. In total, 23 gastropod
species, all pulmonates, are documented in the material (whereasc83sdpad been previously reported in the
literature): five freshwater species and 18 terrestrial. From aml&stic palaeoecological approach, this palaeo-
evironment featured a humid and warm forest cover, with a well-vedetatelikely shallow water body.

Keywords: Pulmonata, Silvana Beds, Upper Freshwater Molasse.

1. Introduction Fossil mollusks from Hohenmemmingen were men
tioned by some author&(ein 1846; SANDBERGER 1858—
The Silvana Beds (“Silvanaschichten” in German}i863, 1870-1875), but a comprehensive faunal list was only
are a unit of the Upper Freshwater Molasse (“Obere Sifrovided much later, b§oTtTrscHick & WEeNz (1916). These
wassermolasse” in German; abbreviated OSM) that owuthors reported 32 gastropod species and one pootly pre
crop at several localities in southern Germany (e.gserved bivalve; lateMVenz (1923-1930), in his compHa
SanDBERGER 1870-1875; Wenz 1923-1930; Neusauer  tion work, repeated this information with a few revisions
et al. 2015HoLTkE et al., 2016). These beds are particuin taxonomic attribution and a new record of one species.
larly notable for their abundant molluscan fossils (e.gAfter these accounts, the material has been scarcely men
Sawvabor et al. 20158avabor & Rasser2016), but many tioned again in the literature untoLtke et al. (2016)
of the localities with outcrops are known only from theompiled a list of species from this locality for a bioge
older literature. One of them is Hohenmemmingen, in thegraphic analysis using museum specimens. Herein, we
municipality of Giengen an der Brenz (Heidenheim disadd material from other collections, offering an updated
trict, Baden-Wurttemberg state, SW Germany; Fig. 1) classification of the species and illustrating several of the

Fig. 1. Map showing the locality of Hohenmemmingen, part of the mualitjpof Giengen an der Brenz, Heidenheim district,
Baden-Wurttemberg state (BW), Germany.
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Table 1. List of all molluscan species reported from the Silvana Bé#tobenmemmingen. The species whose records have been
confirmed in the present work are accompanied by the collection m(@nbkthe studied material. Species whose record is only
known from the literature are indicated accordingly.

Species Figure(s) Material studied / References

CAENOGASTROPODA

PACHYCHILIDAE

Tinnyea lauraegdMathéron, 1843)
BITHYNIIDAE

Bithynia glabra(Zieten, 1832)

Wenz (1923)

Gottschick & Wenz (1916), as synonyin gracilis Sand
berger, 1872; see Salvador et al. ( 2016b)

PULMONATA: ELLOBIOIDEA

ELOBIIDAE
Carychium nouletBourguignat, 1857

Gottschick & Wenz (1916), as synony@t gibbumSand
berger, 1875; see Strauch (1977)

PULMONATA: HYGROPHYLA

LYMNAEIDAE
Lymnaea dilatatdNoulet, 1854

Radix socialigZieten, 1832)
PLANORBIDAE

Ferrissia deperditg Desmarest, 1814)

Gyraulus albertanu¢Clessin, 1877)

Gyraulus applanatu§Thoma, 1845)

Hippeutis subfontanu&lessin, 1887)
Planorbarius mantell{(Dunker, 1848)

Segmentina lartetiNoulet, 1854)

Fig. 2.1

Fig. 2.2

Fig. 2.3

Fig. 2.4
Fig. 2.5

GPIT/GA/3929 (3 spec.), GPIT/IGA/3964 (3 spec.), GPIT/
GA/3999 (1 spec.), GPIT/GA/4049 (5 spec.), GPIT/GA/4068
(2 spec.), SMNS 107257 (7 spec.)

SMNS 107235 (3 spec.), SMNS 107328 (>20 spec.)

Gottschick & Wenz (1916)
Gottschick & Wenz (1916)

GPIT/GA/3935 (5 spec.), GPIT/GA/3981 (5 spec.), GPIT/
GA/3986 (>20 spec.), GPIT/IGA/3993 (4 spec.), GPIT/
GA/4043 (>20 spec.), GPIT/GA/4061 (>20 spec.), SMNS
107329 (5 spec.), SMNS 107330 (8 spec.)

GPIT/GA/3984 (1 spec.), SMNS 107331 (7 spec.)

GPIT/IGA/3971 (>20 spec.), GPIT/IGA/04078 (>30 spec.),
SMNS 107335 (18 spec.), SMNS 107336 (>20 spec.), SMNS
107339 (2 spec.), SMNS 107346 (>20 spec.)

Gottschick & Wenz (1916)

PULMONATA: STYLOMMATOPHORA

SUCCINEIDAE

Oxyloma minimgKlein, 1853)
COCHLICOPIDAE

Azeca lubricellO. Boettger, 1870

Hypnophila loxostomégKlein, 1853)
CHONDRINIDAE

Granaria noerdlingensigKlein, 1846) velG. subfusi

formis (Sandberger, 1875)

GASTROCOPTIDAE
Gastrocopta acuminatéKlein, 1846)
Gastrocopta nouletianéDupuy, 1850)
STROBILOPSIDAE

Strobilops uniplicatgBraunin Walchner, 1851)

VALLONIIDAE

Acanthinula trochulugSandberger, 1872)

Fig. 3.3

Fig. 3.5
Fig. 3.6

GPIT/GA/4070 (2 spec.)

SMNS 107333 (2 spec.)
GPIT/GA/4060 (1 spec.)

Gottschick & Wenz (1916) and Wenz (1923), respectively;
G. noerdlingensidgs anomen dubiunaccording to Holtke
& Rasser (2013)

SMNS 67428 (2 spec.), SMNS 67431 (1 spec.)
SMNS 67404 (1 spec.), SMNS 107347 (12 spec.)

Gottschick & Wenz (1916)

Gottschick & Wenz (1916)
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Species Figure(s) Material studied / References
VERTIGINIDAE
Vertigo callosa(Reuss, 1849) — Gottschick & Wenz (1916)
CLAUSILIIDAE
Pseudidyla moersingeng®. Boettger, 1877) Fig. 3.2 SMNS 66932 (1 spec.), SMNS 66937 (1 spec.), GPIT/
GA/04015 (4 spec.)
SUBULINIDAE
Opeas minutuniKlein, 1853) — BSPG 1966 XXVI (1 spec.), GPIT/GA/4071 (5 spec.)
OLEACINIDAE

Palaeoglandina graciligZieten, 1832)

DISCIDAE
Discus pleuradrusuevicusGottschick & Wenz, 1916
Discus euglyphoide¢Sandberger, 1872)
OXYCHILIDAE
Aegopinella subniten@lein, 1853)
ZONITIDAE
Archaeozonites costat@andberger, 1872

AGRIOLIMACIDAE
Derocerassp.
VITRINIDAE
Vitrina suevicaSandberger, 1872
ELONIDAE
Apula coarctataKlein, 1853)
Klikia giengensigKlein, 1846)
HELICIDAE
Palaeotachea silvanéKlein, 1853)

Palaeotachea turonens{Peshayes, 1831)
Pseudochloritis incrassatglein, 1853)

HELICODONTIDAE

Protodrepanostoma involutu(homa, 1845)
HYGROMIIDAE

Leucochroopsis klein{iKlein, 1846)

Fig. 3.1

Fig. 3.4

Fig. 3.8

Fig. 3.7

BSPG no nr. (1 spec.), GPIT/GA/3965 (4 spec.), SMNS
67013 (1 spec.), SMNS 107337 (1 spec.), SMNS 107343
(1 spec.)

Gottschick & Wenz (1916); Wenz (1923)
GPIT/GA/04014 (>20 spec.)

Gottschick & Wenz (1916)

GPIT/GA/03998 (1 spec.), SMNS 65268 (1 spec.), SMNS
65632 (1 spec.), SMNS 107340 (2 spec.)

SMNS 107332 (1 spec.)

Gottschick & Wenz (1916)

SMNS 66292 (1 spec.)
GPIT/GA/4072 (6 spec.), SMNS 66278 (1 spec.)

BSPG 11955 IV 71 (1 spec.), GPIT/GA/3935 (1 spec.),

GPIT/GA/3947 (10 spec.), GPIT/GA/3951 (8 spec.), GPIT/

GA/3954 (5 spec.), GPIT/GA/3967 (1 spec.), GPIT/GA4001

(5 spec.), GPIT/GA4009 (3 spec.), GPIT/GA/4010 (7 spec.),
SMNS 66655 (3 spec.), SMNS 66841 (1 spec), SMNS
107338 (2 spec.), SMNS 107341 (>20 spec.), SMNS 107343
(2 spec.), SMNS 107344 (5 spec.), SMNS 107245 (3 spec.),
SMNS 107346 (1 spec.)

SMNS 66797 (2 spec.), SMNS 66804 (2 spec.)

GPIT/GA/3953 (5 spec.), GPIT/GA/3968 (3 spec.), GPIT/
GA/04080 (12 spec.), SMNS 66148 (2 spec.), SMNS 66227
(1 spec.)

GPIT/GA/3988 (1 spec.)

GPIT/GA/3947 (2 spec.), SMNS 65947 (2 spec.), SMNS
107334 (>20 spec.)

BIVALVIA

SPHAERIIDAE
Sphaeriurfd sp

Gottschick & Wenz (1916)
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Hohenmemmingen fossils for the first time. This work i@nd occurred mostly as strongly weathered and irregu

part of our research group’s goal of “rescuing” informalar nodules (termed as “Knauer” BottscHick & WENz

tion on all Silvana Beds outcrops, bringing them back t9916).

light in a modern context and, more importantly, mak

ing this information available to the entire scientific eom

munity. 3. Material and methods
Abbreviations: Institutions: BSPG = Bayerische

Staatssammlung fir Paldontologie und Geologie (Munich, Ger The material studied for the present account consists

many); GPIT = Department of Geosciences, Eberhard Karskclusively of specimens from historical museum- col

Universitat Tubingen (Ttibingen, Germany; formerly ©€0 |actions (see Table 1 for a full list of studied lots). This

gisch-Paldontologisches Institut Tubingen); SMNS = Staatl cludes some of the voucher materialGlTTscHICK &

ches Museum fur Naturkunde Stuttgart (Stuttgart, German 5’ . . .
Shell measurements: H = shell height (parallel to coiling axisfVENZ (1916), which was deposited in the SMNS, Ger

D = greatest shell width (perpendicular to H). many. Unfortunately, not all of their material has been pre
served to this day. A good portion@bTTscHicKs voucher
Acknowledgements material was housed in the SMNS, aNehz's private col

We are grateful taCHrisTina G. MarTIN (SMNS) for the  lection was in Frankfurt a. M.; together, these collections
SEM images presented here; ftoswar Wernesure (GPIT)  must have contained all the originals ®bTTscHick &
andALexanper NuTzer (BSPG) for granting access to materiaIWENZ (1916), but a good portion of the SMNS aleNZ's

under their care; and t®Homas A. NEuBAUER (Justus-Liebig- - ) .
Universitét GieBen) and an anonymous reviewer for their corfO!l€ction were lost during World War 1Z¢cH 1960;

ments and suggestions. R.B.S. received a doctoral grant fréMLVADOR et al. 2016a). . .
CNPqg (Conselho Nacional de Desenvolvimento Cientifico e The best preserved gastropod species found are illus

Tecnoldgico), Brazil, process nr. 245575/2012-0. trated herein; images were obtained either with a Leica
auto-montage apparatus or with a scanning electron
microscope (SEM) at the SMNS. The main shell meas

2. Geological setting urements were taken either with a digital caliper (for the
larger specimens) or with the software Imagdedsganp
Hohenmemmingen lies at the northern margin of th2012) and Leica Application Suite (LAS, v.3.8.0).

Molasse Basin in southern Germany, which is a part of

the North Alpine Foreland Basin. As mentioned above,

the mollusk-bearing sediments around Hohenmermmin 4. Results and discussion

gen belong to the unit known as OSM, which lies over

the OBM unit (Upper Brackish Molasse). The transition In total, 23 gastropod species, all belonging to the Pul

between these two units is indistinct and the faunal commonata, were found in the material from Hohenmemmin

position indicates that the brackish environment of thgen available in museum collections. Five of these are

OBM went through a gradual “fresheningP#rerr &  freshwater species, while the remaining are terrestrial; a

ReicHenBacHErR 2017). The OSM unit, as the name impliesfull species list can be found in Table 1 (classification fol

is characterized by freshwater sediments, dated as l#@/s BoucHeT & Rocroi 2005 andNorbsieck 2014). These

Early to Middle MioceneReicHENBACHERET al. 20135ANT  species are all common finds in coeval sediments from

et al. 2017). several other outcrops of the Silvana Beds. Therefore, we

The sediments at Hohenmemmingen belong, moueill refrain from giving a full description of the material
specifically, to a sub-unit of the OSM known as Silvan&ere, since these species have been extensively explored

Beds GottscHick & WEeNz 1916). These beds are characand illustrated elsewhere (e.¢iarzHAusER et al. 2014;

terized by (and receive their name from) the presence ®fivabor et al. 2015, 2016cSaLvaDoR & RAsser 2016).

the helicidPalaeotachea silvan@Lein, 1853), but several Examples of the best preserved specimens found in the

other gastropod taxa are also typical of these strata (eesent material are displayed in Figs. 2 and 3.

Esu 1999). The molluscan fauna of Hohenmemmingen is From the species listed IoTTscHick & Wenz (1916),

typical of the Silvana Beds and thus supports a late Eatlyelve could not be confirmed with the material #asai

to early Middle Miocene age for the sediments (Europedite (Table 1). One special case that deservesdunibtice

mammal Neogene zone MN 5, although no mammaliazoncerns th&yraulusspecies reported BgoTTscHick &

remains are known). Unfortunately, there are no cuWenz (1916):G. applanatugTrHomA, 1845),G. dealbatus

rent outcrops known, so only literature data is present{A. Braun, 1851) ands. kleiniGottscHick & WEeNz, 1916.

available for this locality. According tBraas (1869) and GotTscHick & WEeNz (1916) reported that these species are

GoTtTscHick & WENz (1916), the Silvana Beds in Hohen linked by a series of intermediate forms, which a0

memmingen consist of limestone that was seldom banketserved in the present material. The specimeniseske
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Fig. 2. Fossil freshwater gastropods from Hohenmemmingebhymnaea dilatataSMNS 107257 (H = 12.7 mm, D = 6.5 mm).
2.Radix socialisSMNS 107235 (H = 19.1 mm, D = 13.0 mB8q.. Gyraulusapplanatus SMNS 107330/1 (H = 1.1 mm, D = 4.3 mm).
3b. Gyraulusapplanatus SMNS 107330/2 (D = 4.1 mnBc. Gyraulusapplanatus SMNS 107330/3 (D = 3.9 mmja. Hippeutis
subfontanusSMNS 107331/1 (H = 0.7 mm, D = 3.4 mrh. Hippeutis subfontanySMNS 107331/2 (D = 2.6 mnBa—c.Planor-
bariusmantelli SMNS 107335 (H = 8.1 mm, D = 22.6 mm).

Gyraulusspecies display a large amount of morphological From an actualistic palaeoecological approach, it can
variation, with the extremes described as distépeicies, be surmised that the Miocene Hohenmemmingen-envi
but with numerous intermediate forms; this phenamnen ronment featured a humid and warm forest cover, as indi
has also been observed in conspecifics from othévl OBcated by most terrestrial gastropod genera. In special,
and OSM localities (e.gKowalke & REeicHENBARCHER Discus Leucochroopsisand Opeasare considered very
2005;Sa1vAbor & Rasser2014;Sawvapor et al. 2016b). As  good indicators of this type of environment. No species
aresultGyraulus dealbatuis considered a synonym@f  with particular affinity for drier and more open habitats
applanatugKowaLke & REICHENBARCHER2005;Savabor  were recorded in the present material (but the literature
et al. 2016b); the status @f kleinistill remains uncertain, citesGranaria; Table 1), althougpulais considered a
but it agrees with intermediate forms in the spattrof potential representative of this environment in the-liter
morphological variation seem @. applanatus ature; absence of other commonly xerophile genera, like
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Fig. 3.Fossil terrestrial gastropods from HohenmemmindeBerocerassp., SMNS 107332 (H = 6.0 mn2a. Pseudidyla moers
ingensis SMNS 66932 (H = 4.2 mm2b. Pseudidyla moersingensiSMNS 66937 (H = 8.7 mm, D = 2.6 mr8).Azeca lubricella
SMNS 107333 (H = 4.6 mm, D = 2.1 mmMp—c.Apula coarctataSMNS 66292 (H = 7.9 mm, D = 11.9 mr&)Gastrocopta acuri
nata, SMNS 67428 (H = 2.7 mm, D = 1.6 mmb).Gastrocopta nouletiansSMNS 107347/1 (H = 2.2 mm, D = 1.2 mm), shown in
scale withG. acuminata7a, b.Leucochroopsis kleiniSMNS 65947 (H = 6.0 mm, D = 8.9 mr8p—d. Palaeotachea turonensis
SMNS 66797 (H = 24.2 mm, D = 31.8 mm).

Vallonia andPupilla, is also meaningful. The freshwaterwater. A full discussion of the ecological affinities of these
species all indicate a slow-moving or stagnant water bodlyssil genera can be found 8wvabor & Rasser (2014)
and the presence blippeutisin particular is a good indi and Sawvabor et al. (2015, 2016c), based on the habi-
cation of well-vegetated and likely shallow waters. Mereatat requirements of Recent congeners (&KgrNEY et al.
ver, representatives of the terrestrial hygropltlig/loma  1983;WELTER-ScHULTES 2012).

are usually found on the vegetation belt surrounding the



SALVADOR ET AL.: GASTROPODSFROM THE MIOCENE OF HOHENMEMMINGEN 47

5. References G., NG, D., RRIETO, J., ABDUL-AzIZ, H., BoHME, M., GARNISH,
J., KirRscHER U. & BacHTADSE, V. (2013): A new magneto
BoucHeT, P. & Rocroy, J.-P.(2005): Classification and nomencla stratigraphic framework for the Lower Miocene (Burdiga
tor of gastropod families. — Malacolog#: 1-397. lian/Ottnangian, Karpatian) in the North Alpine Foreland
Esu, D. (1999):Contribution to the knowledge of Neogene- cli Basin. — Swiss Journal of Geoscienckxt 309-334.
matic changes in western and central Europe by means®fivapor, R. B., HoLTke, O., Rasser M. W. & KapoLsky, D.
non-marine molluscs — IMcusTi, J.,Rook, L. & ANDREWS, (2016a): Annotated type catalogue of the continental fossil
P. (Eds): Hominoid Evolution and Climatic Changes in  gastropods in the Staatliches Museum furr Naturkunde-Stutt
Europe. Volume |. The Evolution of Neogene Terrestrial gart, Germany. — Palaeodiversigy,15-70.
Ecosystems in Europe: 329-354; Cambridge (Cambridg®vapor, R. B., Reprr M., ReEICHENBACHER, B. & RASSER
University Press). M. W. (2016b): Early Miocene continental gastropods from
Fraas, O. (1869)Begleitworte zur geognostischen Specialkarte  new localities of the Molasse Basin in southern Germany. —
von Wirttemberg. Atlasblatt Gienger 17 pp.; Stuttgart Palaontologische Zeitschrifd0 (3): 469—491.

(Konigliches statistisch-topographisches Bureau). SALVADOR, R. B., RIETO, J., MavR, C. & Rasser M. W. (201&):
Gever, O. F. & Gwinner, M. P. (2011):Geologie von Baden- New gastropod assemblages from the Early/Middle-Mio

Wirttemberg (3 edition). — 627 pp.; Stuttgart (Schweizer  cene of Riedensheim and Adelschlag-Fasanerie, southern

bart). Germany. — Neues Jahrbuch fiir Geologie und Paldentolo

GortTscHick, F. & WeNz, W. (1916): Die Sylvanaschichten von gie, Abhandlunger279 (2): 127-154.

Hohenmemmingen und ihre Fauna. — Nachrichtenblatt dej,;\s\por, R. B. & Rasser M. W. (2014): The fossil pulmonate

Deutsghep Malakologischen Gesellscha&(1): 17-31; (2): snails of Sandelzhausen (Early/Middle Miocene, Germany)

55-74; (3): 97-113. (Hygrophila, Punctoidea and limacoids). — Archiv fur Mol
HarzHAUSER, M., NeuBauERr, T. A., Gross M. & BINDER, H. luskenkundel43 187-202.

(2014): The early Middle Miocene mollusc fauna of Lakeg,\spor, R. B. & Rasser M. W. (2016): Fossil land and fresh
Rein (Eastern Alps, Austria). — Palaeontographica, 3@, water gastropods from the Middle Miocene of Bechingen

1-71. B e
HoLTke, O. & Rasser M. W. (2013): The chondrinid land snail %gi;itgn%liig, isflu_tgv;stern Germany. — Archiv far-Mol

Granaria (Stylommatophora: Chondrinidae) in the Miocen%ALVADoR R. B., Risser M. W. & HouTke, O. (2015)Fossil gas
of the Alpine Foreland: State of the art and taxonomic-reas tropoas.frc;;n Miocené L;':tke Rand’ecll< Maar and its hinter
sessment. — Neues Jahrbuch flir Geologie und Paléontologie, land (SW Germany). — Neues Jahrbuch fir Geologie und
HoLffEhagdIljsi%fgjzog)élsjﬁiz; M. W. (2016): Paleobio Palaontologie, Abhandlunge®77 (3): 251-273.
P U - s " SANDBERGER, F.v. (1858-1863). Die Conchylien des Mainzer-Ter
geography of Early/Middle Miocene terrestrial gastropods tidrbeckens, : 1-40 (1858):2: 4172 (1858)3: 73-112

in Central Europe: an approach using similarity indices. — ( o . )
. 1859); 4: 113-152 (1860)5/6: 153-232 (1861)7: 233—-270
Palacogeography, Palacoclimatology, Palacoecoltdy.  (1g67)5: 283-468 (1863); Wiesbaden (Kreidel)
' . SANDBERGER, F.v. (1870-1875): Die Land-und SiiBwasserconchy
o eroahen Norg i Mt T o fiam  lien der Vorwelt. ~1: 148 (1870)2/3 49-96 (1870)d/5
' 97-160 1871,6-8: 161-256 (1872)9/10: 257-352 (1873);

burg (Parey). - e )
Kiem, A. v. (1846): Conchylien der Siisswasserkalkformationep 1112 353-1000 (1875); Wiesbaden (Kreidel).

Wiirttembergs. — Jahreshefte des Vereins fur vaterlandiscReNT: K., KIRSCHER U., REICHENBACHER, B., RPPERR M., JNG,
Naturkunde?n Wiirttemberg, (1): 60—116. D., DoppLER G. & KRrisesman, W. (2017):Late Burdigalian

Kowake, T. & ReICHENBACHER B. (2005): Early Miocene sea retre_at from the North AIpi_ne Foreland Basin: new-mag
(Ottnangian) Mollusca of the Western Paratethys — ontoge netostratigraphic age constraints. — Global and Planetary
netic strategies and palaeo-environments. — GeoB®s, Change 152 38-50. )

609—635. StraucH, F. (1977): Die Entwicklung der européischen Vertre

KuHLEMANN, J. & Kempr, O. (2002)Post-Eocene evolution of the  ter der GattungCarychiumO. F.MuLLer seit dem Miozan
North Alpine Foreland Basin and its response to Alpine tec  (Mollusca: Basommatophora). — Archiv fir Mollusken
tonics — Sedimentary Geology52 45-78. kunde,107. 149-193. _

NEUBAUER, T. A., GEorcoPouLOy E., KroH, A., HARzHAUSER, M.,  WELTER-ScHuLTES, F. (2012):European Non-marine Molluscs,
Manpic, O. & Esu, D. (2015):Synopsis of European Neo a Guide for Spegigs Identification. — 674 pp.; Gottingen
gene freshwater gastropod localities: updated stratigrapt\k\; (Planet Poster Editions). _ o
and geography. — Palaeontologia Electronl®18.1.3T. Enz, W. (1923-1930): Gastropoda extramarina tertiaria. — In:

Norbsieck, H. (2014): Annotated check-list of the genera of fos  DIENER, C. (Ed.): Fossilium Catalogus, I, Animalld; 1-352
sil land snails (Gastropoda: Stylommatophora) of western (1923);18 353736 (1923)20: 737-1068 (192321 1069-
and central Europe (Cretaceous — Pliocene), with description 1420 (1923)22 1421-1734 (1923p3: 1735-1862 (192382
of new taxa. — Archiv fur Molluskenkund&43 153-185. 1863—-2230 (1926)39: 2231-2502 (1928)40. 2503-2886

PiprERR M. & REICHENBACHER, B. (2017):Late Early Miocene (1929);43 2887-3014 (192946 3015-3387 (1930); Berlin
palaeoenvironmental changes in the North Alpine Foreland (W. Junk).

Basin. — Palaeogeography, Palaeoclimatology, PalakoecZiLcH, A. (1959-1960): Gastropoda. Euthyneura. -SaHinDe-

ogy, 468 485-502. woLr, O. H. (Ed.): Handbuch der Paldozoologbe(2): 1:
RaseanD, W. S. (2012): ImageJ. U.S. Bethesda (National insti ~ 1-200, figs. 1-701 (17.6.1959); 2: 201-400, figs. 702-1434

tutes of Health). (25.11.1959); 3: 401-600, figs. 1435-2111 (30.3.1960); 4:
ReicHENBACHER, B., Kriscsman, W., LATASTER, Y., RPPERR M., 601-835, I-XIlI, figs. 2112-2515 (15.8.1960); Berlin (Born

VAN Baak, C. G. C., GaNG, L., Kiun, D., bsT, J., DoPPLER traeger).



48 PALAEODIVERSITY 10, 2017

Addresses of the authors:

Robrico B. SaLvapoRr, Staatliches Museum fir Naturkunde, Rosenstein 1, 70191 StutBgamany & Mathematisch-Naturwissen
schaftliche Fakultat, Eberhard Karls Universitat Tubingen, &igstr. 10, 72076 Tubingen, Germany.

OLaAF HoLTkE, MicHAEL W. Rasser Staatliches Museum fur Naturkunde, Rosenstein 1, 70191 Stu@®garhany.
Emails: salvador.rodrigo.b@gmail.com; ol_hoel@yatlepmichael.rasser@smns-bw.de

Manuscript received 19 March 2017, revised version accepted 7 April 201



Cenozoic, Gastropoda, lectotype designation, norima@nails, type specimens.

GSL = Geological Society of London;
MUWIE = Naturwissenschaftliche Sammlung des Museums
Wiesbaden (Wiesbaden, Germany); NHMUK = Naturakétis
Museum, London; SMF = Senckenberg Forschungsinstitd
Naturmuseum (Frankfurt am Main, Germany); SMNS aat
liches Museum flr Naturkunde Stuttgart (Stuttgart, Germany).

H = shell height; D = shell,

maximum width (diameter); h = height of operculurheTspec-
imens were measured either with a digital calipewith the aid
of computer software.

MN = European mammal Neogene zone; MF

= European mammal Paleogene zone.









: SMNS 106361 (2 specimens, from Hohen-

memmingen).
. Germany: Baden-Wirttemberg:
Déchingen, Opfingen and Hohenmemmingen, Silvanalstdrnc
[Silvana-beds].
: Late Early/early Middle Miocene (Burdigalian/Lang
hian; MN 5).

: Valid, asGastrocopta (Albinula)
acuminata (KLein, 1846) (revised by MNGaneLL & GiusTi
2000). Family Gastrocoptidae.

: KLein based the species on incompletely pre-
served specimens, and figured one with a visible celiam
lamella; nevertheless, this feature cannot be seehdnwo
present specimens.

: SMNS 65581.

: France: Alsace: Bouxwiller (“Buchs-
weiler”), Bastberg, StuBwasserkalk [freshwater litoes] of the
Bouxwiller Formation.

: Middle Eocene (Lutetian; MP 13).

: Valid, asGrandipatula alsatica
(Jooss 1918a). Family Grandipatulidae.

: SMNS 106362.

: Germany: Baden-Wirttemberg: Blau-
stein (Markbronn), upper “Rugulosa-Thalfinger-Schécti.
: Early Miocene (Aquitanian; MN 2).

: Potentially valid, aBseudochlo-
ritis? alveus(Sanpeercer, 1875). Family Elonidae (Eloninae) or
Helicidae (Ariantinae).

: (1) The species epithet is a noun in apposi-
tion (alveus, Lat.: a beehive) and therefore immletabhe name



alveumJoossis the same word with a variant gender ending, : SMNS 106365.
and hence an unjustified emendation. The intenticamall- - Germany: Baden-Wiirttemberg: Stein-
ing change is evident bydssciting Helix alVeUSSANDBERGER  heim am Albuch, sand pit PharioRypa (i.e., Granaria) layer

correctly. Names published as unjustified emendatiane (ypper Gyraulus discoideuszone toG. trochiformis zone),
available and can be utilized to substitute juniomgry hom-  gieinheimer Seeschichten.

onyms (Art. 33.2.3 ICZN). For the reasons given in pne- - .

ceding chapter, we refrain from substituting the naiveus - Middle Miocene (MN 7).

SanpBerGeR for the time being. (2) AipBERGER (1875) men- : Valid, as Protodrepanostoma
tioned one nearly complete specimen in the collectidmioer,  involutum angitortum(Jooss 1912) (fide Kspoisky herein).
and damaged specimens from Gamerschwang and OpfingEamily Helicodontidae.

The present specimen is the former, as it bearsnatigabels

from SsnpBercer and MLLER. Jooss label also indicates it as

SANDBERGERS original material. (3)doss(1918b), believing erro-

neously that &eercer had published a nomen nudum, treated - SMNS 27620.

“alveunt as a new species and provided a redescriptiomgusi
the same type as\@pBerGER. As Dboss intention was to rede-
scribeHelix alveusSanpeerGer, which is cited as a synonym, ’ )
Galactochilus alveumiJoos¢ is not a new nominal species. (4) : Early Oligocene (Rupelian).

SaNDBERGER compared this species withyrtochilus expansi- : Valid. Family Archaeozonitidae.
labris (SaNDBERGER), Which is a significantly smaller species.
Galactochilusspecies are larger thalveus but similar in hab-

itus: e.g.,Galactochilus ehingensis illustrated by SIDBERGER
(1875: 457, pl. 29, fig. 10, from Eggingen near UIm) nueas
26—-36 mm, whilealveusmeasures 20-24 mr®seudochlori-

tis species are of similar size, but usually with a more depressed
spire and at least partially open umbilicusngigr 2008).

Germany: Baden-Wiirttemberg:
Blaustein (Arnegg), karst fissure limestone.

: MiLLer (1907) mentioned several specimens.

: SMNS 23908 (3 specimens, from Ulm).
Germany: Baden-Wirttemberg:
near Ehingen, Michaelsberg near Ulm, near Hohenmegenin
: SMNS 23918 (2 specimens). : Early Miocene (Aquitanian; MN 2).
:Germany: Bavaria: Dobelbuck (“Hobels- y - Junior synonym oPalaeoglan-
buck”) near Amerbach (Wemdind®pmatiasSiiRwasserkalk des dina gracilis (ZieTen, 1832). Family Oleacinidae.
RiesesPomatiasfreshwater limestone of the Ries areal. : The specimens’ label indicates only Ulm. The

: Early Oligocene (Rupelian). specimen figured by Kin (1852) is the one indicated as SMNS

: Junior synonym ofStagnicola 23908a in the collection.

fabulum(BroncniarT, 1810) (fide KapoLsky 2014). Family Lym-
naeidae (Lymnaeinae).

: SMNS 27641.

: Germany: Bavaria: Bachhagel, karst
: SMNS 106363 (3 specimens) and 106364issure limestone.

(1 specimen). Eocene.
Germany: Bavaria: Nittendorf : Valid, as Discus antiquus
(Undorf), mittlere Silvanaschichten [middle Silvabads]. (MILLER, 1907) comb. nov. Family Discidae.
: L)ate Early/early Middle Miocene (Karpatian—Bade- : MiLLER (1907) reported this species as frequent.
nian; MN 5).

: Valid asVitrea ammon{CLEssIN,
1894) (fide Wenz 1923). Family Pristilomatidae.

: The syntypes seem to belong to several species SMNS 27644.
(and genera?), as remarked hg<sin (1894) himself. We figure : Germany: Bavaria: Bachhagel, karst
here the specimen which was alone in the lot (SMN&3648), fissure limestone.
which possibly is the one to which the descriptiefers to. In

the original description, &ssinlists seven specimens; the extra  Eocene. ) ) . ) o
three specimens may be lost, as one lot of thigrizt(SMNS _ : Valid, asTriptychia antiquior
45257/2005) was not found in the collection. (MiLLER, 1907) (fide SHNABEL 2007: 27, pl. 1, fig.1). Family Fil-

holiidae.

: MiLLer (1907) reported two fragmentary
specimens, of whichc®inageL (2007) designated one invalidly
as holotype.



shows the conical spire considered as diagnostithfogenus
Palaeomastu#l. Norbsieck, 2014.

: SMNS 27614-a.
: SMNS 27614-b (1 operculum).

: Germany: Baden-Wirttemberg: Blau-
stein (Arnegg), karst fissure limestone.

: Early Oligocene (Rupelian).

: Valid, asPomatias (Neobem-

bridgia) arneggensi¥Venz, 1923 (fide KapoLsky 1989). Family ] o : Unknown, possibly a synonym of
Pomatiidae (Pomatiinae). Miozonites algiroidegReuss 1849). Family Archaeozonitidae.

: The operculum is too small to belong to the
shell and thus must come from a different individiée select
here the shell as the lectotype.

: SMNS 65634.

: Germany: Baden-Wurttemberg: Blum-
berg (Zollhaus), Helicidenmergel [helicid marls].

: Early Miocene (Ottnangian; MN 3-4).

: SMNS 106366 (Germany: Baden-Wirttem-
berg: Stubersheim—Geislingen), 106367 and 106368tZ8wi
land: Kt. Aargau: Wolflinswil).

- SMNS 27621 (3 specimens). : Numerous unspecified localities, Heli-
cidenmergel [helicid marls].odss (1924) figured specimens
" from more than one locality.

: Miocene (“Mittelvindobon”).

et . : Unknown, probably a synonym
. . .Valld,asArchgeozomte’Sarneg- of Megalotachea everséDesHaves 1851). Family Helicidae
gensis(MiLLer 1907). Family Archaeozonitidae. (Helicinae).
: WENz (1923: 251) lists this taxon as a possi-
ble synonym ofArchaeozonites angulost&iLLEr, 1907. This is
incorrect, agrneggensiss almost half the size at a similar num-

: Germany: Baden-Wurttemberg: Blau
stein (Arnegg), karst fissure limestone.

: Early Oligocene (Rupelian).

ber of whorls. It is therefore rather small for genusArchaeo- - SMNS 106369
zonitesand may in fact not belong to it, but a more deéigiénus ' ' . .
attribution requires further study. : Germany: Bavaria: Nittendorf (Undorf),

mittlere Silvanaschichten [middle Silvana-beds].
. Late Early/early Middle Miocene (Karpatian—Bade-
nian; MN 5).
: Synonym ofStrobilops costata
: SMNS 27629 (3 specimens). (CLessin, 1877). Family Strobilopsidae.

Germany: Baden-Wirttemberg:
Blaustein (Arnegg), karst fissure limestone.

Early Oligocene (Rupelian).

- valid (fide Norosieck 2000, + SMNS 27626 (3 specimens).

2007). Family Clausilidae (Laminiferinae). _ : Germany: Baden-Wurttemberg: Blau-
. . stein (Arnegg), karst fissure limestone.
: The only specimen with part of the body . ) ]
whorl preserved does not agree well with the figures provided : Early Oligocene (Rupelian).
by MiLLer (1907), because it does not show the detachment of . Subjective synonym dKlikia?

the body whorl, which is a typical charactetaiminiferaand is praeosculingMiLLEr, 1907) (fide VEnz 1923). Family Elonidae
strongly developed ih. arneggensisaccording to MLer’s fig-  (Klikiinae) or Helicidae (Ariantinae).

ures and text. Probably the detached part of thevasr| shown

by Miller (1907) has broken off and would thus bstlo

: SMNS 106370.
: SMNS 36777 (4 specimens). : Germany: Bavaria: Nittendorf (Undorf),
. Germany: Baden-Wirttemberg: mittlere Silvanaschichten [middle Silvana-beds].
Blaustein (Arnegg), karst fissure limestone. . Late Early/early Middle Miocene (Karpatian-Bade-
: Early Oligocene (Rupelian). nian; MN 5).

Valid, asPalaeomastus arneg- : Valid, as Perpolita boettgeri-
gensis (MiLLer, 1907) comb. nov.Family Enidae. The shell ana (Cressin, 1877) (fide KapoLsky herein). Family Oxychili-



dae (Godwiniinae). \8kz (1923), however, placed the species in

Zonitoides(family Gastrodontidae).

: SMNS 11897-a.
: SMNS 11897-b (1 specimen).

. Germany: Bavaria: Monheim (Weil-
heim im Ries), grey freshwater limestone block in BuBtec-
cie [varicoloured breccia, Ries ejectal.

: Early Oligocene.

. Potentially valid, adymnaea
(s.l.) brancai ScHuTzE in BRANCA & FrAAs, 1908. Family Lym-
naeidae (Lymnaeinae).

: We designate here as lectotype the largest an

best preserved specimerc{BTze in BRanca & Fraas 1908: fig. 9).

. Possibly valid, asFerussina
capellinii (SanbBeRrGER, 1873) or-. anomphalus capelliniFam-
ily Ferussinidae.

: SanpBERGER (1873) stated that hiStrophostoma
anomphaluscame from the “Meeressand” (how Alzey Formation)
of Waldbockelheim and Weinheim in the Mainz BasRhéin-
land-Pfalz), and that he figured the only intact@men from the
Paleontological Collection in Munich. According 8aNDBERGER,
the specimens from Arnegg differ morphologicallgrfr those of
the Mainz Basin and were named aapellinii by him.

: SMNS 27639-a.
: SMNS 27639-b, c, d (3 specimens).

: Germany: Bavaria: Bachhagel, karst
figsure limestone.

: Eocene.
: Valid. Family Archaeozonitidae.

: The best preserved specimen is designated
here as the lectotype. The illustration presentgdMoLLER
(1907) in the original description is a reconstroictbased on

: SMNS 106371 (2 specimens and the externdhis specimen.

mold of one of them).

: Germany: Baden-Wirttemberg: Grim-

melfingen near Ulm, Grimmelfinger Schichten [Grimfirggen
Beds].

: Late Early Miocene (Burdigalian/Ottnangian, MN.4a
: Uncertain; V¥nz (1923) lists this

species aGalba bulimoidesbut this allocation seems mistaken.

Family uncertain.

: SMNS 23921.

:Germany: Bavaria: Dobelbuck (“Hobels-
buck”) near Amerbach (WemdindpmatiasStuRwasserkalk des

: (1) Kie (1846) figures a complete specimen pjesgebietesfomatiasireshwater limestone of the Ries areal.

which is either lost or a reconstruction attempt, fbgdased

on the two preserved syntypes and the external mold. (2) Sub-

stitution of the junior primary homonym is not maory if the
conditions of Article 23.9.5 ICZN are met; a requiesta ruling
of the Commission under its plenary powers to vadidhe jun-
ior homonymous name is intended.

: SMNS 27645.

: Early Oligocene (Rupelian).

: Junior synonym ofomphalos-
agda pyramidalis(Jooss 1912) (fide KapoLsky, unpublished).
Family Archaeozonitidae.

: SMNS 106372 (6 specimens).
: Germany: Baden-Wurttemberg: Zwie-

: Germany: Bavaria: Bachhagel, karstfalten (near Mdrsingen), Silvanaschichten [Silvanddpe

fissure limestone.
: Eocene.

: Uncertain, listed a8bida? byth-
iniformis (MiLLER, 1907) by V¥nz (1923). Family Chondrinidae.

: SMNS 22180 (2 specimens).

Germany: Baden-Wirttemberg:
Blaustein (Arnegg), karst fissure limestone.

: Early Oligocene (Rupelian).

: Late Early/early Middle Miocene (Burdigalian/Lang
hian; MN 5).
: Junior synonym ofLeucoch-
roopsis kleinii(KLein, 1846) (fide V¥nz 1923). Family Hygromi-
idae (Hygromiinae).

: SMNS 27635.

: Germany: Bavaria: Bachhagel, karst
fissure limestone.
: Eocene.

: Potentially valid, but insuffi-
ciently known. Questionably placed byeM¢ (1923) inGalba
Family Lymnaeidae (Lymnaeinae).



: Substitution of the junior primary homonym is
not mandatory if the conditions of Article 23.9.% are met; a
request for a ruling of the Commission under iemnplry powers - SMNS 106375.

to validate the junior homonymous name is intended. .
J Y : Germany: Baden-Wurttemberg: Stein-

heim am Albuch (according toe@ser [1996] a recent contami-
nation of the Steinheimer Seeschichten [Steinheikelbeds]).

. originally assumed to be Middle Miocene (MN 7),

© SMNS 101369 (figured by @z & Jooss Pulnow interpreted as recent. .
1927), 101370 (3 specimens), 101372 (2 specimens). _ : Synonym olVallonia costatg(O.
- Germany: Baden-Wiirttemberg; Oggen-F' MuLLER, 1774) (fide Greer 1996). Family Valloniidae.

hausen, several outcrops (Oggenhausen 1 setigaHgr et al.
2009), Silvanaschichten [Silvana-beds].

: Late Early/early Middle Miocene (MN 5).

: Synonym ofPalaeotachea ren-
evieri(MaiLLArD, 1892). Family Helicidae (Helicinae).

: SMNS 106376.

: Germany: Baden-Wirttemberg: Stein-
heim am Albuch)aeviszone of the Steinheimer Seeschichten
[Steinheim Lake beds].

: Middle Miocene (MN 7).
Valid, as Discus costatus
(GotTscHick, 1911) comb. nov. Family Discidae.
. SMNS 106373 (5 specimens, from same GortTscHick (1911) mentioned two localities in
locality and stratum) and 25500/2005 (lost material) the Steinheim Basin; thus he must have had moredha spec-
: Germany: Baden-Wirttemberg: Unter-imen at his disposal.
kirchberg (now lllerkirchberg), blaulichgrauer weicher Thon des

Fischlagers [bluish-gray soft clay of the fish Heafghe Kirch-
berg Formation.

: Late Early Miocene (Burdigalian/ Ottnangian; M) 4 : SMNS 23907-1.
. Valid, as Ctyrokya conoidea . : SMNS 23907-2 (9 specimens, from
(Krauss 1852) (fide SHuckum 1965). Family Hydrobiidae Same locality and stratum).
(Hydrobiinae). : Germany: Baden-Wirttemberg: Stein-

Substitution of the junior primary homonym heim am Albuch, Steinheimer Seeschichten [Steinheake
is not mandatory if the conditions of Article 25.9CZN are beds].
met; a request for a ruling of the Commission under its plenary : Middle Miocene (MN 7).
powers to validate the junior homonymous name indéd. . Valid, as Gyraulus costatus

(KLEIN, 1846). Family Planorbidae (Planorbinae).

: The best preserved specimen iteid’s orig-
] inal material, which fits the original descriptigkLein 1846)
- SMNS 27643. and figure very well, is here designated as lectatype
: Germany: Bavaria: Bachhagel, karst

fissure limestone.

: Eocene.
: Valid, asLoganiopharynx con- - SMNS 106374.
strictelabiatus (MiLLEr, 1907) (fide Mrbsieck 2014). Family : Germany: Bavaria: Nittendorf (Undorf),
Hygromiidae. Silvanaschichten [middle Silvana-beds].
: Late Early/early Middle Miocene (Karpatian—Bade-
nian; MN 5).

: Valid, as Strobilops costata
(CiessiN, 1877). Family Strobilopsidae.

. ; : The specimen’s label states that it is the mate-
: SMNS 23914 (2 specimens). .
) (_ P - ) . rial used by Cessin(1885), not 1877. GEssin(1877) reported the
. :Germany: Bavaria: Dobelbuck (*Hobels- gpecies as very rare, without stating the numbespetimens,
buck”) near Amerbach (Wemdind}pmatiasSuRwasserkalk des ;i nis measurements correspond very closely to theept

RiesgebietesHomatiasfreshwater limestone of the Ries area]. specimen. A second lot is recorded as “on loan” @atilection
: Early Oligocene (Rupelian). (SMNS 45172/2005), but could not be traced.

: Valid asPalaeotachea convex-
itesta (boss 1912b) (fideKaboLsky herein). Family Helicidae
(Helicinae).
: SMNS 106378.



: Germany: Bavaria: Nittendorf (Undorf), tive. A large lot of syntypes (from Eckingen) isepent in the

Silvanaschichten [middle Silvana-beds]. MUWIE.
: Late Early/early Middle Miocene (Karpatian—Bade-
nian; MN 5).
: Valid, asMilax crassugCLESsIN, )

1894). Family Milacidae. : SMNS 106380 (17 specimens).

: In the original description, @ssin (1894) lists ~ :Germany: Baden-Wiirttemberg: Kirch-
“numerous” specimens, housed in the private colleaifddez.  berg an der lller, Kirchberg Formation.
The single specimen in his own collection is mostlijikone of : Late Early Miocene (Burdigalian/Ottnangian, MN4b).

these, which Gessinretained himself. valid, as Theodoxus cyrtoce-

lis (Krauss, 1852) (fide Vénz 1929; Swvapor et al. submitted).
Family Neritidae (Neritininae).
: SMNS 106377.
: Germany: Baden-Wirttemberg: Stein-
heim am Albuch, the Steinheimer Seeschichten [Sedinhake - SMNS 27619.
beds].
] : SMNS 106381 (1 specimen).

: Germany: Baden-Wurttemberg: Blau-
stein (Arnegg), karst fissure limestone.
: Early Oligocene.
: Valid, asArchaeozonites depla-
natusMiLLer, 1907. Family Archaeozonitidae.

: We select as lectotype the best preserved spec-
imen; the illustration in the original descriptiav i{ Ler 1907) is
a reconstruction of it.

: Middle Miocene (MN 7).
: Potentially valid. Family Limacidae.

: FALKNER (in litt., 15.8.2015) suggested that the
specimen could be the shell of a Redantaxspecies.

: SMNS 106379 (7 specimens).

: Germany: Baden-Wurttemberg: Deut-
scher Hof near Zwiefalten, Silvanaschichten [Silvaeds].

hian MN: IE:;i.te Early/early Middle Miocene (Burdigalian/Lang - SMNS 106382 (8 specimens).
- Valid, asTheodoxus crenulatus : Germany: Hesse: Mosbach-Biebrich,

(KLew, 1853). Family Neritidae (Neritininae). “obere Hydrobienschichten” [upper Hydrobia Bedsyrties-

, . . baden Formation].
. KLEIN's original specimens are poorly pre-

served; all fit the original description well, bitits impossible to : Early Miocene (MN 2a/b).

identify the figured specimen. : Valid, as Protodrepanostoma
involutum deplanatunfdooss 1911b) (fide KapoLsky herein).
Family Helicodontidae.

: SMNS 23209 (2 specimens, from Thalfingen).
: Germany: Bayern: Thalfingen,
Thalfinger Schichten [Thalfingen beds]; Eckingemtérelchin- : SMNS 23914-c.
gen, Buckenrain, Kuhberg, Allewind, Géttingen neamUPap- : Germany: Bavaria: Dobelbuck (“Hobels-
pelau, Arnegg (road to Ermingen): oberste kreideaiigike,  buck”) near Amerbach (Wemding)pmatiasSiiRwasserkalk des
Rugulosa-Schichten [uppermost chalky limestones, Risgu Riesgebietesomatiasfreshwater limestone of the Ries area).

Beds]. . o : Early Oligocene.
: Early Miocene (Aquitanian; MN 1-2). : Junior synonym dPalaeotachea

- Junior synonym dPalaeotachea  convexitestddooss 1912b). Family Helicidae (Helicinae).
subsulcosgTHomA, 1845). Family Helicidae (Helicinae).

One of the present specimens (SMNS 23209-k
compares reasonably well with the one figured byp8erGER

(1874), but it is not a perfect match, as its apekroken and SMNS 11886 (2 specimens).
slightly bent to the side. aSpeerceRs illustration could, of ) ) ” )
course, be a reconstruction of this fossil (wite #xial sculp- : Germany: Baden-Wirttemberg: Ulm

ture being more marked to emphasize its presence)ibutore  (ESelsberg), karst fissure limestone.
prudent to leave the status of these specimenspes tenta- : Early Oligocene.



: Unknown. Family Megalomas- : Germany: Baden-Wirttemberg: near
tomatidae(?). Morsingen), Silvanaschichten [Silvana-beds].

: Late Early/early Middle Miocene (Burdigalian/Lang
hian; MN 5).
] : Valid, asPseudoleacina eburnea
: SMNS 106383. (KLeN, 1853). Family Oleacinidae.

. . . Germany: Ba_vana: Nittendorf (Undorf), : Amongst KLeiN's original specimens, there is
mittlere Silvanaschichten [middle Silvana-beds]. one that clearly is the figured specimen in the g=ariginal
: Late Early/early Middle Miocene (MN 5). description; this specimen is designated here astigus.
: Valid, asMilax diezi (CLessIN,
1894). Family Milacidae.

: In the original description, &ssin (1894) lists

“numerous” specimens in Diez's collection; see reétmamder : SMNS 27631.
crass Gessiy, 1894. : Germany: Bavaria: Bachhagel, karst
fissure limestone.
: Eocene.

: Valid. Family Craspedopomatidae.
: SMNS 106384. : MiLLer (1907) mentioned two specimens.

. Germany: Baden-Wirttemberg: Stu-
bersheim—Geislingen, rote Helicidenmergeln [red hethearls].

: Late Middle Miocene (“Vindobonian” = Langhian?). . SMNS 105002 (3 specimens, from Combe
: Junior subjective synonym of Gijrard), 106387 (1 specimen, from the road to La Sagaegss

Pseudochloritis incrassatgKLein, 1853), fide Bvoer (2008). (1 specimen, from Frankfurt am Main).

Family Elonidae (Eloninae) or Helicidae (Ariantifae
y ( ) ( . . Germany: Hesse: Frankfurt am

) ~+ Jooss (1918b) implied multiple localities, nain [Eschenbacher Landstr.-Knoblauchfeld], Landsckes-
which he listed subsequently (1924). mergel [land snail marl]. Switzerland: Canton Beke: Locle
[Combe Girard and road to La Sagne], Sylvestrina-$&taic

[Sylvestrina beds].

: Late Early/early Middle Miocene (MN 5).

: Valid, asMegalotachea elevata
tbLTKE & Rasser submitted). Fam-

: SMNS 27632.
: Germany: Bavaria: Bachhagel, karst(BERz& Jooss 1927) (fide
fissure limestone. ily Helicidae (Helicinae).
: Eocene.
: Potentially valid, a€ochlostoma
dubium(MiLLer, 1907) (fide V¥nz 1923). Family Diplommatini-
dae (Cochlostomatinae).

: SMNS 23911 (5 specimens).

: Germany: Baden-Wirttemberg: Stein-
heim am Albuch, Steinheimer Seeschichten [Steinhedke
ds].

be
: SMNS 106385 (1 specimen) and 45192/2005  Middle Miocene (MN 7).

: Synonym of Radix socialis
(ZieTeN, 1832). Family Lymnaeidae (Lymnaeinae).

(1 specimen).

: Germany: Baden-Wirttemberg: Stein-
heim am Albuch, Steinheimer Seeschichten [Steinhedtke
beds].

: Middle Miocene (MN 7).
: Valid, asCochlostoma ebfraa- - SMNS 27636-a.
sii (Jooss 1902). Family Diplommatinidae (Cochlostomatinae). - SMNS 27636-b.

: The species epithet has usually been changed ) ] -
to “fraasi” or “fraasii’, but according to article 32.5.2.4.4 ICZN - Germany: Bavaria: Bachhagel, karst

the original spelling has to be maintained in an ametfiolen,  [1ssure limestone.

: Eocene.

: Valid, asPseudolecina elongata
(MiLLER, 1907). Family Oleacinidae.

- SMNS 106386-a. : MiLLer (1907) figured both specimens. Here
: SMNS 106386-b (3 specimens). we define as lectotype the best preserved one.



SMNS 8328. : SMNS 27650.

. Germany: Bavaria: Bachhagel, karst : Germany: Hesse: Falkenberg, between
fissure limestone. the cities of Florsheim and Hochheim am Main, Laehecken-
Eocene. kalk [land snail limestone, now Hochheim Formatiariawer

: Unknown. Family Bithyniidae Oppenheim Form_auon]. ]
or Hydrobiidae. : Late Oligocene (Chattian).

: Valid (fide Norbpsieck 1981,
2000). Family Clausilidae (Laminiferinae).

: SMNS 27634 (2 specimens).

: Germany: Bavaria: Bachhagel, karst
fissure limestone.

: Eocene.
: Potentially valid, but insuffi-
ciently knoyvn; questiqnably pIaced_(EaIba by Wenz (1923: : SMNS 106391-a.
1366). Family Lymnaeidae (Lymnaeinae). : SMNS 106391-b. The paralectotype

actually belongs técicula diezi(FLacH 1889); it is a relatively
broader specimen, which fits well with this specidswise
described from Undorf.

: SMNS 27673-b. : Germany: Bavaria: Nittendorf (Undorf),
: SMNS 27673-a and 27673-c (2 spec-mittlere Silvanaschichten [middle Silvana-beds].

Late Early/early Middle Miocene (Karpatian—Bad-
. Germany: Bavaria: Bachhagel, karstenian; MN 5).

imens).

fissure limestone.
: Eocene. 1911). Family Aciculidae.

- Valid. Family Archaeozonitidae. : KaboLsky (2008a) doubted that these speci-

: The most complete and best preserved Spe(ﬁnens were syntypes éfcme flachiCLessin, 1911, because the

men is here designated as the lectotype; the figunéded by ~Measurements given by.&sin do not agree with these speci-
MiLLEr (1907) is a reconstruction based on this specimen. ~ Mens. It is now assumed that these measurementsineor-

rect, and that the two preserved specimens représerof the
three syntypes mentioned byeSsin (1911), for the following
reasons: (1) Many of€ssiNs measurements of small specimens
were incorrect. (2) The specimens are dark grey, wisiclose
to CiessiN's statement that they were black; this coloration is
less common for mollusks from Undorf, which are thoshite.

: SMNS 106389-b. (3) The incised collabral lines mentioned bye&in are well

: Germany: Baden-Wiirttemberg: Berg developed. (4) It is implausible thateSsin or boss(who incor-
near Ehingen (Donau), Ehinger Ramondi-Schichten [atin porated CessiNs collection in his own and who replaced any
beds of Ehingen]. earlier label with his own) should have labelledwreng speci-
mens as GssINS syntypes, and that the supposed real syntypes
(which would agree with &EssiNs dimensions) were absent.

: Valid, asAcicula flachi(CLessin,

: SMNS 106389-a (designated bgHSABEL
2007).

: Late Oligocene (Chattian).

: Valid, as Triptychia escheri
(SANDBERGER, 1875) (revised by&@inaBeL 2007). Family Filholi-
idae.

: SMNS 23922 (2 specimens) and 106392 (1
- SMNS 106390 specimen).
' ' i ) e : Germany: Bavaria: Dobelbuck (“Hobels-
. : Germany: Baden-Wirttemberg: Stein-,,ck”) near Amerbach (Wemding)pomatiasStiRwasserkalk des
heim am Albuch, Steinheimer Seeschichten [Steinheitke  Rjesgebietesomatiasfreshwater limestone of the Ries areal.

beds]. : Early Oligocene (Rupelian).

- Middle Miocene (MN 7). : Valid, asWenzia fraasi(Jooss

___ +Valid, asCochlostoma excellens 19124 (fide KxooLsky herein). Family Sphincterochilidae.
(Jooss 1912c¢). Family Diplommatinidae (Cochlostomatinae)

: Jooss(1912c) based the species on one incom-
plete shell.



:Germany: Baden-Wirttemberg: Masel-
heim (Heggbach), middle Silvana-beds (“Silvanaduein”).

: Late Early/early Middle Miocene (Burdigalian/Lang

: SMNS 22179 (3 specimens). hian; MN 5).
: Germany: Baden-Wirttemberg: Engen : Valid, asMilax gracilior (Sanp-
im Hegau (Hohenhodwen), “gypsum and limestone”. BERGER, 1875). Family Milacidae.
: Miocene. : SanpBeRGER (1875) gives the type locality as
: Synonym ofMegalotachea syl- Biberach (from Roest coll.), but the label gives the more pre-
vestrina(ScHLoTHEIM, 1820). Family Helicidae (Helicinae). cise locality of Heggbach, which is part of the Bibeh district.

: SMNS 106393 (18 specimens, from type
locality and stratum; leg. @LrFus, Joosscollection).

: France: Dép. Allier: Montaigut-le-Blin.

: Lower Miocene (Aquitanian). SMNS 106395 (numerous opercula), SMNS
: Valid asPseudamnicola? giraudi 106396 (rock fragment with numerous shells and okl

(DoLLrus, 1908) (fideKapoLsky herein), Family Hydrobiidae 106750 (3 specimens), allRkuss coll., from: Germany: Baden-
(Pseudamnicolinae?). Wiirttemberg: Kirchberg an der lller, Kirchberg Fation.

It is unclear whether the date “April 1911” on _ : Germany: Bavaria: Leipheim near
Jooss label is the date of collection or the date of his acquisitiofinzburg, and Kirchberg an der lller; both KirchbEogmation.
of the material. Only in the latter case the specisneould pos- : Late Early Miocene (Burdigalian/Ottnangian, MN4b).
sibly be syntypes of &Lrus species. - Junior synonym oBithynia gla-
bra (ZieTen, 1832). Family Bithyniidae.
. SANDBERGER (1872) introduced this nominal
. : species with the illustration of a named specimeiZ18l. 28,
- SMNS 27640 (3 speumgns). fig. 16—16a), which was later said to be from Leiphel®7$:
: Germany: Bavaria: Bachhagel, karsts61). In the later published text (1875: 561, 575)xies mate-

fissure limestone. rial from numerous additional localities, includirtgt reported
: Eocene. by Krauss (1852), which are preserved in SMNS. Since it is
- Potentially valid: questionably MOSt likely that 8noeercer had all this material at his disposal
placed inOxychilusby Wenz (1923). Famﬁy Oxychqilidae. Y when he had the illustration of hBythinia gracilis prepared,

Krausss material has thus the status of syntypes (stelex
72.4.1 and 72.4.1.1 ICZN).

: SMNS 17088 (1 specimen, from Eselsberg;
and 27622 (4 specimens, from Orlinger Tal).

Germany: Baden-Wirttemberg:

Ulm [Eselsberg and Orlinger Tal], karst fissure |stumnes. : SMNS 23924 (2 specimens, from same local-
: Early Oligocene (Rupelian). ity and stratum).
Valid, as Discus globosus :Germany: Bavaria: Dobelbuck (“Hobels-
(MiLLER, 1907) comb. nov. Family Discidae. buck”) near Amerbach (Wemdind@pmatiasSuRwasserkalk des
© A further original lot from M.Ler (1907) is  Riesgebietesomatiasfreshwater limestone of the Ries area].
recorded as SMNS 11904, but is likely lost. : Early Oligocene.

: Valid asLymnaea graciligJooss
1912) (fide KapoLsky 2014). Family Lymnaeidae (Lymnaeinae).

: SMNS 106394.

: Germany: Baden-Wirttemberg: Stein-
heim am Albuch Pupa (Granaria) layer of sand pit Pharion,
upperGyraulus discoideusone toG. trochiformiszone).

+ Middle Miocene (MN 7). . - SMNS 23909 (1 specimen).
: Valid, asJanulus gottschicki

(Jooss 1912c). Family Gastrodontidae. - Michelsberg near Ulm.
: Early Miocene.

Junior subjective synonym
of Tinnyea lauraea(MatHERON, 1843) (syn.Melania escheri
: SMNS 22757 (Rosstcoll.). MEeriaN, 1849; fide KapoLsky 1995). Family Pachychilidae.



: The only available specimen is the original of : Germany: Hesse: Mosbach-Biebrich,
KLe's fig. 11. It appears to be lost, but a photograph taken i@bere Hydrobienschichten [uppidydrobiabeds, now Wiesba-
ca. 1980 still exists (Plate 4, Fig. 19). den Formation].

: Early Miocene (Aquitanian).
: Valid. Family Archaeozonitidae.
: SMNS 100113 (4 specimens). : Jooss (1911b: 55) mentioned “several” speci-

mens in the SMF and the “original” in his collectidrhe latter

: Germany: Baden-Wirttemberg: Blum- is here designated as lectotype.

berg (Zollhaus), Helicidenmergel [helicid marls].
: Early Miocene (Ottnangian; MN 3-4).
: Granaria helicidarum (Jooss
1924), but species validity questioned due to incoraetser-
vation (FbLTke & Rasser2013). Family Chondrinidae.

: According to HLTKE & Rasser (2013), the : SMNS 27618.
specimen among the original ones useddmgd(1924) that best . Germany: Baden-Wiirttemberg: Ulm
fits the original description is the largest spapeXx. (Eselsberg), karst fissure limestone.

: Early Oligocene (Rupelian).
: Uncertain, possiblyAcanthinula
(s. lat.) imperforata (MiLLEr, 1907) (fide VE¥nz 1923). Family
Valloniidae(?).

: SMNS 106397 (3 specimens).
: Germany: Baden-Wirttemberg: Win-

terlingen (Harthausen auf der Scher), rote Heliwidergel [red : SMNS 106400 (11 specimens).
helicid marls]. : Germany: Baden-Wirttemberg: Kirch-
: Middle Miocene (MN 4-5). berg an der lller, gelblicher Sand [yellowish sanctthy
: Possibly valid, akeucochroopsis Late Early Miocene (Burdigalian/Ottnangian, MN4b).
helicidarum(Jooss 1918b). Family Hygromiidae (Hygromiinae). : Valid. Family Melanopsidae.

: Type material is very poorly preserved and
L. helicidarumcould be a synonym of an earlier nantesic-
ochroopsisspecies.

: SMNS 22737 (2 specimens).

) : Germany: Baden-Wiirttemberg: Zwie-
: SMNS 67545. faltendorf “bei der Birk” (KLEIN 1853: 203), Silvaschichten
: Germany: Hesse: Mosbach-Biebrich, [Silvana-beds].
obere Hydrobienschichten [upper Hydrobia beds, naesta- : Late Early/early Middle Miocene (Burdigalian/Lang
den Formation]. hian: MN 5).

: Barly Miocene (Aquitanian). : Valid, asPseudochloritis incras-

- Valid. Family Valloniidae. sata(KLe, 1853) (fide Buoer 2008). Family Elonidae (Eloni-
: Jooss(1911b: 67) mentioned three specimenshae) or Helicidae (Ariantinae).
A lot in SMF (no. 151291) is labelled as syntypes fraross : (1) Two specimens in the SMNS collection (no.
collection, but contains 6 specimens. 22737) were hitherto believed to beg’s originals of hisHelix

incrassata but the earliest available label gives the datéhas
year 1854, with the forresteon ZeLL as the collector or donor,
and the locality as Zwiefalten. There is no lalbehf KLein's hand,
unlike the case dfielix inflexa(q.v.). As KLEIN received the mate-
: SMNS 106398 (23 specimens). rial for his 1853 paper fromezZL, the year 1854 can only mean
© Germany: Hesse: Florsheim-Hoch- that ZL collected or passed the specimens on in 1854 toe i
heim am Main, Landschneckenkalk [land snail imesforow ~ KLEIN Or to the SMNS. The later display labels state tivamate-
Hochheim Formation]. rial is KLeIN's originals ofHelix incrassata and give the local-
ity as Zwiefalten. The discrepancies between thgiral and the
subsequent labels could possibly be explained by ror less
: Valid. Family Valloniidae. arbitrary reinterpretation of the specimens’ statod locality, or
by a mix-up of different labels. In the latter cdke “1854" label
may not belong to the two specimens, which cou&htimdeed
be syntypes dflelix incrassataKLein. Neither possibility can be
proved or disproved, but it should be noted thatsthecimens are
: SMNS 106399. in shape and size close tagfv’s figures, although these show an

: Late Oligocene (Chattian).



intact specimen unlike the actual ones; it was,eév@s common : Late Middle Miocene (“Vindobonian” = Langhian?).

practice to idealize and reconstruct figures. Tégt Ipreserved of - Possibly a junior synonym of

the two specimens is here figured as a questiosgblype (Plate  pajaeoglandina gracili§Zieten, 1832). Family Oleacinidae.

5, Fig. 7a—c). (2) Reves description oHelix incrassatas dated . (1) The type material is very poorly preserved

February 1853; Kein's paper is listed inNeues Jahrbuch fiur A . X
; ; ,, . : : . (2) boss(1918b) implied that his material came from nunusro
Mineralogieetc.” 1853(6): 689, which printed letters to thiters localities, which he listed subsequently (1924).

dated up to 15.9.1853, i.e., it was received bydtiors within
a similar time. Thus, KeiN's paper was published clearly later
than February 1853 and consequehtdfix incrassataKLeN is a
junior primary homonym. Its substitution is not rdatory if the

conditions of Article 23.9.5 ICZN are met; a requiesta ruling : SMNS 23910-a (designated byoHke &

of the Commission under its plenary powers to \atdhe junior RaAsser2015).

homonymous name is intended. : Germany: Baden-Wirttemberg:
Steinheim am Albuch, Steinheimer Seeschichten [B&in
Lake beds].

: Middle Miocene (MN 7).

: Valid, either asloossia insignis
(fide BiINDER 2008; NorDsIEck 2014) or a§ropidomphalus insig-
nis (fide HoLTke & Rasser2015). Family Elonidae (Eloninae) or
Helicidae (Ariantinae).

: SMNS 22736 (3 specimens).

: Zwiefaltendorf (Kein 1846), but
Méorsingen on original label, Silvanaschichten; Seotlocalities

mentioned by Kein (1846). : SMNS 23905 (3 specimens).
_ : Late Early/early Middle Miocene (Burdigalian/Lang - Germany: Baden-Wiirttemberg: Stein-
hian; MN 5). heim am Albuch, Steinheimer Seeschichten [Steinhedrke
: A junior subjective synonym beds].
of Pseudochloritis incrassatéKLein, 1853) (fide Buper 2008; : Middle Miocene (MN 7).
Norpsieck 2014). Family Elonidae (Eloninae) or Helicidae (Ari-

: Synonym of Radix socialis

antinae).
) (ZieTeN, 1832). Family Lymnaeidae (Lymnaeinae).

: SMNS 23926 (6 specimens, from same local-
ity and stratum).
:Germany: Bavaria: Dobelbuck (“Hobels-
buck”) near Amerbach (WemdinddpmatiasStuRwasserkalk des
Riesgebieteomatiasfreshwater limestone of the Ries area].

: Early Oligocene (Rupelian).
: Probably a junior synonym of

Planorbarius cornu(BroncniarT, 1810). Family Planorbidae
(Coretinae).

: SMNS 106402.

. Austria: Grund near Vienna, “Vin-
dobon” Helvetien-Meeressand [Vindobonian Austrian imar
sand].

: Miocene (“Vindobonian” = Langhian?).
: SMNS 106401. . Potentially valid in the genus
Germany: Baden-Wirttemberg: Megalotachea(fide Norpsieck 1986: 114). Family Helicidae
Stubersheim—Geislingen area, rote Helicidenmergdilfielicid  (Helicinae).
marls] (figured specimen), and others.



: SMNS 27642.

: Germany: Bavaria: Bachhagel, karst

fissure limestone.
: Eocene.

: Possibly valid, but genus attribu-

type series is actually present ingf’s original material in the
SMNS collection. Article 75.8 of the ICZN (1999)atts: “If,

after the designation of a neotype, the name-bgayipe (holo-
type, syntypes, lectotype or previous neotype)hef mominal
species-group taxon that was (were) presumed I¢astes found
still to exist, on publication of that discovery thediscovered
material again becomes the name-bearing type andebtype
is set aside (...)". The material in the SMNS collectibus con-

tion uncertain; Viinz (1923) placed the species questionably iftitutes syntypes. In the species’ original desmnpt(KLEN

Klikia, but commented that it might be conspecific vitlgani-
opharynx constrictelabiatudiLLer, 1907). Family Elonidae(?)
or Hygromiidae (Hygromiinae)(?).

: SMNS 106403.

: Germany: Baden-Wurttemberg: Stein-
heim am Albuch,laeviszone of Steinheimer Seeschichten

[Steinheim Lake beds].
: Middle Miocene (MN 7).

: Valid, as Strobilops joossii
(GotTscHick, 1911). Family Strobilopsidae.
: GoTTscHick (1911) mentioned two localities in
the Steinheim Basin; thus he must have had moredha spec-
imen at his disposal.

: SMNS 25263/2005 (2 specimens).

: Germany: Baden-Wirttemberg: Dach-

ingen and Hohenmemmingen @~ 1846); the original label
gives Hohenmemmingen, but the subsequent one “Lriga’;
Silvanaschichten [Silvana-beds].

: Late Early/early Middle Miocene (Burdigalian/Lang
hian; MN 5).

Valid, as Gyraulus kleini
GorttscHick & WENz, 1916. Family Planorbidae (Planorbinae).

: SMNS 106404-a.
: SMNS 106404-b (5 specimens).

: Germany: Baden-Wurttemberg: Zwie-

falten, Silvanaschichten [Silvana-beds].
: Late Early/early Middle Miocene (Burdigalian/Lang

hian; MN 5).
: Valid, as Triptychia kleini
ScHNABEL, 2006. Family Filholiidae.

: The species was revised 8yHNABEL (2006),
who also coined a new name, since the epitearidis’ was

preoccupied. &inaBeL (2006), believing the types were lost,

designated a neotype from the SMF collection. Howetre

1846), the figured specimen is clearly a compositevadrfrom

all the available specimens. Therefore, here wigydate as lec-
totype the aperture fragment, which bears the rimpbrtant

characters for clausilioid taxonomy.

: SMNS 106405 (5 specimens).

: Germany: Baden-Wuirttemberg: Stein-
heim am Albuch, Steinheimer Seeschichten [Steinhedrke
beds].

: Middle Miocene (MN 7).

: Valid, as Gyraulus kraussii
(KLEIN, 1846). Family Planorbidae (Planorbinae).

: SMNS 106406 (4 specimens) and 106407
(5 specimens), all from type locality and stratum.

: Germany: Hesse: Frankfurt am Main
(Palmengarten); Landschneckenmergel [land snaill, nmaw
Niederrad Formation].

: Early Miocene (Burdigalian; MN 3).
: Valid. Family Valloniidae.

: SMNS 105004 (4 specimens).

: Germany: Baden-Wirttemberg: Emer-
berg near Zwiefalten, in a gully running towards Gé&lzin-
gen; Silvanaschichten [Silvana-beds].

: Late Early/early Middle Miocene (Karpatian/Bade-
nian; MN 5).
: Subjective synonym dPalaeo-
tachea dentuldQuensTept, 1867). Family Helicidae (Helicinae).

: (1) WeNz (1919a) substituted the preoccupied
nameHelix pachystom&Lein, but withdrew this name later
(1919h: 64), when he recognized that the earlier rtdeti den-
tula Quenstedt referred to the same species. @)zW1919a:
70) designated as “Typus” @fepaea dentula specimen from
Emerberg near Oberwilzingen in his collection. Tlsidricor-
rect, because as a substitution na@epaea lepidehas the
same name-bearing type as the replaced nalele pachys-
tomakKLEIN.



: Eocene.
: Valid, as Proserpin® mill-
: SMNS 36777 (4 specimens). eri (FuLton, 1915); tentative generic allocation byadoLsky
: Germany: Baden-Wiirttemberg: Blau- (20082). Family Proserpinidae.
stein (Arnegg), karst fissure limestone.
: Early Oligocene (Rupelian).
: Subjective synonym oKlikia?
praeosculinaMiLLer, 1907) (fide V¥nz 1923). Family Elonidae
(Klikiinae) or Helicidae (Ariantinae).

: SMNS 106408 (1 specimen) and 106409 (1
specimen).
: Germany: Baden-Wirttemberg: Zwie-
falten (Mdrsingen), Silvanaschichten [Silvana-beds].

: Late Early/early Middle Miocene (Burdigalian/Lang
hian; MN 5).
. Subjective synonym oRadix
: SMNS 11902-a. socialis(ZieTen, 1832). Family Lymnaeidae (Lymnaeinae).
: SMNS 11897-b (2 specimens).

: Germany: Bavaria: Monheim (Weil-
heim im Ries), grey freshwater limestone block in BuBtec-
cie [varicoloured breccia, Ries ejecta].

: Early Oligocene.

: Potentially valid, a®lanorbar- : SMNS 27628.
ius lincki(ScHuTze in BRANCA & FrAAs, 1908). Family Planorbi- : Germany: Baden-Wiirttemberg: Blau-

dae (Coretinae). ) stein (Arnegg), karst fissure limestone.
: We designate here as lectotype the largest and

best preserved specimerc{BTze in BRaNcA & FrRaAs 1908: fig. : Early Oligocene (Rupell.an). _ o
18). : Valid, as Cochlicopa milleri
WENz, 1919. Family Cochlicopidae.

: (1) WeNz (1919) substituted the nar@onella
exiguaMILLER as a putative junior homonym Athatina exigua
: SMNS 22756. MEeNKE, 1830 (; 29), which is, however, a nomen nuduraQvin-
TanDoN (1856) eventually provided a diagnosis for the namie
gua“MEenke” and made it thus an available name for a modern
i ; o form of Cochlicopa (2) MiLLer mentioned several specimens
- Late Early/early Middle Miocene (Burdigalian/Lang from Arnegg and one from Eselsberg, which were keghe
hian; zones MN 5/6). Munich museum.

: Potentially valid. Family Limacidae.

: Germany: Baden-Wirttemberg: Biber-
ach a. d. Riss, mittlere Silvanaschichten [middleaBibrbeds].

: SMNS 27617-b.
: SMNS 27617-a (1 specimen).

: SMN_S 47792 . . . . : Germany: Baden-Wirttemberg: Blau-
. : Germany: Baden-Wirttemberg: Stein-gein (Arnegg), karst fissure limestone.
heim am Albuch, Steinheimer Seeschichten [Steinhieérke . v Oli i
beds]. : Early Oligocene (Rupg ian). - .
: Middle Miocene (MN 7). : Valid, asPalaeoglandina milleri

.. . (PwisBrY, 1909). Family Oleacinidae.
: Synonym ofJoossia insignis

(ZieTen, 1832) (fide Buper 2008; Norosieck 2014) orTropidom- _+ Here we designate the best preserved speci-
phalus insignisfide HoLTKE & Rasser 2015). Family Elonidae Men (and likely the base for the original illustoa) as lecto-
(Eloninae) or Helicidae (Ariantinae). type

: SMNS 106410 (2 specimens).

. Germany: Baden-Wirttemberg: near
: SMNS 27633 (4 specimens). Mdrsingen, Silvanaschichten [Silvana-Beds].

: Germany: Bayern: Bachhagel, karst : Late Early/early Middle Miocene (Burdigalian/Lang
fissure limestone. hian; MN 5).



: Valid, as Oxyloma minima
(KLeN, 1853) (fide HrzHAUSER et al. 2014). Family Succinei-
dae (Succineinae).

Both specimens of KiN's original material
fit the original description well and none was figd.

SMNS 15817-131.

Germany:
Mdorsingen near Riedlingen, Silvanaschichten [Sidsbeds].
Age: Late Early/early Middle Miocene (Burdigaliaraihg-
hian; MN 5).

: Valid, asMiodiscula miocaen-
ica (GotTscHick & WeNz, 1927) (fide Nrpsieck 2014). Family
Helicodontidae?.

: GotTscHick & WENz (1927) mention four spec-
imens.

: SMNS 106411.

: Germany: Baden-Wirttemberg: Zwie-

falten (Mérsingen), Silvanaschichten [Silvana-beds].

: Late Early/early Middle Miocene (Burdigalian/Lang
hian; MN 5).

: Valid. Family Gastrodontidae.

: SMNS 106412 (designated bykzer 1996).

: Germany: Rheinland-Pfalz: Buden-

heim, HydrobienschichtenHldrobia Beds, now Wiesbaden
Formation].

: Early Miocene (Aquitanian; MN 2a/b).

: Synonym of Vallonia lepida
(Reuss 1849) (fide Greer1996). Family Valloniidae.

: SMNS 106413.

: Germany: Baden-Wirttemberg: Ehin-

gen (Staffelsberg), Silvanaschichten [Silvana-beds].

: Late Early/early Middle Miocene (Burdigalian/Lang
hian, MN 5).

: Synonym of Leucochroopsis
kleinii (KLein, 1846) (fide Venz 1923). Family Hygromiidae
(Hygromiinae).

: SMNS 106414.

: Germany: Baden-Wirttemberg: Kirch-

berg an der lller, Kirchberg Formation.

: Late Early Miocene (Burdigalian/Ottnangian, MN

4b).

Baden-Wurttemberg:

: Valid, as Theodoxus obtusan-
gula (Krauss, 1852) (fide 8Lvapor et al. submitted). Family
Neritidae (Neritininae).

: The species epithet is derived from Laigu-
lus (an angle); as such, “angula” is still a substantiith a var-
iant gender ending and therefore not declensable.

: SMNS 27647.

: Germany: Baden-Wirttemberg: Blau-
stein (Arnegg), karst fissure limestone.

: Early Oligocene (Rupelian).

: Valid, asTriptychia oligocaen-
ica (MiLLER, 1907) (fide SHnABEL 2007). Family Filholiidae.

: SMNS 106415.

: Germany: Baden-Wurttemberg: Ulm
(Michelsberg), Silvanaschichten [Silvana-beds].

: Late Early/early Middle Miocene (Burdigalian/Lang
hian; MN 5).

: Valid, asPleurodiscoidegPleu-
rodiscoide} orbicularis (KLein, 1846) (fide Mrpsieck 2014).
Family Pleurodiscidae.

: KLein (1846) reported the species as rare,
which does not exclude that he had more than oneirape at
his disposal.

SMNS 27637.

: Germany: Bavaria: Bachhagel, karst
fissure limestone.

Eocene.

: Synonym of Pseudoleacina
elongata(MiLLER, 1907). Family Oleacinidae.

: MiLLER (1907) mentioned 3 specimens.

: SMNS 106416.

: Germany: Baden-Wirttemberg: Stein-
heim am Albuch, Steinheimer Seeschichten [Steinheike
beds].

: Middle Miocene (MN 7).

: Valid, asGranaria crassiven-
trosanom. nov. (revised by biTke & Rasser2013, asGranaria
pachygastra Family Chondrinidae.

: (1) The single specimen in the SMNS collec-
tion is the original of kaas (1882). HLTkE & RAsseR (2013)



argued that its type status is uncertain becausanihat be
established that M.er (1900) based his diagnosis of the “vari-
ety” pachygastraon this specimen. But MEer gave a biblio-

graphic reference toras’ publication, whereby it is included - SMNS 65614,
in the type series. It is unknown whetherMr had additional . . . .
specimens at his disposal. (2) As the naraehygastras pre- : Germany: Baden-Warttemberg:

occupied, herein we substitute it Gyanaria crassiventenom. ~ Stubersheim-Geislingen, rote Helicidenmergel [redicide
nov. The epithetcrassiventeris the Latin translation of the Marls] (figured specimen) and other localities.
Greekpachygastrameaning “fat belly”. It is a noun in apposi- : Late Middle Miocene (“Vindobonian” = Langhian?).
tion, i.e., it is unchangeable. Article 23.9.5 ICE\not applica- - Possibly valid, but see below.
ble in this case, because both homonyms are stikglan the Family Archaeozonitidae.

genusGranaria; pachygastraRossmassLER 1837 was used as a -

valid name by Rssry (1918: 302, pl. 42 fig. 7, 10, 11; Abida (1) Type material is very poorly preserved and
frumentum pachygastrand is listed as a subjective synonyr™ praecostatugould be a synonym of a previously described

of Granaria frumentum illyricgRossmissLeg 1835) by Eneret  A\chaeozonitesspecies. (2) abss (1918b) implied that he
al. (2010: 203, figs. 3K—L). included material from several localities in his spsrthese are

listed subsequently ¢dss1924).

: SMNS 106417. SMNS 27624 (3 specimens).
: Germany: Bavaria: Nittendorf (Undorf), : Germany: Baden-Wirttemberg: Blau-
mittlere Silvanaschichten [middle Silvana-beds]. stein (Arnegg), karst fissure limestone.
: Late Early/early Middle Miocene (Karpatian—Bade- : Early Oligocene (Rupelian).
nian; MN 5). : Valid, asKlikia? praeosculina
: Synonym ofFerrissia deperdita (MiLLER, 1907). Family Elonidae (Klikiinae) or Helicidae riA
(DesmarEsT, 1814). Family Planorbidae (Ancylinae). antinae).
: SMNS 27648. : SMNS 106419 (2 specimens).
. : Germany: Baden-Wirttemberg: Blau- : Germany: Baden-Wurttemberg: Zwie-
stein (Arnegg), karst fissure limestone. falten (Morsingen), Silvanaschichten [Silvana-beds].
Early Oligocene (Rupelian). Late Early/early Middle Miocene (Burdigalian/
: Valid, asNeniopsis physoides Langhian; MN 5).
(MiLLER, 1907) (fide MrDsIECk 2000, 2007). Family Clausilii- : Valid, asAegopinell® procel-
dae (Eualopiinae). laria (Jooss 1918b) (fide MrpsiEck 2014). Family Oxychilidae

(Godwiniinae).

: SMNS 106418.

: Germany: Bavaria: Nittendorf (Undorf),
Silvanaschichten [middle Silvana-beds].

: Late Early/early Middle Miocene (Karpatian/Bade- - SMNS 25669.
nian; MN 5). SMNS 25668 (1 specimen) and 25711 (1
: Subspecies dBtrobilops unipli- SPecimen).
cata(Braun in WALCHNER, 1851). Family Strobilopsidae. : Germany: Baden-Wirttemberg: Stein-

heim am Albuch, Steinheimer Seeschichten [Steinhede
beds], transition ofsyraulus steinheimensi&one toG. tenuis
zone.

: Middle Miocene (MN 7).

: SMNS 25211/2005 (3 specimens). Valid. Family Planorbidae

: Germany: Baden-Wiurttemberg: Zwie- (pjanorbinae).
falten (Mérsingen), Silvanaschichten [Silvana-beds].

: Late Early/early Middle Miocene (Burdigalian/Lang
hian; MN 5).
: Junior synonym ofPlanorbar- : SMNS 106420 (2 specimens, from same
ius cornu(BrongNIART, 1810). Family Planorbidae (Coretinae). locality and stratum).



Germany: Baden-Wirttemberg: : SMNS 25705.

Dischingen, mittlere Silvanaschichten [middle Sigebeds]. : SMNS 25703 (1 specimen) and 25710
: Early Late Miocene (Tortonian). (5 specimens).
: Valid. Family Punctidae. : Germany: Baden-Wirttemberg: Stein-

heim am Albuch, Steinheimer Seeschichten [Steinhedrke
beds],Gyraulusoxystomazone.

: Middle Miocene (MN 7).

Valid. Family Planorbidae

PI i .
: SMNS 23917. (Planorbinae)
:Germany: Bavaria: Dobelbuck (“Hobels-
buck”) near Amerbach (Wemdin@dpmatiasSuBRwasserkalk des

RiesgebietesHomatiasfreshwater limestone of the Ries area]. - SMNS 13519-a.
Early Oligocene (Rupelian.) SMNS 13519-b (1 specimen and
: Valid, asOmphalosagda pyram- numerous fragments)
idali.s. (Jooss 1912a) (fide KpoLsky herein). Family Archaeo- - Germany: Bayern: Buch bei lllertis-
zonitidae. sen, diluviale Nagelfluh [diluvial (i.e., Pleistoc@mgavel].
: Pleistocene.

: Possibly valid, aochlostoma

- SMNS 106421 (12 specimens, from Zwiefa|ten)_8a|0m0ni(GEYER, 1914). Family Diplommatinidae (Cochlosto-

__“matinae).
:Germany: Baden-Wirttemberg: Zwie- )

falten (Morsingen), Silvanaschichten [Silvana-beds] ot reservéc\i,\/se giisri?e”na;%higelzsf:e‘?tl%t)ype the only com-
: Late Early/early Middle Miocene (Burdigalian/Lang petely p P R 18- 22).

hian; MN 5).
: Junior synonym ofastrocopta
acuminata (KLein, 1846) (fide MingaNELLI & GiusTi 2000). : SMNS 22754 (2 specimens).

Family Gast tidae.
amtly sastrocoptidae : Germany: Bavaria: Nittendorf (Undorf),

mittlere Silvanaschichten [middle Silvana-beds].
. Late Early/early Middle Miocene (Karpatian/Bade-

: SMNS 101212 (designated byiSaoor et Mian; MN 5).
al. 2015). : Valid, as Milax sandbergeri

- SMNS 101213 (2 specimens). (CLESSIN, 1885) Famlly Milacidae.

: Germany: Baden-Wurttemberg: Ran-
deck Maar, gelber Tuff [light/yellow tuffite].

: Late Early/early Middle Miocene (Karpatian—Bade- - SMNS 106422-a.

ian; MN 5).
nian; MN 5) _ o _ . SMNS 106422-b (1 specimen) and
: Valid, asTriptychia randeckiana 1gg423 (6 specimens).

K 1908) (fide & 2006). Family Filholiidae.
(KRanz, ) (fide ShnaseL )- Family Filholiidae Germany: Baden-Wiirttemberg:

Bietigheim-Bissingen, Enzschotter [River Enz gravel
: Pleistocene.

: Possibly valid, a€ochlostoma
scalarinum saueri(Gever, 1914). Family Diplommatinidae
: SMNS 23915 (1 specimen) and 23916 (2 speqCochlostomatinae).

imens). : We designate here as lectotype the only com-
:Germany: Bavaria: Dobelbuck (“Hobels- pletely preserved specimeng{&r 1914: fig. 1).

buck”) near Amerbach (Wemdin@dpmatiasSuBwasserkalk des

RiesgebietesHomatiasfreshwater limestone of the Ries area].

: Early Oligocene (Rupelian).
: Subjective synonym adDmpha-
losagda pyramidaligdooss 1912) (fide KapoLsky herein). Fam-
ily Archaeozonitidae.
: SMNS 106424.

: Germany: Baden-Wirttemberg: Stein-
heim am Albuch, Steinheimer Seeschichten [Steinheire
beds].



: Middle Miocene (MN 7).

Unidentifiable teratological
specimen ofGyraulus sp.; attribution toGyraulus kraussii
(KLEIN, 1846), fide MLLER (1900). Family Planorbidae (Planor-
binae). : SMNS 100110-1.

: Germany: Baden-Wurttemberg: Stein-
heim am Albuch, Steinheimer Seeschichten [Steinheire

beds].
: Middle Miocene (MN 7).
. : Valid, asGranaria schuebleri
: SMNS 106425-a. ’
a (KLEIN, 1846) (fide HLTKE & RAsser 2013). Family Chondrin-

SMNS 106425-b (1 specimen) a”didae.

106426 (1 i .
(1 specimen) (1) The neotype defined bydidrke & RAssER

_ - Germany: Bavaria: Nittendorf (Undorf), 5013) js also the neotype Bupa antiquaZieTen, as KLeIN pro-
Braunkohlenthon [lignitic clay], mittlere Silvandsgchten [mid- posed the namschueblerias a substitute name fBupaanti-

dle Silvana-beds]. qua (article 72.7 ICZN). (2) The narmeupaantiquahas been
: Late Early/early Middle Miocene (Karpatian/Bade-published nearly simultaneously byaiigeron and ZeTen late
nian; MN 5). in 1832. HbLTKE & RAsseRr (2013) discussed the question of

: Valid, asEmarginaria schaeffe- Precedence, which is here briefly restated, updated for-
riana (O. BoetTeer 1877) (fide Mrosieck 1981, 2000). Family Mally resolved in accordance with the IZCNaMeroN's work
Clausiliidae (Clausiliinae). appeared in the September/October issue of volumetBeo
Annales des Sciences et de I'Industrie du Midi derénce, i.e.,

. - most likely in or after October 1832. Heft 5—6 afEN's work is
Imens. Here we des'gnate as lectotype the ape_fta_genent, reported in Neues Jahrbuch fur Mineralogie, Geoghogelds
which bears the most important characters for diaics tax- gie und Petrefaktenkunde 1833, issue 1. This issomms let-
onomy. ters to the editors dated till 22.11.1832; for He® of ZeTeN's
work to be reported in that issue, it must have beegived by
the editors at a similar time. The previous isstiehts jour-
nal (1832[4]) contains letters dated till 10.8.1888., ZETEN'S
: SMNS 106427 (2 specimens). Heft 5-6 had not been received by that date by tltersd The
: Germany: Baden-Wiirttemberg: Win- SMNS copy of ZTen's work states only “second half of 1832".
terlingen (Harthausen auf der Scher), rote Helividergel [red The date can now be narrowed down to “after 10.8"188#
helicid marls]. “before 22.11.1832". (3) As the precedence betweearlikon's
and Zeten's works cannot be established with any certainty, we
) o determine hereby as First Revisers (article 24.22N) that
o : Unknown. Family Helicidae parneron's work shall be accorded precedence overe&is
(Helicinae). Heft 5-6. This is in accordance with the actions ofil{ (1846)
and HLTKE & Rasser (2013). ThusPupaantigua MATHERON,
1832 will have precedence oveupaantiquaZieTen, 1832, for
which the substitut€upaschuebleriKLein, 1846 becomes the
valid name.PupasubantiquaA. p’OrsicNy, 1850 (: 208) thus
: SMNS 23925 (25 specimens). becomes an unnecessary replacement namBujpa antiqua

: Germany: Bavaria: Dobelbuck (‘Hobels- MATHERON, 1832.
buck”) near Amerbach (Wemdind)pmatiasSiiRwasserkalk des
RiesgebieteHomatiasfreshwater limestone of the Ries area].

: Early Oligocene (Rupelian).

: Valid, as Pomatias (Neobem-
bridgia) antiquus schneidilooss 1912b) (fide KapoLsky 2014). SMNS 2864 (6 specimens), 106428

Family Pomatiidae (Pomatiinae). (9 specimens; Figs. 4-5) and 106429 (7 specimens); leg
: Jooss (1912a) introdued the taxon with the Gatekunst 1851.

words ‘Ericia schneidtiis a smalleCyclostom&rom the group
of C. (Ericia) bisulcatumzieten” [translated from German],
which is deemed insufficient as a diagnosims3ddedicated the
taxon to HEoDOR ScHNEID, Whose name he consistently misspelt
Only in the follow-up publication (1912b) dicbdss provide a
diagnosis, figure and the correct spelling of thmeaf the per- ) o )
son to be honoured. Even if the original words (19i@auld  Late Early Miocene (Burdigalian/ Ottnangian, Mb)4
satisfy the requirement of a diagnosis or defimitfarticle 12.1 : The type series is a mixture of
ICZN), schneidtiis to be treated as an incorrect original spellindour different species. The lectotype, designated bydgsky
and to be corrected sxhneidi(see article 32.5.1 ICZN, in par- (this volume), and the remaining 8 specimens fromItt in
ticular the example). SANDBERGERS collection in the MUWI are for the time being

: O. Boertcer (1877) figured all three spec-

: Late Early Miocene (Late Burdigalian; MN 4).

: Germany: Baden-Wurttemberg: Leip-
heim, Kirchberg Formation. The paralectotypes in SM&&
from Kirchberg an der lller (now lllerkirchberg), ‘dllich-
grauen weichen Thon” [bluish-gray soft clay layaftthe Kirch-
berg Formation.



classified asHydrobia” semiconvexasanpBerceR, 1875 (fam-
ily Hydrobiidae), but may belong tdeleobia(family Cochliopi-
dae). Lot SMNS 106428 consists of 9 specimensavhaturella
zilchi ScHuickum, 1960; lot SMNS 2864 consists of Nema-
turella sp. (white fosssils) and Ctyrokya conoidedKRrauss,

1852) (blackish fossils); lot SMNS 106429 consisfstwo

rock fragments with many shells Rematurellasp.,Ctyrokya
conoideaandBithynia glabra(ZieTen, 1832).

: (1) S\NDBERGERS own type material is pre-

served in MUWI and is the species so identified byL.Skum

(1960) and subsequent authors in the gétydrobia Because
SanDBERGER also included Litorinella acuta Braun” sensu
KRrauss (1852) in hisHydrobia semiconvex&rauss material

is part of the type series.RKussreceived his material from Fr.
GatekunsT of Ulm, whom he mentions [1852: 136] as a punc-

tual collector providing fossils to the Koéniglicheaturalien-
cabinet. This material, however, is a mixture of salvepecies
(see above). AlthougBtyrokya conoideaBithynia glabraand
all shells which are not white do not agree with dla¢a pub-
lished by Krauss for his ‘Litorinella acutd, lots SMNS 2864
and SMNS 106429 were labellddlydrobia semiconvexay

: Germany: Baden-Wirttemberg: Kirch-
berg an der lller, Kirchberg Formation.

: Late Early Miocene (Burdigalian/Ottnangian, MN 4b).
: Synonym ofTheodoxus cyrtoce-

lis (Krauss, 1852) (3Lvapor et al. submitted). Family Neritidae
(Neritininae).

SMNS 106431.

: Germany: Baden-Wirttemberg: Stein-
heim am Albuch, Steinheimer Seeschichten [Steinhedie
Formation].

: Middle Miocene (MN 7).
: Synonym of Joossia insignis
(ZieTeN, 1832) (Bnper 2008; Norbsieck 2014) orPseudochlo-

ritis insignis (fide HoLtke & Rasser 2015). Family Elonidae
(Eloninae) or Helicidae (Ariantinae).

SANDBERGER  (2) Krauss, as well as other contemporaneous

authors, cite A. Baun 1851 as the author ofitorinella acutd.
But this species is based @yclostoma acutunbDrRAPARNAUD

1805, as Baun'’s reference to modern occurrences in the Medi-

terranean lagoons of France make obvi@glostoma acutum
DraParnAUD 1805 is the type species Hfydrobia HARTMANN
1821 and otL.itorinella A. Braun 1843.

: SMNS 13514-a.
: SMNS 13514-b (39 specimens).

: SMNS 106432.

: Germany: Baden-Wurttemberg: Stein-
heim am Albuch, Steinheimer Seeschichten [Steinhede
beds].

: Middle Miocene (MN 7).
: Synonym ofApula coarctata
(KLeIN, 1853). Family Elonidae (Klikiinae) or Helicidaerfan-
tinae).

: There is no indication in the specimen’s orig-

: Germany: Baden-Wirttemberg: Bietig- inal label that it is a type (all the other matéfiam Joss col-

heim-Bissingen, Enzschotter [gravels of the rivez]e
: Pleistocene.

: Valid, asTheodoxus serratilini-
formis (Gever, 1914) (fide Goer 2002). Family Neritidae (Ner-
itininae).

lection have such indication). Nevertheless, thera isecond
label signed by W. R.&iLickum stating that it is a lectotype.
The original description is not accompanied bygafe to ver-
ify this claim and a lectotype designation has, tokmowledge,
never been published. Therefore, the status of theept speci-
men remains unknown.

: We designate here as lectotype the best pre-

served specimen, also figured in the original desonpCever
1914: fig. 12).

SMNS 22738.

SMNS 23904 (2 specimens).

: Germany: Baden-Wurttemberg: Stein-
heim am Albuch, Steinheimer Seeschichten [Steinheie

: Germany: Baden-Wirttemberg: Zwie- pe(g].

falten (near Mdérsingen), Silvanaschichten [Silvanddpe

: Late Early/early Middle Miocene (Burdigalian/Lang

hian; MN 5).

: Valid, asMegalotachea silvana
(KLeEIN, 1853) (revised by &l1ke in preparation). Family Heli-
cidae (Helicinae).

: Middle Miocene (MN 7).

. Synonym of Radix socialis
(ZieTeN, 1832). Family Lymnaeidae (Lymnaeinae).

KLEIN stated that this variety was “probably”
Limnaeus striatugieTen, 1832, i.e., he introduced knowingly a
nominal taxon which under the current Code is @juprimary

- Kie (1853) reported the species as fairly rarg,omonym, but in Kein's time “varieties” were not considered to

(“seltener”), which does not exclude that he haaartban one
specimen at his disposal.

: SMNS 106430 (7 specimens).

compete for homonymy with species names.



: SMNS 14917 (2 specimens, from Donau- : Late Oligocene (Chattian).

rieden). : Valid, as Vitrea subdiaphana
Germany: Baden-Wirttemberg: (CLessin, 1885). Family Pristilomatidae.

Thalfingen, Eckingen, Goéttingen (near Ulm), ErbgElonau-

rieden), obere Rugulosa-Schichten [upper Rugulosatbed

: Early Miocene (Aquitanian; MN 2).

: Synonym of Leucochroopsis

apicalis (Reuss 1860). Family Hygromiidae (Hygromiinae). - SMNS 106434 (2 juvenile specimens, from

Undorf; actual syntypes are mixed with othe specimens).
: Undorf and Mérsingen-Birk.
: Middle Miocene.

: Valid, asHippeutis subfontanus
) (CLessin, 1877). Family Planorbidae (Segmentininae).
SMNS 106433 (designated byser1996). : (1) Qiessin (1877) described the species from
: SMNS 45162/2005 (9 specimens). two “unfinished” (i.e., juvenile) specimens. In 1888, provided
: Germany: Bavaria: Nittendorf (Undorf), an illustration of the only fully grown specimen whibe had
mittlere Silvanaschichten [middle Silvana-beds]. subsequently acquired. The present lot consistgwfenile and
2 adult specimens. It is impossible to identify the juvenile
syntypes or the figured adult (1885) in this lot, althh they are
almost certainly amongst the specimens. Apparentyg-type
: Synonym ofVallonia subcyclo- specimens had been added to the type series after 1877. (2) The
phorella (GotTscHick, 1911) (fide Greer 1996). Family Vallo-  figure from 1885 shows the proportions of the shelly dif-
niidae. ferent from those of the actual specimens, whideigatively
: (1) The |ect0type and para|ectotypes were deéqterpret.ed as a .draftman’S err@)‘CLESSIN.(1877) included in
ignated by Greer (1996). This material, as well as all or mosthis species specimens from Morsingen-Birk from GeBcers
of CLessiNs other fossils, were on 2.5.1913 acquired bysg  collection, which is in the Senckenberg Museum, Kfart a.
who replaced all original labels with his own andcdisled the Main. This material is thus part of the type series.
originals. doss label indicates that &ssin collected the spec-
imens in 1910, but does not provide the name whioks<v
gave them.dbssdetermined them agallonia subcyclophorella
undorfensislooss which remains an unpublished und unavail-
able name. ConceivablyLEssin’s publication of the namsub-
costataescapedabss and was, moreover, not noted down by
CiLessiN, who died 1911 and therefore might not have been abie

: Late Early/early Middle Miocene (Karpatian—Bade-
nian; MN 5).

to update his label. (2) O.0BTTGer(1903) introduced the name : SMNS 100112 (from Zwiefalten).
subcostatandependently for a differeMalloniaform, which is . Zwiefalten, Mérsingen, Hausen
considered to be conspecific with lepida(Reuss 1849) (fide near Ehingen, Georgsgemiind, Schénbrunn near Kipfgnber
GErBER 1996). Adelegg in Oberschwaben.

: M. Miocene, Silvanaschichten [Silvana-beds].

: Granaria sp., indeterminable
due to its incomplete preservation (fideurke & Rasser2013).
Family Chondrinidae.

: (1) As SWDBERGER (1875) included Kein's
. o . - Pupan. sp.” insubfusiforns; it is a syntype. (2) Any redescrip-
Beldm e;m Albzuch,” S_t%nhewlnerkls_ee_schlchten [Steinhieike tion of this nominal species should be based onispns from
eds}, aew_s one” [= y_rau us kleinizone]. Schoénbrunn near Kipfenberg, because efioBerRGERS state-
: Middle-Late Miocene (MN 7). ment that he based his description on the besepred speci-

: Valid, as Vallonia subcyclo- mens, which were from this locality.
phorella (GottscHick, 1911) (fide Greer 1996). Family Vallo-
niidae.

: SMNS 15817 (designated by:Ber 1996).
: Germany: Baden-Wirttemberg: Stein-.

: Although having been rather recently desig-
nated, this type could not be presently found incitikection.
: SMNS 15817.
: Germany: Baden-Wurttemberg:
Altheim, near Ehingen, Malleolatakalk [Malleolata listene].

: SMNS 22755. : Late Miocene.

: Germany: Baden-Wurttemberg: Berg : Potentially valid, asPerpolita
near Ehingen (Donau), Ehinger Ramondi-Schichten [Btaih subhammoni§GoTTscHick, 1928). Family Oxychilidae (Godwi-
beds of Ehingen]. niinae).



: SMNS 106435-a.
: SMNS 106435-b (2 specimens).
: Germany: Baden-Wirttemberg: Zwie-

: SMNS 15523 (4 specimens) and 15817 (7
specimens).
: Germany: Baden-Wirttemberg: Stein-

falten (near Morsingen), Silvanaschichten [Silvandshe

heim am Albuch, “Kaltwasserschichterf=Gyraulus kleiri
Zone, Steinheimer Seeschichten) [“cold water be@gtaulus

- Late Early/early Middle Miocene (Karpatian—Bade-yjeini zone, Steinheim Lake Formation].

nian; MN 5).

: Valid, asAegopinella subnitens
(KLeN, 1853) (fide SHLickum 1976, Norpsieck 2014). Family
Oxychilidae (Godwiniinae).

: Middle Miocene (MN 7).

: Closely related to, or synonym of
Heleobia trochulugSanoeercer, 1875) (cf. KapoLsky 2008b).
Family Cochliopidae.

: Type series with three specimens, we desig-

nate here the lectotype as the most complete specimhich
is also the one that best fits the original desmnipand figures.

: SMNS 68501.

: Germany: Bavaria: Nittendorf (Undorf),
mittlere Silvanaschichten [middle Silvana-beds].

: SMNS 10920, from Mérsingen.
: Germany: Baden-Wirttemberg: Mor-

: Late Early/early Middle Miocene (Karpatian—Bade-singen, Silvanaschichten [Silvana-beds] and sevierdocali-

nian; MN 5).
: Valid, asLucilla subteregCLessIN,
1877) (fide SHuickum 1979a, adelicodiscus (Hebetodiscus)
and Swvapor & Rasser2014). Family Helicodiscidae.
: A later-added note by GaikNER on the spec-
imen’s label states that it is the material used tis€n (1877)
and, thus, the holotype. As the original number pdcimens

ties in Baden-Wirttemberg, Bavaria and Switzerland.

: Late Early/early Middle Miocene (Burdigalian/Lang
hian; MN 5).
: Junior synonym ofMegalota-
chea silvangKLein, 1853). Family Helicidae (Helicinae).

: The present specimen compares well in shape
with the one figured by &ipBerceRr (1872), from Mdorsingen.

was not stated (EssiNn 1877), it is more prudent to treat theNevertheless, it does not show the dark spiral badegicted in

specimen as a syntype.

: SMNS 14913 (3 specimens).

. Germany: Baden-Wirttemberg:
Ehingen (Donau), Ehinger Ramondi-Schichten or Rusato
Schichten [Ramondi/Rugulosa-beds of Ehingen].

: Late Oligocene (Chattian).

: Valid, asPseudochloritis subtil-
isticta (SanpBercer, 1875) (fide Buoer 2008). Family Elonidae
(Eloninae) or Helicidae (Ariantinae).

: SMNS 106436.

: Germany: Bavaria: Nittendorf (Undorf),
originally assumed to be from the mittlere Silvanasitgn
[middle Silvana-beds].

the figure, even under UV light. As such, this spesratatus as
a type remain questionable. The labels state thaseansecond
specimen in the lot, but it could not be located. Tlaeeepres-
ently three further syntypes in the MUWIE collection

SMNS 22828.

: Germany: Baden-Wurttemberg: Zwie-
faltendorf, sand pit, reworked block from the Silvactaichten
[Silvana-beds] in Pleistocene sands.

: Late Early/early Middle Miocene (Burdigalian/Lang
hian; MN 5).
: Unknown. Family Hygromiidae.

. GotTtscHick & WEeNz (1927) mentioned two
specimens.

: SMNS 106441.

: Late Early/early Middle Miocene (Karpatian—Bade-

nian; MN 5) or recent contamination.

: The specimen is certainly a

Galbas. str.; judging from its shape and state of pnesén,
it appears to be a recent specimerGafiba truncatula(O.F.
MULLER, 1774). Family Lymnaeidae (Lymnaeinae).

. Germany: Baden-Wirttemberg:
Dischingen, Silvana-beds (“Silvanaschichten”).

: Late Miocene (Tortonian).

. Valid, as Zonitoides suevicus
(Jooss 1918b) (fide VEnz 1923). Family Gastrodontidae.



: Germany: Baden-Wurttemberg: Neusel-
halder Hof near Steinheim am Albuch, marl layershWwianor-

: SMNS 27646 (5 specimens). barius cornu(BronGNIART, 1810).
: Germany: Bavaria: Bachhagel, karst : Middle Miocene (MN 7).
fissure limestone. : Valid. Family Vitrinidae.
: Eocene.

: Uncertain; V¥nz (1923) lists this
i I i ily Pal idae. .
species aPalaeostoa suevicdamily Palaeostoidae . SMNS 15817 (11 specimens).
: Germany: Baden-Wiirttemberg: Zwie-

falten (Mdrsingen), Silvanaschichten [Silvana-beds].

Late Early/early Middle Miocene (Karpatian—Bad-
enian; MN 5).
- SMNS 106438 (2 specimens). : Uncertain, possibly a subspecies
: Germany: Baden-Wurttemberg: Berg of Pseudamnicola convex(&Npeercer, 1875). Family Hydro-
near Ehingen (Donau), Ehinger-Ramondi-Schichten [ftadia  biidae (Pseudamnicolinae).

beds of Ehingen]. The material is labelledAmnicola subpseu-
: Late Oligocene (Chattian). doglobulusGotTscHick & WEeNZ". This name was never pub-

. Valid, as Triptychia suevica lished, and it is likely that it had been changedatse of its

(SanbBERGER, 1875) (revised by GinaseL 2007). Family Filholi-  Clumsiness, but due to his death in 19287 Gerick was una-
idae. ble to change the label.d@rscHick (1928) lists 15 specimens,

. ; , but the present material consists only of elevha;remaining
: ScHNageL (2007) cites as “holotype” a Spec- fq,r are thus deemed lodthe two syntypes of the “subspecies”

imen in Swosercers collection in the MUWIE, although amnicola suevicus majdBortscrick, 1928 could not be found:
SanDBERGER Stated that he studied, from Ehingen, one SPeCiM{fis nominal taxon dos not appear to be conspecific.
from each of the following: his personal collectitime Stuttgart

collection and RossTs collection. $HnABEL'S “holotype” dec-

laration is invalid (article 73.1 ICZN), and a nameahbing type

specimen is to date not validly selecteshiBeRGERS specimen

in the SMNS is a syntype and not just “further mateas men-

tioned by $HnaBEL. Moreover, the collection in Stuttgart counts .

with two specimens asaSpBerGeRs original material, not just - SMNS 106437.

a single one. : Germany: Baden-Wirttemberg: Kirch-
berg an der lller, lower “greenish-yellow sand” laygrinlich
gelber Sand”) of the Kirchberg Formation.

: Late Early Miocene (Burdigalian/Ottnangian, MN 4b).

] : Valid asViviparus suevicusVenz,
SMNS 14914 (4 specimens), 106440 (3 spect919. Family Viviparidae (Viviparinae).

imens), ex Roest coll. : When Wenz (1919) defined the new name for
_ : Germany: Baden-Wirttemberg: Bergthe species, he also designated a “Typus” from hisqpeil col-
near Ehingen (Donau), Ehinger Ramondi-SchichteaniBndi-  |ection. This action is not valid as per ICZN Article 75.8; the
beds of Ehingen]. replacement name has the same name-bearing tyjraass
: Late Oligocene (Chattian). original name.

: Uncertain, possibly a synonym
of Galactochilus braunii ehingensi@Lein, 1846) (fide V¥nz
1923). Family Elonidae (Eloninae) or Helicidae (Atimae).

Jooss (1918b) stated thatHelix suevica
SANDBERGER, 1875 was a juvenile specimen of Bialactochilus
braunivar.suevicaAlthough dossdesignated the narnseevica
as new (“n. var.”), his citation ddelix suevicaSanpBercerindi-
cates that he meant to redescribe the latter. Anakt the case
of Helix alveusSanbBerGER (g.V.), bossbelieved apparently that
Helix suevicaSanpBERGER was a nomen nudum. This is incor-
rect, as SupBERGER provided a short diagnosiSaANDBERGERS
original material thus constitutes the type seriesss label SMNS 106442 (2 specimensyéreat leg
indicates that it is SiDBERGERS original material. 111, 2003). ’

: Poland: Silesia: Opole (= Kdniglich
Neudorf near Oppeln).
: Middle Miocene (MN 6-7).
: SMNS 106439. : Valid. Family Hydrocenidae.



ScHiuickum  (1979) included the material
reported by Apreae (1902) and Winz (1926, 1930) in his new
species. This material is therefore part of the typees (arti-
cle 72.4.2 ICZN).

SMNS 11898-a.
: SMNS 11898-b (1 specimen).

: Germany: Bavaria: Monheim (Weil-
heim im Ries), grey freshwater limestone block in BuBtec-
cie [varicoloured breccia, Ries ejecta].

: Early Oligocene.

: Potentially valid, astagnicol®
truncatuliformis (ScHuTze in BrRanca & Fraas, 1908). Family
Lymnaeidae (Lymnaeinae).

: We designate here as lectotype the specimen

figured in the original description €8UTze in BRANCA & FRAAS
1908: fig. 9).

: SMNS 106443-a.
: SMNS 106443-b (2 specimens).

Germany: Baden-Wirttemberg:
Andelfinger Berg near the village of Andelfingen, V@iha-
schichten [Silvana-beds].

: Late Early/early Middle Miocene (Burdigalian/Lang
hian; MN 5).
: Valid, asLymnaeg(s. lat.)turrita
KLeN, 1853. Family Lymnaeidae (Lymnaeinae).

: SMNS 106444 (2 specimens).

: Germany: Baden-Wirttemberg: Ehin-
gen, Silvanaschichten [Silvana-beds].

: Late Early/early Middle Miocene (Burdigalian/Lang
hian; MN 5).
: Junior synonym ofTinnyea lau-
raea (MaTHERON, 1843) (fide KapoLsky 1995). Family Pachych-
ilidae.

: SMNS 106445.

: Germany: Baden-Wiirttemberg: Ulm
(Thalfingen), Thalfinger Schichten [Thalfingen beds

: Early Miocene (Aquitanian, MN2a).
. Potentially valid in the genus
Discus but requiring further study. Family Discidae.

. Jooss (1918b) reports the species as “rather
rare”. As this does not exclude the possibilitytud type series
consisting of more than one specimen, it is prudenteat the
only preserved specimen in theodscollection as syntype.

: SMNS 22181-a (designated bycHBABEL
2006).

: SMNS 22181-b.
: Germany: Baden-Wirttemberg: Ulm

. We designate here the lectotype as the moéMichelsberg), Ulmer Subrugulosa-Schichten [Subrugulosa-

complete specimen, which is also the one figureténoriginal
description (Kein 1853).

beds of UIm].
: Early Miocene (Aquitanian; MN 2).



: Valid, as Triptychia ulmensis : Late Early/early Middle Miocene (Burdigalian/Lang
(SanpBeERGER, 1875) (fide SHNABEL 2006). Family Filholiidae. hian; MN 5).

Valid. Family Testacellidae.
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Abstract

The Miocene deposit of Morsingen (Baden-Wirttemberg, South Germany) is locHtechorthern part of the
North Alpine Foreland Basin. Lithostratigraphically, the sediments belong siltheabeds of the Upper
Freswater Molasse (Obere SuBwassermolasse). The location contains freshwater sedimases @dmp
limestones and marl. Biostratigraphically, it lies within the mammal zone MN 5 (Badenian). kstiti@e, the
continental gastropod fauna from this location is documented and illustrated in ity efvtiogal of 9 freshwater
and 35 terrestrial gastropod taxa could be identified from available specimens. Addittbead\are literature
records for one additional freshwater and ten terrestrial species, of which newvmathrial could be found. A
new specieshegopinellamoersingensig. sp., was identified in the material and is described here. From an
actualistic perspective, the ecological preferences of the fossil assemblage of &fttsinds towards shaded
and moist habitats with a dense forest cover, although more xerophile taxa are aldpipdésating a variety of
microhabitats in the vicinities. The freshwater species assemblage indicate stagnant or staywféer, with
the exception of a single taxoBgperiana presently absent from Central Europe) that lives in faster-moving
streams and rivers. Fossils of taxa other than snails are rare in Mor#iogesing Celtissp. (angiosperm),
remains of freshwater bivalves, and undetermined ostracods.

Key words: Aegopinellamoersingensis. sp., Obere SilRwassermolasse, Upper Freshwater Molasse,

Gastropodasilvanabeds Stylommatophora, Hygrophila.

1. Introduction

7KH YLOODJH O|JUVLQJHQ f 1 f (ZLY ID GWHW U LHFQG NYHWY WH K @/
Baden-Wirttemberg, southern Germany (Fig. 1). The Miocene deposit of lyEirgmlocality famous for the

continental gastropod fossils of the Obere StiRwassermolasse (or Upper Freshwater, Mulasgiated OSM).

From the middle of the f9century to the beginning of the®0@entury, large quantities of well-preserved

PDWHULDO ZHUH H[WUDFWHG IURP WKLYV Yrar®ddsihbeh\s ireseitFnJieS Y & RQV HT
collections of several natural history collections. However, important material, includangrigpvoucher

specimens of published studies, has been lost or destroyed, potentially dudichValol. This is the case, for

instance, of the large collection of malacologist Wilhelm Wenz from Frankfurt am Main

Historically, there were two sections in Mdrsingen from where the fossil materialateid. One was an in-

operation clay pit and the other an area called Schneckéhgg® 3VQDLO JDUGHQ" ™ E\ WKH ORFDO
implies that the vast majority of fossils from Mdrsingen were snails. Todagdhneckengarten is agricultural

land and the clay pit has been out of order and inaccessible at least since the pesibdaout it is still visible

as a pronounced landmark.

Despite the wealth of gastropod fossils from Mdérsingen, there has been no pubtieatiog exclusively with

this fauna. Mdrsingen is only mentioned in passing in the specialized literatuegafaple in Wenz (1923) or in

Sandberger (1870-1875). The present work is therefore, the first taldailynent the continental gastropods of
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Mdrsingen, describing and illustrating all fossils from that locality and includmgéiscription of a new species.
Furthermore, we present discussions on the geology and the stratigraphic pdsiteorediments, as well as an

actualist paleoenvironmental analysis.

2. Geological setting

Mdrsingen is located on the northern part of the North Alpine Foreland Bagr€posits studied herein are

part of the OSM and, more specifically, belongs to the lithostratigraphic unit kncsilweasabed, named after

the common fossil snaitalaeotachea silvanéKlein, 1853). The deposits are of Badenian age (Middle Miocene)
and lie within the European land mammal zone MN 5 (Esu 1999).

The sediments consist of clay and marl with a disparity in the clay/limestone ratio. Gilecktbépermanent
outcrops today, the lithology of the snail-bearing sediments is poatbrstood. Furthermore there is scarce
information about it that can be extracted from the literature. However, in 2@liB\entary samples could be
taken from a local construction site in Morsingen, which can aid in creating ajfiettee. The lithology

consists of an alternation of limestone and marl and will be decribed in more dataitume study.

3. Material and methods

Examined specimens are stored in the collections of Staatliches Museum fiir Nat@tuityset (SMNS,
Stuttgart, Germany) and Naturmuseum Senckenberg (SMF, Frankfurt am Main, Germany)

Most specimens belong to the former collections of Bechter, Fischer, Gottschigk, Kmin, Koch and Schiitze
(all in the SMNS); the remaining specimens are from unknown collectors/collections. Nevelhcaléected

from the above-mentioned construction site were washed from the matrixafometion and deposited in the
SMNS collection.

Specimen examination was done under stereomicroscope and a few selected specafarthevezxamined
under a scanning electron microscope at SMNS. The species list is presented below follogstethatic
classification of Bouchet et al. (2017), Wiese (2014) and Nordsieck (2014)réxaty and clarity, the synonymy
provided herein only includes the original description and works that involsisféem Moérsingen. We
included information about type material and locality when available, a morphological desafiitie present
specimens, paleoecology (per an actualistic genus-level interpretation; see Rasserl®) ahn@@ brief
discussion when pertinent with information about taxonomy, geographic distnilaund other features of notice.
Unfortunately, not all the species reported from Morsingen in the literature couldfivenedn(i.e., Wenz 1923,
1928; Gottschick & Wenz 1916; Schlickum 1976), as no voucher specimensedolaghd. Those species are
listed in the last section of the present work in a tabular form, including tiggitadireport and their present

systematic classification, as well as brief notes on palaeoecology.

4. Systematic paleontology

Gastropoda

Sorbeoconcha Ponder & Lindberg, 1997

Melanopsidae H. Adams & A. Adams, 1854
EsperianaBourguignat, 1877

Esperiana kleinii(Kurr, 1856) n. comb. (Fig. 2.1)
1856Melanopsis kleiniizKurr: 42.

1976Melanopsis kleini kleinKurr +Schlickum, 18, pl. 5, fig. 65.



2018Esperiana kleiniiKurr, 1856) +Holtke et al., fig. 3.2.

Material : 12 specimens (SMNS J68.411, Jooss collection); 1 specimen (SMNS 1072&7/natgpial is
missing (Salvador et al. 2016).

Type locality: Zwiefalten and Andelfingen, Baden-Wurttemberg, Germany (Kurr 1856).

Type stratum: Silvanabeds, Middle Miocene.

Description: Spindle-shaped shell with c. eight whorls. The whorls are flat, only the ks slightly convex.
The suture is very flat. From the first whorl until the beginning of the lasttb@eyhorls grow in a regularly
manner. The last whorl grows in an excessively manner and reaches c. T0e%otdl shell height. The
periostome is obliquely-pear shaped. The margins are simple and diagnl@mellar margin forms a
remarkable, callous thickening which runs up to the parietal region without intemuphe shell bears no
sculpture. Unfortunately, the protoconch is broken on all available specimensdifaccto the examined
specimens, the maximum shell height seems to be ¢. 18 mm.

Discussion The species was originally placed in the geMetanopsis However, according to Gléer (2002) the
genusMelanopsishas stepped whorls, which is not the case for the present species. Consideldngvtie s
and suture of the present specimens, this species would be better allocated in tEspetasa asEsperiana
kleinii (Kurr, 1856) n. comb.

PaleoecologyRivers and streams (Gloer 2002).

Pachychilidae P. Fischer & Crosse, 1892

TinnyeaHantken, 1887

Tinnyea lauraea(Matheron, 1842)(Fig. 2.2)

1842Melania laureatMatheron: 291, pl. 36, figs 284.

2018Tinnyea lauraegMatheron, 1842)+Holtke et al., fig. 3.3.

Material : 2 specimens (SMNS J68.392, Jooss collection); 10 specimens (SMNS J68a387allection); 1
specimen (SMNS 107218).

Type locality: Vaucluse department, France (Matheron 1842).

Type stratum: Uncertain, possibly Miocene.

Description: Tower-shaped shell with regularly growing whorls. The protoconcHiestdeleoconch whorls are
missing on all available specimens. The whorls are flat as well as the suture. Beloturthéssa flattened,
clearly distinct area which incorporates c. 1/3 of the whorl. The whorls s@ctregularly arranged
OSKLVWKRF\UW WR RSKLVWRFOLQH ULEV 7KH\WEVY®WRK FHSHRWZ HHRP WKKH
ribs, there are also weaker spiral lines present on the teleoconch whorls. The perigteomplete in all
specimens. The columellar region has a thickened callus. The specimenism.i2®eight.

Discussion The species is mostly found in the literatur@astia escheriBrongniart in Cuvier & Brongniart,
1822). According to Kadolsky (1995) this imamen nudunand the correct nameTinyea lauraegMatheron,
1842).

Paleoecology:The genus is extinct, but Kowalke (2004) sugge$tedyeainhabited quiet waters or slow-

flowing rivers.

Littorinimorpha Golikov & Starobogatov, 1975
Pomatiidae Newton, 1891 (1828)
PomatiasStuder, 1789
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Pomatias conicugKlein, 1853) (Fig. 2.4)

1853Cyclostoma conicunzKlein: 21, pl. 5. fig. 14.

2018Pomatias conicugKlein, 1853) tHoéltke et al., fig. 3.4.

Material : 3 specimens (SMNS 107220), 100 specimens (SMNS J68.040, Jooss collg8tepgcimens
(SMNS J68.032, Jooss collection), 50 specimens (SMNS 4332/2008, Bechter ¢pll@ctipecimens (SMNS
2018/2008). Type material is missing (Salvador et al. 2016).

Type locality: Herzogtum, Baden-Wirttemberg, Germany (Klein 1853).

Type stratum: Unknown, probablgilvanabeds.

Description: Turbiniform dextral shell with 4-5 whorls. They are convex with degpres. The penultimate
whorl is the most bulbuos one. The aperture has a simple peristome and it is oloiglielyaped. The shell has
a slit-like umbilicus. The teleoconch bears strongly spiral rips and verynegalar arranged axial ribs. The
height of the aperture makes up c. 40% of total shell height. The examined shell3snomilih height.
Discussion The opercula of this species can often be found in fossil outcrops, likke&am Maar in Baden-
Wirttemberg, but they are very rare in Morsingen.

PaleoecologyMesophile habitats, in woods (Lueger 1981).

Pomatias consobrinugSandberger, 1875) (Fig. 2.3)

1875Cyclostoma consobrinu@. Mayer +Sandberger: 606, pl. 29, fig. 33a.

1910Cyclostoma consobrinuntFraas: 220, pl. 67, fig. 5.

2018Pomatias consobrinuSandbergerl875) tHdoltke et al., fig. 3.5.

Material : 9 specimens (SMNS 107219, vouchers from Fraas 1910). 26 specimens (SNBIZ)98, Bechter
collection); 3 specimens (SMNS 4348/2008, Bechter collection). Type material is mi&aingdor et al. 2016).
Type locality: The specimens illustrated by Sandberger (1875) came from Mdérsingenpst be interpreted
as the type-locality.

Type stratum: Silvanabeds, Middle Miocene.

Description: Comparably large, turbiniform dextral shell. It consists of c. 4% convekswvhich increase
rapidly in size. The last whorl is the most bulbous one. The suture is relativplyTdeelast whorl runs straight
up to the aperture without turning down. The aperture has an oblique bapiel $t has a continuous periostome
and is clearly separated from the rest of the shell. The periostome is simpleapdhieficolumellar part which
is slightly thickened. The shallow umbilicus is small and slit-like. The teleocazats veakly visible spiral
lines. The protoconch is knobby and consists of c. 1% whorls, unsadpMaximum shell height is c. 18 mm.

PaleoecologyAs P. conicusabove.

Bithynia Leach, 1818.

Bithynia glabra (Zieten, 1832) (Fig. 2.5)

1832Cyclostoma glabrun¥Zieten: 42, pl. 31, fig. 9.

2018Bithynia glabra(Zieten, 1832)+Hdltke et al., fig. 3.6.

Material : 3 specimens (SMNS J68.154, Jooss collection), 1 specimen (SMNS 1970/2@@8e $dfiection).
Type locality: Grimmelfingen, Baden-Wirttemberg, Germany (Zieten 1832).

Type stratum: Grimmelfinger Schichten, Lower/Middle Miocene.

Description: Small, trochiform shell with whorls rapidly increasing in size. It consist éfvehorls with deep

suture. The first teleoconch whorls are flatter whereas the two last ones are @dmvagerture region is not
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completely preserved; it has an obliquely-oval to pyriform shape; periostome seesitmgly and sharp. No
umbilicus. The teleoconch bears some straight growing lines with varying stedémgghthe shell. The bulbuos
protoconch consist of c. 0.5 whorls, being remarkably smooth whepatethto the teleoconch. The protoconch
has a slightly ivory-like appearance. Largest specimen is 4 mm high.

Paleoecologyin stagnant or slow-flowing waters (Gloer 2002).

Hygrophila Bouchet & Rocroi, 2005

Lymnaeidae Rafinesque, 1815

LymnaealLamarck, 1799

Lymnaea turritaKlein, 1853 (Figs. 2.6, 2.7)

1853Lymnaea turritusxKlein: 220, pl. 5, fig. 17.

1913Lymnaea turritakKlein emend Jooss milleri nov. vatJooss: 61, fig. 5,6.

Material : 2 specimens (Originals to Jooss 1913, SMNS 106409 & SMNS 196408)

Type locality: Andelfinger Berg near Andelfingen, Baden-Wirttemberg, Germany (Salvaao26tl6).
Type stratum: Silvanabeds, Middle Miocene (Salvador et al. 2016).

Description: Relative large, spindle-shaped lymnaeiform shell, with c. 7 whorls. It has a tapéednd
comparably rapid growing whorls resulting in a large last whorl (c. 75% ofstetdllheight). The whorls are
only moderately convex and the suture is flat. The periostome is slightly withid simple and sharp margin.
Only the columellar margin is reflected. The two insertions are connected by et diatietal callus. The
knobby-shaped, incompletely-preserved, protoconch consits of c. 1¥a&hdrlacks sculpture.
Paleoecology:Standing or slow-moving waters, with rich vegetation (Welter-Schultes 2012).

Radix Montfort, 1810

Radix dilatata(Noulet, 1854) (Fig. 2.8)

1854Limnaea dilatataNoulet +Noulet: 107.

2018Lymnaea dilatatdNoulet, 1854)+Holtke et al., fig. 3.9

2018Radix dilatata(Noulet, 1854)+MolluscaBase (2018).

Material : 2 specimens (SMNS J67.684, Jooss collection).

Type locality: Sansan, France (Noulet 1854).

Type stratum: Calcaires de L'Agenais, Lower Miocene.

Description: Large spindle-shaped shell with a high last whorl that makes up c. 75% of tothkestiet] The
whorls rapidly-growing, only very weakly convex. The height of thetapeis c. 60% of shell height. The
aperture is slightly pear-shaped. The periostome is simple. The shell lackdptfire. The protoconch is
incompletely-preserve and consists of c. 1.5 whorls. No sculpture visiblémitaxshell height c. 42 mm.

Paleoecologyin stagnant or slow-flowing waters (Gloer 2002).

Planorbidae Rafinesque, 1815.

Planorbarius Duméril, 1806.

Planorbarius mantelli(Dunker, 1848) (Fig. 2.9)

1848Planorbis mantellizDunker: 159, pl. 31, figs. 27.
2018Planorbarius mantell(Dunker, 1848 +Holtke et al., fig. 3.13.



Material: 4 specimens (SMNS 4437/2008, Bechter collection), 21 specimens (SMNS 20191260&}imen
(SMNS 2247/2008, Bechter collection), 1 specimen (SMNS 107221, Bechter collediiepge@mens (SMNS
2248/2008, Bechter collection), 11 specimens (SMNS 4283/2008), 1 sme(SMINS 4438/2008, Fleischer
collection), 30 specimens (SMNS 2245/2008, Bechter collection).

Type locality: Guinzburg, Bavaria, Germany (Dunker 1848).

Type stratum: Silvanabeds, Middle Miocene.

Description: Flat planispiral shell. The spire is distinctly sunken under the upper martie sbsequent whorl.
The whorls increase rapidly in size, being convex with a deep suturéel&@beonch is covered by thin,
irregularly spaced growing lines. These are crossed by hardly visible, egaiarty-spaced spiral lines, mainly
on the inner whorls. However, this sculptural features are not visible on dathepsc The bulbous protoconch
consists of c. 1.5 whorls. The shell is ¢. 18 mm in width.

PaleoecologyStagnant or slow-moving waters with rich vegetation (Gléer 2002; Welter-Schuli2s 20

Gyraulus Charpentier, 1837

Gyraulus applanatugThomae, 1845) (Fig. 2.10)

1845Planorbis applanatughomae: 150.

1923Gyraulus(Gyraulug trochiformis applanatus ludovi¢Noulet) +Wenz, 1588.

2018Gyraulus applanatu§Thoma, 1845)tHdltke et al., fig. 3.12.

Material : 9 specimens (SMNS J67.780, Jooss collection).

Type locality: Wiesbaden and Mainz-Weisenau, Germany.

Type stratum: Upper Oligocene/Lower Miocene.

Description: Small planorbid shell with regularly increasing whorls. The shell consistsiafanvex whorls
with a deep suture. The spire is sunken. The last whorl is c. twice as wide ag thstfone. The last whorl
forms a blunt keel. The periostome is simple and sharp. The aperture hesiashaipe due to the keel of the
last whorl. The width of the examined specimens is c. 3.9 mm.

Discussion The species shows a reasonable degree of morphological variation, haeirad feems in its
simonomy (see Rasser & Salvador 2019).

Paleoecologyin ponds, lakes and slow-flowing waters (Gléer 2002).

SegmentinaFleming, 1818

Segmentina lartetiiNoulet, 1854) (Fig. 2.11)

1854Planorbis LartetiiNoulet +Noulet: 104-105.

2018Segmentina lartetifNoulet, 1854)+Hdltke et al., fig. 3.14.

Material : 4 specimens (SMNS J67.909, Jooss collection).

Type locality: Sansan, France (Noulet 1854).

Type stratum: Middle Miocene (Fischer 2000).

Description: Small planorbid shells with sunken spire. The shell consist of c. 4% whpity increasing in
size, resulting in a large last whorl which almost completely envelops the older onestireas moderately
shallow. The last whorl is ramp-like with a very flat basis. From the side, the shellddut like an overturned
bowl. The aperture region is not completely preserved in the present specimens,rout-ghaped. The shell is
moderately umbilicated. The umbilicus has slightly oblique running margins. Pnotofiat, no sculpture is

visible. The width of the shell is ¢. 3 mm.
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PaleoecologyMegetation-rich, muddy ponds and lakes (Gléer 2002).

Ferrissia Walker, 1903

Ferrissia deperdita Desmarest, 1814) (Fig. 2.12)

1814Ancylus deperditugDesmarest: 19, pl. 1, fig. 14

2018Ferrissia deperditad Desmarest, 1814xHoltke et al., fig. 3.10.

Material : 1 specimen (SMNS J67.925, Jooss collection).

Type locality: France (Desmarest 1814).

Type stratum: Unknown, possibly Miocene.

Description: Small limpet shell with an oval to elliptical outline. The basal margin of the shell is notateiyp
preserved. The apex is not placed in the middle of the shell but offset in aabdglagition. The anterior part
takes c. 2/3 of the shell length. The posterior and the anterior margin are.donagral view, the anterior part
of the shell is slightly convex; the posterior one is remarkably concave; thésapkative flat and blunt. The
teleoconch bears barely-visible closely-positioned concentric growth lines, more ewidetiienapex. The
single specimen is ¢. 3.5 mm long and 2 mm wide.

Paleoecology:Stagnant or slow-moving waters (Gléer 2002).

Stylommatophora A. Schmidt, 1855

Azecidea Watson, 1920

AzecaFleming, 1828

Azeca lubricellaO. Boettger, 1870 (Fig. 3.1.)

1870Azeca lubricellatO. Boettger: 291

2018Azeca lubricelleBoettger, 1870+Holtke et al., fig. 4.2.

Material : 7 specimens (SMNS J67.234, Jooss collection). Type material is lost, but Schli&kigh designated
a neotype.

Type locality: 7XFKR LFH &]HF KB&att@XIBM). F 2

Type stratum: European Mammal Zone MN3Eggengurgian, Early Miocene (Harzhauser et al. 2014).
Description: Ovoidshell of c. 6 whorls. Whorls and suture fairly flat. The last ivddoout half total shell height.
The aperture has an obliquepear shape. The periostome is slightly thickened refliécted. No umbilicus. The
columellar region bears two fold-like teeth. On the parietal callus, there is alsogatsttin The palatal margin
contains a tooth, and dorsal to that, within the aperture, there is a secohdrdhgeyisible. The teleoconch
bears no sculpture apart from barely visible growth lines on the last whorhefspecimens. The protoconch is
blunt and unsculptured. The shell height is c. 5 mm.

PaleoecologyMoist, herb-rich habitats in deciduous forests (Fechter & Falkner 1989).

Hypnophila Bourguignat, 1858

Hypnophila loxostomgKlein, 1853) (Fig. 3.2)

1853Achatina loxostomatKlein: 214, pl. 5, fig. 12.

2018Hypnophila loxostomé#Klein, 1853) tHoltke et al., fig. 4.3.

Material : 20 specimens (SMNS 2005/2008, Koch collection), 20 specimens (SMNS 1920/286B%gcimens
(SMNS 2002/2008), 3 specimens (SMNS J67.255, Jooss collection). The typalrisatest (Salvador et al.
2016).



Type locality: Mérsingen and Birk, Baden-Wirttemberg, Germany.

Type stratum: Silvanabeds, Middle Miocene.

Description: Elongated ovoid shell, with c. 6 flat whorls rapidly increasing in size. Lagt wioye than half the
total shell height. The aperture has an obliquely-pear shape with a blunt anedrpenidstome. No umbilicus.
On the lower part of the columellar margin, near to the basal margin, there is Bkimatilous thickening. The
pronouncement of this feature seems to vary intraspecificaly. The columellan toang into a partietal callus
which runs up to the upper insertion point. The height of the aperturgs8acof the total shell height. The
teleoconch is smooth. The protoconch (c. 1¥ whorl) has a blunt apexadsa $snooth. The shell height is c. 4
mm.

Discussion Originally described as a full species, it was later deemed a subspecies (Gottschick & Wenz, 1916)
being found in most of the literature in this form. Harzhauser et al. (204€8d the species in the genus
Hypnophila(Azecidae).

PaleoecologyRecent representatives of the family in Europe are found in a variety of habitats-§vbltes

2012), making any paleoecological interpretation difficult.

Chondrinidae Steenberg, 1925.

Granaria Held, 1838

Granaria subfusiformis(Sandberger, 1875) (Fig. 3.3, Fig. 5.4)

1875Pupa subfusiformiSandberger-Sandberger: 598.

2018Granaria subfusiformigSandberger, 1875Hdltke et al., fig. 4.4.

Material : 2 specimens (SMNS 67.462, Jooss collection), 3 specimens (SMNS 16625ndigrial is
unknown.

Type locality: Sandberger (1875) named the following localities: Hausen near Ehingen/Dosagdiir In
Bavaria: Denkendorf-Schonrunn; as well as Adelegg, a mountain which belongspBdlaria and Baden-
Wirttemberg.

Type stratum: Silvanabeds, Middle Miocene.

Description: Pupiform to spindle-shaped shell. It consists of c. 8.5 whorls vanffiat to slightly convex. The
suture is moderately deep. The whorls expand in a regular manner.|litjue aiperture is not complete in our
specimens, but remains of a parietal callus and a parietal lamellae are visible, as well as agpia/iziaetita.
The teleoconch bears fine prosocline ribs, more or less regularly arrapgethiing distinct from the fourth
whorl on to the penultimate one. On the first teleoconch whorls and the botty thvé ribs are barely visible.
7KH GLVWDQFH EHWZHHQ WKHVH ULEV UDQHMHYUIRMRFRQWR EMDLPW \Q R/ R/HF
The size of the examined specimens is c. 7.5 mm height and c. 3 mm width.

Discussion The specie&. subfusiformisvas named and described by Sandberger (1875) but without any
illustration. It is the onlyGranaria species named from tisdvanabeds. The type material of Sandberger (1875)
is unknown. Until now, only fragments Gfranaria were known from theilvanabeds, precluding species
identification. According to that, Holtke & Rasser (2013) decl@esubfusiformigssnomen dubiumThe
presently figured specimen from Moérsingen allow a proper identification, desgitedtaplete aperture. It
differs from other German Mioceri&ranaria spp. as follows: 1) Differs fror®. schuebler{Klein, 1846) by
alarger and more slender shell, with c. half fewer whorl. 2) Differs feogrossecostatéGottschick & Wenz,

1919) by a larger and more slender shell, with a shallower suture. 8)sitbmG. helicidarum(Jooss, 1923)
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by a more slender shell. 4) Differs frd&n crassiventeGalvador et al., 2016 by a smaller and more slender
(more spindle-shaped) shell.

PaleoecologyWarm and dry habitats on calcareous grounds (Kerney et al. 1983).

Vertiginidae Fitzinger, 1833

GastrocoptaWollaston, 1878

Gastrocopta acuminat#Klein, 1846) (Fig. 3.4)

1846Pupa acuminatatKlein: 75, pl. 1, fig. 19.

2000Gastrocopta (Albinula) acuminai#lein, 1846) +Manganelli & Giusti, pl. 9, figs. £3.

2018Gastrocopta acuminatéKlein, 1846) £Holtke et al., fig. 4.5.

Material: 3 specimens (SMNS J67.427, Jooss collection), 3 specimens (SMNS J6G@ot2X;allection).

Type locality: Dachingen, Opfingen and Hohenmemmingen, Baden-Wiirttemberg, Germany.

Type stratum: Silvanabeds, Middle Miocene.

Description: Pupiform shell of c. 4% whorls. Apart from the last one, the whoglsraderately convex. The last
whorl has a more flattened profile. Suture moderately deep. The aperture hastarobliglie oval shape,
varying intraspecifically (see also Manganelli & Giusti, 2000a). A distinct parietal callossisr and the
periostome is reflected. The umbilicus is small. The aperture contains five déatser varying intraspecifically
in number and strength): one angulo-parietal lamellae that reaches the periostomg,tfeonhaoth-like
elevations; two palatal teeth; one columellar lamella; and one knob-shaped basal tooth. The tedeacench
fine, regularly arranged prosocline growing lines. The protoconch consistd'df whorls and bears no
sculpture; it has a flat but slightly bulbous shape. Shell height is c. 3 mm.

PaleoecologyThe genussastrocoptas extinct in Europe (Wedel 2008), but occurs elsewhere in the Palearctic,

as well as the Nearctic (Zilch 1959060). As such, it has restricted use for paleoecology.

Gastrocopta quadriplicatgdBraun, 1851) (Figs. 3.6, 5.7)

1851 Vertigo quadriplicatatBraun: 1135.

2000Gastrocopta quadriplicatéBraun, 1851)+Manganelli & Giusti, 72, pl. 8, figs. 4.

2018Gastrocopta quadriplicatéBraun, 1851)xHdltke et al., fig. 4.6.

Material : 2 specimens (SMNS J67.383, Jooss collection). Type material is lost, neotype ssiébMadganelli
& Giusti (2000).

Type locality: Mainz Basin, Germany.

Type stratum: Uncertain, Upper Oligocene/Lower Miocene.

Description: Pupiform shell, of c. 4% regularly growing whorls, markedly conV¥ée penultimate whorl is the
most bulbous one. Suture is narrow and deep. The aperture has ahghil angular shape. The periostome is
thin. The aperture contains four barriers: one angulo-parietal lamella that reaches ajl tbevard, bearing a
slightl hook-shaped elevation on its outward portion; one columellar lamella stretahlverk into the shell and
ascending obliquely as well as two palatal teeth. Apart from the angulo-parietal, the othendhadgtle bit
before reaching the periostome.Small slit-like umbilicus. The teleoconch beafmggrgosocline growing
lines. The protoconch lacks sculpture (bumps on Pl.4, Fig.1 are just sedimeat)aibtlbous shape and
consists of c.1 ¥ whorls. Shell height is c. 3 mm.

Discussion:It can be distuingished fro@. acuminataby its obliquely ascending columellar lamella and the

weaker angulo-parietal lamella.
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PaleoecologyAs G. acuminataabove.

Filholiidae Wenz, 1923

Triptychia Sandberger, 1875

Triptychia kleini Schnabel, 2006 (Figs. 3.6, 3.7)

1846Clausilia grandis +Klein: 73, pl.1, fig. 16.

2006 Triptychia kleini +Schnabel: 147, pl. 3, fig. 334.

2018Triptychia kleiniSchnabel, 200&Hdoltke et al., fig. 4.8.

Material : 2 specimens Jooss collection (SMNS 107223; SMNS J68.554); 2 specimens (Bdtgdgoito
SMNS 107222

Type locality: Zwiefalten, Baden-Wirttemberg, Germany.

Type stratum: Silvanabeds, Middle Miocene.

Description: Sinistral turreted shell of up to 15 whorls, growing in regularly manméhawing a flat profile.
Suture flat; on the first 8 whorls, the suture runs remarkably oblique teitieaV shell axis, giving the
impression that the upper part of the spire is slightly bent to the righeffdrct is less prominent on juveniles).
The aperture is relatively small compared to shell height (c. 28%). The peristombtig diflected. The
palatal margin is slightly S-curved. The columellar margin runs arch-shapdtemarietal margin; from the
latter, the sinulus is separated by a distinct crinkle. The aperture dentition coihgiste folds: one parietal
lamella, one columellar lamella, and one subcolumellar lamella. The parietal lamella is the highesihgne,
relatively thin; it runs more or less straight into the aperture. The coumellar lamella makeslable crinkle
and reaches the aperture in an obliquely manner. The subcolumellar lamella is the srealiealsorruns more
or less straight into the inner part of the aperture. The distance between the latendllae is shorter than the
distance between the parietal and columellar lamellae. The parietal lamella ends earlier than tive oth
lamellae, before the peristome. From the third to the eleventh whorl, the shelpfoeairsent regularly arranged
axial ribs. On the younger whorls, only weak growth lines are visiblelarge protoconch consists of c. 2%
whorls; it has a bulbous shape and lacks sculpture. The shell size is c. 39 mm

Discussion Triptychia kleiniwas proposed as a new name for the preocc\@ligsilia grandis(see Schnabel
2006 for details), which was used in the literature until then.

PaleoecologyFilholiids are extinct, but are hypothesized to have lived like their sister taxa Clausdindiaek

walls and trees (Nordsieck 2007).

Triptychia teutonicaSchnabel, 2006

2006 Triptychia teutonicatSCHNABEL: 172, pl. 8, figs. 97, 98.

Material: Holotype BSPG 1955 XXIX 16 (see Schnabel 2006, pl. 8, fig. 97); paratype 6MR@ (see
Schnabel, pl. 8, fig. 98).

Type locality: Morsingen, Baden-Wirttemberg, Germany (Schnabel 2006).

Type stratum: Silvanabeds, Middle Miocene (Schnabel 2006).

PaleoecologyAs T. kleiniabove.

Triptychia sp. (Fig. 2.8)
Material : 1 incomplete specimen (SMNS 107223).
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Description: Sinistral, clausilioid shell. The aperture is not preserved. The specimen consisslaf whorls,

with relative flat suture, positioned obliquely to the shell axis. The teleoconchrhesr®r less regular but

weak growth lines, positioned obliquely to the shell axis. The protoconclaibasmd has atipoLNH 23=LSIHO
IJUPLJ" VKDSH 7KH KHLJKW RI WKH VSHFLPHQ LV F PP

Discussion Because of the incomplete preservation, especially lacking the taxonomic important apertural
characters, a species determination is presently not possible. However, it seems to regisgsettaxon from

both Tryptichiaspp. above.

PaleoecologyAs T. kleiniabove.

Clausiliidae J.E. Gray, 1855

PseudidylaO. Boettger, 1877

Pseudidyla moersingensi{®©. Boettger, 1877) (Fig. 3.9)

1872Clausilia mérsingensistSANDBERGER 598 [nomen nudum].

1877Clausilia morsingensiSANDBERGER +O. BOETTGER table 2, fig. 32ad.

2018Pseudidyla moersingendi®. BOETTGER 1877) +HOLTKE et al., fig. 4.7.

Material : 1 specimen (SMNS 107224). Type material is missing (Salvador et al. 2016).

Type locality: Morsingen, Baden-Wirttemberg, Germany

Type stratum: Silvanabeds, Middle Miocene.

Description: Small sinistral turreted shell. The only specimen is incompletely preserved, corsistir®y.
more or less regularly-growing flat whorls, with moderately deep suturesafibrls bear radial ribs which are
sometimes a little curved; the ribs begin on the third whorl, being very weadgdwu stronger from the fifth
whorl onward. The height of the shell is c. 10 mm.

PaleoecologyRock walls and trees, on a variety of habitats and climates (Nordsieck 2007).

SuccineidaeBeck, 1837

OxylomaWesterlund, 1855

Oxyloma minima(Klein, 1853) (Fig. 3.10)

1853Succinea minimatKlein: 205.

2016 Oxyloma minima (Klein, 1853Salvador et al.: 30-31, pl. 6, fig. 13.

20180xyloma minimgKlein, 1853) +Hdoltke et al., fig. 4.1.

Material : 2 specimens (syntypes, SMNS 106410), 1 specimen (SMNS 15817, Gottschick co]l8ction)
specimens (SMNS 1973/2008, Miller collection).

Type locality: Near Mérsingen, Baden-Widrttemberg, Germany

Type stratum: Silvanabeds, Middle Miocene.

Description: Small succineiform shell with a pointed ovoid shape. It consists of 2%a tehdrls increasing
rapidly in size; the last whorl is very broad (up to 90% of total height). Theedattelatively deep. The height
of the aperture is c. 75% of total shell height. The aperture is ovoid. Thetpeéos simple and sharp. The
teleoconch is covered with thin growth lines. The protoconch (c. 1 whorlh&r@nd has a blunt apex; it lacks
sculpture. The maximum height of the examined specimens is ¢. 10 mm.

PaleoecologyShore of rivers or lakes, often on very wet ground (Wiese 2014).

Ferussaciidae Bourguignat, 1883
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CecilioidesFérussac, 1814

Cecilioides aciculellgSandberger, 1872) (Fig. 3.11)

1853Achatin& acicula +Klein: 215 [nomen nudum].

1872Caecilianella aciculellaSandbergee-Sandberger: pl. 29, fig. 15.

1875 Caecilianella aciculella Sandberge3andberger: 595.

2018Cecilioides aciculellgSandberger, 18723Hdltke et al., fig. 4.9.

Material : 1 specimen (SMNS 107225). Type material is lost (Salvador et al. 2016).
Type locality: Birk near Morsingen, Baden-Wirttemberg, Germany.

Type stratum: Silvanabeds, Middle Miocene.

Description: Typical, tower-like shape similar to Recé&gcilioidesspp. It has a blunt apex and c. 5% whorls.
Whorls are only slightly convex, with a relative flat suture. The specimerBisnm high.

Paleoecology:Subterranean, in leaf litter, soil and among roots (Wiese 2014).

Subulinidae Fischer & Crosse, 1877

OpeasAlbers, 1850

Opeas minutum(Klein, 1853) (Figs. 3.12, 5.2, 5.3)

1853Bulimus minutustKlein: 212, pl. 5, fig. 9.

1875Subulina minutatSandberger: 596, pl. 29, fig. 16.

20180peas minutunfKlein, 1853) +Holtke et al., fig. 4.10.

Material : 3 specimens (SMNS 67.042, Jooss collection), 1 specimen (SMNS 15817, Gottetihition).
Type material is lost (Salvador et al. 2016).

Type locality: Herzogtum, Baden-Wirttemberg, Germany.

Type stratum: Likely Silvanabeds, Middle Miocene.

Description: Spindle-shaped shell with c. 6 regularly growing whorls. The whorlscareex with an obliquely
running deep suture. The periostome is simple and sharp. The apeotiiglisly pear shaped. Parietal callus
present. The slit-like umbilicus is covered by the reflected columellar margin cériiseome. The teleoconch is
sculptured by more or less regularly arranged straight to slightly curvethdies, which are only visible
under magnification (PI. 4, Fig. 3). The protoconch consists of c.Hé8 vacks sculpture, and has a bulbous
shape. The height of specimen is c. 5 mm.

PaleoecologyRecent congeners are found in warm climates, in tropical and subtropical regitihside,

living in leaf litter (Zilch 19594960; Willig et al. 2013).

Oleacinidae H. Adams & A. Adams, 1855

PseudoleacinaVenz, 1914

Pseudoleacina eburneélein, 1853) (Fig. 3.13)

1853Glandina eburneatKlein: 213, pl. 5, fig. 10.

1923Poiretia eburnegKlein) tWenz: 857.

2016Pseudoleacina eburnd&lein, 1853) +Salvador et al.: 24, pl. 3, fig. 18.

2018Pseudoleacina eburne&lgin, 1853) +Holtke et al., fig. 4.12.

Material : 1 specimen (lectotype, SMNS 106386-a, designated by Salvador et al. 2016)m@&spec
(paralectotypes, SMNS 106386-b), 1 specimen (SMNS 107226).

Type locality: Near Moérsingen, Baden-Wirttemberg, Germany.
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Type stratum: Silvanabeds, Middle Miocene.

Description: Spindle-like shell with blunt apex and c. 5 whorls. Whorls are flat in prarfiterapidly growing,
resulting in a tall last whorl. Sutures flat. The last whorl runs obliquely downwafdeelreaching the aperture.
The aperture occupies about half of the total shell height and it is slightly @gedsihe periostome is simple
and sharp. The palatal margin runs down in a more or less straight mambdicus absent. The columellar
forms a kind of spout approximately 1 mm above the shell basis. €lidshrs very fine, slightly irregularly-
arranged prosocline growth lines that are somewhat irregular. The protocoglehively large and bulbous, of
c. 2 whorls, lacking sculpture. Maximum shell height is ¢. 11 mm.

Discussion Gottschick (1911), when describiRgeburneanoted that the species presented no spiral lines on its
teleoconch, a fact that was later questioned by Lueger (1981). The present spéocahoelisy the types, all
lack spiral sculpture, in line with the observations of Gottschick (1911).

PaleoecologyFreshwater shore area and woods (Lueger 1981).

Pseudoleacina kleiniangPilsbry, 1909) (Fig. 3.14)

1853Achatina eleganstKlein: 214, pl. 5, fig. 11 [nomen nudum].

1909Poiretia kleiniana xPilsbry: 112.

2018Pseudoleacina kleiniangPilsbry, 1909)+Holtke et al., fig. 4.13.

Material : 1 specimen (SMNS J67.037). Type material is lost (Salvador et al. 2016).

Type locality: Herzogtum, Baden-Wirttemberg, Germany.

Type stratum: Unknown, possiblsilvanabeds, Middle Miocene.

Description: Slender spindle-like shell with c. 4% whorls. Whorls flat and rapidly grgvast whorl c. 75% of
total shell height. Suture deep, obliquely positioned in relation to shell axis. Tharagenot fully preserved
but the periostome seems to be simple and sharp. The aperture is oblicpwe and slightly pear-shaped, higher
than wide. The columella forms, on its base, a kind of spout. The teleocemshrégularly-arranged prosocline
growth lines. The protoconch has a blunt apex and a bulbous shape, cooéistidgvhorls and lacking
sculpture. Examined specimen is 9 mm high.

Discussion The slender shape and the relative distinct (under magnification) growth linesedeydistinction
from Pseudoleacina eburnea

PaleoecologySeeP. eburnegKlein, 1853).

Poiretia Fischer, 1883

Poiretia taurinensis(Sacco, 1886) (Fig. 3.15).

1886Glandina taurinensistSacco: 459, pl. 2 fig. 3.

2018Poiretia taurinensigSacco 1886) tHoltke et al., fig. 4.14.

Material : 1 specimen (SMNS 16635).

Type locality: Piemont, Italy (Sacco 1886).

Type stratum: Uncertain,Tertiary (Sacco 1886).

Description: Spindle-like, dextral shell. The flat whorls are rapidly growing resulting inyahigh last whorl.
This takes c. 88% of the total shell height. The sutures are flat. The last whort daesdown before reaching
the aperture. The height of the aperture takes more than the half (64%) of the totaightllThe periostome is
simple and sharp. The aperture has a vertical elongated shape. No umbilicus ts Phesasiumellar forms a

kind of spout on its base. The teleoconch bears hardly visible, more cedaksly arranged prosocline growing
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lines. However, on the last whorl they become even harder to detect. The proiscagtflat and consists of
c. 1 whorl. It lacks of scuplture.

The size of the determined specimen is 17 mm high and 8 mm wide at the widest p
PaleoecologyAccording to Fechter & Falkner (1989), the only European speci@sirdtia lives at the Adriatic

coast from Monfalcone to Albania, as well as on the Gargano-Peninsula.

Helicodiscidae Pilsbry, 1927

Lucilla Lowe, 1852

Lucilla subteres(Clessin, 1885) (Fig. 3.16)

1885Patula subterestClessin: 76, pl. 7, fig. 6.

2018Lucilla subteresClessin 1885) +Holtke et al., fig. 5.1.

Material : 2 specimens (SMNS 15817, Gottschick collection.

Type locality: Nittendorf (Undorf), Bavaria, Germany. Syntype (SMNS J68.501).

Type stratum: Silvanabeds, Middle Miocene.

Description: Discoidal shell with relative low spire, of c. 4¥4 regularly growing convexlghSuture
remarkably deep. The periostome is simple and sharp; the two insertionsregetedrby a thin callous layer.
The umbilicus is very wide, taking approximately 40% of the total shell widthtel&éeconch bears more or less
regularly-arranged fine growth lines. The protoconch is smooth and casfgists’z whorl. Maximum diameter
of the shell is c. 2 mm.

PaleoecologyRecent_ucilla spp. live in several kinds of habitats (see Kerney et al. 1983), making them

innapropriate for paleoecology.

Discidae Thiele, 1931

DiscusFitzinger, 1833

Discus wenz{Jooss, 1918) (Fig. 3.17)

1918Pyramidula wenzitJooss: 291.

2016Discus wenz{Jooss, 1918xSalvador et al., 40, fig. 2.4.

2018Discus wenz{Jooss, 1918}¢Hdltke et al., fig. 5.4.

Material : 1 specimen (syntype, SMNS 106447).

Type locality: Mérsingen, Baden-Wirrtemberg, Germany.

Type stratum: Silvanabeds, Middle Miocene.

Description: Discoidal shell, with elevated spire and c. 5% convex whorls, regularly incréasiizg. The
suture is remarkable deep. The aperture is of crescent shape. The periostanpeasdkimple. Umbilicus deep
and wide. The teleoconch bears regularly-arranged distinct and pronouosedipe ribs that extend into the
umbilicus. The distance between ribs is approximately twice their width. Thepnatohas a slightly bulbous
shape and consists of c. 1% whorl, bearing no sculpture. The spégicnénmm in diameter.

Discussion Discus wenzean be distinguished frob. euglyphoide¢Sandberger, 1872) by its more rounded
base, smaller diameter, less prominent angulation (keel), higher spire, anduthotes lprotoconch. Similarly,
D. wenzican be distinguished frob. pleuradrus(Bourguignat, 1881) by its higher spire, more prominent
angulation on the body whol, and stronger ribs on the abapical portiba bédy whorl.

PaleoecologyExtant congeners live in moist habitats like forests, mostly under stones o(Karady et al.
1983; Welter-Schultes 2012).

14



Discus euglyphoide¢Sandberger, 1872) (Fig. 3.18)

1872Patula euglyphoidesSandberger: pl. 31, fig. 1.

1875Patula euglyphoidesSandberger: 583.

2018Discus euglyphoideSandberger, 18723Holtke et al., fig. 5.2.

Material : 1 specimen (SMNS J65.809), 1 specimen (SMNS J65.806).

Type locality: Sandberger (1875) mentioned different localities. The specimens illustrated e itgrfrom
Leisacker near Neuburg an der Donau, Bavaria, Germany.

Type stratum: Probablysilvanabeds, Middle Miocene.

Description: Discoidal shell with low spire, of ¢c. 5 convex whorls increasing reguladizan Suture is deep.
The last whorl with a very pronounced keel, which runs up to the apbrtugets weaker a few millimeters
before reaching it. The upper part of the last whorl runs ramp-like dowswatde keel. Below this keel, a very
slight and narrow spiral channel has formed, which disappears when the keedajets towards the aperture.
Umbilicus deep and wide. The periostome is sharp and simple. The apertuneohtiguely-oval shape. The
teleoconch bears regulatgrranged well-marked ribs, which extend in more or less uniform thickrtegfién
umbilicus. The distance between ribs are c. twice their width. The protoconclsifggla bulbous shape,
having c. 1¥2 whorl and lacking sculpture. The width of the specimed i mm.

Discussion See above for diagnosis frdin wenzi Discus euglyphoidesan be distinguished frob.
pleuradrusby its prominent keel and flatter body whorl profile, as well as the strongenrithe abapical
portion of the body whorl.

PaleoecologyAs D. wenziabove.

Discus pleuradrugBourguignat, 1881) (Fig. 3.19)

1881Helix pleuradra £Bourguignat: 53, pl. 3, figs. 67-72.

2018Discus pleuradrugBourguignat, 1881 1Hoéltke et al., fig. 5.3.

Material : 4 specimens (SMNS J65.787).

Type locality: Sansan, France.

Type stratum: Freshwater limestones of Sansan, Middle Miocene.

Description: Discoidal shell of c. 4 convex whorls, regularly increasing in size. Theesistdeep. The aperture
is oval to semicircular shape. The periostome is simple and sharp. Umbilipuardb@ide. The teleoconch
bears well-marked prosocline ribs which are regularly arranged. On the abapiical pf the shell, these ribs
become faint and slightly sigmoidal lines; towards the umbilical edge, the ribs be@ymstrongly-marked
again. The protoconch is bulbous, consisting of c. 1 whorl and laskirdgture. The specimen is ¢. 4 mm wide.
Discussion See above for diagnosis from the otBéscusspp. that occur in Mérsingen.

PaleoecologyAs D. wenziabove.

Oxychilidae Hesse, 1927

AegopinellaLindholm, 1927

Aegopinella subnitengKlein, 1853) (Figs. 3.20, 5.1)

1853Helix subnitenstKlein: 210, pl. 5, fig. 7.

2018Aegopinella subniten&lein, 1853) +Holtke et al., fig. 5.5.

Material : 5 specimens (SMNS J65.679, Jooss-collection), 6 specimens (SMNS J66d880;allection), 1
specimen (SMNS 107227).
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Type locality: Zwiefalten, Baden-Wirttemberg, Germany.

Type stratum: Silvanabeds, Middle Miocene.

Description: Flat shell of 4% whorls, with slightly raised spire. The whorls increaselyapisize, resulting in a
large and strongly convez last whorl. The suture is reasonably deeppdittere is oblique and ovoid. The
peristome is thin and sharp. Callus absent. Umbilicus open and wide; its wB@%b of total shell width;
margins of the umbilicus run obliquely abapically. The teleoconch bears verydgularly-arranged, prosocline
growth lines, only visible under strong magnification. The protoconch isftatpth, and consists of c 1%
whorl. The maximum diameter of the examined specimens is ¢. 12 mm.

Discussion Sandberger (1875) pointed out that the present species could represent juvéatpspiiella
orbicularis (Klein, 1846) and, hence be synonymous with it. The original materiaé ddtter, however, shows a
narrower last whorl then the specimens discussed here. Also, the relative lagfedsigebnitensvhen
compared to its congener factors in favor of them being adult specimershdllseof extant members of
Oxychilidae often look very similar and identification without anatomical features is dffienlt(Forcart

1957), especially with only a small series of specimens available.

PaleoecologyTypically moist habitats (Welter-Schultes 2012; Wiese 2014).

Aegopinella moersingensis. sp. (Fig. 3.21; Fig. 4.14)

Type material: Holotype, SMNS 107228 (Jooss collection).

Type locality: Morsingen, Baden-Wirttemberg, Germany.

Type stratum: Silvanabeds, Middle Miocene.

Age: KarpatiandBBadenian (MN5).

Etymology: The specific epithet alludes to the provenance of the species.

Diagnosis: Shell less wide (more compact), with a more elevated spire than congeners.eApestdr almost
circular, positioned more obliquely (abapically).

Description: Slightly discoidal dextral shell, with relatively elevated spire for genus, of c. 4¥lsvButure flat,
well-marked. Whorls convex and somewhat rapidly growing. Body Mgnesents a slight peripheral angulation
near its base; from the suture to said angulation, the body whorl rundikerapapically. Aperture obliquely
ovoid in shape, nearly circular; periostome not completely preserved but seemindgyasichpot reflected.
Umbilicus deep, cylindrical, wide, taking c. 25% of shell width. Teleoconch bedeiigate and more or less
regularlyarranged growth lines, which become fainter on the base of the sheltoRoh blunt, flat, of c. 1%
whorl; it presents a rough surface, but it is unclear if thatdue to fossilizatioegstdHolotype is 10 mm wide
and 8 mm high.

Discussion The only specimen available had a manuscript n@msubnitens elatigrwritten on its label by
Jooss, probably in 1912. We agree with Jooss that the present spedisgéndsenough from nominate
subnitensand propose the new spechegopinella moersingensis sp. to allocate it. We refrain from using
-RRVVY PDQXVFULSW QDPH GXH W RelMd an@¢ dlogddy\dlatdd@goygineld | WKH HSLWK
moersingensig. sp. differs fromA. subnitendy its higher spire and the more obliquely positioned aperture,
ovoid but almost circular in shape. It further differs from other Miodsegopinellaspp. by its much higher
spire, such aé. denudatgReuss in Reuss & Meyer, 1849) (see Harzhauser et al. 2014: figG L4 reussi
(Hornes,1856) (see Harzhauser & Binder 2004: pl. 11, figs. A-¥etustaKlika, 1891) (see Harzhauser et al.
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2014: fig. 15A-C)A. erecta(Gottschick, 1920a) (see Holtke & Rasser 2017: fig. 3.18) Adhdrocellaria
(Jooss, 1918) (see below). Presemilymoersingensis. sp. is known only from Mérsingen.

PaleoecologyAs A. subnitensbove.

Aegopinell& procellaria (Jooss, 1918) (Fig. 3.22)

1918Hyalina procellaria +Jooss: 289.

2016Aegopinell® procellaria (Jooss, 191&Salvador et al.: 32, pl.7, fig. 8.

2018Aegopinella? procellarigooss, 1918)}Hdoltke et al., fig. 5.6.

Material : 2 specimens (syntypes, SMNS 106419).

Type locality: Mdrsingen, Baden-Wirttemberg, Germany.

Type stratum: Silvanabeds, Middle Miocene.

Description: Discoidal flat shell, of c. 4¥4 convex whorls, rapidly increasing in sizelagtavhorl builds up a
very faint angulation. The suture is relatively deep. Directly below the suturghtits are flattened and form a
kind of concave indentation (best observed on the last whorl). The apedued &haped, positioned almost
horizontally. The periostome is simple and sharp; the two insertions are cortmeatéun callus. The umbilicus
is deep and relatively narrow, taking only 14% of the total shell width. The teldotoamooth apart from
barely perceptible growth lines. The protoconch is flat and smooth, ofihdtk The diameter of the shell is c.
8 mm.

Discussion:The systematic position of this species remain uncertain (Nordsieck 2014; Salval@016)

PaleoecologyUncertain, but presently it can be considered simildy. teubnitengsee above).

Gastrodontidae Tyron, 1866

Janulus Lowe, 1852

Janulus moersingensigooss, 1918 (Fig. 3.23; Fig. 5.6)

1918Janulus moersingensisJooss: 289.

2016Janulus moersingensikoss, 1918 Salvador et al.: 31, pl. 6, fig. 15.

2018Janulus moersingensi®oss, 1918tHoltke et al., fig. 5.8.

Material : 1 specimen (holotype, SMNS 106411), 1 specimen (SMNS J65.737, Jooss epllectio

Type locality: Mérsingen, Baden-Wrttemberg, Germany.

Type stratum: Silvanabeds, Middle Miocene.

Description: Small discoid shell with a flat spire, of c. 6 convex whorls, regularly incrg@sisize. The suture
is remarkable deep. Shortly before the aperture, the last whorl slowly turnsvdaig. The periostome is simple
and sharp; thin callus present. The aperture is crescent shape. The open and itieap takbs c. 20% of the
total shell width; its margins steeply run to the interior. The teleoconch bears Isegutanged and closely-
packed prosocline ribs; distance between ribs approximately their width. On theithggf the teleoconch, the
ribs are only weakly pronounced; after c. ¥ whorl, they become strandenore distinct. The protoconch is
flat, smotth, of c. 1% whorls. The width of the shell is c. 6 mm.

Discussion The present species is smaller than the similar and caesigbracostatusalso having c. 1 whorl
less (Jooss 1918).

PaleoecologyExtant congeners live only on the Canary Islands and Madeira, in leaf littmksramong
shrubs, ferns and trees in well-vegetated areas (Zilch 1959-1960; S¥i)n
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Archaeozonitidae Pfeffer, 1930

ArchaeozonitesSandberger, 1872

Archaeozonites costatuSandberger, 1875 (Fig. 4.1)

1875Archaeozonites costatusSandberger: 604.

2018Archaeozonites costat@andberger, 187%Holtke et al., fig. 5.10.

Material : 5 specimens (SMNS 15817, Gottschick collection), 1 specimen (SMNS 2016/20G8¢dlbastion).

1 specimen (SMNS 17455). Type material is lost (Salvador et al. 2016).

Type locality: Mdrsingen, Baden-Wirttemberg; Hader & Kutzenhausen (Dinkelscherben), Gutgrieden Grab
near Peissenberg, Bavaria.

Type stratum: Silvanabeds, Middle Miocene.

Description: Helicoid shell, of ca. 5 flattened and regularly growing whorls. The lastl fdrms a distinct keel
on its middle section, which extends to the aperture. The adapical part of theddsuw ramp-like down to
the keel; abapical part convex. The suture is flat. The aperture has an oval bhgpelygosition in relation to
shell axis. The periostome is simple and sharp. Umbilicus deep, with stegipantaking about 20% of total
width of shell. Above the keel line, the teleoconch is covered with distinct and tegutanged prosocline ribs;
below the keelthese are much more weakly marked. The protoconch is flath sretatively small, consisting of
c. 1 whorl. The width of the shell is c. 16 mm.

PaleoecologyProbably forested areas (Binder 2002).

Helicodontidae Kobelt, 1904.

Protodrepanostomdsermain, 1929

Protodrepanostoméanvolutum (Thomae, 1845) (Figs. 4.2; 4.13)
1845Helix involuta £+Thomae: 144, pl. 2, fig. 8.

1872Helix scabiosatSandberger: 584.

1923Helicodonta involuta involut§Thomae)+Wenz: 447.
1923Helicodonta involuta scabiosgandbergerWenz: 452.
2018Protodrepanostoma involutufhomae, 1845}Hdltke et al., fig. 6.1.

Material : 8 specimens (SMNS 1957/2008), 1 specimen (SMNS 15817, Gottschick collection).

Type locality: Hochheim am Main, Hesse, Germany.

Type stratum: Upper Oligocene (Schafer 2014).

Description: Discoid shell with flat sunken spire, of 4% slightly convex whorls, slamdyeasing in size. Suture
are very deep. The last whorl turns slowly down shortly before reatttérgperture. Aperture is crescent shape.
The periostome is reflected, shield-like. Callus absent. The deep wide umbilicus @&¥saf the total shell
width. The teleoconch bears distinct and dense regularly-arranged axial rilsighitig bulbous protoconch
consists of c. 1% whorl, smooth, increasing rapidly in size (alreadyvafidrorl, it reaches its maximum size).
The width of the specimen is c. 4.5 mm.

Discussion Specimens from th&ilvanabeds have been typically identified Rscabiosumwhich is sometimes
(see synonymy above) treated as a subspeckesmfolutum which is otherwise known from the late Oligocene
to Early Miocene of Hochheim and Wiesbaden, Hesse, Germany. Previous aulssis (885; Gottschick &
Wenz 1916) pointed out differences in the width of the umbilicus and thensigdik to justify the separation in

two subspecies or two species. However, in a large series of specimens in the SMi{iSofsgay above for
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recent works), it becomes evident that this is just a small intraspecific variation aneéatréhin fact no
meaningful conchological differences betwé@arolutumandscabiosumFollowing Salvador et al. (2015), we
considerP. scabiosuna junior synonym oP. involutum

PaleoecologyForests and hedges (Kerney et al. 1983).

?Helicodontidae Kobelt, 1904

Miodiscula Nordsieck, 2014

Miodiscula disciformis(Wenz, 1923) (Fig. 4.3)

1919Helicodonta disciformistWenz: 72.

1924Canariella disciformistWenz: 16, pl. 2, figs. 3.

2018Miodiscula disciformigWenz, 1923)tHdoltke et al., fig. 6.2.

Material : 2 specimens (SMNS J66.244, Jooss collection).

Type locality: Mérsingen, Baden-Wrttemberg, Germany.

Type stratum: Silvanabeds, Middle Miocene.

Description: Slightly discoidal to somewhat heloic shell, with a medium-high spire, of ce§itarly growing
whorls. Suture flat. Last whorl with a distinct angulation. Umbilicus open, smadtidye elliptical. The
teleoconch bears a widespread granulation, which is only visible under higificadign; portions of this
granulation form larger knobs. Protoconch is apparently smooth andufiggteservation state preclude the
observation of exact number of whorls. The largest specimen is 13 mmarddEmm high.

Discussion Mdrsingen is the type locality for this species (Wenz 1924), which was estaldislaeaew name for
the preoccupietielix nummulinaMayer-Eymaiin Sandberger (1875). Originally assigned to the genus
CanariellaHesse, 1918, this species was later transferrbtiddisculaNordsieck, 2014, but its family
allocation remains uncertain.

PaleoecologyAs an extinct genus of unknown affinities, the present species cannot be ysaédecological

interpretations.

Miodiscula miocaenicaGottschick & Wenz, 1927) (Fig. 4.4)

1927Trochoidea miocaenicaGottschick & Wenz: 149, pl. 8, fig. 3.

2016Miodiscula miocaenicgGottschick & Wenz, 1927kSalvador et al.: 31, pl. 6, fig. 14.

2018Miodiscula miocaenicgGottschick & Wenz, 1927xHdltke et al., fig. 6.3.

Material : 1 specimen (syntype, SMNS 15817-131), 1 specimen (SMNS J68.551¢dbeston).

Type locality: Mérsingen, Baden-Wirttemberg, Germany.

Type stratum: Silvanabeds, Middle Miocene.

Description: Flattened helicoid shell, of c. 4¥4 convex whorls. The last whorl builds upaakaiohe and distinct
keel in the middle of it. This keel runs up to the aperture. Below the suteingppler part of the last whorl runs
downward to the keel in a c. 45° angle. The last whorl reaches the aperture withiagtdowmwn. The sutures are
moderately deep. The periostome is not completely preserved but seems to ladisarnple and not reflected.
The two insertions are connected by a callous layer. However, only a rerhtiastaoe already visible. The
small umbilicus is slit-like to crescent shaped. It is slightly covered by a columellar céléutel&@oconch bears
regularly arranged prosocline growing lines. On the first teleoconch whorlgdkig lines are only weakly
pronounced. They are getting stronger on the later ones. On the lower thidesloéll, these growing lines are

also only very faint. On the same side there is a hardly visible pattern of regufariged elongated-oval
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shaped platelets. These platelets are also present on the other parts of the teleoconch but leezgahey ar
weaker and harder to see. The bulbous protoconch bears c. 1rig Whacks of sculpture. The width of the
shellis ¢. 5 mm.

PaleoecologyAs M. disciformisabove.

Elonidae Gittenberger, 1979

|Apula C. R. Boettger, 1909

Apula coarctata(Klein, 1853) (Fig. 4.5)

1853Helix coarctata =KLEIN: 206, pl. 5, fig. 3

1911Klikia coarctataKLEIN #VENz: 92, pl. 4, figs. 1620.

Material : 9 specimens (SMNS J66.296, Jooss collection), 2 specimens (SMNS J66d236;allection). Type
material is lost (Salvador et al. 2016).

Type locality: Mérsingen, Baden-Wirrtemberg, Germany.

Type stratum: Silvanabeds, Middle Miocene.

Description: Flat dextral shell with low spire. The shell has c. 5 whorls. The whorls avexcand show a
regular increase in size. The suturs are comparablely flat. The last whorl haskgidigykeel which disappear
shortly before the aperture. Shortly before the aperture, the last whorl slavgydtuwn. The aperture has a
horseshoe-like shape and the peristome is reflected. The height of the aperttt@ishe total shell height.
The insertions are connected by a thin callous layer. The umbilicus is cloaezblwymellar callus. The
teleoconch bears very fine growing lines. The protoconch has a slightly bslepes and consists of c. 1.5
whorls. The embryonic whorls have hardy visible, regularly arrange@nmipise surface. This can only be seen
on some very well preserved specimens. The maximum shell diameter of theegkapgnimens is ¢. 12 mm.

PaleoecologyThe genus likely inhabited a variety of habitats (Lueger 1981).

Klikia Pilsbry, 1895

Klikia catantostoma(Sandberger, 1872) (Fig. 4.6; Fig. 5.5)

1872Helix catantostomatSandberger: pl. 29, fig. 6.

1875Helix catantostomatSandberger: 587.

2018Klikia catantostomdSandberger, 1872 Holtke et al., fig. 6.5.

Material : 2 specimens (SMNS J66.304, Jooss collection), 2 specimens (SMNS J86@&32¢ollection).
Type locality: Emerberg near Zwiefalten, Baden-Wirttemberg, Germany.

Type stratum: Silvanabeds, Middle Miocene.

Description: Helicoid, dextral shell with very low spire. The 5 % whorls grow slowtlyib a regularly manner.
The sutures are comparable flat. The whorls are convex and the last one ailslgghtly keel which
disappeared in the last quarter of the whorl. The last whorl runs more etrééght up to the aperture. This is
horseshoe-shaped with a reflected peristome. The two insertions seemediginbly connected by a callous
layer. Only remnants of this layer were preserved. The open and deep unibiticisnm in diameter. The
umbilicus margins are running obliquely downwards and the umbilicus taptbes deep. It is only little covered
by the reflected columellar margin. The teleoconch is covered by regularly arrpredent small papillae
which can only be seen under magnification. The slightly bulbous pratodmars unregularly arranged folds
and consists of c. 1 ¥ to 1.5 whorls. The maximum size of the exaspeennens is ¢c. 13 mm.

Paleoecology:The genus likely inhabited dry habitats (Lueger 1981).
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Klikia giengensis(Klein, 1846) (Fig. 4.7)

1846Helix giengensiKrauss =Klein: 69, pl. 1, fig. 9.

1911Klikia giengensiKrauss tWenz: 85, pl. 4, figs. B.

Material : 22 specimens (SMNS J66.276). Type material is lost (Salvador et al. 2016).

Type locality: Neue Steige near Hohenmemmingen and Michelsberg near Ulm, Baden-Wrttembaap\yGer
Type stratum: Silvanabeds, Middle Miocene.

Description: Small helicoid, dextral shell. There is a disparity in the shell height within this spelseeshéll
consists of five whorls which grow in a regularly manner. They aressoand the sutures are relatively deep.
The last whorl runs straight up to the aperture. This has a horddshekape. The peristome is distinctly
reflected. The two insertions are connected by a thin callus. The widthwhtikcus reaches c. 33% of the
total width. It is open and relative deep. The walls of the umbilicus are incliningveaioras very weakly. The
protoconch is small and consists of c. 1 whorl. It has no sculpture. Ttreofithe shell is c. 9.4 mm.
Discussion The species seems to have died out after the Mammal Zone MNS5; it is not present in later OSM
deposits (see also Wenz 1911).

PaleoecologyAs K. catantostomabove.

Klikia osculina (Sandberger, 1875) (Fig. 4.8)

1875Helix osculinatSandberger: 585.

2018Kilikia osculina(Sandberger, 1875}Hdoltke et al., fig. 6.7.

Material : 1 specimen (SMNS J.66.251).

Type locality: Altheim near Ehingen/Donau, Baden-Wirttemberg, Germany.

Type stratum: Silvanabeds, Middle Miocene.

Description: Dextral, helicoid shell with regularly increasing whorls. It consists of #ria. The sutures of the
two last whorls are moderately deep. The first whorls of the teleoconch hawehaleeper suture. The last
whorls runs straight up to the aperture without turning down. The apbésir@n obliquely, horseshoe-like shape.
The periostome is not completely preserved but seems to be reflected. The small sitalidiswonly 13 % of
the total shell width. The umbilicus margins are obliquely running downwasds seems, the umbilicus was
probably partly covered by a reflected columellar margin. The teleocnch bedeslyeguanged small papillae
as well as slightly irregular growing lines. The protoconch has a bulbous shapasistsaaf c. 1 whorl; lacks
sculpture. The width of the shell is c. 8.6 mm.

Discussion This species was not originally illustrated (Sandberger 1875). The present specim&dsfiog
general morphology and teleoconch sculpture, fit well with the revision of Wefz)(1

PaleoecologyAs K. catantostomabove.

Hygromiidae Tyron, 1866

LeucochroopsigO. Boettger, 1908

Leucochroopsis kleini{Klein, 1846) (Fig. 4.9).

1846Helix kleiniKrauss +Klein: 69, pl. 1, fig. 8.

Material : 25 specimens (SMNS 107229, Bechter collection), 6 specimens (SMNS J 65#$9¢dltection).
Type material is missing (Salvador et al. 2016).

Type locality: Neue Steige near Hohenmemmingen, Baden-Wurttemberg, Germany.

Type stratum: Silvanabeds, Middle Miocene.
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Description: Helicoid shell ranging from higher to more flattened forms, of 4% tevB#ikls, rapidly increasing
in size. The height of the last whorl takes c. 80% of the total shell height. The ateodsnvex and the last one
builds up a slight keel, which can vary intraspecifically from weak to stiitmg suture is shallow in flatter
specimens, but deeper in high-spired ones. The last whorl turns slightiydods shortly before reaching the
aperture. The aperture has a horseshoe-like shape. The periostome is sirspterid the umbilicus region,
the columellar margin is slightly reflected. Thin callus present. The small umbilidosi®g, half covered. The
teleoconch bears sometimes fine growing lines, often with regularly-arranged papthaesbell surface (the
papillae are not distributed evenly in each specimen and sometimes they are only présebase of the
shell). The convex protoconch is small and smooth, consisting afL&: tvhorl. The maximum shell diameter is
c. 10 mm.

Discussion Even though Lueger (1981) mentioned that the holotype would be in the SMBISian, it could
not be found in that institution and is considered lost (Salvador et al. 2016).

PaleoecologyMoist forested habitats (Lueger 1981).

Helicidae Rafinesque, 1815

PseudochloritisC. R. Boettger, 1909

Pseudochloritis incrassatéKlein, 1853) (Fig. 4.10)

1853Helix incrassata+Klein: 208, pl. 5, fig. 6.

1856Helix zelli £von Kurr: 39.

2008Pseudochloritis incrassatélein, 1853) +Binder: 172, pl. 3, figs. 2-3.

2018Pseudochloritis incrassat@lein, 1853) £tHoltke et al., fig. 6.14.

Material: 16 specimens (SMNS 107230, Bechter collection).

Type locality: =ZLHIDOWHQGRUI 3 %-Miirt@rhbergyGebimdny. Posibléispntypes: SMNS 22737
(Salvador et al. 2016).

Type stratum: Silvanabeds, Middle Miocene.

Description: Helicoid low-spired shell (a few specimens can be more conical), of 4% tgggtaming convex
whorls. Suture deep. The last whorl turns obliquely abapically shortly befackaing the aperture. After an
extralabial depression, the periostome increases in width, thickens, and reflects. The bpsréucrooked oval
shape. Medium thick callous present. The umbilicus is deep, partially covereslfefi¢icted columellar margin;
its width is c. 15% of the total shell width. The teleoconch bears fine ribs ami¢hosculpture consists of little
oval platelets. The protoconch also has these platelets, comprising c. 1% whorls. The nedthwidth in
Mérsingen is ¢. 30 mm.

Discussion The species has a high variability regarding the height of the spire and oéth# skell. For this
reason, there are a lot of synonyms in the literatureH&& zellivon Kurr, 1856. For a detailed discussion
about this species see Binder (2008).

PaleoecologyAs an extinct genus, it is difficult to assume its habitat preferences. However, prautbars
have suggested, based on shell shape, that it inhabited open and dry habitat? (B@deloser et al. 2009).

Palaeotachealooss, 1912

Palaeotachea silvan&lein, 1853) (Fig. 4.11)

1853Helix silvana +Klein: 205, pl. 5, fig. 2.

2016Palaeotachea silvanélein, 1853) +Holtke & Rasser: 244, fig. 5.5.
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Material : 26 specimens (SMNS 107231, Bechter collection).

Type locality: Zwiefalten, Baden-Wirttemberg, Germany.

Type stratum: Silvanabeds, Middle Miocene.

Description +HOLFRLG VKHOepaddl Ve, Ui 42 lcédhe® whorls, regularly growing in size. The
shell shape ranges from low- to high-spired forms. The last whorl f@onmsy faint angulation that disappears c.
%4 whorl before the aperture. The last whorl turns obliquely abapically shorisebrefaching the aperture. The
aperture has an oval shape. The periostome is reflected. Callus present. The usbiieered by a columellar
callus. On the columellar margin, there is often a knob-shaped thickening etigtlsof which varies
intraspecifically. The teleoconch bears very fine regularly-arranged growth lineselatiee flat protoconch
consists of ¢. 1¥2 whorl and lacks sculpture. The average shell width imlykirss ¢c. 16 mm.

Discussion This species is the index fossil of thievanabeds and is often confused with the younger and
similar P. sylvestring Schlotheim, 1820). Given the morphological variation within both species, they are
difficult to distinguish. Apart from the biostratigraphy, the angle of spirdhegmidentifying themP. silvanahas
an average angle of around 100°, whered Bylvestrina this value lies around 117° (Hoéltke & Rasser 2016).
PaleoecologyThis species probably lived like the morphologically similar ex@egaeaspp. However, this

genus is euryoecious (Lueger 1981) and thus, of limited used in pallegpec

Palaeotachea turonensi@Deshayes, 1831) (Fig. 4.12)

1831Helix turonensistDeshayes: 139, pl. 1, figs. 1, 2.

1840Helix larteti +de Boissy: 75.

1851Helix eversatDeshaye@ Férussac: 395, pl. 1, figs4b.

2018Palaeotachea turonens{peshayes, 1831}xHoltke et al., fig. 6.13.

Material : 2 specimens (SMNS J66.818).

Type locality: Touraine, France.

Type stratum: Faluns de Touraine, Miocene.

Description: Relatively large-sized bulbous heReL GV K H O O &RH S\ $isib & Ble@ll tonsisting of 4% to0 5
convex whorls, which grow in a regular manner. The suture is modedatgy Before reaching the aperture, the
last whorl turns obliquely abapically. The aperture has an oval shape, laterally elompatécst part of the
palatal margin runs more or less straight, while the lower part turns obliquely abapicallyeriostome is
reflected and remarkably thickened on the inner side. Thick parietal callus presamnbileus region is
completely covered by columellar callus. The teleoconch bears fine regularly-argrogeil lines. The smooth
protoconch consists of c. 1v4 relative flat whorl. Shell c. 24 mm wide.

Discussion This species is widely distributed in thidvanabedsand coeval horizons. In Mérsingen, it is not as
frequent a$. silvana According to the literature See Holtke & Rasser 2016), this species seems diebawet

in the OSM after the middlgilvanabeds.

PaleoecologyAs P. silvanaabove.
4. Literature records

Hydrobiidae Stimpson, 1865
Pseudamnicola convexa suevig¢&ottschick, 1928)
Reported by: Schlickum (1976: 3).
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Paleoecologyiikely slow-flowing waters.

Vertiginidae Fitzinger, 1833

Leucochlia nouletiana(Dupuy, 1850)

Reported by. Gottschick & Wenz (1916: 65).

Current allocation: Gastrocopta nouletianéDupuy, 1850).

PaleoecologyAs Gastrocopta acuminatabove.

Argnidae Hudec, 1965

Argna oppoliensifAndreae, 1902)
Reported by: Schlickum (1976: 10).
PaleoecologyForests (Lueger 1981).

Vallonidae Morse, 1864
Acanthinula trochulus (Sandberger, 1872)
Reported by: Gottschick & Wenz (1916: 67).

PaleoecologyAmong dead leaves (Lueger 1981).

Spermodea candid&alkner, 1974

Reported by: Schlickum (1976: 18).

PaleoecologyCongeners live in the leaf litter of deciduous forests, often near water (&ehealtes 2012;
Wiese 2014).

Testacellidae Gray, 1840
Testacella zellKlein, 1853
Reported by: Wenz (1923: 213).

Paleoecologyin a variety of environments, burrowed in the soil (Fechter & Falkner)1989

Gastrodontidae Tyron, 1866
Janulus supracostatugSandberger, 1872)
Reported by: Wenz (1923: 304).

PaleoecologyAs Janulus moersingensabove.

Zonitoides suevicugJooss, 1918)
Reported by: Schlickum (1976: pl. 5, fig. 67).
PaleoecologyMoist habitats (Wiese 2014).

Hygromiidae Tyron, 1866

Caracollina phacodes barrer{Bourguignat, 1881)

Reported by: Wenz (1923: 465).

Current allocation: Praeoestophorella phacodes barréBourguignat, 1881) (see Nordsieck 2014).
Paleoecologyin dry habitats under stones and leave litter; extant congeners live in the Westaenritezhn
and Middle Atlantic Islands (Fechter & Falkner 1989).

Clausiliidae J.E.Gray, 1855
Pseudidyla undatistrigO. Boettger, 1877
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Reported by: Wenz (1923: 793).
Remarks: Presently considered a nomem dubium (MolluscaBase, 2020).

PaleoecologyAs P. moersingensiabove.

OleacinidaeH. Adams & A. Adams, 1855

Poiretia gracilis porrecta(Gobanz, 1854)

Reported by: Wenz (1923: 846).

Current allocation: Palaeoglandina porrect§Gobanz, 1854).

PaleoecologyGenus died out in Pliocene (Zilch 1959-1960), so the ecology is wnkiMoser et al. (2009)

suggested a lifestyle similar to present-&ayglandinaspp.

Ellobiidae H. Adams & A. Adams in Pfeiffer, 1854
Carychium nouleti gibbum(Sandberger, 1872)

Reported by: Wenz (1923: 1197).

Current allocation: Carychium gibbunSandberger, 1875.

PaleoecologyExtant species can be found in a variety of habitats (Bogon 1990).

5. Conclusion

Overall, 35 different taxa of terrestrial gastropods, as well as nine different freshwater dadsddantified
from Morsingen based on museum and newly-collected specimens. In additiaty ten additional terrestrial
and one freshwater species are mentioned in the literature, albeit with no voucher matainaige@iven that
most specimens retrieved from Mdrsingen were more accidental finds thaedamllection efforts, the
presently-available specimens are heavily biased towards larger and sturdier shell.

Among the terrestrial genus-level taxa in Mdrsingen, ten are entirely extinct and fiveadiyedatinct in Central
Europe todayJanulus, Gastrocopta, Poiretia, Opeas, Hypnophilthe remaining taxa have extant relatives
present in the extant molluscan fauna of Central Europe. The ecological prefefehedard snails in
Marsingen range from drier habitats (e@ranaria) to very moist ones (e.d.eucochroopsis including species
that lived in close contact with water bodies (edxylomd. This indicates that a reasonable variety of habitats
would have been present in that locality during the Miocene.

The freshwater snail fauna of Mérsingen includes the géspsriana which is exinct in Central Europe today,
andTinnyea a completelextinct genusThe remaining freshwater genera are still present in Central Europe.
The vast majority of the species in Morsingen would have preferred stagnanttmelivg waters.

Accordingly, the sediments of Morsingen were deposited in a lake environmentreled by different terrestrial
habitats; the closest area to the lake (judging by the scarcity of specimens &Eropiele species) would be
more densily vegetated and humid. Apart fréaitis sp., ostracods and remains of freshwater bivalves, snails are
the only fossils known from Moérsingen and for now the only onagahle to guide the palecologically
interpretation. Further studies on the ostracod fauna will certainly provide mamaatifan about the freshwater

environment.

Acknowledgements
We would like to thank Dr. Ronald Janssen from Senckenberg Museum iriuftamk Main for granting access
to the collection; to Dr. Karin Wolf-Schwenninger (SMNS) for the SEM images; and to Siegfcdéittan

Waidmann (Mérsingen).

25



Declarations
Funding: None.

Conflicts of interest/Competing interestere are no conflicts of interest.

Availability of data and material’he material is stored in The Staatlichen Museum fiir Naturkunde Stuttgart.
Code availability: Not applicable.

Authors' contributionsNot applicable.

Literature

Adams, H. & Adams, A. (1858.858).The genera of Recent Mollusca arranged according to their organization
London: John Van Voorst.

Albers, J. C. (1850Die Heliceen, nach naturlicher Verwandtschaft systematisch geotesdin: Enslin.

Andreae, A. (1902). Untermiocéne Landschneckenmergel bei Oppeln in Schiiieifungen aus dem
Roemer-Museum Hildesheif6, 1 8.

Beck, H. (1837)Index molluscorum praesentis sevi musei principis augustissimi Christiani Fredhafoize.

Binder, H. (2008). The systematic positions of the geRseudochloritisC. BOETTGER 1909 and Joossia
PFEFFER 192%rchiv fur Molluskenkundel37(2), 1674.93.

Boettger, C.R. (1909). Ein Beitrag zur Erforschung der europaischen idalibidchrichtsblatt der Deutschen
Malakozoologischen Gesellschafi(1), 149.

Boettger, O. (1870). Revision der tertidren Landd Slisswassehersteinerungen des nérdlichen Bohmess.
Jahrbuch der kaiserlich koniglichen Geologischen Reichsan2@ltl. Heft), 283302.

Boettger, O. (1877). Clausilienstudidtalaeontographica N.F. Supplemedil £22.

Boettger, O. (1908). Die fossilen Mollusken der Hydrobienkalke von BuderiediMainz.Nachrichtsblatt der
Deutschen Malakozoologischen Gesellsglafi45457.

Bogon, K. (1990)LandschneckerAugsburg: Natur Verlag.

Boissy, SZA. de (1840). Description de quelgues espéces d Hélices fossils provenant desdazeairdouce
du midi de la Francd?evue Zoologique par la Société Cuvierieihg4 5.

Bouchet, P., Rocroi, J.P., Hausdorf, B., Kaim, A., Kano, Y., Ni#zeRarkhaev, P., Schrodl, M. & and Strong,
E.E. (2017). Revised Classification, Nomenclator and Typification of Gastropdd@maplacophoran
Families.Malacologig 61(1-2), 1526.

Bourguignat, J. R. (1858). Aménités malacologiqiResiue et Magasin de Zoologie pure et appliq2gel0,
527 H45.

Bourguignat, J.-R. (1877). Descriptions de deux nouveaux genres adgétieies d'une classification des
familles et des genres de mollusques terrestres et fluviatiles du systeme elBapéem.de la Société des
Sciences Physiques et Naturelles de Toul®IEE3754876] (1), 49401.

Bourguignat, J. R. (1881). Histoire malacologique de la colline de Sanéaédpe d une notice géologique et
VXLYLH GIXQ DSHUFX FOLPDWRORJLTXH HW W RSR GUHDBiEWWHH FRD VD Q
Annales des siences gélogiqukk,49 175.

Bourguignat J. R. (1883). Historie malacologique de I'Abysskri@ales des Sciences Naturelles, Zoologie, ser.
6, 15Art. 2), 120.

26



Braun, A. (1851). Die fossile Fauna des Mainzer Beckens. InWalchne(EALlr.Handbuch der Geognosi2
(pp 11124140) Karlsruhe: Christian Theodor Gross.

Charpentier, J. de (1837). Catalogue des mollusques terrestres et fluviatiles de |l&&uissd. la seconde
partie de la faune Helvétigudouveaux Mémoires de la Société Helvétique des Sciences Naty@))elstd

28.
Clessin, S. (1885). Die Conchylien der Obermiocaenen Ablagerungen von Md@mifozoologische Blatter, N.

F.7,7185.

Cuvier, G. & Brongniat, A. (1822). Description géologique des couches diesrengde Paris parmi lesquelles se

trouvent les gypses a ossemens. In CuvieR&&herches sur les osseme{g) (1648). Paris: G. Dufour
( GY2FDJQH

Desmarest, A.G. (1814). Note sur les Ancyles ou Patelles d'eau douce, et particuliéredent sgpéces de ce
genre envore décrites, l'une fossile et l'autre vivdBu#etin des Sciences, par la Société philomatique de
Paris, 4 18+0.

Deshayes, GP. (1831)Description de coquilles caractéristiques des terrafaris: Levrault.

Duméril, A. M. C. (1806)Zoologie analytique, ou méthode naturelle de classification des animaux, rendue plus

facile a I'aide de tableaux synoptiquéaris: Allais.

Dunker, W. (1848). Uber die in der Molasse bei Giinzberg unfern Ulm vonemden Conchylien und
PflanzenrestePalaeontographica, ,11554.68.

Dupuy, D. (1850).+ LVWRLUH 1DWXUHOOH GHV OROOXVTXHYV 7THUUHRFRaNSUHY HW G
Masson

Esu, D. (1999). Contribution to the knowledge of Neogene climatic changes innnaastiecentral Europe by
means of nogmarine molluscs. In Agusti, J., Rook, L. & Andrews, P. (Ed$ominoid evolution and

climatic changes in Europe Volume |. The Evolution of Neogene Terrestrial Ecosystems in(Rpr@a8+
354). Cambridge: Cambridge University Press.

Falkner, G. (1974). Uber Acanthinulae aus dem Obermiozan Suiddeutschlandsp@astRuppilaceaprchiv
fur Molluskenkundel04 229+245.

Fechter, R. & Falkner, G. (1989)\eichtiere Miinchen: Mosaik-Verlag.

Férussac A. E. J. P. J. F. d'Audebard de (18d4djnoires géologiques sur les terreins formés sous I'eau douce
par les débris fossiles des mollusques vivant sur la terre ou dans I'eau narPsaléeChez Poulet.

Férussac, A.E.J.P.J.F. d'Audebard de & Deshayes, G.- P. 81. Histoire naturelle générale et particuliere

des mollusques terrestres et fluviatiles, tant des espéces que I'on trouve aujourd’hui vilrdss, q
dépouilles fossiles de celles qui n'existent plus; classés d'aprés les caractéres essentiels que psésentent ¢
animaux et leurs coquilles. Paris: J.-B. Bailliere.

Fischer, H. & Crosse, P. (18#002). Etudes sur les mollusques terrestres et fluviatiles du Mexique et du
Guatemala. In MilneeEdwards, M. (Ed.)Recherches zoologiques pour servir a I'histoire de la fauna de |
"Amérique Centrale et du Mexiq@ap. 313892). Paris: M. Milne-Edwards.

Fischer, J.-C. (2000): La malacofauna de Sansan. In Ginsburg, },.l(&fauna miocéne de Sansan et son

environnementMémoires du Muséum national d'Histoire naturelle, 1839454,

27



Fischer, P. (1883) in Fischer, P., Oehlert, P. & Woodward, S. P7{18&nuel de conchyliologie et de
paléontologie conchyliologique ou histoire naturelle des mollusques vivants et fossilesusuagmendice
sur les brachipodes. Avec 23 planches contenant 600 figures et 1138 gravurkstdatesParis: Savy.

Fitzinger, L.I. (1833). Systematisches VerzeichniR der im Erzherzogthume Oesteor&mimmenden
Weichthiere, als Prodrom einer Fauna derselBeitrdge zur Landeskunde Oesterreich's Unter Der Enns
3, 88422,

Fleming, J. (1818). Conchology. In Anonymous (E&ngyclopaedia Britannica. Supplement to the fourth, fifth
and sixth editions. Volume 3. [Part {pp. 179, 1816), Edinburgh: Constable.

Fleming, J. (1828)A history of British animals, exhibiting the descriptive characters and systematic
arrangement of the genera and species of quadrupeds, birds, reptiles, fishes¢dMalhdgsRadiata of the
United Kingdom; including the indigenous, extirpated, and extinct kinds, togethgeritidical and
occasional visitantsEdinburgh: Bell & Bradfute.

Forcart, L. (1957). Taxionomische Revision palaarktischer Zonitinaechiv fur Molluskenkunde, 4/6),
101435.

Fraas. E. (1910Der PetrefaktensammleStuttgart: K. G. Lutz.

Germain, L. (1929). Les Helicidae de la faune fran¢#isghives du Muséum d'Histoire Naturelle de Lyon, 13
1#484.

Ginsburg, L. (1999). Order Carnivora. In: Rossner, G. E. & HelRigEds.)

LandMammals of Europe (pp. 1G248). Miinchen: Pfeil-Verlag.

Gittenberger, E. (1979). CElona (Pulmonata, Eloniadae fam. now)alacologia, 1§1-2), 139445.

Gloer, P. (2002)Die Tierwelt Deutschlands 73. Teil. Die StBwassergastropodensvod Mitteleuropas327
Hackenheim: ConchBooks.

Gobanz, J. (1854). Die fossilen Laxdnd SuRwasseiMollusken des Beckens von Rein in Steiermark.
Sitzungsberichte der kaiserlichen Akademie der Wissenschaften, mathemaisctvissenschaftliche
Classe, 13180201.

Golikov A. N. & Starobogatov Y. (1975). Systematics of Prosobranch Gadsdgalacologia, 15 185+232.

Gottschick, F. (1920a). Die Landind StRRwassermollusken des Tertiarbeckens von Steinheim am Albuch.
Archiv fur Molluskenkunde, 533#47.

Gottschick, F. (1920b). Die Lanelnd StRwassermollusken des Tertidrbeckens von Steinheim am Albuch.
Archiv fir Molluskenkunde, 52966.

Gottschick, F. (1928). Zwei neue Schneckenarten aus dem schwabischen Obernabaafir
Molluskenkunde, 6L46450.

Gottschick, F. & Wenz, W. (1916). Die Sylvanaschichten von HohenmemmiNgehrichtsblatt der Deutschen
Malakozoologischen Gesellschaft, 49 H13.

Gottschick, F. & Wenz, W. (1919). Die Land-und SuBwassermollusken dé&gdeckens von Steinheim am
Albuch. Nachrichtenblatt der deutschen Malakozoologischen Gesellschaft 3.,

Gottschick, F. & Wenz, W. (1927). Neue Helicellinen aus schwabischen Silvanaschiabten fir
Molluskenkunde, 59,47#49.

Gray, J.E. (1840). Shells of molluscous anim@imopsis of the contents of the British Museum1@2:.52.

28



Gray, J.E. (1855)Catalogue of pulmonate or air-breathing mollusca in the collection of the British Museu
London: Taylor and Francis.

Hantken, M.v. (1887)Tinnyea Vasarhelyinov. gen. et nov. speEdldtani Kézldny, 1), 345:348.

Harzhauser, M. & Binder, H. & (2004). Synopsis of the Late Miocene nedituma of the clasical sections
Richardhof and Eichkogel in the Vienna Baginchiv fir Molluskenkundel,33(1), 1094.65.

Harzhauser, M., Neubauer, T.A., Georgopoulou, M. & Harl, J. (2014 )EEly Miocene (Burdigalian) mollusc
fauna of the North Bohemian Lake (Most BasBilletin of Geosiences, 88, 819908.

Held, F. 1(838). Notizen uber die Weichthiere Bayerns. (Fortsetzlsig.183712), 902919

Hesse, P. (1918). Die Subfamilie Helicodontirdachrichtsblatt der deutschen Malakozoologischen
Gesellschaft, 5099410.

Hesse, P. (1927) in Geyer, D. (192@hsere Land- und Stsswasser-Mollusken. Einfihrung in die
Molluskenfauna DeutschlandStuttgart: K.G. Lutz' Verlag.

Holtke, O. & Rasser, M.W. (2013). The chondrinid land s@adlnaria (Stylommatophora: Chondrinidae) in the
Miocene of the Alpine Foreland: State of the art and taxonomic reassedSmess. Jahrbuch fir Geologie
und Paldontologie, Abh. 27B), 181494.

Holtke, O. & Rasser, M.W. (2016). Tlrwalaeotacheaomplex (Gastropoda: Pulmonata) in the Miocene of SW
Germany: A morphometric approactournal of Conchology, 42), 239256.

Holtke, O., Salvador, R.B. & Rasser, M.W. (2018). Miocene continental gastréqooad the southern margin of
the Swabian Alb (Baden-Wirttemberg, SW GermaNgues Jahrbuch fiir Geologie und Paldontologie,
Abh. 2871), 17 44.

Hornes ,M. (185H.856). Die fossilen Molluskendes Tertiar-Beckens von Wien. |. UnivaAdehandlungen der
Kaiserlich-Koniglichen Geologischen Reichsanstalg @&l 736.

+XGHF 9 3R]QiPN\ N DQDWRPLL Q N Vébbpig RafodhioMiuges Oddfl | % XOKD U
3 tURGRY @RHAS.

Hugueney, M. (1999). Family Castoridae. In Rdssner, G. E. & HeiRidds.),Land Mammals of Europ@p.
281+300). Munchen: Pfeil-Verlag.

Jooss, C.H. (1912). Vorlaufige Mitteilung Uber eine vermutlich alttertidre Schnackenfus dem Ries.
Centralblatt fur Mineralogie, Geologie und Palédontologie, 1982;91.

Jooss, C. H. (1913). Uebkeimnaea(Limnaeas. str.)turrita Klein emend. Joos€entralblatt fir Mineralogie,
Geologie und Paldontologie, 19138 64.

Jooss, C. H. (1918). Vorlaufige Mitteilungen Uber tertidre Lauimtd StRwasseeiMollusken. +Centralblatt fir
Mineralogie, Geologie und Palédontologie, 19287294,

KDGROVN\ 6WUDWLJUDSKLH XQG ORQORBUNH DX AR’ B UMLK BHMYGE
Mainzer Becken (Oberoligozan bis Untermiozén?), 2: Revision der aguatischen lgioltiesk
LandschneckenkalkeArchiv fur Molluskenkunde, 124,55.

Kerney, M. P., Cameron, R. A. D., Jungbluth, J. H. (19B8).Landschnecken Notlind MitteleuropasBerlin:
Paul Parey-Verlag.

Klein, v. (1846). Conchylien der Stisswasserkalkformation Wirttemh#abgeshefte des Vereins fiir

vaterlandische Naturkunde in Wirttemberg6@;116.

29



Klein, v. (1853). Conchylien der StuRwasserkalkformation Wirttembeaggeshefte des Vereins fir

vaterlandische Naturkunde in Wiirttemberg203223.

Klika, G. (1891). Die tertidren Land- und SuRwasserconchyliendes nordwestlichere®ainchiv der
naturwissenschaftlichen Landesdurchforschung von Béhnié),1/1.22

Kobelt, W. (1904)Iconographie der Land& SusswassetMollusken mit vorzuglicher Berticksichtigung der
europaischen noch nicht abgebildeten Arten von E. A. Rossmassler. Nee.cHFddy (Registes) Band.
pp. 1£XI1 [= 1 £12], 1342, [1], Taf. VI [= 1 +6]. Wiesbaden: Kreidel.

Kowalke, T. (2004). Evolution of the Pachychilidae TROSCHEL, 1857 {Qgeastropoda,

Cerithioidea) £from the Tethys to modern tropical riveEstteliana, A444150.

Kurr, J. G. Von (1856). Die Lantlund Susswasserconchylien der Tertiarformation Oberschwala¢mssiefte
des Vereins fir vaterlandische Naturkunde in Wirttemberdg38243.

Lamarck, J. B. P. A. de Monet de (1799). Prodrome d'une nowladisification des coquilles, comprenant une
rédaction appropriée des caractéres génériques, et I'établissement d'un grand nombes deuwyeaux.
Mémoires de la Société d'Histoire Naturelle de Pari391.

Leach, W.E. in Abel, C. (1818\Narrative of a journey in the interior of China, and of a voyage to and frain th
country, in the years 1816 and 1817; containing an account of theime®sting transactions of Lord
Ambherst's embassy to the court of Pekin, and observations on the countries which itlusiteded by
maps and other engravingsondon: Longman, Hurst, Rees, Orme and Brown.

Lindholm, W. A. (1927). Zur Nomenklatur einiger paléarktischer Landsdfen-Gattungerirchiv fur
Molluskenkunde, 5821331.

Linnaeus, C. (1758Bystema naturae per regna tria naturae, secundum classes, ordines, genera, spacies, cu
characteribus, differentiis, synonymis locis. TomuStibckholm: Laurentius Salvius.

Lowe, R. T. (1852). Brief diagnostic notices of new Madeiran land sheilzals and Magazine of Natural
History (2),9(50), 112420, 275279.

Lueger, J. (1981). Die Landschnecken im Pannon und Pont des Wieken8gdc Systematik. Il Fundorte,
Stratigraphie, Faunenprovinzddenkschriften der Akademie der Wissenschaften, mathematisch
naturwissenschatftliche Klasse, 120424.

Manganelli, G. & Giusti, F. (2000). The gastrocoptids of the Fossil Forest of Dinza¢Gentral Italy) and a
premilinary revision of the European Tertiary nominal species of Albinula artdjdpsis (Gastropoda
Pulmonata: Gastrocoptida®ollettino della Societa Paleontologica Italiana, (39 55:82.

Matheron, P. (1842). Catalogue méthodique et descriptif des corps orgarsgés thsdépartment des
Bouchestdu+Rhdne et lieux circonvoisins drertoire des travaux de la Société de statistique de
Marseille, 6,818341.

MolluscaBase. (2018Radix dilatata 1R XOHW , 3YDLODEOH IURP

http://molluscabase.org/aphia.php?p=taxdetails&id=822939 (accessed 06-Au2fist-20

MolluscaBase. (2020). MolluscaBas¥seudidyla undatistia2 % RHWWJHU , 3YDLODEOH IURP
http://mww.marinespecies.org/aphia.php?p=taxdetails&id=934149 (accessed 14-Jjly-202

Montfort, P. D. de (1810 onchyliologie systématique, et classification méthodique des coquilles; offrant leurs

figures, leur arrangement générique, leurs descriptions caractéristiques, leurs noms; aiteiiqu

30



synonymie en plusieurs langues. Ouvrage destiné a faciliter I'étude des coquilles, aiesr gisposition
dans les cabinets d'histoire naturelle. Coquilles univalves, non cloisonnées. Tontk Becian F. Schoell.

Morch, O. A. L. (1864). Fortegnelse over de i Danmark forekommende dgrferskvandsbléddyr.
Videnskabelige Meddelelser fra den Naturhistoriske Forening i Kjébenhavn 63(117822), 265367.

Moser, M., Niederhdofer, H.-J. & Falkner, G. (2009). Continental mollustisedissil site Sandelzhausen
(Miocene: Upper Freswater Molasse from Bavaria) and their value for palaeoecologesah@nt.
Paldontologische Zeitung, 83554,

Newton, R.B. (1891)Systematic list of the Frederic E. Edwards collection of British Oligocene and Eocene
Mollusca in the British Museum /Natural History), with references from similar hwsizontained in the
collections belonging to the Geological Department of the Muskandon: British Museum Natural
History.

Nordsieck, H. (2007). Worldwide Door snails. Hackenheim (ConchBooks).

Nordsieck, H. (2014). Annotated chetlist of the genera of fossil land snails (Gastropoda: Stylommatophora) of
western and central Europe (CretacepRiocene), with description of new tax@chiv fur
Molluskenkunde, 143), 153#85.

Noulet, J.B. (1854)Mémoires sur les coquilles fossiles des terrains d'eau douce duChigs$t de la France
Paris (Victor Masson).

Pfeffer, G. (1929). Zur Kenntnis tertiarer Landschneckiologische und Paldaontologische Abhandlungen, N.
F., 173), 151380.

Pfeiffer, L. (1840). Uebersicht der im Januar, Februar und Marz 183%usa gesammelten Molluskenrahiv

fur Naturgeschichte, (@), 250261.

Pfeiffer, L. (1854:.879).Novitates conchologicae. Series prima. Mollusca extramarina. Beschreiber und
Abbildung, neuer oder kritischer Laaind StisswasseiMollusken, Bd. 1Kassel: Theodor Fischer.

Pilsbry, H. A. (1895) in Tyron, G.W. & Pilsbry, H.A (1893Jlanual of conchology; structural and systematic:
Second series: Pulmonata. Vol. IX. (Helicidae, vol. 7.), 161-BBBadelphia: Academy of Natural
Sciences).

Pilsbry, H. A. (1909)Manual of Conchology, Second series: Pulmonata, VolPBlladelphia: Conchological
Department.

Ponder, W.F. & Lindberg, D.R. (1997). Towards a phylogdrgestropod molluscs: an analysis using
morphological character&oological Journal of the Linnean Society, 183265.

Rafinesque, C.S. (1815). Analyse de laxatH RX WDEOHDX GH OfXQLYHUV HW GHV FRUSV
published.

Rasser, M.W. & Salvador, R.B. (2019). ReassessmeayiHulusspp. (Gastropoda, Planorbidae) from the
Middle Miocene of Noérdlinger Ries, Germadyaurnal of Conchology3(4), 345851.

Reuss, A.E. (1849): Beschreibung der fossilen Ostracoden undMollusk&rtthren Stisswasserschichten des
nordlichen Béhmens. In Reuss, A.E. & Meyer, H. von (EdXé tertidren StiBwassergebilde des
Q|UGOLFKHQ %|KPHQYV XeBt&ph. K6uiB). PRIAEYNtgrEpRicE kL H

Sacco, F. (1886). Nuove specie terziarie di Molluschi terrestri, d cqua dolce e salmlaBtesnbnteAtti de la
Societa Italiana di Sienze Naturalis, (29, 427#476.

31



Salvador, R.B., Rasser, M.W. & Holtke, O. (2015). Fossil gastropodstfremiocene lake Randeck Maar and
its hinterland (SW GermanyiNeues Jahrbuch fiir Geologie und Paléontologie, Abh(27251273.

Salvador, R.B., Rasser, M.W., Holtke, O.& Kadolsky, D. (2016). Annotgfezicatalogue of the continental
fossil gastropods in the Staatliches Museum fur Naturkunde Stuttgart, GeRatagodiversity, 915+70.

Sandberger, F. (18A1L875).Die Land+und Sifwasserconchylien der Vorwelt: livr. 248, pl. 1+4, 1870;
livr. 2 £3: 49496, pl. 5£12, 1870; livr. 45: 97+160, pl. 13t20, 1871; livr. 6:8: 161+256, pl. 21+32,
1872; livr. 9+10: 257+352, pl. 33+36, 1873; livr. 11: 353616, 1875; livr. 12: 6141000, 1875
Wiesbaden: Kreidel.

Schéfer, P. (2014). Sedimentationsgeschichte und Stratigraphie der tertidren AbEmerusigdlichen Mainzer
Becken (Exkursion E am 24. April 2014phresberichte und Mitteilungen des Oberrheinischen
Geologischen Vereins, N.F., 96304.

Schlickum , W. R. (1976). Die in der pleistozadnen Gemeindekiesgrube von Zwigdaftand. Donau
abgelagerte Molluskenfauna der SilvanaschichAechiv fur Mollukenkunde, 1@Z/3), 181.

Schmidt, A. (1855). Der Geschlechtsapparat der Stylommatophoren in taxonomisdhehnttbhandlungen
des naturwissenschaftlichen Vereins fur Sachsen und Thuringen in Ha)le]l 2.

Schnabel, T. (2006). Die kédnozoischen Filholiidae Wenz 1923, Teil 3: Die mio¥értegter der Gattung
Triptychia. Archiv fur Molluskenkunde, 18%), 133203.

Seddon, M. B. (2008). The Landsnails of Madeiatir, 2, 1 H96.

Steenberg, C.-M. (1925). Etudes sur I'anatomie et la systématique des maillotauffédiidal s. lat.).
Videnskabelige Meddelelser fra Dansk Naturhistorisk Forening i Kgbenhavh AB06.

Stimpson W. (1865). On certain genera and families of zoophagous gedtefaperican Journal of
Conchology, 15564.

Studer, S.E. in Coxe, W. (1789yavels in Switzerland, in a series of letters to William Melmoth, Esqg. In three
volumesLondon: Cadell.

Thiele, J. (1931)Handbuch der systematischen Weichtierkunde. Gastropoda: Opisthobranchia und &almon
Erster Band, Zweiter Teil, 3778 Stuttgart: Gustav Fischer-Verlag.

Thomae, C. (1845). Fossile Conchylien aus den Tertiarschichten bei Hochiteiviesbaden gesammelt und
im naturhistorischen Museum zu Wiesbaden aufgeslaliirtbiicher des Nassauischen Vereins fur
Naturkunde, 2127466.

Timpson, W. (1865). Researches upon the Hydrobiinae and allied forms chéeflyupon materials in the
museum of the Smithsonian Institutidmithsonian Miscellaneous Collection§201): 159.

Tryon G. W. (18661868). Monograph of the terrestrial Mollusca of the United Staie&rican Journal of
Conchology, 83 #), 218277; 3068327.

Walchner, F. (1851 Handbuch der Geognosi&arlsruhe: Christian Theodor Groos.

Walker, B. 1903. Notes on eastern American Andyie Nautilus, 1{2/3):1349, 25831.

Watson, H. (1920). The affinities of Pyramidula, Patulastra, AcanthinulaalmhM. Proceedings of the
Malacological Society of London, 16;:30.

Wedel, J. (2008). Pleistocene molluscs from research boreholes in the Heidelber@Batgmary Science
Journal, 573 #), 382402.

32



Welter+Schultes, F. W. (2012European norxmarine molluscs, a guide for species identificati@ottingen:
Planet Poster Editions.

Wenz, W. (1911)Gonostoma (Klikia) osculumhom. und ihre Verwandten im mitteleuropédischen Tertiar.
Jahrbiicher des Nassauischen Vereins fur Naturkunde;5401.

Wenz, W. (1914) in Fischer, K. & Wenz, W. Die Landschneckenkalke des M&@nz&ens und ihre Fauna.
Jahrbiicher des Nassauischen Vereins fur Naturkunde in Wiesbad@&0,4634.

Wenz, W. (1919). Zur Nomenklatur tertidrer Land- und StBwassergastropiatdmichtsblatt der Deutschen
Malakozoologischen Gesellschaft,; ®B£76.

Wenz, W. (1923)Fossilium Catalogus, |: Animalia, Gastropoda extramarina tertiatie+V. Berlin: Junk.

Wenz, W. (1924). Ueber zwei fossile Helicodontin@ganariella disciformigWenz) undCaracollina
noerdlingensis. sp.Archiv fir Molluskenkunde, 583#7.

Wenz, W. (1928)Fossilium Catalogus, I: Animalia, Gastropoda extramarina tertiagdlIl. Berlin: Junk.

Wenz, W. & Zilch, A. (19591.960). Euthyneura. In Schindelwolf, O. H. (Eddandbuch der Paldozoologie
6(2), (pp. 1825). Berlin: Borntraeger.

Westerlund, C. A. 1885. Fauna der in der paléarctischen Region (Europastka Sibirien, Turan, Persien,
Kurdistan, Armenien, Mesopotamien, Kleinasien, Syrien, Arabien, Egypten, Tripafissien, Algerien und
Marocco) lebenden Binnenconchylien. V. Fam. Succinidae, Auriculidae, Limna€igeestomidae &
Hydrocenidae. Lund: Hakan Ohlsson.

Wiese, V. (2014). Die Landschnecken Deutschlands. Wiebelsheim: Quelle & Meyer.

Willig, M.R., Presley, S.J., Bloch, C.P., Alvarez, J. (2013). Rajmn, community, and metacommunity
dynamics of terrestrial gastropods in the Luquillo Mountains: a gradient persp&cidlegical Bulleting
54,117440.

Wollaston, T. V. (1878). &stacea Atlantica or the land and freshwater shells of the Azores, Madeiras, Salvages,
Canaries, Cape Verdes, and Saint Heldnandon: Reeve.

Zieten, C.H. von (1832): Die Versteinerungen Wirttembergs. Stuttgart: Schweizerbart.

Figure legend

Figure 1. Geographic position of Mérsingen.

Figure 2.

1. Esperiana kleini(Kurr, 1856). Scale 5 mm. SMNS 107217.

2. Tinnyea lauraegMatheron, 1842). Scale 10 mm. SMNS 107218.

3. Pomatias consobrinurfBandberger, 1872priginal Material of Fraas 1910. Scale 5 mm. SMNS 107219.

4. Pomatias conicgKlein, 1853). Scale 5 mm. SMNS 107220.

5. Bithynia glabra(Zieten, 1832). Scale: 1 mm (a); 200 mp (b). SMNS J68.154.

6. & 7. Lymnaea turritaKlein, 1853. Original material to Jooss (1913). 6: Scale 10 mm. SMNS 106803lé
5 mm. SMNS 106409.

8. Radix dilatata(Noulet, 1854). Scale 10 mm. SMNS J67.684.

9. Planorbarius mantell{Dunker, 1848). Scale 10 mm. SMNS 107221.

10. Gyraulus dealbatugBraun, 1851). Scale: 1 mm (a & b); 200 mp (d). SMNS J67.780.

11. Segmentina larteti{Noulet, 1854)Scale: 1mm (a & b); 100 um (c); 200 um (d). SMNS J67.909.
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12. Ferrissia deperditgDesmarest, 1814). Scale: 1 mm (a); 200 um (b). SMNS J67.925.

Figure 3.

.Azeca lubricellaD. Boettger, 1870. Scale 2 mm. SMNS J67.234.

. Hypnophilaloxostoma (Klein, 1853). Scale 500 pum. SMNS J67.255.

. Granaria subfusiformigSandberger, 1875). Scale 2 mm. SMNS 16635.

. Gastrocopta acuminatéKlein, 1846). Scale 1 mm. SMNS J67.427.

. Gastrocopta quadriplicatg§Braun, 1851). Scale 1 mm. SMNS J67.383.

. Triptychia kleiniSchnabel, 2006. Scale 2 mm. SMNS 107222.

. Triptychia kleiniSchnabel, 2006. Detail of the mouth. Scale 1 mm. SMNS J68.554.
. Triptychiasp. Scale 2 mm. SMNS 107223.

. Pseudydilamoersingensi§O. Boettger, 1877). Scale 2 mm. SMNS 107224.
10. Oxylomaminima(Klein, 1853). Scale 500 um. SMNS 15817.

11. Cecilioides aciculellgSandberger, 1872pcale 500 um. SMNS 107225.

12. Opeas minutuniKlein, 1853). Scale 2 mm. SMNS J67.042.

13. Pseudoleacina eburnd&lein, 1853). Scale 2 mm. SMNS 107226

14. Pseudoleacina kleinian@ilsbry, 1909). Scale 2 mm. SMNS J 67.037.

15. Poiretia taurinensigSacco, 1886). Scale 5 mm. SMNS 16635.

16. Lucilla subteregClessin, 1885). Scale 1 mm. SMNS 15817.

17.Discus wenzfJooss, 1918). Syntype. Scale 500 um. SMNS 106447.
18.Discus euglyphoideSandberger, 1872). Scale 1 mm. SMNS J65.809.
19.Discus pleuradrugBourguignat, 1881). Scale 1 mm. SMNS J65.787.

20. Aegopinella subniten&lein, 1853). Scale 5 mm. SMNS 107227.
21.Aegopinella moersingensis sp.Scale 2 mm. SMNS 107228.
22.Aegopinell@ procellaria (Jooss, 1918). Scale 2 mm. Syntype. SMNS 106419.
23.Janulus moersingensi®oss, 1918. Scale 2 mm. Holotype. SMNS 106411.
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Figure 4.

1. Archaeozonites costatSandberger, 1872). Scale 4 mm. SMNS 17455.

2. Protodrepanostoma involut@ homae, 1845). Scale 1 mm. SMNS 15817.

3. Miodiscula disciformigWenz, 1919). Scale 5 mm. SMNS J66.244.

4. Miodiscula miocaenicgGottschick & Wenz, 1927). Scale 1 mm. SMNS J68.551.
5. Apula coarctatgKlein, 1853). Scale 10 mm. SMNS J66.294.

6. Klikia catanostomdSandberger, 1872). Scale 10 mm. SMNS J66.304.

7.Klikia giengensigKlein, 1846).Scale 4 mm. SMNS J66.276.

8. Klikia osculina(Sandberger, 1872). Scale 2 mm. SMNS J66.251.

9. Leucochroopsis klein{Klein, 1846). Scale 10 mm. SMNS 107229.

10. Pseudochloritis incrassatglein, 1853). Scale 2 mm. SMNS 107230.

11. Palaeotachea silvanglein, 1853). Scale 5 mm. SMNS 107231.
12.Palaeotachea turonens{®eshayes, 1831). Scale 4 mm. SMNS J66.818.

13. Protodrepanostoma involut@homae, 1845). Detail oft he protoconch. Scale 100 pm. SMNS 15817.
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14.Aegopinella moersingensis n. sp. Detail of the protoconch. Scale 500 mu. SMREB107

Figure 5.

1. Aegopinella subniten&lein, 1853). Detail of the protoconch. Scale 100 um. SMNS 107227.

2. Opeas minutunfKlein, 1853). Detail of the protoconch. Scale 100 um. SMNS J67.042.

3. Opeas minutunfKlein, 1853). Detail of the teleoconch. Scale 1 mm. SMNS J67.042.

4. Granaria subfusiformigSandberger, 1872). Detail of the protoconch. Scale 100 pum. SMNS 16635.
5. Klikia catanostomdSandberger, 1872). Detail of the protoconch. Scale 100 um. SMNS J66.304.
6. Janulus moersingensioss, 1918. Detail of the protoconch. Scale 100 pum. SMNS J65.737.

7. Gastrocopta quadriplicatéBraun, 1851). Detail of the protoconch. Scale 100 um. SMNS J67.383.
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Fig. 1 Geographic position
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