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Abstract Sandelzhausen is an Early/Middle Miocene

(Mammal Neogene zone MN5) fossil site near Mainburg, S

Germany, that despite its small size harbors a rich fossil

record. Thousands of fossil continental mollusks, almost

exclusively pulmonate snails, were recovered during the

excavations, but did not receive much attention from

researchers. Here, the first part of a formal taxonomic

treatment of Sandelzhausen’s fossil pulmonates is pre-

sented, dealing with the superfamilies Ellobioidea, Pupil-

loidea, and Clausilioidea, and including the description of a

new species. The following species were found in the

material: Carychium eumicron and Carychium galli sp.

nov. (Ellobiidae); Granaria cf. grossecostata and Granaria

sp. (Chondrinidae); Gastrocopta acuminata and Gastro-

copta nouletiana (Gastrocoptidae); ?Pyramidula sp. (Pyra-

midulidae); Strobilops sp. (Strobilopsidae); Vallonia lepida

(Valloniidae); Vertigo callosa (Vertiginidae); Pseudidyla

moersingensis (Clausiliidae); Triptychia sp. (Filholiidae).

Keywords Carychium galli new species �
Gastropoda �MN5 European Mammal Neogene zone �
Pulmonata � Stylommatophora

Kurzfassung Sandelzhausen ist eine mittelmiozäne

(Säugerzone MN5) Fossilfundstelle nahe Mainburg in

Süddeutschland. Trotz Ihrer geringen geographischen

Ausdehnung bietet sie eine reiche Fauna an kontinentalen

Mollusken, nahezu ausschließlich pulmonate Gastropoden,

die bei Ausgrabungen geborgen wurden, aber nur wenig

wissenschaftliche Beachtung fanden. Vorliegende Studie

stellt den ersten Teil einer formalen taxonomischen Bear-

beitung der fossilen Pulmonaten von Sandelzhausen dar.

Sie behandelt die Überfamilien Ellobioidea, Pupilloidea

und Clausilioidea, einschließlich der Beschreibung einer

neuen Art. Folgende Arten wurden gefunden: Carychium

eumicron and Carychium galli sp. nov. (Ellobiidae); Gra-

naria cf. grossecostata und Granaria sp. (Chondrinidae);

Gastrocopta acuminata und Gastrocopta nouletiana

(Gastrocoptidae); ?Pyramidula sp. (Pyramidulidae);

Strobilops sp. (Strobilopsidae); Vallonia lepida (Vallonii-

dae); Vertigo callosa (Vertiginidae); Pseudidyla moer-

singensis (Clausiliidae); Triptychia sp. (Filholiidae).

Schlüsselwörter Carychium galli nov. spec. �
Gastropoda � Mammal Neogene Zone MN5 �
Pulmonata � Stylommatophora

Introduction

The Sandelzhausen fossil site is a Fossil-Lagerstätte and

one of the most important continental sites in Europe

(Moser et al. 2009a). Besides some plant remains, a fauna

of more than 200 metazoan species (and 50,000 specimens)

was collected, including mollusks, ostracods, and repre-

sentatives of all vertebrate classes, although the mammals

have received the most attention (Moser et al. 2009a, and

references therein). Gastropods were among the first fossils

found in Sandelzhausen, and thousands of specimens were

collected before the site was closed in the last decade. Only

three works dealt specifically with these mollusks. Gall

(1972) identified 49 gastropod and two bivalve species, but
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based his work heavily on faunas such as Sansan, in

France, that are now known to be younger (Moser et al.

2009b). Gall (1973) dealt with aspects of the taphonomy

and preservation of the larger shells. Moser et al. (2009b)

dealt with paleoecological questions, and thus presented

only a preliminary classification of the mollusks. The

present study is the first part of a taxonomic treatment of

the fossil mollusks from Sandelzhausen, dealing with the

superfamilies Ellobioidea, Pupilloidea, and Clausilioidea

(12 species in total). Further works describing the

remaining fauna will soon follow (e.g., Salvador 2013).

Geological setting

The Sandelzhausen fossil site was located in the vicinity of

the city of Mainburg, 60 km north of Munich, in the Mo-

lasse Basin (Molassebecken) of southern Germany, which

harbors the ‘‘formation’’ known as the Upper Freshwater

Molasse (Ober Süßwassermolasse, OSM; Moser et al.

2009a). The fossils from Sandelzhausen derive from a

member of the OSM called Nördlicher Vollschotter,

composed primarily of marl and gravel (Moser et al.

2009a). The age of these fossiliferous deposits was estab-

lished by stratigraphic, biostratigraphic, and magneto-

stratigraphic correlations: the Early/Middle Miocene

Burdigalian/Langhian boundary, early middle MN5 Euro-

pean Mammal Neogene zone (*16.47–16.27 Ma; Moser

et al. 2009a).

The facies types of the deposits from Sandelzhausen

were studied by Fahlbusch and Gall (1970) and Moser et al.

(2009a). From bottom to top: layer A: marly gravels,

sometimes cemented by carbonates; fossil content rare and

limited to robust skeletal parts; layer B: gravel-rich marl in

which the size and number of pebbles diminish upwards,

with intercalated sand horizons; origin of most macrover-

tebrate fossils; layer C: fossil-rich marl divided into three

smaller layers (C1, C2, and C3) by a black, organic rich

layer (C2); layer D: marl (mainly silt) with few pebbles

and diffuse carbonates and carbonatic nodules; rich in

fossils, many in an excellent state of preservation due to a

less intense compaction; layer E: silty clays with micro-

vertebrate fossils; Layer F: laminite with alternating light

and dark bands, carbonate concretions and desiccation

cracks; no fossils. Fossil mollusks can be found in layers A

to D; a more detailed description of the lithology was given

by Moser et al. (2009a).

Materials and methods

All of the material from Sandelzhausen is housed at the

collection of the Bayerische Staatssammlung für

Paläontologie und Geologie (BSPG; Munich, Germany)

under the record number BSPG 1959 II. All available

specimens of the three superfamilies were analyzed for this

work; a list of the examined material follows each species

description. All specimens in a good state of preservation

were measured either with digital calipers or with the aid of

computer software. Abbreviations used with shell mea-

surements: H = shell length; D = shell greatest width;

S = spire length (excluding aperture); S0 = spire length

(excluding body whorl); h = aperture height; d = aperture

width. The spire angle used here is the ‘‘mean spire angle’’

sensu Moore (1960). Selected specimens were examined

by scanning electronic microscopy (SEM) in the Staatli-

ches Museum für Naturkunde Stuttgart (SMNS; Stuttgart,

Germany). Since only two works have attempted to iden-

tify the mollusks from Sandelzhausen (Gall 1972; Moser

et al. 2009b), the previous identification given by these

authors was included here in order to facilitate future

correspondence among the works.

The excavation site in Sandelzhausen was divided into a

square grid, so a good part of the material has precise data

about where it was found. A portion of the material shows

data on the original height within the section and can thus

be attributed to the layers published by Fahlbusch and Gall

(1970) and Moser et al. (2009b). However, a good portion

of the material, despite having the original height in the

sediment recorded, cannot be unmistakably attributed to

the layers, since the given measurements are not precise

enough (Markus Moser, personal communication). More-

over, many specimens completely lack locality data, while

some have labels that cannot be traced back to a precise

point within the excavation site, such as the samples

labeled ‘‘Grube Bergmaier’’ (taken during the earliest test

excavations by Richard Dehm; Moser et al. 2009b) and

‘‘Testprofil 1966’’ (a test section preceding the start of the

main excavations). As such, only the samples that can be

attributed to distinct layers were taken into account here to

determine the stratigraphical range of each species.

Systematics

Superfamily Ellobioidea Pfeiffer, 1854

Family Ellobiidae Pfeiffer, 1854

Genus Carychium O.F. Müller, 1773

Carychium (Carychiella) eumicron Bourguignat, 1857

(Fig. 1)

Carychium eumicron Bourguignat, 1857: 253.

Carychium eumicron peneckei: Wenz, 1923b: 1190; Gall,

1972: 14.

Carychium (Carychiella) eumicron: Strauch, 1977: 159 (pl.

14, figs. 13–15; pl. 17, fig. 53; pl. 19, fig. 76).

38 R. B. Salvador

123

Author's personal copy



Carychium eumicrum: Stworzewicz, 1999a: 264 (figs. 5–6).

Carychium sp. 3: Moser et al., 2009b: 47.

Material examined: BSPG 1959 II 17272 (2 specimens).

Stratigraphic occurrence: Unknown (the sample lacks

stratigraphical data).

Description: Shell diminutive, pupiform to fusiform; apex

narrow, acuminated; greatest width on body whorl (width

*1/2 shell length). Protoconch (*1 whorl) dome-shaped,

smooth, rapidly increasing in size; transition to teleoconch

unclear. Whorl profile convex. Suture well-marked, deep.

Teleoconch smooth, except for fine growth lines. Aperture

ellipsoid; *2/5 shell length. Peristome narrow, very

weakly reflexed. Two apertural barriers: a well-marked

parietal lamella and a very faint median palatal tooth.

Umbilicus rimate, very shallow.

Measurements (in mm): 3� to 4 whorls; H = 1.2;

D = 0.6; S = 0.8; S0 = 0.5; h = 0.4; d = 0.4.

Previous identification of the material: Gall (1972:

Nr. 30): Carychium eumicron peneckei Flach. (Moser et al.

2009b: Nr. 27): Carychium sp. 3.

Discussion: The subgenus Carychiella Strauch, 1977 is

easily recognized by its much smaller size than other

Carychiinae. The specimens from Sandelzhausen fit well

with C. eumicron in terms of their size, aperture shape. and

weak dentition (the strength of the apertural barriers is

variable in the species, but the columellar lamella is always

almost invisible or completely lacking; Strauch 1977;

Stworzewicz 1999a). The species is known from Central

Europe from the Late Oligocene to Middle Miocene, and

the division in subspecies is deemed unnecessary (Strauch

1977; Stworzewicz 1999a).

Carychium (Carychium) galli sp. nov.

(Figs. 2, 3 and 4)

Carychium nouleti nouleti: Gall, 1972: 14.

Carychium nouleti gibbum: Gall, 1972: 14.

Carychium sp. 1: Moser et al.: 2009b: 47.

Carychium sp. 2: Moser et al.: 2009b: 47.

Type material: Holotype: BSPG 1959 II 17271 (Fig. 2).

Paratypes: 17273 (23 specimens; Fig. 4), 17274 (*100

specimens; Fig. 3), 17675 (1 specimen).

Etymology: Named in honor of Horst Gall (1938–1980),

the first paleontologist to work with the mollusks from

Sandelzhausen (Dehm 1980).

Type locality: Sandelzhausen, Mainburg, Germany;

48�37036.900N 11�48011.600E; 493 m height.

Stratigraphical occurrence: Layer C3 (1 specimen).

Moreover, 23 specimens come from the ‘‘Grube Bergma-

ier’’ sample and *100 others (including the holotype)

from samples with no stratigraphical data.

Age: Early/Middle Miocene, Burdigalian/Langhian

boundary (early middle MN5 European Mammal Neogene

zone; 16.47 or 16.27 Ma; Moser et al. 2009a).

Diagnosis: Shell pupiform to fusiform; sculptured by

slightly prosocline and very fine axial ribs; peristome

thickened and strongly reflexed; encounter of regions of

peristome rounded to strongly angled; parietal lamella

(columellar apparatus) simple and narrow; palatal tooth

strong and distinct.

Description: Shell diminutive, pupiform to fusiform;

greatest width on body whorl (width *1/2 shell length);

apex may be very narrow in some specimens, giving them a

more acuminated appearance. Spire angle *50�. Proto-

conch (1� whorl) dome-shaped and rapidly increasing in

size, smooth; transition to teleoconch unclear. Whorl profile

convex. Suture well-marked, deep. Teleoconch sculptured

by slightly prosocline and very fine axial ribs; distance

between ribs approximately equal to width of rib. Aperture

trapezoid; *2/5 shell length and *1/2 shell width. Peri-

stome thickened and greatly reflexed; parietal callus pres-

ent, but not much developed. Separation of peristome

regions (parietal, palatal, basal, and columellar) varies from

rounded to very strongly angled. Three apertural barriers:

columellar lamella, parietal lamella, and median palatal

tooth. Columellar lamella weak, not running too deep

towards shell interior (*1/4 whorl). Parietal lamella nar-

row, but high and strong, continuing towards interior of

shell to form a narrow, small and simple (i.e., without any

sinuosity) internal lamellae (or columellar apparatus). Pal-

atal tooth strong, distinct. Umbilicus rimate, very shallow.

Measurements (in mm): 4 to 4� whorls; H = *1.7;

D = *0.8; S = *0.9; S0 = *0.7; h = *0.7; d = *0.6.

Holotype: 4� whorls; H = 1.6; D = 0.8; S = 0.9;

S0 = 0.7; h = 0.7; d = 0.6.

Previous identification of the material: (Gall 1972: Nr.

31 and 32): Carychium nouleti nouleti Bourguignat, 1857

and C. n. gibbum Sandberger, 1874. (Moser et al. 2009b:

Nr. 25 and 26): Carychium sp. 1 and Carychium sp. 2.

Discussion: Both Gall (1972) and Moser et al. (2009b)

suggested that, excluding the diminutive Carychium

eumicron, two larger species of the genus occurred in the

deposits from Sandelzhausen: a broad form and a more

slender and taller one. However, both fossil and Recent

Carychium species can show a good amount of variability
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in their shells, not only in overall shell shape but especially

in the whorls’ height and relative proportion (Bulman

1990; Stworzewicz 1999a). In the material from Sandelz-

hausen, two forms—one broader and the other slender—do

indeed occur, but there are also many intermediate forms

and, moreover, the difference in overall shell shape is not

as pronounced. Moreover, these forms cannot be distin-

guished using other characters, such as apertural barriers

and the shape of the internal portion of the parietal lamella

(important characters in the taxonomy of the group;

Strauch 1977; Stworzewicz 1999a). Therefore, it appears

that only a single Carychium species is present in this

material.

One of the most important characteristics of the genus is

the distinction between forms with simple or sinuous

internal lamellae (the parietal lamella on the aperture is the

outermost portion of a columellar apparatus). This differ-

ence led Strauch (1977) to diagnose two subgenera:

Carychium s. str., with a simple lamella, and Saraphia

Risso, 1826, with a sinuous one. Though this division does

not always seem to be entirely applicable to recent species

(Bank and Gittenberger 1985), the Tertiary fossils seem to

be clearly divided in this way (Strauch 1977; Stworzewicz

1999a).

The species that most closely resembles Carychium

(Carychium) galli sp. nov. is Carychium nouleti Bourgu-

ignat, 1857, a Miocene fossil known from many localities

throughout Central Europe (Strauch 1977; Stworzewicz

1999a), and originally described from Sansan (MN6),

France. This is reflected in Gall’s (1972) previous classi-

fication of the material from Sandelzhausen as two sub-

species of C. nouleti. Its overall shell shape is strikingly

similar, although C. galli is somewhat broader and more

fusiform, while C. nouleti has a more acuminated spire.

However, the main feature distinguishing C. galli from C.

nouleti (and from all other similar Miocene species) is its

simple internal lamella (Fig. 3); all others have sinuous

lamellae (Strauch 1977). This simple internal lamella of C.

galli places it in the subgenus Carychium s. str. of Strauch

(1977). Carychium is a very widespread genus in the

Miocene of Central Europe, but no form with a simple

internal lamella has been reported from this period; so far,

species presenting this character are restricted to a time

interval ranging from the Pliocene to the Recent (Strauch

1977). As such, C. galli is the earliest known form of the

subgenus.

Other diagnostic features of C. galli are its thickened

and greatly reflexed peristome, a well-developed and dis-

tinct palatal tooth, and the angles formed by the encounter

of the regions of the peristome (Fig. 2).

Superfamily Pupilloidea Turton, 1831

Family Chondrinidae Steenberg, 1925

Genus Granaria Held, 1838

Granaria cf. grossecostata (Gottschick and Wenz, 1919)

(Fig. 5)

Torquilla schübleri grossecostata Gottschick and Wenz,

1919: 4 (pl. 1, fig. 3).

Abida antiqua grossecostata: Wenz, 1923a: 942.

Napaeus? sp. (in part): Gall, 1972: 13.

Granaria sp. 1: Moser et al., 2009b: 48 (fig. 6I).

Material examined: BSPG 1959 II 16151 (1 specimen),

17262 (5 specimens), 17263 (3 specimens), 17264 (4

specimens), 17265 (1 specimen), 17681 (1 specimen).

Stratigraphic occurrence: Layers B2 (1 specimen) and

C3 (5 specimens). Moreover, 6 specimens were found in

the ‘‘Grube Bergmaier’’ sample, and 3 others on a sample

without stratigraphical data.

Description: Shell small, multispiral, pupiform to coni-

cal; greatest width on last whorl. Spire angle *35�.

Protoconch (1� whorl) blunt, wide, smooth; transition to

teleoconch clear. Whorl profile slightly convex. Suture

well-marked, but not deep; approximately perpendicular

to columellar axis on first whorls, becoming more obli-

que on last whorls. Teleoconch sculptured by regularly

distributed, fine, well-marked, prosocline ribs; ribs finer

on first whorls of teleoconch, but becoming coarser

towards the aperture; distance between ribs approxi-

mately twice the rib’s size; *80 ribs on last whorl.

Whorls regularly increasing in size towards aperture.

Columellar lamella (‘‘Columellaris’’ sensu Gittenberger,

1973) present.

Measurements (in mm): BSPG 1959 II 16151 (incom-

plete specimen): 7� whorls; H = 5.6; D = 2.6.

Previous identification of the material: (Gall 1972:

Nr. 29, in part): Napaeus? sp. (Moser et al. 2009b: Nr. 32,

fig. 6I; Fig. 5 herein): Granaria sp. 1.

Fig. 1–14 1 Carychium eumicron (BSPG 1959 II 17272;

H = 1.2 mm). 2 Carychium galli sp. nov. (BSPG 1959 II 17271,

holotype; H = 1.6 mm). 3 Carychium galli sp. nov., internal lamella

detail (BSPG 1959 II 17274, paratype; H = 1.1 mm). 4 Carychium

galli sp. nov., protoconch detail (BSPG 1959 II 17273, paratype). 5
Granaria cf. grossecostata (BSPG 1959 II 16151; H = 5.6 mm). 6
Granaria sp. (BSPG 1959 II 17266; H = 2.5 mm). 7 Gastrocopta

acuminata (BSPG 1959 II 17254; H = 2.4 mm). 8 Gastrocopta

nouletiana (BSPG 1959 II 17244; H = 2.1 mm). 9 Gastrocopta

nouletiana (BSPG 1959 II 17244; H = 2.0 mm). 10 Gastrocopta

nouletiana (BSPG 1959 II 17240; H = 2.0 mm). 11 Gastrocopta

nouletiana (BSPG 1959 II 17241; H = 2.2 mm). 12, 13 ?Pyramidula

sp. (BSPG 1959 II 17270; H = 1.4 mm, D = 1.4 mm). 14 Strobilops

sp., deformed specimen (BSPG 1959 II 17297; D = 2.2 mm)

b
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Discussion: Chondrinids are well documented throughout

the Miocene of Central Europe and all fossil forms are

classified into the genus Granaria due to their apertural

teeth and lamellae as well as their usually large size

(Gittenberger 1973; Höltke and Rasser 2013). The aper-

tural teeth and lamellae are the most important diagnostic

features at both genus and species level (Gittenberger

1973; Höltke and Rasser 2013). Unfortunately, this feature

cannot be seen in the specimens from Sandelzhausen: the

most complete shell (BSPG 1959 II-16151; for all others,

only the spire tops are preserved) lacks an aperture, and

only the columellar lamellae (the ‘‘Columellaris’’ sensu

Gittenberger, 1973) can be seen. However, this specimen,

albeit incomplete, is strikingly similar to G. grossecostata,

mainly in terms of its conical shell profile, deeply marked

suture, slightly convex whorls, and fine, well-marked, and

regular prosocline ribs. G. grossecostata was considered a

subspecies of G. schuebleri (Klein, 1846), but was deemed

a full species in the recent revision of fossil Granaria by

Höltke and Rasser (2013). G. grossecostata occurs in

Steinheim am Albuch (Middle Miocene, MN7; Gottschick

and Wenz 1919; Höltke and Rasser 2013), a locality geo-

graphically close (ca. 130 km) to Sandelzhausen but

somewhat younger. Therefore, as the apertural region and

its dentition are unknown, the present material is only

tentatively identified as G. cf. grossecostata.

Granaria sp.

(Fig. 6)

Material examined: BSPG 1959 II 17266 (1 specimen),

17267 (1 specimen), 17268 (2 specimens), 17269 (6

specimens); 17298 (3 specimens), 17299 (1 specimen),

17682 (7 specimens).

Stratigraphic occurrence: Layers B2 (1 specimen) and

C3 (2 specimens). Moreover, 12 specimens were found in

the ‘‘Grube Bergmaier’’ sample and 6 others on a sample

without stratigraphical data.

Description: Shell small, multispiral, with acuminated

spire top. Protoconch (1� whorl) narrow, rounded, smooth;

transition to teleoconch unclear. Whorl profile convex.

Suture deep; obliquely (diagonally) positioned in relation

to columellar axis. Teleoconch sculptured by regularly

distributed, very fine (sometimes indistinct) prosocline

ribs; distance between ribs approximately twice the size of

the rib.

Measurements (in mm): BSPG 1959 II 17266 (incom-

plete specimen): 4 whorls; H = 2.5; D = 1.7.

Previous identification of the material: Gall (1972:

Nr. 29, in part): Napaeus? sp. Moser et al. (2009b: Nr. 33

and 39): Granaria sp. 2 and ?Chondrinidae/?Enidae (fam.,

gen. et sp. indet.). Moreover, the specimens identified as

Cochlostoma sp. (Caenogastropoda: Diplommatinidae) by

Moser et al. (2009b: Nr. 3) are only spire top fragments and

are indistinguishable from the spires of Granaria sp.

Discussion: The best-preserved specimen is composed of

only 4 whorls, including the protoconch (BSPG 1959 II-

17266). Even so, this second Granaria species from San-

delzhausen can be distinguished from the above-described

G. cf. grossecostata by its more acute spire, narrower and

more rounded protoconch, higher and more convex whorls,

and by the ribs being very fine and sometimes almost

indistinct. A more precise identification is not possible.

Family Gastrocoptidae Pilsbry, 1918

Genus Gastrocopta Wollaston, 1878

Gastrocopta acuminata (Klein, 1846)

(Fig. 7)

Pupa acuminata Klein, 1846: 75 (pl. 1, fig. 19).

Gastrocopta (Albinula) acuminata acuminata: Wenz,

1923a: 916; Gall, 1972: 13.

Gastrocopta acuminata: Stworzewicz, 1999b: 161

(figs. 56–58).

Gastrocopta (Albinula) acuminata: Manganelli & Giusti,

2000: 60 (pl. 1, figs. 1–6; pl. 2, figs. 1–7); Moser et al.,

2009b: 48.

Material examined: BSPG 1959 II 17254 (1 specimen),

17255 (1 specimen), 17683 (2 specimens), 17685 (9

specimens).

Stratigraphic occurrence: Layer D1 (2 specimens).

Moreover, 2 specimens come from the Grube Bergmaier

site and 9 others from a sample without stratigraphical

data.

Description: Shell diminutive, ovate; greatest width on

body whorl (width *2/3 shell length). Spire angle 45�–

50�. Protoconch (1� whorl) blunt, smooth; transition to

teleoconch clear. Whorl profile convex. Suture well-

marked, deep. Teleoconch smooth, except for growth lines.

Body whorl *1/2 shell length. Aperture rounded triangu-

lar; aperture *1/3 shell length and *1/2 shell width.

Peristome reflexed; parietal callus present. Four apertural

barriers: upper palatal tooth, lower palatal tooth, columellar

lamella, anguloparietal lamella. Anguloparietal lamella

bifid. Palatal teeth roughly equal in size. Columellar

lamella weak. Umbilicus narrow.

Measurements (in mm): BSPG 1959 II 17254: 4� whorls;

H = 2.5; D = 1.6; S = 1.8; S0 = 1.2; h = 0.7; d = 0.8.
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Previous identification of the material: Gall (1972: Nr.

25): G. (Albinula) acuminata acuminata (Klein, 1846).

Moser et al. (2009b: Nr. 37): G. (Albinula) acuminata

(Klein, 1846).

Discussion: The specimens from Sandelzhausen compare

well to G. acuminata, as recently revised by Manganelli

and Giusti (2000). This species is commonly found in the

European fossil record, occurring from the Middle Mio-

cene (MN 5) to the Late Pliocene and perhaps even the

Early Pleistocene (Stworzewicz 1999b).

Gastrocopta nouletiana (Dupuy, 1850)

(Figs. 8, 9, 10 and 11)

Pupa Nouletiana Dupuy, 1850: 309 (pl. 15, fig. 6).

Gastrocopta (Sinalbinula) nouletiana nouletiana: Wenz,

1923a: 930; Gall, 1972: 13.

Gastrocopta nouletiana: Stworzewicz, 1999b: 163

(figs. 59–61).

Gastrocopta (Sinalbinula) nouletiana: Moser et al., 2009b:

48 (fig. 6G).

Material examined: BSPG 1959 II 16149 (1 specimen),

17240 (1 specimen), 17241 (7 specimens), 17242 (14

specimens), 17243 (1 specimen), 17244 (12 specimens),

17245 (17 specimens), 17246 (1 specimen), 17247 (1

specimen), 17248 (2 specimens), 17249 (5 specimens),

17250 (2 specimens), 17251 (1 specimen), 17252 (2

specimens), 17253 (1 specimen), 17687 (27 specimens).

Stratigraphic occurrence: Layers B2 (1 specimen) and

D1 (58 specimens). Moreover, 7 specimens were found in

the ‘‘Grube Bergmaier’’ sample, and 28 lack stratigraphical

data.

Description: Shell diminutive, ovate; greatest width on

body whorl (width *1/2 shell length). Spire angle 45–50�.

Protoconch (1� whorl) blunt, smooth; transition to teleo-

conch unclear. Whorl profile convex. Suture well-marked,

deep. Teleoconch smooth, except for growth lines. Body

whorl *2/5 shell length. Aperture rounded triangular to

almost circular; aperture *1/3 shell length and *3/5 shell

width. Peristome reflexed; parietal callus present. Apertural

barriers totaling 7: suprapalatal tooth, upper palatal tooth,

lower palatal tooth, basal tooth, columellar lamella, infra-

parietal lamella, anguloparietal lamella. Infraparietal

lamella and/or the suprapalatal tooth lacking in some

specimens. Anguloparietal lamella with overall bifid

aspect: angular lamella vertically positioned, large, thick;

parietal lamella narrow, folded towards the outer lip. After

the anguloparietal lamella, the strongest barrier is the lower

palatal tooth. Umbilicus very narrow, deep.

Measurements (in mm): 4� to 5 whorls; H = *2.1;

D = *1.2; S = *1.3; S0 = *0.9; h = *0.7; d = *0.7.

Previous identification of the material: Gall (1972:

Nr. 26): G. (Sinalbinula) nouletiana nouletiana (Dupuy,

1850). Moser et al. (2009b: Nr. 38, fig. 6G): G. (Sinal-

binula) nouletiana (Dupuy, 1850).

Discussion: Gastrocopta nouletiana is a frequent species

throughout the Miocene European fossil record; its type

locality is Sansan (MN6), in France (Dupuy 1850). The

specimens from Sandelzhausen fit well with this species

when taking into account the aperture and dentition

(especially the way in which the parietal and angular

lamellae are united into the anguloparietal lamella), the

most important features in the family’s taxonomy. The

specimens from Sandelzhausen show some variation in

overall shell shape, from more ovate shells (e.g., Fig. 10) to

more elongated and slender ones (e.g., Fig. 12); moreover,

more elongated specimens usually have circa half a whorl

more than the more ovate ones. The anguloparietal lamella

has an overall bifid aspect, with the angular lamella being

vertically positioned and larger and thicker than the parietal

one, which is folded towards the outer lip. After the an-

guloparietal lamella, the strongest barrier is the lower

palatal tooth. The total number of apertural barriers is

seven, but this may sometimes vary: a few specimens lack

the infraparietal lamella and/or the suprapalatal tooth; in

the other specimens, these barriers are the weakest ones.

Interestingly, some of the more elongated and slender

specimens mentioned above resemble G. sandbergeri

Stworzewicz and Prisyazhnyuk, 2006, a species from

Bełchatów (type locality; MN5, Poland) and Steinheim am

Albuch (MN7-8, Germany), formerly known as G. suevica

Sandberger, 1875, a nomen nudum (Stworzewicz and

Prisyazhnyuk, 2006). According to Stworzewicz and Pris-

yazhnyuk (2006), G. sandbergeri can be distinguished

from G. nouletiana by being somewhat more slender,

having a weaker crest on the body whorl, and having

generally weaker teeth. All of these features can sometimes

be seen in G. nouletiana specimens from Sandelzhausen,

but not necessarily all of them together in the same spec-

imen. Therefore, it seems that this simply represents the

spectrum of morphological variation of G. nouletiana in

Sandelzhausen; moreover, this also raises the possibility

that G. sandbergeri might be a synonym of G. nouletiana.

Family Pyramidulidae Kennard and B.B. Woodward,

1914

Genus Pyramidula Fitzinger, 1833

Pyramidula sp.

(Figs. 12, 13)
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Material examined: BSPG 1959 II 17270 (1 specimen).

Stratigraphic occurrence: The single specimen unfortu-

nately comes from a sample without stratigraphical data.

Description: Shell diminutive, pyramidal-depressed. Pro-

toconch (1� whorl) smooth; transition to teleoconch clear.

Whorl profile highly convex. Suture deep. Teleoconch

sculptured by very fine (sometimes indistinct) prosocline

ribs.

Measurements (in mm): BSPG 1959 II 17270 (incom-

plete specimen): 2� whorls; H = 1.4; D = 1.4.

Previous identification of the material: Moser et al.

(2009b: Nr. 34): Truncatellina sp.

Discussion: The single and fragmentary specimen recov-

ered is undoubtedly a pupilloid and, based on the overall

shell shape, the deep suture, and the positioning, height,

and convexity of the whorls, seems to belong in the Py-

ramidulidae. Unfortunately, as the body whorl and aperture

are not known, the present identification must remain

tentative. Pyramidulids are otherwise unknown in the

Tertiary fossil record of Central Europe, and this could be a

very interesting record from not only a paleobiogeo-

graphical perspective, but also from a paleoecological one,

since the Recent species inhabits dry and exposed calcar-

eous rocks (Kerney et al. 1983; Gittenberger and Bank

1996).

Family Strobilopsidae Wenz in Fischer & Wenz, 1915

Genus Strobilops Pilsbry, 1893

Strobilops sp.

(Fig. 14)

Material examined: BSPG 1959 II 17297 (5 specimens);

17688 (1 specimen).

Stratigraphic occurrence: All specimens come from a

sample lacking stratigraphical data, but Moser et al.

(2009b) stated that Strobilops occurs in layers B and C.

Description: Shell diminutive. Protoconch (*1 whorl)

smooth. Teleoconch sculptured by numerous fine parallel

prosocline ribs, stronger on upper portion of whorl; dis-

tance between ribs roughly equal to width of rib. Aperture

with at least one parietal lamella. Umbilicus wide. Peri-

stome reflexed. Poor preservation precludes a more precise

description.

Measurements (in mm): BSPG 1959 II 17297 (deformed

specimen): 3� whorls; D = 2.2.

Previous identification of the material: Gall (1972:

Nr. 10, in part): Discus (Discus) pleuradra pleuradra

(Bourguignat) [sic]. Moser et al. (2009b: Nr. 29 and 30):

respectively, Strobilops (Strobilops) sp. nov. and Strobilops

(Discostrobilops) sp.

Discussion: The preservation of this material is very poor:

all specimens are flattened and deformed. Some features,

however, point to the genus Strobilops, such as the size, the

sculpture pattern, the reflexed peristome, and—espe-

cially—the presence of at least one parietal lamella.

Moreover, the wide umbilicus and the positioning of the

parietal lamella and the aperture could point to the sub-

genus Discostrobilops Pilsbry, 1927, but that is very ten-

tative. Strobilops has a rich fossil record in Europe, from

the Eocene to the Pliocene (Zilch 1959–1960), but Recent

species are restricted to the Americas (Zilch 1959–1960;

Moser et al. 2009b).

Moser et al. (2009b) suggested the occurrence of two

Strobilops species in Sandelzhausen, belonging to different

subgenera; however, they did not offer a way to diagnose

between these two forms, but stated that both can be

diagnosed from other Miocene forms by their fine, sharp,

and closely spaced ribs. Here, it is suggested that these two

supposed species cannot be distinguished with the present

material, and that only one strobilopsid species occurs in

Sandelzhausen.

As remarked by Moser et al. (2009b), the sculpture

pattern of Strobilops sp. from Sandelzhausen is unknown in

the European Miocene, although S. uniplicatus (Braun,

1851) and S. subconoideus Jooss, 1912 show near-similar

patterns. Moser et al. (2009b) then suggested that this could

be a new species. This scenario seems very likely, but

describing a new species based on such poorly preserved

material seems unwarranted.

Family Valloniidae Morse, 1864

Genus Vallonia Risso, 1826

Vallonia lepida (Reuss, 1849)

(Figs. 15, 16)

Helix lepida Reuss, 1849: 24 (pl. 2, fig. 4).

Helix (Vallonia) subpulchella Sandberger, 1874: 544 (pl.

29, figs. 3a–c).

Vallonia lepida lepida: Wenz, 1923a: 903.

Vallonia subpulchella subpulchella: Gall, 1972: 12.

Vallonia lepida: Moser et al., 2009b: 47.

Material examined: BSPG 1959 II 17296 (1 specimen).

Stratigraphic occurrence: The specimen lacks strati-

graphical data, but probably comes from layer D1.
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Description: Shell diminutive; spire flat, depressed; shell

length *1/2 its width. Protoconch (*1 whorl) smooth.

Teleoconch sculpture by fine parallel prosocline ribs; dis-

tance between ribs equal to width of rib. Whorls regularly

growing; whorl profile convex. Suture deep, well-marked.

Apertural region slightly tilted towards base. Aperture

circular, prosocline; *1/2 shell width. Peristome greatly

reflexed. Umbilicus wide.

Measurements (in mm): BSPG 1959 II 17296: 2�
whorls; H = 1.3; D = 2.4; h = 0.7; d = 1.2.

Previous identification of the material: Gall (1972: Nr.

24): Vallonia subpulchella subpulchella (Sandberger,

1874). Moser et al. (2009b: Nr. 31): Vallonia lepida

(Reuss, 1849).

Discussion: The overall shell shape and size, number and

shape of whorls, and the smooth teleoconch with coarse

growth lines compares well to V. lepida, a species from

Central Europe (Gerber 1996). Other Central European

Miocene species are V. subpulchella (Sandberger, 1874)

and V. subcyclophorella (Gottschick, 1911). Gerber (1996)

recently considered V. subpulchella a synonym of V. lep-

ida, since there seems to be no clear morphological char-

acters to distinguish them. However, Gerber (1996) points

out that it is common practice (e.g., Harzhauser and Ko-

walke 2002; Harzhauser et al. 2008) to identify older forms

(Middle Oligocene to Early Miocene) as V. lepida and

younger forms (Middle to Late Miocene) as V. subpulch-

ella. Vallonia subcyclophorella (MN5 to MN 10) is easily

diagnosed by its strong ribs (Stworzewicz 1999b).

Family Vertiginidae Fitzinger, 1833

Genus Vertigo O.F. Müller, 1773

Vertigo callosa (Reuss, 1849)

(Figs. 17, 18)

Pupa callosa Reuss, 1849: 30 (pl. 3, fig. 7).

Vertigo (Vertigo) callosa cardiostoma: Gall, 1972: 13.

Vertigo callosa: Stworzewicz, 1999b: 137 (figs. 6–7).

Vertigo (Vertigo) callosa: Wenz, 1923a: 983; Moser et al.,

2009b: 48.

Vertigo sp.: Moser et al., 2009b: 48.

Material examined: BSPG 1959 II 17256 (1 specimen),

17257 (7 specimens), 17258 (10 specimens), 17259 (5

specimens), 17260 (1 specimen), 17261 (3 specimens),

17686 (8 specimens).

Stratigraphic occurrence: Layers B2 (1 specimen), C3 (1

specimen) and D1 (15 specimens). Moreover, 7 specimens

were found in the ‘‘Grube Bergmaier’’ sample and 11

others in samples without stratigraphical data.

Description: Shell diminutive, ovate; greatest width on

penultimate whorl (width *3/4 shell length). Spire angle

55�–60�. Protoconch (1� whorl) blunt, smooth; transition

to teleoconch clear. Whorl profile convex. Suture well-

marked, but not deep. Teleoconch smooth, except for

growth lines. Body whorl *3/5 shell length. Aperture

rounded triangular to more trapezoid; aperture *1/3 shell

length and *1/2 shell width. Peristome slightly reflexed;

parietal callus weak. Body whorl forming slight callosity

near the peristome; body whorl with slight depression on

its surface, near the peristome, corresponding to upper

palatal tooth (a second depression, corresponding to the

lower palatal, may also be present). Apertural barriers

totaling five: upper palatal tooth, lower palatal tooth, col-

umellar lamella, parietal lamella, angular lamella. A sixth

barrier, namely the basal tooth, may also be present, but

very weakly developed. The strongest barriers are the

palatal teeth. Angular lamella and upper palatal tooth are in

close proximity, and form an elongated (sometimes more

circular) sinulus. Umbilicus narrow, deep.

Measurements (in mm): 4�–5 whorls; H = *2.0;

D = *1.4; S = *1.3; S0 = *0.8; h = *0.6; d = *0.7.

Previous identification of the material: Gall (1972: Nr.

27): V. (Vertigo) callosa cardiostoma (Sandberger, 1923).

Moser et al. (2009b: Nr. 35 and 36): V. (Vertigo) callosa

(Reus, 1849) and Vertigo sp. (the latter could refer to the

forms that resemble V. diversidens; see below).

Discussion: V. callosa is one of the most common fossil

vertiginids in the European Neogene, supposedly ranging

from the Late Oligocene to the Late Miocene and occurring

in many localities throughout central Europe (Stworzewicz

1999b). It was originally described from the Early Miocene

freshwater limestones of northwestern Czech Republic

(Reuss 1849). The species is well known for a great amount

of variability in size, overall shell shape, aperture shape,

and dentition, both among individuals and among popula-

tions as well (Stworzewicz 1999b). This seems to hold true

for the specimens from Sandelzhausen, which can vary in:

(1) overall shape (from ovate to more cylindrical); (2) size

(sometimes with a difference of about half a whorl); (3)

height of the aperture (some specimens with a higher

aperture than more ‘‘typical’’ V. callosa specimens); (4) the

number of teeth (the basal tooth is present in only a few

specimens and is rather weakly developed); and (5) in the

strength of the teeth (normally, the lower palatal is stronger

than the upper palatal, but the opposite can be seen on

some specimens).

Overall, all specimens from Sandelzhausen bear a single

feature that distinguishes them from more typical V. call-

osa, namely, the more weakly developed teeth. The weaker

teeth and the possible absence of the basal tooth are more
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akin to V. protacta (Sandberger, 1874), a rare species

known from the Upper Oligocene to the Upper Miocene of

central Europe (Stworzewicz 1999b). However, this spe-

cies is smaller, has weaker angular and upper palatal teeth,

and lacks the depression on the surface of the body whorl,

near the peristome. Moreover, some authors have pointed

to somewhat smaller specimens of V. callosa, similar to the

ones from Sandelzhausen, that bear only 5 teeth (lack the

basal one), from Steinheim am Albuch (MN7-8; Gottschick

and Wenz 1919) and Hollabrunn, in Austria (MN7-8;

Schütt 1967).

Moreover, some of the specimens from Sandelzhausen

more closely resemble another Miocene species, V. diver-

sidens (Sandberger, 1875) (sometimes regarded as a sub-

species or synonym of V. callosa), by having more

acuminated spires, a slightly more circular sinulus, and a

more marked second depression on the surface of the body

whorl, near the peristome, and located more basally, that

corresponds to the lower palatal tooth (the other depres-

sion, corresponding to the upper palatal, is typical of V.

callosa). Although V. diversidens is reported to have up to

7 or more teeth, and only rarely 6 (Stworzewicz 1999b), it

is hard to satisfactorily separate it from V. callosa; so both

species seem to be indistinguishable from one another.

Superfamily Clausilioidea J.E. Gray, 1855

Family Clausiliidae J.E. Gray, 1855

Genus Pseudidyla O. Boettger, 1877

Pseudidyla moersingensis (O. Boettger, 1877)

(Figs. 19, 20, 21 and 22)

Clausilia (Pseudidyla) mörsingensis O. Boettger, 1877: 89

(pl. 3, fig. 32–34).

Pseudidyla moersingensis zandtensis: Wenz, 1923a: 792;

Gall, 1972: 12.

Clausiliidae gen. indet. sp. 1: Moser et al., 2009b: 48.

Clausiliidae gen. indet. sp. 2: Moser et al., 2009b: 48.

Material examined: BSPG 1959 II 17275 ([150 speci-

mens), 17276 ([300 specimens), 17277 ([300 specimens),

17278 (1 specimen), 17279 (1 specimen), 17280 (1 speci-

men), 17281 (1 specimen), 17282 (34 specimens), 17283

(13 specimens), 17284 ([50 specimens), 17285 (41 spec-

imens), 17286 (4 specimens), 17287 (10 specimens), 17288

(23 specimens), 17289 (13 specimens), 17290 (5

specimens), 17291 (1 specimen), 17295 (2 specimens),

17676 (1 specimen).

Stratigraphic occurrence: Layers B2 (35 specimens), C

(undetermined; 1 specimen), C1 (1 specimen), C3 ([100

specimens), and D1 ([50 specimens). Moreover, [450

specimens were found in the ‘‘Grube Bergmaier’’ sample, 1

on the ‘‘Testprofil 1966’’ sample (label indicates only

‘‘layer C’’), [300 on samples without data on place of

origin, and a single specimen labeled as belonging to either

layer B or C.

Description: Shell small, sinistral, multispiral, slender,

cylindrical-fusiform, with acuminated apex. Greatest width

on penultimate whorl (antepenultimate whorl). Protoconch

(*2 whorls) rounded, smooth. Whorl profile slightly

convex. Suture well-marked, but not deep, oblique (diag-

onal) to columellar axis. Teleoconch sculptured by well-

marked sinuous parallel axial ribs (*80–90 on penultimate

whorl) that become stronger towards the aperture; distance

between ribs approximately twice the rib width, but dis-

tance is greater on early teleoconch whorls. Body whorl

non-apostrophic, with two crests on its basal surface (the

lower one stronger than the upper) and a light furrow

between them. Aperture roughly oval, with a small rounded

area between parietal lamella and palatal region. Peristome

slightly thickened, greatly reflexed. Always present aper-

tural barriers: parietal lamella (strong, vertical); columellar

lamella (leading to the clausilium); basal lamella (begin-

ning deeper on the body whorl inner surface); two folds

preceding columellar lamellar and one fold preceding basal

lamella; principal lamella (deeper on the body whorl’s

inner palatal surface). Other apertural barriers, not always

present: one to two basal folds; one supracolumellar fold;

one infraparietal fold. Very weak fold-like marks very

rarely present on the palatal region. Umbilicus

imperforated.

Measurements (in mm): BSPG 1959 II 17279 (incom-

plete specimen): 7 whorls; H = 7.4; D = 2.0; h = 2.2;

d = 1.6.

Previous identification of the material: Gall (1972: Nr.

22): Pseudidyla moersingensis zandtensis (Boettger, 1877).

Moser et al. (2009b: Nr. 40 and 41): Clausiliidae gen. indet.

sp. 1 and Clausiliidae gen. indet. sp. 2.

Discussion: The material from Sandelzhausen, especially

when taking into account the aperture with its lamellae and

folds, compares well to Pseudidyla moersingensis, a spe-

cies known from the Middle to the Upper Miocene of

Germany (MN5-MN8; type locality and age: Mörsingen,

MN5; Zilch 1959–1960; Nordsieck 1981, 1982). The two

subspecies of P. moersingensis are now considered

Figs. 15–24 15, 16 Vallonia lepida (BSPG 1959 II 17296;

D = 2.4 mm). 17 Vertigo callosa (BSPG 1959 II 17257;

H = 1.9 mm). 18 Vertigo callosa (BSPG 1959 II 17256;

H = 2.0 mm). 19 Pseudidyla moersingensis (BSPG 1959 II 17279;

H = 7.4 mm). 20 Pseudidyla moersingensis, spire top (BSPG 1959 II

17276; H = 3.6 mm). 21 Pseudidyla moersingensis, spire top (BSPG

1959 II 17277; H = 3.0 mm). 22 Pseudidyla moersingensis, aperture

(BSPG 1959 II 17275; h = 2.0 mm). 23 Triptychia sp. (BSPG 1959 II

17293; h = 1.9 mm). 24 Triptychia sp. (BSPG 1959 II 17719;

H = 2.9 mm)

b
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synonyms (Nordsieck 2007). Most of the present speci-

mens are broken spire tops or apertures, but rare almost-

complete specimens also remain. In Sandelzhausen, P.

moersingensis seems to show some variability in the shape

and size of the protoconch and shell apex, ranging from a

very narrow protoconch, with the two whorls having the

same width (Fig. 21), to a broader and more conical shell

profile (Fig. 20). The two extreme types of shape of the

apices could indicate two distinct species, but a whole

range of intermediate forms can be found. The most

common form is the narrow one, with the broader one and

intermediates appearing in roughly the same proportions.

Moreover, judging by the sizes of the many broken aper-

tures, the shell size seems to be quite variable too, for

occasional very large apertures (in comparison to the

‘‘regular’’ ones) can be found. The larger and broader form

mentioned by Moser et al. (2009b) as a possible second

clausiliid species (BSPG 1959 II-17291; incomplete spec-

imen) is very likely just a larger P. moersingensis, since

many intermediate forms link it to the smaller one.

Additionally, the number and strength of the apertural

folds may also vary. Naturally, the parietal lamella (or

superior lamella) is always present, and so are the colu-

mellar lamella (leading to the clausilium) and the basal

lamella (beginning deeper on the body whorl’s inner sur-

face), as well as the small folds that precede them (two for

the columellar and one for the basal). One or various

smaller folds, in varying numbers, may be absent or be

very weakly formed: one or two basal folds, one supraco-

lumellar fold, and one infraparietal fold. Finally, some-

times there are numerous very weak marks resembling

diminutive folds on the palatal region.

Pseudidyla moersingensis is the most abundant species

among the terrestrial snails from Sandelzhausen, suggest-

ing the presence of a favorable habitat for this species,

woody with a humid warm-temperate climate (Nordsieck

2007). This is especially true for layer C3, from where

most of the material was recovered.

Family Filholiidae Wenz, 1923a

Genus Triptychia Sandberger, 1874

Triptychia sp.

(Figs. 23, 24)

Material examined: BSPG 1959 II 17292 (1 specimen),

17293 (1 specimen), 17294 (1 specimen), 17719 (2

specimens).

Stratigraphic occurrence: Layers B2 (1 specimen) and

C3 (1 specimen). Moreover, 1 specimen was found in the

‘‘Grube Bergmaier’’ sample, and 2 specimens completely

lack stratigraphical data.

Description: Protoconch (*2 whorls) smooth; transition

to teleoconch clear. Beginning of teleoconch of the same

width as protoconch; sculptured by vertical and slightly

curved ribs; distance between ribs roughly equal to width

of rib; ribs become well-marked and orthocline on later

whorls. Suture shallow, but well-marked. Whorl profile

flat.

Measurements (in mm): BSPG 1959 II 17293 (incom-

plete specimen; Fig. 23): 3 whorls; H = 1.9; D = 1.4.

BSPG 1959 II 17719 (incomplete specimen): H = 2.9;

D = 2.1.

Previous identification of the material: Neither Gall

(1972) nor Moser et al. (2009b) mentioned these

specimens.

Discussion: Only 4 protoconchs and a spire fragment of

this sinistral species are at hand. The protoconchs are easily

recognizable by their much larger size and more cylindrical

apex when compared to the clausiliids. Their allocation to

Triptychia is due to the conical spire profile, with flattened

whorls and a shallow but well-marked suture.

Concluding remarks

Not only the fossils from Sandelzhausen but also the

majority of Miocene continental snail faunas from Central

Europe are in need of taxonomical revision (Strauch 1977;

Esu 1999). The lack of proper taxonomical knowledge

hampers comparative and integrative works (i.e., those

dealing with more than one fossil site) in fields like

paleobiogeography and paleoecology. In the literature, it is

possible to find countless species, subspecies, and varieties

that are described based on one or very few specimens.

These are most likely synonyms; a common scenario is for

two extreme forms of a continuum to be described as two

distinct taxa. As a result, some fossil sites have unrealistic

numbers of co-occurring congeneric ‘‘species’’ with mini-

mal differences among them. As such, this myriad of

synonyms leads to overinflated species richness and

diversity numbers: some sites show tens of co-occurring

species, numbers that are far greater than what is com-

monly found in Recent local faunas (Solem 1981, 1984;

Schilthuizen 2011). Nevertheless, the molluskan fossil

fauna from Sandelzhausen is very rich and diverse, and is

invaluable for future paleoecological and paleogeographi-

cal studies.

Furthermore, primary targets for revisions should be the

many species that supposedly occur throughout the whole

Miocene (and sometimes since the Oligocene), encom-

passing vast stretches of time. Despite not being
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completely impossible, that is very unlikely, especially if

we take into account: (1) the tendency of the pulmonates to

have more restricted distributions and to evolve rather

rapidly (Solem 1981, 1984; Barker 2001); and (2) the many

climatic changes that happened in Europe during the

Miocene and likely affected the molluskan fauna (Esu

1999). To illustrate this line of thought, in the Clausiliidae,

a group that has been thoroughly revised, the species

showed high evolutionary rates and small stratigraphical

ranges, with most being restricted to one mammal zone

(Nordsieck 2007). As such, for the present classification of

the material from Sandelzhausen, it was found to be more

useful to also take the type locality and age of each species

into account, preferably comparing the specimens with

species of roughly the same age.
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Nützel and M. Moser (BSPG) again for their reviews and comments

that much improved the present work. This work was supported by a

doctorate grant from CNPq (Conselho Nacional de Desenvolvimento

Cientı́fico e Tecnológico, Brazil).

References

Bank, R.A., and E. Gittenberger. 1985. Notes on Azorean and

European Carychium species (Gastropoda, Basommatophora,

Ellobiidae). Basteria 49: 85–100.

Barker, G.M. 2001. Gastropods on land: phylogeny, diversity and

adaptive morphology. In The Biology of Terrestrial Mollusks, ed.

G.M. Barker, 1–146. Wallingford: CABI Publishing.

Bourguignat, M.J.R. 1857. Aménités Malacologiques, LXIV. Du

genre Carychium. Revue et Magasin de Zoologie (2) 9(5):

209–232.

Braun A. (1851) Die fossile Fauna des Mainzer Beckens. Wirbellose

Thiere. In Darstellung der geologischen Verhältnisse des
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Fauna desselben. Beiträge zur Landeskunde Oesterreich’s unter

der Enns 3: 88–122.

Fischer, K., and W. Wenz. 1915. Die Landschneckenkalke des

Mainzer Beckens und ihre Fauna. Jahrbücher des Nassauischen
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stratigraphische und ökologische Bedeutung. Mitteilungen der

Bayerischen Staatssammlung für Paläontologie und historische
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