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Abstract. We present a taxonomic and palaeoecological analysis of  a continental mollusc fauna from a mam-
moth-bearing succession near Bullendorf  in Lower Austria. The taxonomic analysis comprises morphological de-
scriptions and SEM documentation of  15 Pleistocene gastropod species. A Principal Component Analysis of  the 
quantitative and qualitative composition of  the investigated samples reveals a stratigraphic succession of  four mollusc 
assemblages defined herein as Galba truncatula assemblage, Succinella oblonga assemblage, Pupilla muscorum/loessica and Pu-
pilla alpicola/sterrii assemblages. The autecological requirements of  the species of  each assemblage allow a reconstruc-
tion of  the palaeoenvironmental history of  the section with alternating dry and humid conditions within a general 
cooling trend. Despite generally low mollusc density and species richness, the Bullendorf  site allows important insight 
into latest Quaternary regional environmental conditions and climate. Based on the comparison with similar mollusc 
sites across Europe, a biostratigraphic correlation with the Late Pleistocene (~110–12 ka) is proposed. 
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IntroductIon

The modern continental mollusc fauna of  
Europe resembles the Pleistocene fauna, except for 
some extinct or regionally extirpated species and 
minor changes in taxonomic composition (Ložek 
1964). Assemblages heralding the Pleistocene fauna 
appear at the end of  the Pliocene (Ložek 1964), al-
though some species can be traced back to the Mio-
cene and early Pliocene (Esu & Girotti 1991; Geor-
gopoulou et al. 2016a, b). Since then, the fauna has 
been shaped by climatic fluctuations of  the Ice Age, 
resulting in peculiar assemblages specific for certain 
glacial and interglacial time-intervals (Ložek 1964, 
1990, 2001; Rousseau 1987, 2001; Frank 2006). This 
development provides a reliable frame for the bio-
stratigraphic dating of  continental Quaternary sedi-
ments. Moreover, the ecological requirements of  
the largely still existing taxa provide constrains for 

palaeoenviromental interpretations (Ložek 1964, 
1965, 1990, 2001; Puisségur 1976; Rousseau 1987, 
2001; Alexandrowicz et al. 1989; Krolopp & Sümegi 
1995; Sümegi & Krolopp 2002; Moine et al. 2005, 
2008; Moine 2008; Banak et al. 2012; Antoine et al. 
2013; Alexandrowicz et al. 2013, 2014; Alexandro-
wicz 2014). 

This paper focuses on the systematic analysis 
and palaeoenvironmental interpretation of  a con-
tinental gastropod fauna from a mammoth-bear-
ing succession near Bullendorf, in Lower Austria. 
The taxonomic part is based on a morphological 
analysis of  shells, supported by macro- and SEM-
photographs. Identifications are based on the rich 
literature on the Quaternary European malaco-
fauna; systematics and taxonomy follow Welter-
Schultes (2012), MolluscaBase (2016) and Bouchet 
et al. (2017). Based on quantitative and qualitative 
analyses of  several stratigraphically successive sam-
ples, shifts in palaeoenvironmental conditions can 
be deduced for the interval represented by the sec-
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tion. Finally, a comparison with similar faunal types 
across Europe allows a biostratigraphic correlation 
of  the section and a discussion of  the palaeogeo-
graphic distribution of  the fauna.

GeoGraphIc and GeoloGIcal settInG

The studied section is located 1.6 km NNE 
of  Bullendorf  (Mistelbach District, Lower Austria) 
on the northern slope of  a cut of  the newly con-
structed highway A5 (WGS 84: 48° 36’ 31.5” N, 16° 
40’ 11.9” E) (Fig. 1). The succession is 13.6-m-thick 
and comprises three lithological units (Fig. 2). The 
basal part of  the section is an about 2.6-m-thick unit 
of  bedded clay/silt with fossil leaves and scattered 
fossil mammal remains. It is overlain by an 8-m-
thick sandy and silty unit; the lower boundary of  
this unit represents an erosional surface with mol-
lusc shell lags. Proboscidean remains occur about 70 
cm above this surface, in a sandy silt bed showing 
ripple bedding, root traces and Pupilla gastropod-
rich lenses. The rest of  the unit is represented by 
an alternation at ~1 m scale of  well-bedded sandy 
and massive silty packages. The top of  the section is 
represented by an about 3-m-thick unit of  loess. All 
the mollusc-bearing samples derive from the upper 
two units (see Fig. 2 for sample coding and posi-
tion). Granulometric data prove very bad sorting for 
all these samples. Sedimentological features suggest 
that the middle unit was deposited in a floodplain 

setting, probably already influenced by aeolian depo-
sition (pers. comm. R. Roetzel). Aeolian deposition 
becomes predominant in the uppermost loess unit.

Preliminary results from luminescence dating 
(OSL) of  sediments point to an age slightly younger 
than the LGM (Carobene et al., in prep.).

Methods and MaterIals

Sampling was carried out in July and August 2016. Twelve 
bulk samples of  about 3 kg each were collected every 1–1.5 m of  sec-
tion units 2 and 3. These samples were used for quantitative analyses 
of  mollusc assemblages. Samples were dried at 60°C for 24 h, washed 
and sieved over a 0.5 mm mesh sieve. Additionally, shells were picked 
by hand from the surface (samples B2hp and B6hp in Fig. 2) to obtain 
well-preserved materials supporting the systematic identification. 
Macro-photographs were taken with a ZEISS Discovery.V20 stereo-
microscope connected to an AxioCam MRc5. For SEM investigation, 
specimens were washed in an ultrasonic cleaner and subsequently 
coated with platinum. SEM images were made using a JEOL JSM-
6610LV operated at 10 kV.

Two statistical analysis (computed in PAST v.3.15, Hammer 
et al. 2001) were carried out on the Bullendorf  molluscan fauna. A 
biodiversity index (Simpson dominance index as defined in PAST, 
Hammer et al. 2001) was calculated in order to measure both spe-
cies richness and evenness of  samples, and a multivariate statistical 
technique (Principal Component Analysis) was performed to detect 
recurring assemblages.

A total of  548 gastropod specimens were identified, repre-
senting 19 species-level taxa, two of  which are left in open nomencla-
ture. The material is stored in the Department of  Geology and Palae-
ontology at the Natural History Museum Vienna (NHMW) under the 
inventory numbers NHMW 2017/0039/0000 – 2017/0049/0000 
and NHMW 2017/0063/0000 – 2017/0069/0000.

Abbreviations
Spec. = specimen/specimens; juv. = juvenile specimen; 

fragm. = fragment/fragments; H = height; W = width; Lw = height 
of  the last whorl.

results

Class Gastropoda Cuvier, 1795
Subclass heterobanchIa Burmeister, 1837

Superorder Hygrophila Férussac, 1822
Superfamily Lymnaeoidea Rafinesque, 1815

Family Lymnaeidae Rafinesque, 1815
Subfamily Lymnaeinae Rafinesque, 1815

Genus Galba Schrank, 1803
Type species: Buccinum truncatulum Müller, 1774. Recent; Africa, Eu-
rope, N- and W-Asia, Alaska. Type fixed by the ICZN under the ple-

nary powers (opinion 1896).

Galba truncatula (Müller, 1774)
Pl. 1, fig. A–C

Fig. 1 - Map showing the geographic position of  Bullendorf  in Lo-
wer Austria and the main outcrops in the area. Geology sim-
plified from Schnabel (2002). 
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1774 Buccinum truncatulum Müller, 131.
1964 Lymnaea (G.) truncatula (Müller, 1774) – Ložek, p. 176, pl. 3, 

fig. 7.
1998 Galba truncatula (Müller 1774) – Turner et al., p. 99, unnum-

bered text-fig. 99.
2006 Galba truncatula (Müller 1774) – Frank, p. 73, pl. 5, figs. 9-13.
2012 Galba truncatula (Müller 1774) – Welter-Schultes, p. 49, unnum-

bered text-fig. 49.

Material: 2 spec., 1 juv. fragm. (NHMW 2017/0042/0002), 1 
spec. (NHMW 2017/0047/0002), 7 spec. (NHMW 2017/0048/0001) 
and 35 spec., 18 fragm. (NHMW 2017/0065/0001).

Dimensions: NHMW 2017/0039/0001 (Pl. 1 fig. A–C): H 
4.7 mm, W 2.7 mm, Lw 3.4 mm; NHMW 2017/0065/0001: H 4.0 
mm, W 1.8 mm, Lw 2.8 mm; NHMW 2017/0065/0001: H 4.3 mm, 
W 2.2, Lw 2.9 mm; NHMW 2017/0065/0001: H 4.5 mm, W 2.3 
mm, Lw 3.1 mm; NHMW 2017/0065/0001: H 4.6 mm, W 2.5 mm, 

Lw 3.2 mm; NHMW 2017/0065/0001: H 3.8 mm, W 2.2 mm, Lw 
2.9 mm.

Description. Ovate-conic, light rose-colou-
red to whitish shell of  4 to 5 whorls with densely 
spaced, delicate growth lines. Growth lines streng-
thening towards aperture. Protoconch comprising 
1.2 smooth whorls; transition to teleoconch mar-
ked by axial furrow. Spire slightly gradate; whorls 
with slightly flattened, narrow subhorizontal ram-
ps and convex flanks. Last whorl about 70% of  
total shell height. Aperture ovate with weak lip; 
extended columellar lip partially covering umbili-
cus. Umbilicus deep and narrowly open.

Fig. 2 - Log of  the Bullendorf  suc-
cession.
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Remarks. Galba truncatula is restricted to 
samples B4 and C3 where it occurs in considera-
ble numbers (53 spec. in sample C3). The available 
shells agree fully with the specimens from the Early 
Pleistocene of  Bojnice (Slovakia) (Ložek 1964), the 
Preboreal of  Abri von Elsbethen and Hohenberg 
“Steinbruch” and the Boreal of  Gumpoldskirchen 
(Austria) (Frank 2006). Small specimens of  G. trun-
catula are reminiscent of  juvenile shells of  Stagnicola 
species. Nonetheless, these differ from the speci-
mens herein treated as Galba truncatula in the less 
gradate spire and the more flattened whorl flanks, a 
drop-like aperture and a narrower umbilicus.

Habitat. Galba truncatula is a freshwater spe-
cies, that can survive long dry periods (Kendall 
1965). It lives on submerged plants and stones 
of  small and very small water bodies as well as in 
springs and puddles (Welter-Schultes 2012). It can 
be found outside the water on wet and moist me-
adows or in swampy woodland. In the Alps, it is 
present up to 2600 m (Frank 2006) and it has been 
found in small lakes up to 2800 m (Lencioni & Ma-
iolini 2006).

Distribution. It is a Holarctic species living 
in Central Europe, N Africa, W and N Asia, and N 
America, up to the Arctic Circle (Frank 2006; Wel-
ter-Schultes 2012).

Superorder Eupulmonata Haszprunar & Huber, 
1990

Order Stylommatophora A. Schmidt, 1855
Superfamily Succineoidea Beck, 1837

Family Succineidae Beck, 1837
Subfamily Succineinae Beck, 1837

Genus Succinella Mabille, 1871
Type species: Succinea oblonga Draparnaud, 1801. Recent; Eurasia. 

Type by subsequent designation by Boettger (1947).

Succinella oblonga (Draparnaud, 1801)
Pl. 1, fig. D–F

1801 S.[uccinea] oblonga Draparnaud, p. 56.
1964 Succinea (S.) oblonga Draparnaud, 1801 - Ložek, p. 230, pl. 12, 

figs. 7, 8.
1983 Succinea (Succinella) oblonga Draparnaud, 1801 - Kerney et al., p. 

79, pl. 2, fig. 2.
1998 Succinella oblonga (Draparnaud 1801) - Turner et al., p. 231, un-

numbered text-fig. 231.
2006 Succinella oblonga (Draparnaud 1801) - Frank, p. 123, pl. 11, figs. 

4-8.

Material: 2 spec. (NHMW 2017/0041/0002), 1 spec., 
4 fragments (NHMW 2017/0042/0001), 3 fragm. (NHMW 

2017/0044/0004), 2 fragm. (NHMW 2017/0045/0003), 1 
spec. (NHMW 2017/0046/0005), 1 spec., 1 fragm. (NHMW 
2017/0047/0001), 5 spec., 1 juv. (NHMW 2017/0048/0002, NHMW 
2017/0063/0003), 9 spec., 8 juv. fragm., 9 adult fragm. (NHMW 
2017/0065/0002), 1 juv. fragm. (NHMW 2017/0066/0002), 6 
fragm. (NHMW 2017/0069/0001).

Dimensions: NHMW 2017/0046/0005 (Pl. 1, fig. D–F): 
H 5.5 mm, W 3.2 mm; Lw 4.3 mm; NHMW 2017/0065/0002: H 
6.7 mm, W 3.4 mm, Lw 5.5 mm; NHMW 2017/0048/0002 H 6.0 
mm, W 2.8 mm, Lw 4.5 mm; NHMW 2017/0048/0002 H 5.3 mm, 
W 2.5 mm, Lw 4.2 mm.

Description. Drop-shaped, whitish shell 
composed of  about 3 whorls with coarse and 
densely spaced growth lines. Last whorl elongated, 
attaining about 80% of  total shell height. Proto-
conch consisting of  less than one bulbous whorl, 
bearing very faint, irregularly hammered sculp-
ture. Transition into teleoconch marked by gradual 
onset of  growth lines. Suture deep, whorl flanks 
strongly convex. Aperture broadly ovoid to almost 
elliptical, peristome thin. Umbilicus fully covered.

Remarks. Succinella oblonga occurs in most 
samples but is most frequent in samples C3 (26 
spec.) and C7 (6 spec.). The specimens fit well with 
the material from the Late Pleistocene of  Dolní 
Věstonice (Czech Republic) (Ložek 1964) and the 
ones illustrated by Frank (2006) from Austria. The 
morphotype elongata is frequently reported from 
Pleistocene deposits such as loess, loess-like clays, 
and slope sediments formed in the periglacial zone 
of  Germany, Austria, and Czech Republic (Sand-
berger 1875; Ložek 1964; Łopuszyńska 2002; 
Frank 2006). However, a morphometric analysis 
of  the shells from several loess localities in Central 
Europe did not reveal any statistically significant 
difference between Succinella oblonga and Succinella o. 
elongata (Łopuszyńska 2002). Succinella oblonga might 
easily be mistaken for Quickella arenaria (Potiez & 
Michaud 1838), which is slightly wider than S. ob-
longa and shows more convex whorls and asym-
metric embryonic whorls (Ložek 1964). Moreover, 
S. oblonga has more whorls than Q. arenaria at the 
same size (Ložek 1964; Welter-Schultes 2012).

Habitat. It occurs in humid and open habi-
tats, in muddy areas and under stones and plants. 
It can be found on river banks but also in moder-
ately dry places (Ložek 1964; Frank 2006; Welter-
Schultes 2012). 

Distribution. Succinella oblonga is a common 
component of  “loess faunas” throughout Central 
and Eastern Europe. During the Pleistocene, it 
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was more common in glacial periods but is also 
known from interglacials (Frank 2006). This spe-
cies is often found in Holocene sediments, partic-
ularly those which accumulate in relatively humid 
environments such as calcareous tufas and alluvial 
sediments (Łopuszyńska 2002). Ložek (1964) and 
Frank (2006) provide comprehensive lists of  Pleis-
tocene and Holocene occurrences from Austria, 
Czech Republic and Slovakia. Today, this species is 
widespread throughout Europe and W-Asia (Frank 
2006).

Superfamily Pupilloidea Turton, 1831
Family Pupillidae Turton, 1831
Genus Pupilla Fleming, 1828

Type species: Pupa marginata Draparnaud, 1801 [= Pupilla muscorum 
(Linnaeus, 1758)]. Recent; Northern Hemisphere. Type species by 

monotypy.

Pupilla loessica Ložek, 1954
Pl. 2, fig. A–C

1954 Pupilla loessica sp. n. Ložek, p. 341, pl. 1, figs. 4, 5.
1964 Pupilla loessica Ložek, 1954 - Ložek, p. 217, pl. 9, fig. 3.
1976 Pupilla loessica Ložek, 1954 - Puisségur, pl. 24, figs. 1, 2, pl. 25, 

fig. 4.
2006 Pupilla loessica Ložek 1954 - Frank, p. 236, pl. 18, figs. 6, 7.

Material: 8 spec., 4 fragm. (NHMW 2017/0040/0001), 

8 spec., 3 fragm. (NHMW 2017/0044/0006), 13 spec. (NHMW 
2017/0046/0015), 12 spec. (NHMW 2017/0048/0012), 7 
spec., 1 fragm. (NHMW 2017/0063/0008), 1 spec. (NHMW 
2017/0070/0001).

Dimensions: NHMW 2017/0039/0002 (Pl. 2, fig. A–C): H 
3.1 mm, W 1.6 mm, Lw 1.3 mm;  NHMW 2017/0040/0001: H 3.0 
mm, W 1.6 mm, Lw 1.3 mm; NHMW 2017/0040/0001: H 3.1 mm, 
W 1.6 mm,  Lw 1.4 mm; NHMW 2017/0040/0001: H 2.9 mm, W 
1.7 mm, Lw 1.3 mm; NHMW 2017/0040/0001: H 2.9 mm, W 1.7 
mm, Lw 1.4 mm; NHMW 2017/0040/0001: H 2.9 mm, W 1.4 mm, 
Lw 1.2 mm.

Description. Tiny, cylindrical-ovate, pupi-
form light pinkish-brown shell comprising about 
4.5 strongly convex teleoconch whorls with sculp-
ture of  dense, somewhat prominent, prosocline 
growth lines. Last whorl about 45% of  total shell 
height. Suture initially deep, weakening abapically. 
Protoconch consisting of  about 1.4 whorls, transi-
tion between protoconch and teleoconch abrupt, 
marked by appearance of  growth lines. Last whorl 
ending in wide semi-elliptical aperture with slightly 
projecting lip. Aperture without teeth. Umbilicus 
narrow and moderately deep.

Remarks. The morphology of  the herein stu-
died material resembles highly the holotype and the 
paratype from the Late Pleistocene of  Předmostí u 
Přerova (Czech Republic) (Ložek 1954) and the spe-
cimens from the middle Würm of  Dolní Věstonice 
(Czech Republic) (Ložek 1964) and the Late Plei-

Plate 1

A-C - Galba truncatula (Müller, 1774) 
apertural (A), dorsal (B) and 
apical (C) views of  an adult 
specimen from NHMW 
2017/0039/0001; 

D-F - Succinella oblonga (Draparnaud, 
1801) apertural (D), dor-
sal (E) and apical (F) views 
of  an adult specimen from 
NHMW 2017/0046/0005. 

Scale bars correspond to 1 mm (A, 
B, D, E), 100 μm (C, F). All 
SEM images.
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stocene of  Stillfried (Austria) (Frank 2006). Pupilla 
loessica is reminiscent of  Pupilla sterrii (Voith in For-
ster, 1840), but the first species lacks apertural teeth 
and has a weakly developed peristome.

Habitat. The extant Pupilla loessica lives in 
steppe environments, steppe meadows and high 
mountain forb tundra with mean annual tempera-
tures below 0°C (Meng & Hoffmann 2009; Moine 
2014).

Distribution. The species is a typical element 
of  glacial loess deposits and characteristic of  the 
so-called Pupilla-fauna and the Columella-fauna in 
Central Europe (Frank 2006). According to Ložek 
(1954), Pupilla loessica is a typical loess-steppe species 
of  the Late Pleistocene. Its mass occurrences are of-
ten associated with the coldest phases of  glacial, and 
particularly with the period of  intensive aeolian ac-
cumulation (Alexandrowicz et al. 2013, 2014). It was 
extirpated in Europe with the onset of  the Holoce-
ne but is still present today in Siberia and the Altai 
region of  Central Asia (Meng & Hoffmann 2009; 
Moine 2014; Nekola et al. 2015).

Pupilla muscorum (Linnaeus, 1758)
Pl. 2, fig. D–F

1758 Turbo muscorum Linnaeus, p. 767.
1964 Pupilla muscorum (Linné, 1758) - Ložek, p. 215, pl. 9, figs. 1, 7.
1976 Pupilla muscorum (Linné, 1758) - Puisségur, pl. 23, figs. 2-4, pl. 

25, fig. 3.
1983 Pupilla (Pupilla) muscorum (Linnaeus, 1758) - Kerney et al., p. 118, 

unnumbered text-fig. 118.
1998 Pupilla (Pupilla) muscorum (Linnaeus 1758) - Turner et al., p. 162, 

unnumbered text-fig. 162.
2006 Pupilla muscorum (Linnaeus 1758) - Frank, p. 211, pl. 17, figs. 

10, 11.

Material: 10 spec., 5 fragm. (NHMW 2017/0040/0001), 
5 spec., 7 fragm. (NHMW 2017/0041/0003), 1 spec. (NHMW 
2017/0043/0001), 21 spec., 8 fragm. (NHMW 2017/0044/0005), 
31 spec., 1 frag. (NHMW 2017/0046/0010), 21 spec. (NHMW 
2017/0048/0009), 10 spec., 2 fragm. (NHMW 2017/0063/0005), 7 
spec. (NHMW 2017/0065/0006), 1 spec. (NHMW 2017/0066/0001).

Dimensions: NHMW 2017/0039/0003 (Pl. 2, fig. D–F):  H 
3.7 mm, W 1.7 mm, Lw 1.5 mm; NHMW 2017/0040/0003: H 3.6 
mm, W 1.8 mm, Lw 1.8 mm; NHMW 2017/0040/0003: H 3.8 mm, 
W 1.7 mm, Lw 1.9 mm; NHMW 2017/0044/0005: H 3.6 mm, W 1.8 
mm, Lw 1.7 mm; NHMW 2017/0044/0005: H 3.6 mm, W 1.9 mm, 
Lw 1.6 mm; NHMW 2017/0044/0005: H 3.5 mm, W 1.8 mm, Lw 
1.6 mm.

Description. Elongate, cylindrical, light ro-
se-coloured to brownish shell composed of  5 to 
6 somewhat convex teleoconch whorls with irre-
gular, prosocline, weak growth lines. Conical apex 
and slightly impressed suture. Last whorl about 

45% of  total shell height. Protoconch comprising 
1.5 whorls; transition to teleoconch marked by on-
set of  thin and faint growth lines. Aperture semi-
circular and narrowed posteriorly. Peristome with 
well-developed, projecting lip and thickened cervical 
callus. Some specimens with straightened outer lip 
and subtriangular aperture. Pointed parietal tooth 
present at some distance from aperture; larger pa-
latal tooth sometimes present deep inside aperture. 
Umbilicus small and moderately deep.

Remarks. The slender outline distinguishes 
this species from other members of  Pupilla. The 
described material matches the specimens from 
the middle Würm of  Předmostí (Czech Republic) 
(Ložek 1964) and the late Würm of  Stillfried/Hau-
sberg (Austria) (Frank 2006). They share the elonga-
te outline, pointed apex and slightly convex flanks. 
Some specimens display rather convex whorls simi-
lar to the material from Dolní Věstonice (Czech Re-
public) illustrated by Ložek (1964). Both P. muscorum 
and P. sterrii (Voith in Forster, 1840) bear apertural 
teeth, but P. sterrii is typically smaller, has a much 
deeper suture and more convex flanks than P. mu-
scorum. However, specimens of  P. sterrii with mode-
rately convex whorls might be misidentified with P. 
muscorum.

Habitat. Pupilla muscorum is an extant species 
ranging from relatively moisty meadows to dry and 
sunny habitats, such as rocks, debris and sand du-
nes. It occurs in hills and up to 2400 m in the Alps 
(Ložek 1964; Welter-Schultes 2012).

Distribution. It is a Holarctic species. In 
Austria, it is widespread from Vienna to Lake Neu-
siedl, and in Carinthia (Frank 2006). Pupilla muscorum 
occurred throughout the Pleistocene but was most 
common during glacials; it is a typical element of  
loess-assemblages (see Ložek 1964 and Frank 2006 
for extensive lists of  Pleistocene occurrences). Wenz 
(1923) listed also occurrences from the late Miocene 
of  Hungary and several Pliocene occurrences from 
England. These, however, need confirmation.

Pupilla alpicola (Charpentier, 1837)
Pl. 2, fig. G–I

1837 Pupa alpicola Charpentier, p. 16, pl. 2, fig. 5.
1871 Pupa muscorum var. pratensis Clessin, p. 101.
1954 Pupilla muscorum densegyrata subsp. n. - Ložek, p. 340, pl.1, figs. 

2, 3.
1964 Pupilla m. densegyrata V. Ložek, 1954 - Ložek, p. 215, pl. 9, fig. 4.
2006 Pupilla alpicola densegyrata (Ložek 1954) - Frank, p. 205, pl. 17, 

fig. 9.
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2009 Pupilla pratensis (Clessin, 1871) - von Proschwitz et al., p. 317, 
figs. 1 a-f.

2010 Pupilla alpicola (Charpentier, 1837) - Horsák et al. 2010, p.1016, 
figs. 12, 13.

2012 Pupilla pratensis (Clessin, 1871) - Welter-Schultes, p. 131, un-
numbered text-fig. 131.

2012 Pupilla alpicola (Charpentier, 1837) - Welter-Schultes, p. 130, un-
numbered text-fig. 130.

Material: 12 spec. (NHMW 2017/0040/0002), 1 spec. 
(NHMW 2017/0041/0005), 1 spec. (NHMW 2017/0042/0005), 
15 spec., 2 fragm. (NHMW 2017/0044/0008), 10 spec. (NHMW 
2017/0046/0014), 13 spec. (NHMW 2017/0048/0011), 5 spec. 
(NHMW 2017/0063/0008), 3 spec. (NHMW 2017/0065/0007), 1 
spec. (NHMW 2017/0068/0002).

Dimensions: NHMW 2017/0039/0004 (Pl. 2, fig. G–I): H 
3.1 mm, W 1.8 mm, Lw 1.3 mm; NHMW 2017/0040/0002: H 3.4 
mm, W 1.8 mm, Lw 1.7 mm; NHMW 2017/0040/0002: H 3.4 mm, 
W 1.9 mm, Lw 1.5 mm; NHMW 2017/0040/0002: H 3.7 mm, W 
1.9 mm, Lw 1.5 mm; NHMW 2017/0040/0002: H 3.3 mm, W 1.8 
mm, Lw 1.4 mm; NHMW 2017/0040/0002: H 3.6 mm, W 1.9 mm, 
Lw 1.4 mm.

Description. Rather elliptical, rose-coloured 
to brownish shell consisting of  6 whorls with coar-
se prosocline growth lines and moderately convex 
flanks. Apex rounded, suture slightly incised. Pro-
toconch consisting of  1.5 whorls. Transition from 
protoconch to teleoconch indicated by onset of  
prominent growth lines. Last whorl about 40% of  
total shell height. Aperture broad, lacking teeth and 
showing poorly thickened lip and thin cervical callus. 
Umbilicus small and narrow.

Remarks. Charpentier (1837) described Pu-
pilla alpicola as slightly wider than P. muscorum. In ad-
dition to the greater width of  the shell, the herein 
described specimens show a broader and less deve-
loped peristome compared to P. muscorum. Accor-
ding to von Proschwitz et al. (2009), there are some 
resemblances between Charpentier’s species and Pu-

Plate 2

A-C - Pupilla loessica Ložek, 1954 ap-
ertural (A), dorsal (B) and 
apical (C) views of  an adult 
specimen (specimen broken 
after imaging) from NHMW 
2017/0039/0002; 

D-F - Pupilla muscorum (Linnaeus, 
1758) apertural (D), dor-
sal (E), apical (F) views of  
an adult specimen from 
NHMW 2017/0039/0003; 

G-I - Pupilla alpicola (Charpentier, 
1837) apertural (G), dorsal 
(H) and apical (I) views of  
an adult specimen (specimen 
broken after imaging) from 
NHMW 2017/0039/0004.

Scale bars correspond to 1 mm (A, B, 
D, E, G, H), 100 μm (C, I), 
200 μm (F). All SEM images.
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pilla pratensis (Clessin, 1871). In fact, Clessin (1876) 
synonymized his variety pratensis with Pupa muscorum 
var. madida Gredler, 1856, a junior synonym of  Pupil-
la alpicola but he subsequently went back to his for-
mer point of  view and considered Pupilla pratensis as 
an ecophenotype of  P. muscorum (von Proschwitz et 
al. 2009). However, Pupilla pratensis was recently con-
firmed as a species distinct from P. muscorum based 
on morphological, ecological and molecular eviden-
ce (von Proschwitz et al. 2009). Pupilla alpicola and 
Pupilla pratensis resemble each other in the greater 
width of  the shells and also in ecological require-
ments. According to von Proschwitz et al. (2009), 
they differ in other general conchological features: 
P. alpicola shows a shorter and more cylindrical shell 
with a rather pronounced apex as compared to P. 
pratensis. Additionally, Pupilla alpicola presents a de-
pression or flattening on the palatal wall of  the aper-
ture. However, a multidimensional analysis showed 
that P. pratensis specimens are mostly impossible to 
distinguish from P. alpicola in terms of  shell measu-
rements (Horsák et al. 2010). Furthermore, recent 
DNA sequence analysis by Nekola et al. (2015) indi-
cates that Pupilla pratensis and Pupilla alpicola are not 
phylogenetically separated and represent a mono-
phyletic clade for both nDNA and mtDNA (Nekola 
et al. 2015). The synonymy between the two taxa has 
been accepted also by Horsák et al. (2015). The form 
Pupilla muscorum densegyrata was introduced by Ložek 

(1954), who suggested its possible affinity with Pu-
pilla alpicola and smaller specimens of  Pupilla pratensis. 
Horsák et al. (2015) stated that the subspecies den-
segyrata is a form of  Pupilla alpicola characteristic of  
the younger loess sediments in Central Europe (e.g. 
Ložek 2001) and should be therefore considered as 
a Late glacial relict. Our material resembles fully the 
syntype and the other specimens of  P. pratensis do-
cumented by von Proschwitz et al. (2009), as well 
as the paratype of  P. muscorum densegyrata from the 
Late Pleistocene of  Zamarovce (Slovakia) (Ložek 
1954) and specimens from the Late Pleistocene of  
Stillfried (Austria) identified as P. alpicola densegyrata 
by Frank (2006). In the view of  the latest studies 
(e.g. Horsák et al. 2011, 2015; Nekola et al. 2015), 
we consider our material as representative of  Pupil-
la alpicola and its ecophenotype P. alpicola densegyrata. 
As already pointed out (von Proschwitz et al. 2009; 
Horsák et al. 2015; Nekola et al. 2015), further mo-
lecular and morphological analyses are required for 
accurate species assignment in this genus, along with 
a revision of  Pleistocene specimens attributed in the 
past to Pupilla pratensis/alpicola/muscorum. 

Habitat. Pupilla alpicola lives in moss of  wet 
meadows in high alpine regions, mostly in calcareous 
fens with sparce herbal vegetation characterized by 
extremely high calcium carbonate precipitation (tufa) 
(Horsák et al. 2011; Welter Schultes 2012; Horsák et 
al. 2015). 

Plate 3

A-C - Pupilla sterrii (Voith in Forster, 
1838) apertural (A), dorsal 
(B), and apical (C) views 
of  an adult specimen from 
NHMW 2017/0039/0005; 

D-F - Pupilla triplicata (Studer, 1820) 
apertural (D), dorsal (E) and 
apical (F) views of  an adult 
specimen from NHMW 
2017/0039/0006.

Scale bars correspond to 1 mm (A, B, 
D, E), 100 μm (C), 200 μm 
(F). All SEM images.
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Distribution. The species occurs in Central 
Europe and extends continuously northwest into 
southern Scandinavia and Ireland and east into cen-
tral Asia. During the Pleistocene, its ecomorpho-
logical form P. alpicola densegyrata occurred in nu-
merous central European loesses localities (Ložek 
1964, 2001; Frank 2006; Horsák et al. 2015). 

Pupilla sterrii (Voith in Forster, 1840)
Pl. 3, fig. A–C

1838 Pupa Sterrii de Voith Forster, p. 469.
1964 Pupilla sterri (Voith, 1838) - Ložek, p. 216, pl. 9, fig. 2.
1976 Pupilla sterri (Voith, 1838) - Puisségur, pl. 23, figs. 5, 7, pl. 25, 

figs. 5, 6.
1983 Pupilla (Pupilla) sterrii (Voith, 1838) - Kerney et al., p. 120, un-

numbered text-fig. 120.
1998 Pupilla (Pupilla) sterrii (Voith 1840) - Turner et al., p. 167, un-

numbered text-fig. 167.
2006 Pupilla sterrii (Voith 1840) - Frank, p. 230, pl. 18 figs. 3-5.

Material: 3 spec. (NHMW 2017/0040/0004), 1 spec. 
(NHMW 2017/0041/0004), 2 spec. (NHMW 2017/0044/0007), 
11 spec. (NHMW 2017/0046/0011), 3 spec. (NHMW 
2017/0047/0010), 8 spec. (NHMW 2017/0048/0010), 3 spec. 
(NHMW 2017/0063/0006), 1 spec. (NHMW 2017/0068/0002).

Dimensions: NHMW 2017/0039/0005 (Pl. 3, fig. A–C): H 
3.1 mm, W 1.4 mm; Lw 1.3 mm; NHMW 2017/0048/0010: H 3.1 
mm, W 1.5 mm, Lw 1.3 mm; NHMW 2017/0048/0010: H 3.3 mm, 
W 1.7 mm, Lw 1.4 mm; NHMW 2017/0046/0011: H 3.2 mm, W 1.4 
mm, Lw 1.4 mm; NHMW 2017/0046/0011: H 3.2 mm, W 1.5 mm, 
Lw 1.4 mm; NHMW 2017/0046/0011: H 3.2 mm, W 1.45 mm, Lw 
1.4 mm.

Description. Slender, cylindrical, light 
brownish-reddish shell with 5 strongly convex 
whorls and impressed suture. Last whorl about 
40% of  shell height. Protoconch comprising 1.5 
whorls; onset of  teleoconch marked by slightly 
protruding, regular and prosocline growth lines. 
Aperture semi-elliptical to nearly semi-circular. 
Thickened peristome bearing developed cervical 
callus, rounded parietal tooth and less prominent 
palatal tooth. Umbilicus small and moderately 
deep.

Remarks. The convex flanks with promi-
nent growth lines and the apertural teeth characte-
rize the individuals from Bullendorf. The shells 
agree fully with material from the middle Würm of  
Banka (Slovakia) (Ložek 1964), the late Würm of  
Stillfried/Hausberg (Austria) (Frank 2006) and the 
Preboreal of  Abri von Elsbethen (Austria) (Frank 
2006). The Recent specimen figured by Turner et 
al. (1998) differs from our material in having a bro-
ader aperture and a much more reflected lip.

Habitat. Pupilla sterrii lives on dry meadows 

of  calcareous substrate, on limestones, south-fa-
cing rocks and between stones (Ložek 1964; Frank 
2006; Welter-Schultes 2012).

Distribution. It occurs in Central and S 
Europe, in Asia from Anatolia through Turkestan 
to N-China, in the Alps, Carpathians and Balkans 
(Frank 2006; Welter-Schultes 2012). It was wide-
spread during the Pleistocene in Europe and it was 
a typical element of  the loess-assemblages (see 
Ložek 1964 and Frank 2006 for a long list of  Cen-
tral European occurrences).

Pupilla triplicata (Studer, 1820)
Pl. 3, fig. D–F

1820 Pupa triplicata Studer, p. 89.
1964 Pupilla triplicata (Studer, 1820) - Ložek, p. 214, pl. 9, fig. 6.
1983 Pupilla (Pupilla) triplicata (Studer, 1820) - Kerney et al., p. 119, 

unnumbered text-fig. 119.
1998 Pupilla (Pupilla) triplicata (Studer 1820) - Turner et al., p. 166, 

unnumbered text-fig.166.
2006 Pupilla triplicata (S. Studer 1820) - Frank, p. 224, pl. 18 fig. 2.

Material: 2 spec. (NHMW 2017/0040/0005), 1 spec. 
(NHMW 2017/0042/0006), 6 spec. (NHMW 2017/0046/0012).

Dimensions:NHMW 2017/0039/0006 (Pl. 3, fig. D–F): H 
2.6 mm, W 1.4 mm; Lw 1.2 mm; NHMW 2017/0046/0012: H 2.9 
mm, W 1.5 mm, Lw 1.3 mm; NHMW 2017/0047/0011: H 2.8 mm, 
W 1.4 mm, Lw 1.2 mm; NHMW 2017/0047/0011: H 2.5 mm, W 
1.3 mm, Lw 1.1 mm; NHMW 2017/0047/0011: H 2.8 mm, W 1.4 
mm, Lw 1.3 mm.

Description. Tiny, cylindrical, light brown-
ish-yellowish shell of  about 5 moderately round-
ed whorls separated by deep suture. Protoconch 
made of  1.4 whorls; onset of  teleoconch marked 
by axial edge and fine, regular and oblique growth 
lines. Last whorl about 45% of  shell height, termi-
nating in nearly semi-circular aperture. Peristome 
with well developed, projecting lip and three teeth: 
a pointed parietal tooth, a flattened palatal tooth 
and a less prominent columellar tooth. Umbilicus 
small and moderately deep.

Remarks. Pupilla triplicata represents one of  
the smallest species of  the Pupilla complex. It is 
similar to P. sterrii in shell shape, but differs by its 
flatter apex, shallower suture and three apertural 
teeth instead of  two. The specimen from the Late 
Pleistocene of  Předmostí (Czech Republic) (Ložek 
1964, pl. 9, fig. 5) represents a dwarf  form of  P. 
triplicata. It resembles the present material regard-
ing the shape of  the peristome and whorl outline, 
but it is egg-shaped and much smaller.

Habitat. This species occurs in dry and ex-
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posed habitats, often in grass at calcareous outcrops 
and at rock debris with xerothermic grasslands. It 
occurs in hilly and submontane areas, from 220 to 
1550 m (Frank 2006; Welter-Schultes 2012).

Distribution. It is present in the Alps and 
southern Europe, from Spain to Transcaucasia. It 
occurred throughout the Pleistocene but is most 
characteristic for the warmer phases (Frank 2006).

Family Valloniidae Morse, 1864
Subfamily Valloniinae Morse, 1864

Genus Vallonia Risso, 1826 
Type species: Vallonia rosalia Risso, 1826 [= Vallonia pulchella Müller, 

1774]. Recent; Northern Hemisphere. Type by monotypy. 

Vallonia costata (Müller, 1774)
Pl. 4, fig. A–D

1774 Helix costata Müller, p. 30.
1964 Vallonia costata (Müller, 1774) - Ložek, p. 219, pl. 10, figs. 3 a-c
1976 Vallonia costata Müller - Puisségur, pl. 7, figs. 1,4.
1983 Vallonia costata (Müller, 1774) - Kerney et al., p. 125, unnum-

bered text-fig. 126.
1996 Vallonia costata (Müller, 1774) - Gerber, p. 156, pl. 62, figs. a-c.
1998 Vallonia costata (Müller 1774) - Turner et al., p. 170, unnumbe-

red text-fig. 170.
2006 Vallonia costata (Müller 1774) - Frank, p. 170, pl. 14, figs. 6-13.

Material: 1 spec. (NHMW 2017/0040/0012), 1 spec. 
(NHMW 2017/0063/0002), 3 spec. (NHMW 2017/0046/0018).

Dimensions: NHMW 2017/0039/0008 (Pl. 4, fig. C): H 1.2 
mm, W 2.4 mm; NHMW 2017/0040/0012 (Pl. 4, fig. A, B, D): H 1.3 
mm, W 2.3 mm.

Description. Tiny, flat, whitish shell com-
prising 3 rounded whorls. Suture well impressed. 
Sculpture consisting of  widely, regularly spaced, 
prominent collabral ribs and much finer threads in 
interspaces. Sculpture visible mostly on last whorl. 
Protoconch smooth delimited from teleoconch by 
onset of  axial ribs. Terminal part of  last whorl tur-
ning slightly down and terminating in quite circular, 
oblique and flaring peristome with thick and well-
developed lip. Umbilicus wide and open.

Remarks. Vallonia costata resembles Vallo-
nia enniensis (Gredler, 1856) in shell shape but dif-
fers from it in the stronger descending last whorl 
and more widely arranged ribs. Specimens from 
the Late Pleistocene of  Hinterbrühl, Schletz and 
Gauderndorf  (Austria) (Frank 2006) and Gánovce-
Hrádok (Ložek 1964) correspond fully to our ma-
terial. Compared to the Preboreal material of  Abri 
von Elsbethen (Austria) (Frank 2006) and the re-
cent shell of  Täuffelen (Switzerland) (Turner et al. 
1998), the Bullendorf  material shows less promi-
nent growth lines on the flanks. 

Habitat. Vallonia costata is characteristic for 
open habitats on calcareous substrate, occurring on 
dry rocky slopes, sandy dunes and relatively humid 
meadows, sometimes in sparse forests. In the Alps, 
it is present up to 2200 m (Ložek 1964; Welter-
Schultes 2012).

Distribution. The taxon is present in N 
Africa and Europe to Central Asia (Frank 2006; 

Plate 4

A-D - Vallonia costata (Müller, 1774) 
apical (A), umibilical (B), 
views and detail of  the proto-
conch (D) of  an adult speci-
men from 2017/0040/0012 
and apertural (C) of  an adult 
specimen from NHMW 
2017/0039/0008. All SEM 
images except for C macro-
photograph.

Scale bars correspond to 1 mm (A, B, 
C) and 100 μm (D).
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Welter-Schultes 2012). The species was common 
during the Pleistocene in Europe (Frank 2006). 
Miocene records, cited by Frank (2006), are based 
on misidentifications (e.g. Harzhauser & Binder 
2004). Wenz (1923) did not list this species from 
any Miocene or Pliocene locality.

Vallonia tenuilabris (A. Braun, 1843)
Pl. 5, fig. A–D

1843 Helix pulchella var. tenuilabris Braun: p, 143
1996 Vallonia tenuilabris (A. Braun, 1843) - Gerber, p. 191, pl. 77
1964 Vallonia tenuilabris (A. Braun, 1843) - Ložek, p. 223, pl. 10, 

figs. 1 a-c
2006 Vallonia tenuilabris (A. Braun 1843) - Frank, p. 181, pl. 15, figs. 

1-6

Material: 3 spec. (NHMW 2017/0040/0011), 2 spec. 
(NHMW 2017/0041/0007), 4 spec. (NHMW 2017/0044/0003), 
5 spec., 1 juv. (NHMW 2017/0046/0017), 5 spec. (NHMW 
2017/0047/0006), 5 spec. (NHMW 2017/0048/0006), 4 spec. 
(NHMW 2017/0063/0001), 4 spec. (NHMW 2017/0065/0003).

Dimensions: NHMW 2017/0039/0009 (Pl. 5, fig. A–D): 
H 1.3 mm, W 2.5 mm; NHMW 2017/0047/0006: H 1.5 mm, W 
3.0 mm; NHMW 2017/0047/0006: H 1.4 mm, W 2.9 mm; NHMW 
2017/0047/0006: H 1.6 mm, W 2.9 mm; NHMW 2017/0047/0006: 
H 1.8 mm, W 3.1 mm; NHMW 2017/0047/0006: H 1.6 mm, W 
2.9 mm.

Description. Small-sized, almost circular, 
whitish shell comprising about 3.4 rounded and 
convex whorls. Protoconch consisting of  about 1.4 
smooth whorls, separated from teleoconch by axial 
rim. Suture deep, spire elevated. Whorls covered by 

densely but irregularly spaced, delicate, prosocline 
growth lines, more prominent on last whorl. Mo-
derately descending last whorl ending in enlarged, 
circular aperture with thin and projecting lip. Um-
bilicus wide and deep.

Remarks. Vallonia tenuilabris differs from 
other Vallonia species by its more elevated spire, 
irregularly sculptured whorls and weak apertural 
lip. Moreover, V. tenuilabris has a larger and thin-
ner shell, as already discussed by Braun (1843). The 
specimens from Bullendorf  agree with the mate-
rial from the Late Pleistocene of  Dolní Věstonice 
(Czech Republic) (Ložek 1964) and Stillfried/Hau-
sberg, Stillfried and Willendorf  (Austria) (Frank 
2006).

Habitat. Vallonia tenuilabris lives in taiga and 
tundra habitats, between grass and leaf  litter and 
under stones (Frank 2006).

Distribution. The recent representatives of  
the species live in cold climates of  N Asian, Sibe-
ria, N and NW China, Tibet and Mongolia (Ložek 
1964; Frank, 2006). Consequently, Vallonia tenuila-
bris was also typical for cold phases during the Plei-
stocene of  Central and Northern Europe (Frank 
2006).

Family Vertiginidae Fitzinger, 1833
Subfamily Vertigininae Fitzinger, 1833

Plate 5

A-D - Vallonia tenuilabris (A. Braun, 
1843) apical (A), umibilical 
(B), apertural (C) views and 
detail of  the protoconch (D), 
of  an adult specimen from 
NHMW 2017/0039/0009. 
All SEM images except for 
C macrophotograph.

Scale bars correspond to 1 mm (A, B, 
C) and 100 μm (D).
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Genus Columella Westerlund, 1878
Type species: Pupa inornata Michaud, 1831 [= Columella edentula Dra-

parnaud, 1805]. Recent; Holartic. Type species by monotypy. 

Columella columella (Martens, 1830)
Pl. 6, fig. A–C

1830 Pupa Columella Benz. Martens, 1830, p. 171.
1964 Columella columella (Martens, 1830) - Ložek, p. 198, pl. 6, fig. 3.
1976 Columella columella (Martens, 1830) - Puisségur, pl. 24, figs. 4-6.
1983 Columella columella (Martens, 1830) - Kerney et al., p. 87, unnu-

mbered text-fig. 87.
1998 Columella columella (Martens 1830) - Turner et al., p. 179, unnu-

mbered text-fig. 179.
2006 Columella columella (Martens 1830) - Frank, p. 268, pl. 22, figs. 

2, 3.

Material: 1 spec. (NHMW 2017/0040/0017), 1 spec. 
(NHMW 2017/0046/0009), 1 spec. (NHMW 2017/0047/0008), 14 
spec. (NHMW 2017/0048/0003), 2 spec. (NHMW 2017/0063/0009), 
8 fragm. (NHMW 2017/0065/0005).

Dimensions: NHMW 2017/0039/0007 (Pl. 6, fig. A–C):  H 
2.5 mm, W 1.2 mm, Lw 0.9 mm; NHMW 2017/0048/0003: H 2.7 
mm, W 1.3 mm, Lw 1.2 mm; NHMW 2017/0048/0003: H 2.8 mm, 
W 1.2 mm, Lw 1.1 mm; NHMW 2017/0048/0003: H 2.6 mm, W 
1.2 mm, Lw 1.1 mm; NHMW 2017/0048/0003: H 2.6 mm, W 1.2 

mm, Lw 1.1 mm; NHMW 2017/0048/0003: H 2.7 mm, W 1.3 mm, 
Lw 1.1 mm.

Description. Slender, irregularly cylindri-
cal, reddish to brownish shell of  about 6 strongly 
convex and rounded whorls. Suture deep. Enlarged 
last whorl consisting of  about 40% of  shell height. 
Apex slightly rounded; smooth protoconch of  1.4 
whorls; transition into teleoconch marked by onset 
of  weak growth lines. Penultimate and antepenul-
timate whorls of  same height. Ovate aperture with 
weakly developed peristome and slightly reflected 
columellar lip. Umbilicus small and moderately 
deep.

Remarks. Among the Columella species, C. 
columella stands out for its cylindrical, slender shell 
and somewhat flatter apex. Juveniles and fragmen-
tary specimens are morphologically reminiscent of  
Columella edentula (Draparnaud, 1805), which dif-
fers from C. columella by the less cylindrical shell 
and more pointed apex. Our material corresponds 
fully to the specimens from the Late Pleistocene 

Plate 6

A-C - Columella columella (Martens, 
1830) apertural (A), dorsal 
(B) and apical (C) views of  
an adult specimen (specimen 
broken after imaging) from 
NHMW 2017/00039/0007; 

D-E - Macrogastra cf. ventricosa 
(Draparnaud, 1801) lateral 
(D) and apical (E) views of  a 
fragmentary specimen from 
NHMW 2017/0047/0003; 

F-G - Milacidae gen. et sp. Indet, 
dorsal (F) and ventral (G) 
views of  a fragmentary juve-
nile specimen from NHMW 
2017/0040/0008;

H - Clausilia dubia Draparnaud, 1805 
apertural view of  a fragmen-
tary specimen from NHMW 
2017/0063/0004.

I-J - Clausilia cf  dubia Draparnaud, 
1805 lateral (I) and apical 
(J) views of  a fragmentary 
specimen from NHMW 
2017/0046/0013.

Scale bars correspond to 1 mm (A, B, 
D, F, G, H, I) and 100 μm (C, 
E, J). All SEM images.
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of  Hornsburg (Austria) (Frank 2006) and of  Dol-
ní Věstonice (Ložek 1964). The individual from 
Schletz figured by Frank (2006) seems to have a 
smaller and less elongated aperture compared to the 
specimens from Bullendorf.

Habitat. The species lives in grasslands on 
calcareous substrate, between stones and reeds, on 
swampy meadows, in wet subarctic forest and in 
willow scrub (Frank 2006; Welter-Schultes 2012).

Distribution. Columella columella is a Holarctic 
species; in Europe, it is restricted to boreo-alpine 
areas (Frank 2006). During the Pleistocene, it was 
common in Central Europe, where it was typical of  
glacial phases (Frank 2006).

Superfamily Clausilioidea Gray, 1855
Family Clausiliidae Gray, 1855

Subfamily Clausiliinae Gray, 1855
Tribe Clausiliini Gray, 1855

Genus Clausilia Draparnaud, 1805
Type species: Pupa rugosa Drapanaurd, 1801. Recent; Europe. 

Type fixed by ICNZ under the plenary powers in ICZN Opinion 
1455.

Clausilia dubia Draparnaud, 1805
Pl. 6, fig. H–J

1805 C.[lausilia] dubia Draparnaud, p. 70, pl. 4, fig. 10.
1964 Clausilia dubia Draparnaud, 1805 - Ložek, p. 269, pl. 20, figs. 

10, 11.
2006 Clausilia (A.) dubia Draparnaud 1805 - Frank, p. 352, pl. 28, figs. 

9-14; pl. 29, figs. 1-9, pl. 30, figs. 1-11.
2012 Clausilia dubia Draparnaud, 1805 - Welter-Schultes, p. 297, un-

numbered text-fig. 297.

Material: 2 aperture fragm. (NHMW 2017/0063/0004).
Dimensions: NHMW 2017/0063/0004 (Pl. 6, fig. H): W 2.5.

Remarks. The Bullendorf  material consists 
of  only three fragmentary specimens of  taxa of  
Clausiliidae: two apertural fragments and one spi-
re fragment. Since the identification of  Clausiliidae 
species is mostly based on the apertural features, 
only the apertural fragments can be safely identified 
as Clausilia dubia. The aperture shows two columel-
lar folds, a parietal and a frontal upper palatal fold; 
the outer lip is straight. The specimens correspond 
to the individuals from the middle Würm of  Zama-
rovce (Slovakia) and from the Atlantikum of  Dze-
ravá skala (Slovakia) (Ložek, 1964), as well as to the 
Austrian material studied by Frank (2006). In ad-
dition, the specimens were compared with Clausilia 

dubia specimens stored in the mollusc collection of  
the Natural History Museum of  Vienna. The spire 
fragment (NHMW 2017/0046/0013: H 2.7 mm, W 
1.5 mm) is tentatively affiliated with Clausilia dubia. 
It consists of  a high protoconch of  2 smooth, bul-
bous, dome-like rose-whitish whorls and 2 slightly 
convex teleoconch whorls, covered by evenly spa-
ced thin collabral ribs. The sutures are strongly inci-
sed, sloped and sub-parallel.

Habitat. Clausilia dubia is a calciphile species 
that lives on moisten shady rocks, tree trunks, mos-
ses covered walls, in cavities and ground litter of  
wet forests. Sometimes, it can be found in open and 
xerothermic habitats (Frank 2006; Welter-Schultes 
2012). 

Distribution. The species is widespread 
throughout Europe (Welter-Schultes 2012). The 
species had a similar distribution during the Pleisto-
cene like today (Frank 2006).

Genus Macrogastra Hartmann, 1841
Type species: Pupa ventricosa Draparnaud, 1801. Recent; Europe.   

Type species by monotype.

Macrogastra cf. ventricosa (Draparnaud, 1801)
Pl. 6, fig. D–E

cf. 1801 P.[upa] ventricosa Draparnaud, p. 62.
cf. 2006 Macrogastra ventricosa (Draparnaud 1801) - Frank, p. 339, pl. 

27, figs. 5, 6.
cf. 2012 Macrogastra ventricosa (Draparnaud, 1801) - Welter-Schultes, 

p. 324, unnumbered text-fig. 324.

Material: 1 spire fragm. (NHMW 2017/0047/0003).
Dimensions: NHMW 2017/0047/0003 (Pl. 6, fig. D–E): H 

4.5 mm, W 2.2 mm.

Remarks. A single fragment of  an elongate, 
reddish sinistral shell with slightly coeloconoid spi-
re and densely and regularly ribbed whorls is avai-
lable. The high protoconch consists of  2 smooth, 
bulbous whorls. The transition to the teleoconch is 
characterised by a thickened collabral rim. The sutu-
res are deep, sloped and sub-parallel. The flanks are 
poorly convex. The specimen resembles the material 
illustrated by Frank (2006) in terms of  outline and 
ornamentations, as well as specimens stored in the 
collection of  the Natural History Museum of  Vien-
na. Nevertheless, due to the poor preservation the 
identification of  the specimen available is uncertain.

Habitat. Macrogastra ventricosa lives in the un-
derbrush of  humid woodlands, between ground 
and leaf  litter and stones. It occurs under moist 
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conditions also on tree trunks and rocks (Frank 
2006; Welter-Schultes 2012).

Distribution. The species lives in Euro-
pe from northern Spain to southern Norway and 
Central Russia (Frank 2006; Welter-Schultes 2012). 
It had a similar distribution during the Pleistocene 
with occurrences also in England (Frank 2006).

Superfamily Parmacelloidea Fischer, 1856
Family Milacidae Ellis, 1926
Milacidae gen. et sp. indet.

Pl. 6, fig. F–G

Material: 1 juv. fragm. (NHMW 2017/0040/0008).
Dimensions: NHMW 2017/0040/0008 (Pl. 6, fig. F–G): H 

1.8 mm, W 1.2 mm.

Description. Shell lenticular and longitu-
dinally symmetrical, very thin and slightly convex, 
with elliptical to subrectangular outline. Commargi-
nal growth lines starting from nucleus placed close 
to posterior margin. Ventral side smooth and pearly. 

Remarks. According to Wiktor & Likharev 
(1979) and Reuse (1983), the taxonomic assignment 
of  Milacidae based on the internal shells is proble-
matic even at genus and family level. Moreover, the 
material from Bullendorf  consists of  only a single 
juvenile specimen. The lentil-like shape, the com-
marginal growth lines and the symmetry of  the em-
bryonic shell are reminiscent of  Milacidae as descri-
bed by Frank (2006). 

Habitat. The majority of  milacid species li-
ves in xerothermic habitats, while several species 
occur also in moist mountain forests, but never in 
swamps or near water bodies. Many species dwell 
on leaf  litter (Wiktor 1987; Frank 2006).

Distribution. Milacidae have a Palearctic di-
stribution (Wiktor 1987).

Superfamily Helicoidea Rafinesque, 1815
Family Hygromiidae Tryon, 1866

Subfamily Hygromiinae Tryon, 1866
Tribe Trochulini Lindholm, 1927
Genus Trochulus Chemnitz, 1786

Type species: Helix hispida Linnaeus, 1758. Recent; Europe except 
Greece, Italy, S Spain, Portugal and N Scandinavia. 

Type by monotypy.

Trochulus hispidus (Linnaeus, 1758)
Pl. 7, fig. A–D

1758 Helix hispida Linnaeus, p. 771.
1964 Trichia (T.) hispida (Linné, 1758) - Ložek, p. 300, pl. 25, figs. 1 

a-c.
2006 Trichia hispida (Linnaeus 1758) - Frank, p. 528, pl. 48, figs. 2-10.
2009 Trochulus hispidus (Linnaeus, 1758) - Prockow, p. 128, figs. 88-95.
2012 Trochulus hispidus (Linnaeus, 1758) - Welter-Schultes, p. 562, un-

numbered text-fig. 562.

Material: 1 spec., 1 fragm. (NHMW 2017/0040/0013), 
1 spec. (NHMW 2017/0042/0004), 2 spec., 3 juv. (NHMW 
2017/0044/0002), 2 spec., 1 juv. (NHMW 2017/0046/0019), 
1 spec. (NHMW 2017/0047/0005), 23 spec., 5 juv. (NHMW 
2017/0048/0005), 4 spec. (NHMW 2017/0065/0004).

Dimensions: NHMW 2017/0039/0010 (Pl. 7, fig. A–D): 
H 4.5 mm, W 6.7 mm; NHMW 2017/0048/0005: H 3.5 mm, W 
6.5 mm; NHMW 2017/0048/0005: H 4.3 mm, W 6.8 mm; NHMW 
2017/0048/0005: H 4.6 mm, W 6.8 mm; NHMW 2017/0048/0005: 
H 3.9 mm, W 6.3 mm; NHMW 2017/0048/0005: H 4.1 mm, W 6.2 
mm.

Description. Low trochiform, tightly coiled, 
whitish shell of  5 slightly protruding whorls with 
densely-spaced and irregular growth lines. Proto-
conch comprising 1.4 smooth whorls; demarcation 
between protoconch and teleoconch indistinct. Su-
ture deeply incised. Last whorl large, widened, turn-
ing down slowly and ending in an enlarged, semilu-
nar aperture. Continuous collabral internal swelling 
present closely behind peristome. Peristome pro-
jecting. Umbilicus open and wide.

Remarks. The present material corresponds 
well to specimens from the Late Pleistocene of  Za-
marovce (Slovakia) (Ložek 1954) and Lanzenkirch-
en (Austria) (Frank 2006). The specimens agree in 
outline, number of  whorls and shape of  aperture, 
even though small specimens and juvenile forms 
sometimes lack the internal collabral swelling. The 
T. hispidus complex comprises a great variety of  
morphotypes, differing in shell shape, width/height 
ratio and size of  the umbilicus (Ložek 1964; Frank 
2006; Welter-Schultes 2012; Duda et al. 2014). For 
instance, Trochulus sericeus (Draparnaud, 1801) has 
a trochiform shell consisting of  five whorls cov-
ered by long and curved hairs; it has convex and 
much more coarsely sculptured flanks than T. his-
pidus. The peristome is thin and lacks the internal 
collabral swelling (Ložek 1964; Frank 2006). Both 
Prockow (2009) and Welter-Schultes (2012) agree in 
considering T. sericeus as a synonym of  T. hispidus. 
Although Ložek (1964) and Frank (2006) treat T. 
sericeus as a separate species, they point out that, by 
considering its morphological plasticity, less closely 
coiled specimens of  T. sericeus might range within 
the intraspecific variability of  T. hispidus. Further-
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more, also Trochulus plebeius (Draparnaud, 1805), 
showing a strongly sculptured shell with prominent 
swelling inside the aperture, is treated as synonym 
of  T. hispidus by Prockow (2009). According to re-
cent studies (e.g. Duda et al. 2014), the taxonomic 
status of  T. hispidus complex remains debatable and 
the assignment of  T. hispidus and T. sericeus to two 
distinct species requires further investigations.

Habitat. The taxon is present in different 
types of  humid habitats: sparse forests, thickets and 
cultivated areas. It occurs under stones and woods, 
usually on vegetation near water bodies. In the Alps, 

it appears up to 2300 m (Ložek 1964; Frank 2006; 
Welter-Schultes 2012). 

Distribution. It is found from N Spain to the 
Ural (Welter-Schultes 2012). Trochulus hispidus was 
also widespread throughout the Pleistocene of  Eu-
rope and it is characteristic for glacials and associated 
loess deposits (Frank 2006).

Tribe Helicopsini H. Nordsieck, 1987
Genus Helicopsis Fitzinger, 1833

Type species: Helix striata Müller, 1774. Recent; Central and Eastern 
Europe to Iran. Type species by monotypy. 

Plate 7

A-D - Trochulus hispidus (Linnaeus, 
1758) apical (A), umbilical 
(B) apertural (C) views and 
detail of  the protoconch (D) 
of  an adult specimen from 
NHMW 2017/0039/0010.

E-H - Helicopsis striata (Müller, 1774) 
apical (E), umbilical (F) ap-
ertural (G) views and detail 
of  the protoconch (H) of  
an adult specimen from 
NHMW 2017/0039/0011. 
All SEM images except for 
C and G macrophotographs.

Scale bars correspond to 1 mm (A, 
B, C, E, F, G) and 200 μm 
(D, H).
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Helicopsis striata (Müller, 1774)
Pl. 7, fig. E–H

1774 Helix striata Müller, p. 38.
1964 Helicopsis striata (Müller, 1774) - Ložek, p. 289, pl. 22, figs. 2 a-c.
2006 Helicopsis striata (Müller 1774) - Frank, p. 552, pl. 50, figs. 5-9.

Material: 4 spec., 1 fragm. (NHMW 2017/0041/0008), 
1 spec. (NHMW 2017/0046/0020), 6 spec. (NHMW 
2017/0047/0004), 2 spec. (NHMW 2017/0048/0004), 1 spec. 
(NHMW 2017/0068/0001).

Dimensions: NHMW 2017/0039/0011 (Pl. 7, fig. E–H): 
H 4.2 mm, W 6.2 mm; NHMW 2017/0047/0004: H 4.3 mm, W 
7.0 mm; NHMW 2017/0047/0004: H 3.9 mm, W 5.9 mm; NHMW 
2017/0047/0004: H 4.9 mm, W 6.4 mm; NHMW 2017/0047/0004: 
H 3.9 mm, W 6.9 mm; NHMW 2017/0047/0004: H 4.1 mm, W 6.2 
mm.

Description. Trochiform, whitish shell with 
up to 4 whorls with prominent and coarse growth 
lines. Protoconch comprising 1.2 slightly hammered 
whorls, separated from teleoconch by abrupt onset 
of  growth lines. Whorls moderately convex with 
adapical shoulder; suture deep. Enlarged last whorl 
slightly inclined toward aperture. Peristome semi-
circular and poorly developed. Umbilicus open and 
rather wide.

Remarks. The specimens from the Late 
Pleistocene of  Banka (Slovakia) illustrated by Ložek 
(1964) and the ones recorded by Frank (2006) from 
Austria develop a similarly enlarged peristome as 
the Bullendorf  specimens. Three extant subspecies 
are known in Austria: H. striata striata (Müller, 1774), 
H. striata austriaca (Gittenberger, 1969) and H. stria-
ta hungarica (Soos & Wagner, 1935). H. s. hungarica 
has a tightly coiled, larger shell with less sculptured 
whorls than the nominal form. Its last whorl ends 
in a well-rounded aperture with poorly developed 
lip. This subspecies has been collected in Austria, 
Slovakia and Hungary. H. s. austriaca displays a small, 
rounded shell with prominent growth lines whorls. 

Based on preliminary molecular analysis, the three 
subspecies can be clearly distinguished (Eschner et 
al. 2014). Furthermore, the analysis indicates that 
H. s. austriaca is endemic to the southern Vienna ba-
sin and the eastern margins of  the Alps in Lower 
Austria (Eschner et al. 2014).

Habitat. It is a steppe species of  dry and 
open habitats, often found in calcareous stony 
places and grasslands (Ložek 1964; Welter-Schultes 
2012).

Distribution. The species lives in Central 
and E-Europa (Frank 2006; Welter-Schultes 2012). 
The species had a similar distribution during the 
Holocene and Pleistocene, being typically found in 
loess deposits and associated soils (Ložek 1964).

addItIonal taxa reworked froM MIddle 
and upper MIocene beds

Granulolabium bicinctum (Brocchi, 1814) (Gastropo-
da, Batillariidae) – Pl. 8, fig. D

Melanopsis bouei Férussac, 1823 (Gastropoda, Mela-
nopsidae) – Pl. 8, fig. A–C

Melanopsis impressa phenotype pseudonarzolina Papp, 
1953 (Gastropoda, Melanopsidae) – Pl. 9, fig. 
A–B

Melanopsis impressa phenotype posterior Papp, 1953 
(Gastropoda, Melanopsidae) – Pl. 9, fig. E–F

Trigonipraxis ornithopsis (Brusina, 1892) (Bivalvia, 
Dreissenidae) – Pl. 9, fig. C–D

taxonoMIc coMposItIon

The herein studied material comprises 19 
species-level taxa. The samples contain mixed as-
semblages of  autochthonous Pleistocene species 
with shells reworked from the underlying middle 

Plate 8

A-C - Melanopsis bouei Férussac, 1823 
apertural (A), dorsal (B) and 
apical (C) views of  an adult 
specimen from NHMW 
2017/0049/0001;

D - Granulolabium bicinctum (Broc-
chi, 1814) lateral view of  a 
fragmentary specimen from 
NHMW 2017/0049/0005.

Scale bars correspond to 1 mm. All 
macrophotographs.
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and upper Miocene successions (not described 
herein; Tab. 1). The Pleistocene taxa are represent-
ed by 15 gastropod species of  9 genera, including 
one freshwater species (Lymnaeidae) and 14 ter-
restrial species (Succineidae, Pupillidae, Valloniidae, 
Vertiginidae, Clausiliidae, Milacidae, Hygromiidae). 
The freshwater species belongs to the genus Galba 
(Lymnaeidae), accounting for about 12% of  the to-
tal number of  539 specimens. Among the terrestrial 
species, Pupilla (Pupillidae) is the most abundant ge-
nus (54%), comprising five species (Pupilla loessica, P. 
muscorum, P. alpicola, P. sterrii and P. triplicata). Pupilla 
is followed by Succinella (Succineidae) accounting 
for about 10% of  the total fauna. Hygromiidae are 
represented by the two genera Trochulus (Trochulus 
hispidus) and Helicopsis (Helicopsis striata) representing 
8% and 3% of  the fauna, respectively. About 7% of  
the specimens are represented by Vallonia (Valloni-
idae), with the two species Vallonia costata and Val-
lonia tenuilabris. Only 5% of  the specimens belong 
to the genus Columella (Vertiginidae) represented by 
Columella columella. Milacidae is represented by only 
one species, which accounts for 0.01% of  the fauna. 
Finally, Clausiliidae are documented by the two gen-
era Clausilia (0.75%) and Macrogastra (0.25%).

The reworked taxa are admixed from two 

Plate 9

A-B - Melanopsis impressa pheno-
type pseudonarzolina Papp, 
1953 apertural (A) and dor-
sal (B) views of  an adult 
specimens from NHMW 
2017/0049/0004;

C-D - Trigonipraxis ornithopsis (Bru-
sina, 1892) interior (C) and 
exterior (D) views of  a 
fragmentary specimen from 
NHMW 2017/0049/0002.

E-F - Melanopsis impressa phenotype 
posterior Papp, 1953 dorsal 
(E) and apertural (F) views 
of  an adult specimen from 
NHMW 2017/0049/0004;

Scale bars correspond to 1 mm. All 
macrophotographs.

Tab. 1 - List of  identified taxa.
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different stratigraphic levels. The documented spe-
cies of  Melanopsis (Melanopsidae) and Trigonipraxis 
(Dreissenidae) are all typical Lake Pannon elements 
from upper Miocene deposits (Papp 1953, 1985), 
whereas the batillariid Granulolabium is typically 
found in middle Miocene strata from the Sarmatian 
Sea (Harzhauser et al. 2011). Such complex rework-
ing from various stratigraphic levels is a common 
phenomenon on the Mistelbach Block (Harzhauser 
et al. 2011). The exposure of  different marine and 
lacustrine Miocene deposits during the Pleistocene 

may well have contributed to habitat heterogeneity. 
None of  the Pleistocene species is also known from 
Miocene strata. Therefore, a reworking of  these 
specimens can be excluded.

palaeoecoloGIcal constraIns of the 
fauna

The terrestrial malacofauna provides detailed 
insights into palaeoenviromental and palaeoclima-
tological conditions (Ložek 1964, 1990, 2001; Kro-
lopp & Sümegi 1995; Rousseau 2001; Sümegi & 
Krolopp 2002; Frank 2006; Alexandrowicz 2014). 
The majority of  Quaternary mollusc species are still 
living. Thus, their environmental requirements are 
partly well known (e.g. Welter-Schultes 2012) and 
can be used as constrains for the fossil assemblages. 
Species composition and abundance of  certain taxa 
in each assemblage depend on climatic conditions 
and local ecological factors, such as vegetation cover 
(Sümegi & Krolopp 2002). Based on their palaeoen-
viromental preferences, the identified species have 
been classified following Ložek (1964, 1990), Kro-
lopp & Sümegi (1995), Sümegi & Krolopp (2002) 
and Welter-Schultes (2012).

Freshwater species are represented only 
by Galba truncatula, which lives in both temporary 
and permanent aquatic environment (Chapuis et 
al. 2007). The absence of  other freshwater species 
and the broad environmental tolerance of  G. trun-
catula might suggest that only ephemeral ponds and 
puddles might have been present at Bullendorf, ra-
ther than a large perennial lake, in which other lym-
naeids and planorbids might be expected. On the 
other hand, its occurrence is a clear indication of  

Tab. 2 - Ecological preferences of  identified taxa after Ložek (1964), 
Krolopp & Sümegi (1995) and Sümegi & Krolopp (2002). 
M: mesophilous, C: cryophilous, Cr: cold-tolerant, T: ther-
mophilous, D: aridity-tolerant, H: hygrophilous, Sh: subhy-
grophilous, O: open habitats, W/O: intermediate habitats, 
W: woodland.

Tab. 3 - Quantitative distribu-
tion of  continental 
molluscs in the sam-
ples of  the Bullen-
dorf  section.
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the presence of  at least small water bodies. 
Following Ložek (1964, 1990), Krolopp & 

Sümegi (1995), Sümegi & Krolopp (2002) and Wel-
ter-Schultes (2012), continental gastropods have 
been classified according to three ecological factors: 
temperature, air humidity and vegetation (Tab. 2):

1. Temperature: cryophilous (C), cold-tole-
rant (Cr), mesophilous (M) and thermophilous (T).

2. Air humidity: hygrophilous (H), subhygro-
philous (Sh), mesophilous (M) and aridity-tolerant 
(A).

3. Vegetation: species preferring open envi-
ronment (O), intermediate habitat (W/O) and wo-
odland (W).

With respect to temperature, mesophilous spe-
cies (43% of  the identified species) and cryophilous 
species (29%) are the most abundant groups, fol-
lowed by thermophilous (14%) and cold-tolerant species 
(14%) (Fig. 3, A). In terms of  air humidity, aridity-
tolerant and mesophilous species account for 65% of  
the species. Hygrophilous (21%) and subhygrophilous 
(14%) species are less abundant (Fig. 3, B). Final-
ly, the majority of  species (65%) are indicative of  
open habitats, ranging from dry to more humid 
environments; 14% live in the transitional zones 
between open and closed vegetation and three taxa 
(21%) usually dwell in woodland (Fig. 3, C).

Molluscan asseMblaGes

The quantitative analysis has been conducted 
on the 12 samples representing 315 specimens at-
tributed to 13 terrestrial species and 1 freshwater 
species (Tab. 3).

 The Principal Component Analysis reveals a 
clear grouping of  the samples (Fig. 4). Component 
1, which accounts for 47.4% of  the variability in the 
data set, separates samples with the aquatic Galba 
truncatula (B4, C3) and with the semiaquatic Succinella 
oblonga (B7, C7) clearly from Pupilla-dominated sam-
ples. Component 2 (28.1%) suggests a subgrouping 
of  these samples which is supported by the visuali-
sation of  Component 3 (14.3%) in (Fig. 4). Samples 
dominated by Pupilla muscorum and P. loessica form 
a subcluster (B5, C4, C8), which is clearly separated 
from a subcluster including Pupilla alpicola, P. ster-
rii and Helicopsis striata (C1, B2, B3, B6, C6). In the 
following, we treat these clusters and subclusters 
as Galba truncatula assemblage, Succinella oblonga as-
semblage, Pupilla muscorum/loessica assemblage and 
Pupilla alpicola/sterrii assemblage, respectively. Al-
though the species number in some samples is very 
low, which weakens our statistic treatment, the re-
sulting assemblages correspond largely to those 
described by Klima et al. (1962), Ložek (1964, 
1965, 1990, 2001), Puisségur (1976), Rousseau 
(1987, 2001), Alexandrowicz et al. (1989), Krolopp 
& Sümegi (1995), Frank (1997a, 1997b), Frank & 
Rabeder (1997), Sümegi & Krolopp (2002), Moine 
et al. (2005, 2008), Moine (2008), Alexandrowicz et 
al. (2013, 2014), Antoine et al. (2013) and Alexan-
drowicz (2014) from other European Pleistocene 
sections.

The diversity index of  dominance clearly 
shows that the Galba truncatula assemblage (7 spe-
cies, 116 specimens in total) and the Pupilla alpico-
la/sterrii assemblage (11 species, 187 specimens in 
total) have lowest dominance values representing 
comparatively balanced faunas compared to the 

Fig. 3 - Percentage distribution of  temperature (A), air humidity (B) and vegetation (C) demands of  the identified species.
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Succinella oblonga assemblage (1 species, 8 specimens 
in total) and Pupilla muscorum/loessica assemblage (2 
species, 3 specimens in total). This indicates a re-
peated change of  the palaeoenvironment with two 
phases of  environmental amelioration (section me-
ters 0–3 and 5–6 in Fig. 5).

The Galba truncatula assemblage was identi-
fied in samples B4 and C3. Apart from the nominal 
species, the major components are Succinella oblonga, 
Trochulus hispidus and Columella columella, with Pupilla 
species being less common. This assemblage occurs 
in environments characterized by moderately cold 
climate conditions and increased habitat humidity 
(Klima et al. 1962; Krolopp & Sümegi 1995; An-
toine et al. 2013). Likewise, the high presence of  
Galba truncatula denotes the occurrence of  small wa-
ter bodies.

The Succinella oblonga assemblage occurs in 
samples B7 and C7. It is characterized by the to-
tal dominance of  Succinella oblonga, recording rather 
cold and moist environmental conditions (Krolopp 
& Sümegi 1995; Łopuszyńska 2002; Moine 2008). 
A Succinella oblonga assemblage accompanied by Pu-
pilla species indicates the occurrence of  cold phases 
with a progressive increase of  humidity (Alexand-
rowicz 2013). On the contrary, a Succinella oblonga as-
semblage with few Pupilla species and the presence 
of  Vallonia tenuilabris indicates a climate-warming 
interval with an increase of  moisture (Alexandro-
wicz 2014, Alexandrowicz et al. 2014). Based on 
the ecological demands of  the nominal species, the 
Succinella oblonga assemblage documents an environ-
ment characterized by moderately cold temperature, 
high humidity and sparse vegetation cover (Kerney 
1971).

The Pupilla muscorum/loessica assemblage oc-

curs in samples B5, C4 and C8. The assemblage is 
extremely poor in terms of  species composition 
and abundance, including only specimens of  the 
nominal taxa. According to the ecological prefer-
ences of  the species, this assemblage documents 
a period characterized by cold and relatively dry 
climate conditions (Ložek 1964, 1990; Krolopp & 
Sümegi 1995; Sümegi & Krolopp 2002). The rare 
occurrence of  specimens might be a further hint to 
harsh environmental conditions.

The Pupilla alpicola/sterrii assemblage was de-
tected in samples in C1, B2, B3, B6 and C6. The as-
semblage is marked by the predominance of  Pupilla 
species: Pupilla alpicola, P. sterrii, P. muscorum and P. 
loessica. Vallonia tenuilabris often accompanies the as-
semblage, while other species are rare. This asso-
ciation typically dwelled in dry and cold steppe-like 
environments and, therefore, it is usually consid-
ered to represent the coldest climate periods (mean 
annual temperature -2°/0°C) during glacial/stadial 
maxima (Ložek 1964, 1990, 2001; Alexandrowicz 
2014). Samples B3 and C6 include specimens of  
Helicopsis striata, a thermophilous species recording 
drier environment conditions as compared to pure 
Pupilla assemblage.

Overall, the assemblages identified at Bullen-
dorf  can be considered representatives of  Pupilla-
Fauna as described by Ložek (1964, 1990, 2001). 
This attribution is supported by the presence of  
Pupilla species (Pupilla loessica, P. muscorum, P. alpicola, 
P. sterrii), Vallonia tenuilabris, Succinella oblonga and Tro-
chulus hispidus. Helicopsis striata records drier condi-
tions within this assemblage, and Columella columella, 
as index loess species, has often been recorded ac-
companying this assemblage (Alexandrowicz et al. 
1989; Alexandrowicz 2014). Pupilla triplicata, Val-

Fig. 4 - Principal component 
analysis of  the Bullendorf  
molluscan fauna. The PCA 
is based on 12 samples with 
14 species (see Table 3).
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lonia costata, Clausilia dubia and Galba truncatula are 
usually abundant in loesses within certain areas or 
occur sporadically in low numbers throughout the 
loess zone (Ložek 2001).

envIronMental evolutIon

The species composition of  the assemblages 
reveals shifts of  the palaeoenvironment with two 
phases of  more favourable climate conditions (Fig. 
5).

The first flourishing period is attested by the 
rich and diversified Pupilla alpicola/sterrii (B2, C1, 
B3) and Galba truncatula assemblages (B4 and C3). 
The first assemblage indicates the development of  
a steppe-like environment in a cool and dry climate 

phase. A habitat characterized by more humid cli-
mate conditions coincides with the appearance of  
the Galba truncatula assemblage. The depleted Pupilla 
muscorum/loessica assemblage (B5 and C4) documents 
the onset of  a harsh climatic interval, which seems 
to have hampered the development of  a diverse 
mollusc biocenosis. The second favourable change 
is recorded by the reappearance of  a Pupilla alpicola/
sterrii assemblage (C6 and B6). Afterwards, the envi-
ronment changed towards harsh climate conditions 
again, as documented by extremely poor Succinella 
oblonga (B7 and C7) and Pupilla muscorum/loessica as-
semblages (C8).

Based on sedimentological data (R. Roetzel 
pers. com.), the Bullendorf  section represents an al-
luvial plain depositional environment, which might 
have favoured the preservation of  lacustrine/flu-

Fig. 5 - Species abundance, individual abundance, Simpson Dominance Index from Bullendorf  samples and assemblages distribution throu-
ghout the section.
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vial assemblages compared to pure open steppe/
tundra settings. Nevertheless, the species composi-
tion of  the assemblages matches the Pupilla-Fauna 
composition of  many other European localities (e. 
g. Klima et al. 1962; Ložek 1964, 1965, 1990; Alex-
androwicz et al. 1989; Frank 1997a, 1997b; Frank& 
Rabeder 1997; Alexandrowicz et al. 2013, 2014; An-
toine et al. 2013; Alexandrowicz 2014). This, as well 
as the occurrence of  juvenile specimens of  Galba 
truncatula, Succinella oblonga, Pupilla sp. and Trochulus 
hispidus, supports the hypothesis that the specimens 
actually lived nearby the locality. On the other hand, 
the gastropod assemblages from Bullendorf  dif-
fer in abundance from many other European sites. 
The majority of  the above-cited localities yielded a 
larger number of  specimens. As no signs of  arago-
nite dissolution can be detected on the shells, the 
low number of  individuals seems to be a primary 
(not a diagenetic) feature. Thus, the reason for the 
rather impoverished assemblages remains unsolved. 
Maybe the local habitat heterogeneity in the alluvial 
plain environment was not ideal for the loess fauna.

coMparIson wIth other european sItes

The appearance of  assemblages with a Pupil-
la-Fauna composition has been recorded by many 
authors from different sections in Europe (Klima 
et al. 1962; Ložek 1964, 1965, 1990, 2001; Puisségur 
1976; Rousseau 1987, 2001; Alexandrowicz et al. 
1989, Krolopp & Sümegi 1995; Frank 1997a, 1997b; 

Frank & Rabeder 1997; Sümegi & Krolopp 2002; 
Moine et al. 2005, 2008; Moine 2008; Alexandrow-
icz et al. 2013, 2014; Antoine et al. 2013; Alexand-
rowicz 2014) (Fig. 6). As Ložek (1964) and Alexan-
drowicz et al. (2014) documented, Early Pleistocene 
occurrences of  the Pupilla-Fauna are restricted to 
few localities. Starting from the Middle Pleistocene, 
the Pupilla-Fauna becomes frequent in loess de-
posits, whose molluscan composition strongly re-
sembles the loess assemblages of  the Late Pleisto-
cene (Ložek 1964). A typical Pupilla-Fauna has been 
found in the Saalian loess deposits of  Orzechowce 
(SE Poland) (Alexandrowicz et al. 1989) and Dolní 
Věstonice (Czech Republic) (Klima et al. 1962). A 
rather depleted Pupilla assemblage was described in 
the Saalian loess deposits of  Nussloch (Germany) 
(Moine et al. 2005). In France, Rousseau (1987) re-
ports a Pupilla-Fauna in the Middle Pleistocene of  
the Achenheim sequence (Alsace). Nevertheless, 
the Pupilla-Fauna is best documented from the Late 
Pleistocene (Ložek 1964, 1990, 2001; Rousseau, 
2001). It occurs especially in the Middle Pleniglacial 
(MIS 3) as well as the Upper Pleniglacial (MIS 2) and 
less often in the Lower Pleniglacial (MIS 4) and the 
Early Glacial (MIS 5a-d) (Alexandrowicz 2014). A 
Pupilla-Fauna has been detected in the Lower Pleni-
glacial of  Bulhary (Czech Republic) (Ložek 1965), 
the Stillfried-Typesection (Austria) (Frank, 1997a) 
and the Barová Cave (Czech Republic) (Ložek 
2001). Pupilla-like faunas appear in the Lower Pleni-
glacial of  Schawallenbach (Austria) (Frank, 1997b) 
and Nussloch (Germany) (Moine et al. 2005). A 

Fig. 6 - Map of  European localities 
bearing a Pupilla-Fauna.



Gastropods from the Late Pleistocene of  NE Austria 531

Pupilla-Fauna has been found in MIS 2-4 from both 
Grodzisko Dolne (S Poland) and Halych site (W 
Ukraine) (Alexandrowicz 2014; Alexandrowicz et 
al. 2014). The fauna occurs in the Upper Pleniglacial 
of  Dolní Věstonice (Czech Republic) (Klima et al. 
1962), Bulhary (Czech Republic) (Ložek 1965), Wil-
lendorf  in der Wachau (Austria) (Frank & Rabeder 
1997), Carpathian Basin (Hungary) (Sümegi & Kro-
lopp 2002), Tłumaczów (SW Poland) (Alexandro-
wicz et al. 2013) and Kutná Hora (Czech Republic) 
(Ložek 2001). 

Assemblages including Pupilla species as well 
as hygrophilous species (Succinella oblonga, Trochulus 
hispidus) and freshwater elements (e.g. Galba trun-
catula) have been often found in tundra gley hori-
zons from the Lower Pleniglacial of  Orzechowce 
(SE Poland) (Alexandrowicz et al. 1989) and Nuss-
loch (Germany) (Moine et al., 2008) to the Upper 
Pleniglacial of  Dolní Věstonice (Czech Republic) 
(Petrbok, 1951; Klima et al., 1962; Ložek, 1965; 
Antoine et al., 2013) and Halych site (W Ukraine) 
(Alexandrowicz, 2014).

Based on the high similarity with typical Up-
per Pleistocene assemblages from Austria, Czech 
Republic, Germany, Hungary and Poland, a Late 
Pleistocene, respectively Würmian, age is most 
plausible for the Bullendorf  section. This age con-
straint is further supported by the preliminary OSL 
dating of  the sediments indicating a time of  deposi-
tion slightly younger than the LGM.
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