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1. INTRODUCTION

A comprehensive revision of the Turritellidae Lovén, 1847 
from the Miocene of the Paratethyan Sea and redescription 
of the genus Helminthia Handmann, 1882 was presented 
by Harzhauser & Landau (2019).

The earliest occurrence of Helminthia in the Slovak 
part of the Western Carpathians is known from the Early 
Miocene (Burdigalian). Shells of Helminthia taurobrocchii 
(Sacco, 1895) were found in the Eggenburgian deposits 
of the Vaďovce Basin and the Novohrad-Nógrád Basin 
(Steininger et al., 1971; Ondrejičková, 1972; Harzhauser 
& Landau, 2019). Middle Miocene (lower Serravallian) 
occurrences come from the eastern Vienna Basin – Devín-
ska Nová Ves where the upper Badenian deposits rich in 
Turritellidae including Helminthia vermicularis (Brocchi, 
1814) and Helminthia tricincta (Borson, 1821) are exposed 
(cf. Kornhuber, 1865; Schaffer, 1897, 1908; Toula, 1900; 
Švagrovský, 1981; Hyžný et al., 2012). The first record 
from the locality Rohožník-Konopiská was published 
by Hladilová (1991), who mentioned a single Helminthia 
species under the name Turritella tricincta.

2. GEOLOGICAL SETTING

The locality Rohožník-Konopiská is situated in the eastern Vien-
na Basin, at the western edge of the Malé Karpaty Mts. (Fig. 1),  
and comprises the area of a former clay pit and its vicinity 
(GPS coordinates: 48°26’39” N, 17°09’53” E). Exposed Middle 

Miocene deposits are of the Badenian and Sarmatian age (Figs. 
2–3; Kučerová, 1986; Hladilová, 1991; Kováč et al., 1991; 
Fordinál et al., 2012). In the northern margin of the clay pit, 
the Badenian and Sarmatian deposits are situated on the same 
level, which has been caused by the tectonic lowering of one of 
the nearby tectonic blocks (Holec et al., 2007).
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Fig. 1. A: Location of the eastern part of the Vienna Basin in Slovakia. B: Position 

of the Rohožník village in simplified geological map of south-western Slovakia with 

specified Pre-Neogene units and Neogene basins. C: Position of the surveyed 

locality. D: The Konopiská area with marked of the samples collecting. Map source: 

mapsfy.com, sk.wikipedia.org, Kováč et al. (2004) (modified).
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Fig. 3. Simplified schematic lithological pro-

files of the Middle Miocene group of beds of 

the locality Konopiská showing the distribu-

tion of respective Helminthia species. A: The 

main upper Badenian section exposed in the 

former clay pit (Studienka Formation), B: The 

upper Badenian profile of a temporary outcrop 

situated about 200 south-east of clay pit 

(Studienka Formation), C: The lower Sarmatian 

sequence exposed in the northern part of the 

former clay pit (Holíč Formation).
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The studied upper Badenian (Serravallian) strata (Fig. 3) 
belong to the Studienka Fm. of the Bulimina-Bolivina Biozone 
that are represented by deep-water (circalittoral) clays, but also 
by sands, gravels, sandy clays and organodetritic marls and 
limestones of the Sandberg Member containing species-rich 
associations of marine faunas (Biskupič, 2020, 2021). While fora-
minifers (Čierna, 1973), molluscs (e.g., Hladilová, 1991; Fuksi 
et al., 2011; Fuksi, 2015a, 2015b; Ruman & Hudáčková, 2015; 
Studencka, 2018; Biskupič, 2020, 2021), ostracods (Kučerová, 
1986), decapods (Fuksi et al., 2011; Hyžný & Gašparič, 2014), 
polychaetes (Biskupič, 2017), fishes (Holec, 1973, 1975) and 
cetaceans (Holec, 1987; Lambert et al., 2008) were studied 

from here, abundant bryozoans, brachiopods, scleractinian cor-
als, cirripeds, echinoids, ophiuroids, elasmobranchs, coralline 
red algae and sporadically remains of terrestrial plants remain 
unpublished.

3. MATER IAL AND METHODS

The examined shells were collected in the clay pit between 
1994 and 2004, and during excavation works south-east of the 
clay pit in 1996–1997.

Material of Helminthia tricincta (70 specimens) consists of 
moderately to poorly preserved shells, juvenile shells (9 speci-
mens) possess well-preserved protoconchs. Helminthia vermicu-
laris consists of 352 specimens, including 5 shells with preserved 
protoconch.

The protoconchs were documented by SEM microscope Jeol 
JSM-6390LV. Juvenile specimens and protoconchs were meas-
ured using a digital microscope Leica DVM6. Protoconch whorls 
counting follows Bouchet & Kantor (2004).

All measured and illustrated shells are stored in the collection 
of the Natural History Museum of Slovak National Museum, 
Bratislava, Slovakia (SNM-PM). The rest exemplars are housed 
in the collection of the author (RB/R–K).

The taxonomic concepts of turritellids, morphometric di-
mensions and abbreviations for shell morphology given by 
Harzhauser & Landau (2019) are adopted herein. The termi-
nology of shell morphology is adopted from Allmon (1996), 
Landau et al. (2013), Van Dingenen et al. (2016), Landau et 
al. (2018) and Harzhauser & Landau (2019). The protoconch 
height and protoconch diameter are given for available speci-
mens.

Fig. 2. The Middle Miocene chronostratigraphic and biostratigraphic 

zonation and lithostratigraphic units of the Vienna Basin. According to 

Harzhauser et al. (2018) (modified).
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Morphometric abbreviations used in the text: SL= shell length, 
MD = maximum diameter, PH = protoconch height, PD = pro-
toconch diameter.

4. R ESULTS

4.1. �Lithology and faunal assemblages of the 
Serravallian deposits

Three partial sections were studied in and around the former 
clay pit (Fig. 3). The lithostratigraphical columns were divided 
into pelitic and sandy members with documented even beds.

4.1.1. Section A (upper Badenian)
The lower part of the upper Badenian section (Fig. 3A) ex-

posed in the former clay pit containing a rich assemblage of 
organisms (e.g., molluscs, scleractinian corals, polychaetes, echi-
noids, decapods, fishes) is formed by grey calcareous clays 
with bioturbation. These bioturbations formed of ferruginous, 
corkscrew-like structures probably belong to the Gyrolithes-like 
trace fossils. Bivalve association is dominated by suspension feed-
ing Corbula gibba (Olivi, 1792) and Neopycnodonte navicularis 
(Brocchi, 1814). The assemblage of gastropods is characterized 
by abundant carnivorous Euspira helicina (Brocchi, 1814) and 
Ringicula exilis (Eichwald, 1830); deposit feeding scaphopods are 
represented by Fissidentalium mutabile (Hörnes, 1856). South-
westwards, these sediments gradually laterally and vertically pass 
into the yellow to brown-yellow clays with a similar taxonomic 
composition of malacofauna.

An interbed of grey organodetritic marls with a thickness 
from 20 to 30 cm accurs in the lowermost part of this pelitic 
member. It contains mixed shallow- to deep water species-rich 
malacofaunal assemblage. Bivalves, such as deposit feeder Saccel-
la commutata (Philippi, 1844), and suspension feeding Anadara 
diluvii (Lamarck, 1805), Striarca lactea (Linnaeus, 1758), Chama 
gryphoides Linnaeus, 1758 and Corbula gibba, prevailed. Beside 
abundant micro-algal grazing Bittium reticulatum (da Costa, 
1778) and Cingula laevigata (Eichwald, 1830), several Alvania 
species and a semi- infaunal deposit feeder Fissidentalium mu-
tabile were identified. Foraminifers, polychaetes, echinoderms, 
decapods, and fishes were found as well.

Several finger-like beds of grey and brown-yellow carbonate 
organodetritic corallinacean marls and limestones (10–80 
cm thick) occur in both the lower member and also in the basal 
part of the overlying pelitic member. These could represent an 
episodic redeposition of infralittoral facies by storm currents 
(Lambert et al., 2008) from the adjacent carbonate platforms or 
talus formed by coralline algae along the paleo-coast of the Malé 
Karpaty Mts. (e.g., Baráth, 1993; Hladilová et al., 1998; Lambert 
et al., 2008). They contain foraminifers, bryozoans, brachio-
pods, polychaetes, gastropods, bivalves, chitons, scaphopods, 
decapods, cirripeds, ahermatypic corals, echinoids, asteroids, 
sharks, and fishes. In the species-rich assemblage of gastropods, 
a mass occurrence of epifaunal suspension feeder Petaloconchus 
intortus (Lamarck, 1818) and epifaunal grazer Bittium reticula-
tum is accompanied by micro-algal grazers, e.g., Tricolia eich-
waldi (Hörnes, 1855), Alvania oceani (d´Orbigny, 1852), Cingula 

laevigata and Rissoina subconoidea (Grateloup, 1847)). Abundant 
suspension feeding bivalves such as Striarca lactea, Cosmetopsis 
anomala (Eichwald, 1830), Heteranomia squamula (Linnaeus, 
1758), Ostrea digitalina (Dubois, 1831), Chama gryphoides and 
Hiatella arctica (Linnaeus, 1767) are present as well.

Grey calcareous clays with bioturbation pass into grey to 
green-grey calcareous clays. These contain foraminifers, poly-
chaetes, molluscs, decapods and fish remains. Relatively species-
poor, a monotypic association of molluscs is characterized by the 
opportunistic suspension-feeding Corbula gibba, the scavenger 
Tritia illovensis (Hoernes & Auinger, 1882), micro-algal grazers 
Alvania alexandrae (Boettger, 1902), A. productilis Boettger, 
1907 and carnivorous Euspira helicina. Infaunal deposit feeder 
Saccella commutata and epifaunal suspension feeder Bathyarca 
pectunculoides (Scacchi, 1835) are also abundant.

The upper part of the section A is made of brownish yellow 
to greyish yellow clays with the associations similar to those 
of the grey calcareous clays. It is dominated by suspension feed-
ing Corbula gibba, scavenger Tritia illovensis and carnivorous 
Euspira helicina.

In the upper part of this member an elongated lens-like body 
of pale grey to yellow organodetritic marls containing taxo-
nomically diverse assemblages of organisms, to a large extent 
consisting of molluscs, foraminifers, brachiopods, bryozoans, 
crustaceans, polychaetes, scleractinian corals and echinoderms 
occurs. Molluscs are represented mainly by deposit feeding 
Nucula nucleus (Linnaeus, 1758), and by sessile suspension 
feeders Ostrea digitalina and Chama gryphoides, associated with 
micro-algal grazers Tricolia eichwaldi (Hörnes, 1855), Bittium 
reticulatum, Alvania oceani and Cingula laevigata, and by semi-
infaunal deposit feeder Fissidentalium mutabile.

Uppermost part of the member bears discontinuous inter-
calations and lenticular beds of pale and ocherous sands and 
gravels with fragments of corallinacean limestones mixed with 
bioclasts derived from the molluscan shells are developed. Fos-
sils of gastropods, bivalves, scleractinian corals and tubes of 
polychaetes are mostly fragmented, which suggests their al-
lochthonous origin and redeposition. The molluscan fauna is 
mostly composed of gastropods, of which suspension feeding 
turritellids and carnivorous Amalda glandiformis (Lamarck, 
1810) are dominant.

4.1.2. Section B (upper Badenian)
Grey sandy clays with intercalations of gravels (Fig. 3B) 
represent shallow- water facies of the Sandberg Mb. and were 
exposed of about 200 m south-east of the clay pit. They yielded 
a highly diversified fauna, composed of gastropods, bivalves, 
scaphopods, bryozoans, echinoids, decapods, hermatypic cor-
als, polychaetes, sharks and fishes. Gastropods are character-
ized by the mass occurrence of seagrass feeding Smaragdia 
expansa (Reuss in Hörnes, 1856) and by epifaunal grazers 
Gibbuliculus pseudangulatus (Boettger, 1907), Rissoa acuticosta 
(Sacco, 1895), Gibborissoia varicosa (Basterot, 1825), Bittium 
spina (Hörnes, 1855) and carnivore Amalda glandiformis. 
Among the bivalves, chemosymbiotic Microloripes dentatus 
(Defrance, 1823) dominated and was accompanied by sus-
pension feeding Anadara fichteli (Deshayes, 1850), A. diluvii, 
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Ostrea digitalina, Cyclocardia scalaris (J. de C. Sowerby, 1825), 
Cardita partschi Goldfuss, 1840 and Megacardita hoernesi La 
Perna, Mandic & Harzhauser, 2017.

4.1.3. Section C (lower Sarmatian)
The lower Sarmatian sediments of the Holíč Formation (Fig. 3C) 
are mostly composed of basinal pelites, represented by homog-
enous grey to yellow-grey clays exposed in northern part of the 
clay pit, with occurrence of specimen-rich communities of mol-
luscs. Assemblages of gastropods and bivalves are dominated by 
epifaunal grazers Granulolabium bicinctum (Brocchi, 1814) and 
Thericium rubiginosum (Eichwald, 1830), and was accompanied 
by several species of rissoid and hydrobiid gastropods, and also 
by cardiid and lymnocardiid bivalves.

Some 2–3 m thick interval of organodetritic yellow to ocher-
ous sands with mixed Badenian and Sarmatian malacofauna 
overlies the pelites. These fossiliferous deposits are very rich in 
shells of gastropods and bivalves, in many cases showing demon-
strable traces of transport and abrasion. Taxonomically diverse 
assemblage of the Sarmatian gastropods consists of epifaunal 
grazers Granulolabium bicinctum and Thericium rubiginosum, 
scavengerous Duplicata duplicata (Sowerby, 1832), carnivorous 
Olegia rumana (Simionescu & Barbu, 1940), and grazing calli-
ostomiids, rissoids and hydrobiids; the Badenian gastropods are 
characterized by the dominant suspension feeding Archimediella 
carpathica Harzhauser & Landau, 2019. Bivalves are represented 
by the abundant infaunal chemosymbiotic Loripes dujardini 
(Deshayes, 1850), accompanied by suspension feeding cardiid 
and lymnocardiid bivalves.

4.2. Systematic Paleontology

Class Gastropoda Cuvier, 1795
Subclass Caenogastropoda Cox, 1960
Superfamily Cerithioidea Fleming, 1822
Family Turritellidae Lovén, 1847
Subfamily Turritellinae Lovén, 1847
Genus Helminthia Handmann, 1882
Type species: Turbo vermicularis Brocchi, 1814, subsequent 

designation by Landau et al. (2013, 62). Miocene, Italy.

Helminthia tricincta (Borson, 1821)
Figs 4A–H, 5A–F, 6A–F, 8A–B, 9A–D

1821 Turritella tricincta nob. – Borson, p. 342, pl. 6, fig. 11.
2019 Helminthia tricincta (Borson, 1821) – Harzhauser & 

Landau, p. 38, figs 6I,figs 6I, 13A, 13B1–B2, 13C (cum syn.).
?1968 Turritella (Haustator) unipseudocarinata Voorthuysen, 

1944 – Hinculov, p. 132, pl. 31, fig. 15 [non Haustator unipseu-
docarinata (van Voorthuysen, 1944)].

?1971 Turritella marginalis Brocchi – Eremija, p. 70, pl. 6, fig. 
5 [non Haustator marginalis (Brocchi, 1814)].

Material: 70 specimens, no complete specimen available 
(mostly fragments and juvenile shells). Illustrated material:  
Z 40136, SL: 91.50 mm, MD: 26.35 mm (Fig. 4A– B); Z 40137, 
SL: 57.75 mm, MD: 26.20 mm (Fig. 4C–D); Z 40138, SL: 44 

mm, MD: 20.40 mm (Fig. 4E–F); Z 40139, SL: 45.20 mm, MD: 
13.50 mm (Fig. 4G–H); Z 40142, SL: 7.94 mm, MD: 2.45 mm, 
PH: 430 μm, PD: 370 μm (Figs 5C–D, 8A–B); Z 40144, SL: 12.75 
mm, MD: 4.20 mm (Fig. 9A); Z 40145, SL: 13.45 mm, MD: 3.60 
mm (Fig. 9B); Z 40141, SL: 5.95 mm, MD: 2.03 mm, PH: 410 
μm, PD: 360 μm (Fig. 5A–B); Z 40143, SL: 6 mm, MD: 2.10 mm, 
PH: 420 μm, PD: 370 μm (Fig. 5E–F); Z 40175, SL: 47.60 mm, 
MD: 20.10 mm (Fig. 6A); Z 40176, SL: 38.65 mm, MD: 18.45 
mm (Fig. 6B); Z 40177, SL: 34.65 mm, MD: 15.20 mm (Fig. 6C); 
Z 40178, SL: 32.25 mm, MD: 16.55 mm (Fig. 6D); Z 40179, SL: 
26.60 mm, MD: 12.10 mm (Fig. 6E); Z 40180, SL: 28.05 mm, 
MD: 10.40 mm (Fig. 6F); Z 40181, SL: 19.10 mm, MD: 6.15 mm 
(Fig. 9C); Z 40182, SL: 17.80 mm, MD: 7.20 mm (Fig. 9D). The 
material is derived from grey calcareous clays with bioturbation, 
grey and brown-yellow carbonate organodetritic corallinacean 
marls and limestones, pale grey to yellow organodetritic marls, 
pale and ocherous sands, and grey sandy clays.

Remarks: For a detailed description, discussion and full list 
of synonyms see Harzhauser & Landau (2019). Although the 
fossils from Rohožník-Konopiská are fragmentary and poorly 
preserved, they largely agree with the description and figures 
given by Hörnes (1855) and Harzhauser & Landau (2019).

In the examined material, the protoconch was preserved in 
several shells, which represents the first protoconch evidence 
for the species. The protoconch consists of 2.25–2.50 smooth, 
strongly convex whorls of 370 μm maximum diameter, with a 
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Fig. 4. A – H: Helminthia tricincta (Borson, 1821), smooth-sculptured form, 

Rohožník-Konopiská, upper Badenian. A – B: Z 40136; C – D: Z 40137; E – F: Z 

40138; G – H: Z 40139.
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large nucleus of 165 μm maximum diameter (Fig. 8A–B). The 
embryonic shell is not clearly distinct from the larval shell, and 
the boundary between them is not observed. Transition to the 
teleoconch is well-delimited, indicated by delicate microsculp-
ture of small, regular-sized papillae, and by appearance of well-
developed B spiral cord in the middle of the whorl, accompanied 
by C spiral cord. The first about 8 neanic teleoconch whorls are 
convex, strongly carinate and tricostate, with dominated sharply 
developed medial primary B, forming mid-whorl angulation 
separating moderately concave adapical and abapical halves of 
the whorl (Fig. 5A–F).

In several specimens, the primary spiral cords are strongly 
suppressed and hardly discernable (Fig. 4A–H), indicating wide 
intraspecific variability of the species. The shells are medium- 
to large-sized, turriculate, robust, and have a flat-sided profile 
of late teleoconch whorls. The latest adult whorls are stocky, 
with a slightly imbricate to frustate profile. Primary spiral cords  
(A, B, C) are weak, broad, flattened and strongly suppressed. 
The entire surface of the latest teleoconch whorls is covered by 
delicate 22–35 secondary and tertiary spiral cords. Interest-
ingly, in coarse-sculptured specimens, their number is about 
70 in the last whorl (cf. Harzhauser & Landau, 2019). Within 
H. tricincta, this strange smooth-sculptured form was recorded 
for the first time. In contrast, the typical form of H. tricincta has 
a robust, medium- to large-sized shell with flat-sided whorls 
and strongly developed spiral sculpture – the late teleoconch 

whorls are covered by three broad, low and convex primaries 
(cf. Hörnes, 1855, pl. 43, fig. 2; Schultz, 1998, pl. 21, fig. 7; 
Harzhauser & Landau, 2019, figs 13A–C).

The shells, most probably belonging to H. tricincta, char-
acterized by flat-sided whorls with strongly suppressed spiral 
cords have also been found in other localities in the Central 
Paratethys. This is suggested by specimens recorded from Ro-
mania and Bosnia and Herzegovina. Hinculov (1968) reported 
an incomplete shell treated as Turritella (Haustator) unipseudo-
carinata from the Caransebeş-Mehadia Basin in Romania (p. 
132, pl. 31, fig. 15). Although the figured specimen is poorly 
preserved, the shell shows several typical morphological fea-
tures typical for specimens from Rohožník-Konopiská. It has 
stocky, flat-sided whorls with three reduced primary cords and 
with numerous, delicate secondary spiral cords. A shell identi-
fied by Eremija (1971) as Turritella marginalis Brocchi from the 
Prnjavor Basin (Bosnia and Herzegovina) (p. 70, pl. 6, fig. 5) 
has a flat-sided profile of the shell, teleoconch whorls are robust, 
bearing three suppressed primary spiral cords accompanied by 
fine spiral threads which agree with the overall morphology of 
the herein studied smooth- sculptured H. tricincta.

A shell described by Toula (1900) from the Badenian basinal 
pelites of the Devínska Nová Ves (= Neudorf an der March, 
Dévény – Ujfalu) – brickyard (Slovakia, Vienna Basin) un-
der the name Turritella neudorfensis Toula, 1900 is similar to 
weakly sculptured specimens from Rohožník-Konopiská and 
slightly differs in its whorls shape and ornamentation. A poorly 
preserved shell described and illustrated by Toula (1900; 15, 
fig. 6 a–b) shows an imbricate, weakly bicarinate profile of the 
whorls and slightly concave sutural ramp, and its whorls bear-
ing two primary spiral cords that are somewhat reminiscent 
of the genus Oligodia. Nevertheless, it is not excluded that this 
enigmatic turritellid represents the smooth-sculptured form 
of H. tricincta. Unfortunately, the type material is not available 
and probably is lost which does not allow its re-examination. 
In addition, the specimens belonging to H. tricincta (identified 
as Turritella Riepeli Partsch) were already found at the locality 
by Schaffer (1897).

Morphologically very similar Helminthia vermicularis is 
very frequent in the Miocene Paratethys and have often been 
misidentified with H. tricincta in the malacological literature 
which caused taxonomic confusions between these two taxa 
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Fig. 5. Specimens with well preserved early apical whorls with protoconch. 

A – F: Helminthia tricincta (Borson, 1821), smooth-sculptured form, 

Rohožník-Konopiská, upper Badenian. A – B: Z 40141, C – D: Z 40142, 

E – F: Z 40143.

Fig. 6. A – F: Helminthia tricincta (Borson, 1821), coarse-sculptured form, 

Rohožník-Konopiská, upper Badenian. A: Z 40175; B: Z 40176; C: Z 40177; D: 

Z 40178; E: Z 40179; F: Z 40180.

Fig. 7. A – G: Helminthia vermicularis (Brocchi, 1814), Rohožník-Konopiská, 

upper Badenian. A – B: Z 40183, C – D: Z 40184, E: Z 40185, F: Z 40186, 

G: Z 40187.
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(see Harzhauser & Landau, 2019). From the Middle Miocene 
(Badenian) of the eastern Vienna Basin, the species was reported 
under the names Turritella Riepeli Partsch or Turritella tricincta 
(Borson), but usually without a detailed description, remarks, 
and illustration (e.g., Kornhuber, 1865; Horusitzky, 1917; Hyžný 
et al., 2012). Revision of specimens mentioned in Hyžný et al. 
(2012) and material from personal collection of the author con-
firm the presence of H. tricincta in the locality Devínska Nová 
Ves – Sandberg.

Buday (1939) determined Turritella tricincta from Kuchyňa 
and Stupava – Vrchná hora (Vienna Basin), but this identifica-
tion is not possible to verify, because the fossil material is not 
accessible and probably is lost.

Seneš (1955; 31, pl. 3, fig. 10) presented a single specimen 
treated as Turritella tricincta from the Early Miocene (Eggen-
burgian) sandy marls of the Prešov Fm. exposed near Modra 
nad Cirochou (East Slovakian Basin). The illustrated shell has 
a convex outline of whorls with slightly mid-whorl angulation, 
and three primary spiral cords of a relatively equally thickness 
developed on teleoconch whorls. Although this shell shows 
some similarities with Helminthia doublierii (Matheron, 1842) 
(Seneš, 1955), probably belongs to other turritellid species 
and its generic placement in Helminthia will need verification.

Paleoecology: The smooth-sculptured form was recorded in 
biodetritic corallinacean marls and limestones and in pale grey 
to yellow organodetritic marls, originating in a shallow marine 
nearshore environment characterized by dominating coral-
linacean red algae (Biskupič, 2020). It was also found in grey 
calcareous clays with bioturbation, pointing to muddy seafloor 
and moderately deep sublittoral settings (circalittoral) influenced 
by low bottom water oxygenation (Biskupič, 2020). Based on 
the appearance of stenohaline organisms (e.g., scaphopods, 
scleractinian corals, brachiopods, echinoderms) and tropical/
subtropical molluscs (plicatulids, carditids, costellariids), fully 
marine conditions and warm water settings are assumed in both 
paleoenvironments.

The coarse-sculptured form appeared in grey sandy clays and 
in pale and ocherous sands, both typical of co-occurring gravel 
intercalations. Mass occurrence of the gastropod Smaragdia (cf. 
Zuschin & Hohenegger, 1998; Zuschin et al., 2007; Harzhauser, 
2014; Reich et al., 2014), presence of strombid gastropods (cf. 
Harzhauser & Kronenberg, 2013; Landau et al., 2013; Reich et 
al., 2015), and prevalence of lucinid bivalves, 
bittiinid gastropods and cone snails (cf. Re-
ich et al., 2015), point to seagrass meadows. 
Abundant semi-infaunal suspension-feeding 
turritellids suggest a nutrient- rich environ-
ment (Allmon, 1988, 2011; Anderson et al., 
2017; Harzhauser & Landau, 2019; Nebelsick 
et al., 2019), and shallow-water, soft bottom 
conditions (Zuschin et al., 2004). The shal-
low sublittoral settings are reflected by the 
bivalve Acanthocardia turonica (Hörnes, 
1861) that prefer a water depth of 10–15 m 
(Harzhauser et al., 2014). Finds of articulated 
shells of the deep-burrowing bivalve Pan-
opea menardi (Deshayes, 1829) refer shallow 

subtidal habitats down to 20 m and frequent disturbances of 
the seafloor by storms (Zuschin et al., 2007). The prevalence of 
thermophilic molluscs (e.g., carditids, strombids, costellariids, 
terebrids, clavatulids) indicate tropical or subtropical character 
of the environment. Normal marine conditions are reflected by 
the abundant stenohaline molluscs (e.g., pectinids, chamids, 
aporrhaids, clavatulids), scleractinian corals, and echinoderms.

Distribution: Middle Miocene (upper Badenian) of the 
Vienna Basin: Rohožník– Konopiská (this paper); vicinity of 
Bratislava – Devínska Nová Ves: Brickyard (Schaffer, 1897), 
Sandberg (Kornhuber, 1865; Horusitzky, 1917; Hyžný et al., 
2012). Occurrences from the Caransebeş-Mehadia Basin (Ro-
mania) (Hinculov, 1968) and the Prnjavor Basin (Bosnia and 
Herzegovina) (Eremija, 1971) probably represent new records 
of this species in the Badenian of the Central Paratethys. A com-
plete overview of the stratigraphic and geographic distribution 
of the species is given by Harzhauser & Landau (2019).

Helminthia vermicularis (Brocchi, 1814)
Figs 7A–G, 8C–D, 9E–F

1814 Turbo vermicularis nob. – Brocchi, p. 372, pl. 6, fig. 13.
2019 Helminthia vermicularis (Brocchi, 1814) – Harzhauser & 

Landau, p. 41, figs 6K, 7G–H, 13D1–D2, 13E1–E2, 13F (cum  n.).

Material: 352 specimens. Illustrated material: Z 40183, SL: 
51.60 mm, MD: 18.10 mm (Fig. 7A–B); Z 40184, SL: 50.50 mm, 
MD: 15.40 mm (Fig. 7C–D); Z 40185, SL: 52.45 mm, MD: 19.35 
mm (Fig. 7E); Z 40186, SL: 48.45 mm, MD: 15.30 mm (Fig. 
7F); Z 40187, SL: 33.80 mm, MD: 9.55 mm (Fig. 7G); Z 40188, 
SL: 25.20 mm, MD: 7.35 mm (Fig. 9E); Z 40189, SL: 17.70 mm, 
MD: 5.45 mm (Fig. 9F); Z 40190, SL: 3.45 mm, MD: 1.35 mm, 
PH: 270 μm, PD: 360 μm (Fig. 8C–D). Additional material: Z 
40191, SL: 3.50 mm, MD: 1.30 mm, PH: 320 μm, PD: 390 μm; Z 
40192, SL: 4 mm, MD: 1.50 mm, PH: 260 μm, PD: 380 μm. The 
material is obtained from grey calcareous clays with bioturbation, 
grey and brown-yellow carbonate organodetritic corallinacean 
marls and limestones, pale grey to yellow organodetritic marls, 
pale and ocherous sands and grey sandy clays.

Remarks: A full list of synonyms and discussions on re-
lated species are presented in detail in Landau et al. (2013) 
and Harzhauser & Landau (2019). The specimens from 
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Fig. 8. Detail of protoconchs. A – B: Helminthia tricincta (Borson, 1821), smooth- sculptured form, 

Rohožník-Konopiská, upper Badenian, Z 40142. C – D: Helminthia vermicularis (Brocchi, 1814), 

Rohožník-Konopiská, upper Badenian, Z 40190.
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Rohožník-Konopiská comprise mostly of moderately preserved 
shells and are identical to the description and shell illustrated 
by Harzhauser & Landau (2019).

In the studied material, the protoconch was observed in some 
specimens. The species has a typical paucispiral protoconch con-
sisting of 1.50 smooth convex whorls, with large-sized nucleus 
(Fig. 8C–D). The transition between the embryonic shell and 
the larval shell is not recognised. The protoconch-teleoconch 
boundary is shown by the initial spiral sculpture that is presented 
by well-defined spiral cord B accompanied by spiral cord C, both 
developed on the first teleoconch whorl. The first neanic whorls 
are typically corkscrew-like, convex-shaped, tricostate; medial 
primary spiral cord B forms mid-whorl angulation.

Morphological similarity of Helminthia tricincta and Helmin-
thia vermicularis was already mentioned above. This often caused 
a confusion in identification (e.g. Švagrovský, 1981, Hyžný et 
al., 2012, Ruman & Hudáčková, 2015; see also Landau et al., 
2013 and Harzhauser & Landau, 2019). Specimens studied by 
the above-mentioned Slovakian authors, housed in the Natural 
History Museum of Slovak National Museum, Bratislava, and in 
the personal collection of the author, were revised and a predomi-
nant part of the examined shells was assigned to H. vermicularis.

A single specimen was found in Pernek (Vienna Basin), rep-
resenting the first occurrence of the species from this locality 
(collection of the author).

Several occurrences of poorly preserved turritellids remi-
niscent of Helminthia vermicularis are known from the Early 
Miocene (Eggenburgian) of Slovakia. A shell mould identified 
as Turritella (H.) cf. vermicularis tricincta Schaffer, 1912 was 
reported by Bílek (1966) from Chropov (Vienna Basin). Near 
Sverepec (Ilava Basin), fragments of shell moulds treated as Tur-
ritella (Haustator) cf. vermicularis were documented by Čtyroký 
(1960), and another specimen was also considered to be Turri-
tella (Haustator) cf. vermicularis by Seneš (1960). However, the 
species identification of these fossils is relatively difficult due to 
their poor preservation. Consequently, they are not included in 
Helminthia vermicularis in this paper.

Paleoecology: This turritellid was found in grey sandy 
clays with intercalations of gravels, and in pale and ocherous 
sands with intercalations of gravels. As mentioned above, the 

assemblages of marine invertebrates show strong preferences for 
seagrass habitats and are characterized by a high abundance of 
thermophilic and stenohaline organisms which support the fully 
marine, shallow sublittoral, subtropical or tropical character of 
these paleoenvironments with sandy to sandy-clayey bottoms. 
The species was also common in biodetritic corallinacean marls 
and limestones and in pale grey to yellow organodetritic marls 
derived from infralittoral nearshore algae-dominated habitat 
(Biskupič, 2020).

Distribution: Middle Miocene (lower Badenian) of the Novo-
hrad-Nógrád Basin: Kosihovce (Hano, 1950). Middle Miocene 
(upper Badenian) of the Vienna Basin: Rohožník-Konopiská 
(this paper), Pernek (this paper); Bratislava – Devínska Nová Ves: 
Brickyard (Schaffer, 1897; Toula, 1900), Sandberg (Kornhuber, 
1865; Švagrovský, 1981; Hyžný et al., 2012), Bačnegovice (=Vine-
yard) (Švagrovský, 1981), Útočnice (Ruman & Hudáčková, 
2015); Bratislava – Dúbravka: Fuchsov lom (Hyžný et al., 2012). 
For more information about the overall geographic and strati-
graphic range of the species see Landau et al. (2013) and Har-
zhauser & Landau (2019).

5. DISCUSSION

5.1. Early ontogenetic development

Although the protoconch morphology and the neanic sculpture 
are important features to describe and distinguish turritellid 
species (e.g., Allmon, 1996; Landau et al. 2004, 2013, 2018; 
Harzhauser & Landau, 2019), their protoconchs are usually 
unknown or poorly preserved as their preservation is excep-
tional (e.g., Shiladri et al., 2018; Sang et al., 2019; Harzhauser 
& Landau, 2019). Sang et al. (2019) suggested the protoconchs 
are often abraded away in turritellines, even during the life of 
the organism. In the studied shells, the first neanic whorls and 
protoconchs are prevailingly broken or the neanic sculpture is 
eroded. Only in a few juvenile shells of Helminthia tricincta and 
Helminthia vermicularis the neanic whorls have been observed 
including protoconch.

Until now, the protoconchs of Helminthia from the Central 
Paratethys were unknown (Harzhauser & Landau, 2019) and 
were only observed in Proto-Mediterranean (Pliocene) speci-
mens of H. vermicularis (Landau et al., 2004). For comparison, 
the protoconch consists of 1.50 whorls with a large-sized nucleus 
in H. vermicularis from Rohožník-Konopiská, whereas Landau 
et al. (2004) mentioned 1.75 protoconch whorls with a small to 
medium-sized nucleus.

In terms of protoconch type categorizing in turritellids defined 
by Allmon (1996, 2011) and Sang et al. (2019), planktotrophic 
species have relatively narrow, multispiral protoconchs suggest-
ing long-term planktonic phases, and nonplanktotrophic species 
have larger, more rounded, paucispiral protoconchs which points 
to short planktonic phases. Similarly, as proposed by Thorson 
(1950), a large apex points to a nonpelagic development, while a 
narrowly twisted apex, often with delicate sculpture, points to a 
pelagic development. According to Shuto (1974), large, rounded, 
often paucispiral protoconchs indicate larvae that spent little or 
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Fig. 9. A – B: Helminthia tricincta (Borson, 1821), smooth-sculptured form, 

Rohožník-Konopiská, upper Badenian. A: Z 40144, B: Z 40145; C – D: Hel- 

minthia tricincta (Borson, 1821), coarse-sculptured form, Rohožník-Kono

piská, upper Badenian, C: Z 40181, D: Z 40182; E – F: Helminthia vermicularis 

(Brocchi, 1814), Rohožník-Konopiská, upper Badenian, E: Z 40188, F: Z 40189.
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no time in the plankton, while narrow, polygyrate protoconchs 
suggest planktotrophic larvae.

Taking into account the morphological features defined by 
the abovementioned authors that differentiate planktotrophic 
and lecithotrophic development, the protoconch of H. tricincta 
characterized by its at most 2.50 convex smooth whorls with a 
large- sized nucleus reflects rather the nonplanktotrophy of the 
species. H. vermicularis has typically paucispiral protoconch 
(1.50 whorls) with a large-sized nucleus suggesting its short 
planktonic phase.

5.2. Paleoecology

As the results suggests, the herein discussed species of Helmin-
thia were adapted to a broad spectrum of habitats, they were 
primarily adapted to the shallow-water nearshore paleoenvi-
ronments whereas in the deep sublittoral conditions reaches 
a lower abundance (Fig. 10). H. tricincta inhabited inner to 
middle neritic environments with organodetritic, sandy and 
muddy bottoms (this work). Its occurrences from the Para-
tethys are known mainly from offshore clays suggesting middle 
to outer neritic environments, but exceptionally also occurs 
in shallow water settings with seagrass meadows, indicating 
its broad habitat tolerance (Harzhauser & Landau, 2019). H. 
vermicularis, probably an only living species of this genus (see 
MolluscaBase, 2021), occurred in the seagrass meadows and 
the algae-dominated habitats at Konopiská (this work). As 
suggested by Harzhauser & Landau (2019), the species was 
common in shallow water settings, partly indicating seagrass 
meadows. According to Harzhauser & Landau (2019), this 

turritellid is still living along the coast of West Africa, which 
is supported by Talavera (1975) who mentioned it from the 
samples obtained in depths of 20–80 m at the continental 
shelf of Mauritania.

Helminthia is absent in the middle and upper pelitic members 
of the section A, characterized by a monotypic molluscan assem-
blage which indicates dysoxic conditions near the seafloor. The 
dominant opportunistic bivalve Corbula gibba accompanied by 
species-poor assemblages of molluscs and the sediment character 
(clays with only in places slight lamination without bioturbation) 
reflect a deterioration of paleoenvironmental settings (lowered 
water dynamics, occasional hypoxic events near the bottom) 
during the sedimentation (e.g., Hladilová, 1991; Hladilová et 
al., 1998; Lambert et al., 2008, Biskupič, 2020). As noted by 
Gallmetzer et al. (2017) and Tomašových et al. (2018, 2020), the 
turritelline gastropods are sensitive to deterioration of habitat 
and hypoxia conditions which causes decreasing abundance 
in turritellid populations or its complete absence in disturbed 
environments.

5.3. Intraspecific variability

Intraspecific variability in fossil turritellid shells is demonstrated 
in many species, as indicated by specimens illustrated in several 
papers (e.g., Harmer, 1916; Voorthuysen, 1944; Bałuk, 1975; 
Caprotti, 1975; Chirli, 2006; Van Dingenen, 2016; Harzhauser 
& Landau, 2019). This variability is manifested mainly by nonu-
niform spiral sculpture and the shape of whorls which is also 
observed in specimens within the respective Helminthia species, 
especially in H. vermicularis (cf. Harmer, 1916; Caprotti, 1975; 
Cavallo & Repetto, 1992; Chirli, 2006; Chirli & Linse, 2011; 
Harzhauser & Landau, 2019). Differences in morphological 
features, such as the number and thickness of spiral cords and the 
shape of whorls, are also seen in H. vermicularis from Rohožník-
Konopiská (Fig. 7A–G).

Extreme variability in shell morphology is observed in shells 
of H. tricincta. Except for typical coarse-sculptured specimens 
characterized by well-defined, broad and convex primary spiral 
cords A, B, and C (Fig. 6A–F), several shells featured by strongly 
weakened spiral sculpture and somewhat different shape of later 
adult whorls (Fig. 4A–H). It seems that both forms were also 
ecologically separated, their co- occurrence in the same envi-
ronment was not recorded (Fig. 10). At first sight, this peculiar 
form could represent a distinct species based on morphological 
and paleoecological differences, as deduced above. However, 
it possibly represents only an extremely smooth-sculptured 
regional morph of H. tricincta that most probably evolved due 
to adaptation to specific paleoenvironmental conditions prevail-
ing in the eastern marginal part of the Vienna Basin during the 
upper Badenian.

6. CONCLUSIONS

From the upper Badenian deposits of Studienka Fm. in the 
Rohožník-Konopiská, a rich turritellid material comprise two 
species: Helminthia tricincta and Helminthia vermicularis.

acta geologica slovaca, 15(1), 2023, 11–22

Fig. 10. Occurrence and percentage of studied Helminthia species in the 

upper Badenian marine facies of the locality Rohožník-Konopiská.
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H. tricincta was found in the marginal facies of the Sandberg 
Mb., as well as in the basinal pelites. It was adapted to the shallow 
marine nearshore settings affected by episodic storms currents 
and characterized by the dominance of coralline algae, and to 
the infralittoral seagrass paleoenvironments with fine-grained 
substrates but also occurred in moderately deep sublittoral set-
tings with muddy seafloor and low bottom water oxygenation. 
Normal water salinity and warm water settings are expected. 
The first evidence of the protoconch for the species is recorded. 
It is the nonplanktotrophic species, its short-term planktonic 
phase during the early ontogenetic stages is assumed. In several 
specimens, considerable intraspecific variability of the shells 
was observed (suppressed spiral sculpture). These specimens 
represent an extremely smooth-sculptured regional morph of  
H. tricincta whose unusual shell morphology is probably the re-
sult of adaptation to the local paleoenvironmental conditions pre-
vailing in the eastern Vienna Basin during the upper Badenian.

H. vermicularis was restricted to the shallow sublittoral sea-
grass habitats in the zone above the storm wave base charac-
terized by well-aerated conditions, soft sandy to sandy-clayey 
bottoms, and fully marine and warm water settings, and also 
inhabited the algae-dominated habitats with fine- to coarse-
grained bottoms. The finds of shells with rarely preserved pro-
toconch represent the first protoconch evidence for the species 
in the Central Paratethys. It is the nonplanktotrophic species, 
its paucispiral protoconch suggests a relatively short planktonic 
phase of the larval development.

Acknowledgements: I am indebted to Barbara Zahradníková (Natural 
History Museum of Slovak National Museum, Bratislava, Slovakia) for 
accessing the Leica microscope camera and for providing access to the 
institutional collections for study, and to Nataša Halašiová (Earth Science 
Institute of the Slovak Academy of Sciences, Banská Bystrica, Slovakia) 
for making SEM pictures of protoconchs. I thank Júlia Zervanová (Brati-
slava, Slovakia) who donated the fossil material from Pernek, and Klement 
Fordinál and Katarína Koblišková (both State Geological Institute of Di-
onýz Štúr, Bratislava, Slovakia) who helped to provide a rare literature.
Special thanks go to Ján Schlögl (Department of Geology and Palaeontol-
ogy, Comenius University, Bratislava, Slovakia) for the careful editorial 
work and helpful comments. Finally, I am grateful to Andrej Ruman 
(Department of Geology and Palaeontology, Comenius University, Brati-
slava, Slovakia) for valuable suggestions, and language proofreading and 
Bernard Manuel Landau (Naturalis Biodiversity Center, Leiden, Neth-
erlands), whose constructive suggestions helped to improve the earlier 
version of the manuscript.

References

Allmon W. D., 1988: Ecology of living turritelline gastropods (Prosobran-
chia, Turritellidae): Current knowledge and paleontological implications. 
Palaios, 3, 259–284.

Allmon W. D., 1996: Systematics and evolution of Cenozoic American Tur-
ritellidae (Mollusca: Gastropoda) I: Paleocene and Eocene coastal plain 
species related to ‘Turrritella mortoni Conrad’ and ‘Turritella humerosa 
Conrad’. Palaeontographica Americana, 59, 1–134.

Allmon W. D., 2011: Natural history of turritelline gastropods (Cerithiodea: 
Turritellidae): A status report. Malacologia, 54, 159–202.

Anderson B. M., Hendy A., Johnson E. H. & Allmon W. D., 2017: Paleoecology 
and paleoenvironmental implications of turritelline gastropod-domina-
ted assemblages from the Gatun Formation (Upper Miocene) of Panama.  
Palaeogeography, Palaeoclimatology, Palaeoecology, 470, 132–146.

Bałuk W., 1975: Lower Tortonian gastropods from Korytnica, Poland. Part 1. 
Palaeontologia Polonica, 32, 1–186.

Baráth I., 1993: Upper Badenian reef complex on the eastern margin of the 
Vienna Basin. In: Hamršmíd (Ed.): New results in the Tertiary of the Western 
Carpathians. Knihovnička Zemní Plyn Nafta, 15, Hodonín, p. 177 – 197. [in 
Slovak with English summary]

Basterot B. de, 1825: Description géologique du Bassin tertiaire du Sud-
Ouest de la France. Mémoires de la Société d'Histoire Naturelle de Paris, 
2, 2, 1–100, 7 pls.

Biskupič R., 2017: A new evidence of the tube-dwelling polychaete Cementula 
subanfracta ROVERETO, 1903 (Polychaeta: Serpulidae) from the Late 
Badenian (Serravallian) sediments of Slovakia (Vienna Basin). In: Šimon 
L., Ozdínová S., Kováčiková M., Plašienka D. & Kováčová M. (Eds.): 15th 
Geological Seminar: New knowledge about geological setting and evolu-
tion of the Western Carpathians, Mente et Malleo (MeM) – Spravodajca 
Slovenskej geologickej spoločnosti, 1, 2, Bratislava, p. 65–66.

Biskupič R., 2020: A new evidence of  (Gastropoda: Costellariidae) from 
the middle Miocene (Serravallian) of the Vienna Basin (Slovakia). Acta 
Geologica Slovaca, 12, 2, 75–88.

Biskupič R., 2021: A new species of Nitidiclavus (Neogastropoda: Drilliidae) 
from the Miocene Paratethys and an overview of the paleoecology and distri-
bution of related species in the Cainozoic of Europe. Basteria, 85, 2, 163–176.

Bílek K., 1966: Die Fauna des Burdigal in den Chropov-Konglomeraten. Geolo-
gické práce, Zprávy, 40, 5–38. [in Slovak with German summary]

Boettger O., 1902: Zur Kenntnis der Fauna der mittelmiocänen Schichten 
von Kostej im Krassó-Szörényer Komitat. Mit einem Situationsplan der 
Fundpunkte, 2. Verhandlungen und Mitteilungen des Siebenbürgischen Vereins 
für Naturwissenschaften zu Hermannstadt, 51, 1–200 (1901).

Boettger O., 1907: Zur Kenntnis der Fauna der mittelmiocänen Schichten 
von Kostej im Krassó-Szörényer Komitat. Gasteropoden und Anneliden, 
3. Verhandlungen und Mitteilungen des Siebenbürgischen Vereins für Natur-
wissenschaften zu Hermannstadt, 55, 101–217 (1905).

Borson S., 1821: Continuazione del saggio di Orittografia Piemontese. Memorie 
della Reale accademia delle scienze di Torino, 26, 297–364.

Bouchet P. & Kantor Y., 2004: New Caledonia: the major center of biodiversity 
for volutomitrid mollusks (Mollusca: Neogastropoda: Volutomitridae). 
Systematics and Biodiversity, 1, 4, 467–502.

Brakman C., 1937: Turritella (Haustator) vanderfeeni nov. spec. Basteria,  
2, 4, 61–63.

Brocchi G., 1814: Conchiologia fossile subapennina, con osservazioni geolo-
giche sugli Apennini e sul suolo adiacente, 1–2. Milano (Stamperia Reale), 
1–240 (1); 241–712 (2), 16 pls.

Buday T., 1939: Drei tortonische Faunenlokalitäten am Westabhang der Kle-
inen Karpathen. Příroda, 32, 3, 94–96. [in Slovak with German summary]

Caprotti E., 1975: Grandi linee evolutive e limiti di variabilita’ di turritelle del 
nord italia dal tortoniano ad oggi. Conchiglie, 10, 215–239.

Cavallo O. & Repetto G., 1992: Conchiglie fossili del Roero. Atlante icono-
grafico. Associazione Naturalistica Piemontese Memorie (Associazione Amici 
del Museo ‘Federico Eusebio’), 2, 1–251.

Chirli C., 2006: Malacofauna Pliocenica Toscana. Vol. 5. Caenogastropoda. 
C. Chirli, Firenze, 144 pp.

Chirli C. & Linse U., 2011: The Pleistocene marine gastropods of Rhodes Island 
(Greece). Grafiche PDB, Tavarnelle V. P., Firenze, 447 pp.

early ontogeny, paleoecology and intraspecific variability of two helminthia species (gastropoda: turritellidae) ...



20

Costa E. M. da, 1778: Historia naturalis testaceorum Britanniae. London 
(Millan, White, Elmsley & Robson). xii + 254 + viii pp.

Cox L. R., 1960: In: Moore R. C. (ed.): Treatise on invertebrate paleontology, 
1. Mollusca 1, Gastropoda. Lawrence (The Geological Society of America, 
University of Kansas Press), xxii + 351 pp.

Cuvier G., 1795: Second Mémoire sur l'organisation et les rapports des animaux 
à sang blanc, dans lequel on traite de la structure des Mollusques et de leur 
division en ordre, lu à la société d'Histoire Naturelle de Paris, le 11 prairial 
an troisième. Magazin Encyclopédique, ou Journal des Sciences, des Lettres et 
des Arts, 2, 433–449.

Čierna E., 1973: Mikropaläontologische und biostratigraphische Untersuchung 
einiger Bohrproben aus der weiteren Umgebung von Rohožník. Acta Univer. 
Comeniana, 26, 113–187.

Čtyroký P., 1960: Die fossile Fauna der litoralen Ablagerungen Unterburdigals 
aus der Umgebung von Považská Bystrica im Waagtal. Geologické práce, 
Zprávy, 18, 141–152. [in Slovak with German summary].

Defrance F., 1823: Lucine (foss.). In: Cuvier F. (Ed.): Dictionnaire des Sciences 
Naturelles, 27, Levrault, Strasbourg & Le Normant, Paris, 269–277 pp.

Deshayes G. P., 1843–1850: Traité élémentaire de conchyliologie avec 
l’application de cette science a la géologie. Victor Masson, Libraire, Paris, 
II, 25–48, 824 pp.

Dubois de Montpereux F., 1831: Conchyliologie fossile et aperçu géognos-
tique des formations du plateau Wolhyni-Podolien. Berlin (Schropp and 
Companie). 76 pp.

Eichwald E., 1830: Naturhistorische Skizze von Lithauen, Volhynien und 
Podolien in geognostisch-mineralogischer, botanischer und zoologischer 
Hinsicht. Wilna, 256 pp.

Eremija M., 1971: Miocenski mekušci Prnjavorskog basena (Bosna). [Miozä-
nische Mollusken in Bassin Prnjavor (Bosnien)]. Geološki anali Balkanskoga 
poluostrva, 36, 51–85. [in Bosnian with German summary]

Fleming J., 1822: The philosophy of zoology; or a general view of the structure, 
functions, and classification of animals. In two volumes. With engravings. 
Vol. 2. Constable, Edinburgh, 618 pp.

Fordinál K. (ed.), Maglay J., Elečko M., Nagy A., Moravcová M., Vlačiky M., 
Kohút M., Németh Z., Bezák V., Polák M., Plašienka D., Olšavský M., Buček 
S., Havrila M., Hók J., Pešková I., Kucharič Ľ., Kubeš P., Malík M., Baláž 
P., Liščák P., Madarás J., Šefčík P., Baráth I., Boorová D., Uher P., Zlinská 
A. & Žecová K., 2012: Explanatory notes for the geological map of the 
Záhorská nížina Lowland 1:50 000. State Geological Institute of Dionýz 
Štúr in Bratislava, 232 p. [in Slovak with English summary]

Fuksi T., 2015a: Multivariate paleoecological analyses of Badenian and 
Sarmatian molluscan assemblages from the NW Vienna Basin (Rohož-
ník-Konopiská, Slovakia). In: Geology, Geophysics & Environment, 41, 
1, p. 80–81.

Fuksi T., 2015b: Compositional changes of molluscan assemblages during the 
late badenian and early sarmatian in the NW Vienna basin (Malé Karpaty 
mountains, Slovakia). In: Neogene of the Paratethyan Region. Budapest, 
Hungarian Geological Society, p. 28.

Fuksi T., Hyžný M. & Hudáčková N., 2011: New palaeoecological data of 
selected horizons of the Studienka formation based on the preliminary 
research of micro- and macrofaunal assemblages at Rohožník (Vienna basin, 
Western Carpathians). In: The 4th International Workshop on the Neogene 
from the Central and South-Eastern Europe. Geological Institute Slovak 
Academy of Sciences, Bratislava, p. 11.

Gallmetzer I., Haselmair A., Tomašových A., Stachowitsch M., Zuschin M., 
2017: Responses of molluscan communities to centuries of human impact 
in the northern Adriatic Sea. PLoS ONE, 12, 7, 1–31.

Goldfuss G. A., 1834–1840: Petrefacta Germaniae tam ea, quae in Museo 
Universitatis Regiae Borussicae Fridericiae Wilhelmiae Rhenanae servantur 
quam alia quaecunque in 312, pls. CXLVII–CLXV, (1840)].

Grateloup J. P. S. de, 1845–1847: Conchyliologie fossile des ter-rains tertiaires 
du Bassin de l’Adour (environs de Dax). 1, Univalves. Atlas. 1845: 45 plates 
and their explanatory texts (1, 3, 5–10, 12–48). 1847: 3 plates and their 
explanatory texts (2, 4, 11), I–XX. Lafargue, Bordeaux.

Handmann R., 1882: Zur Tertiärfauna des Wiener Beckens. Verhandlungen 
der k.k. Geologischen Reichsanstalt, 1882, 210–222.

Hano V., 1950: La faune tortonienne de Kosihovce en Slovaquie Méridionale. 
Geologický sborník, 1, 1, 70–73. [in Slovak with French summary]

Harmer F. W., 1916: The Pliocene Mollusca of Great Britain, being supplemen-
tary to S.V. Wood's monograph of the Crag Mollusca. Part 3. Monographs	
of the Palaeontographical Society, 70, 337, 303–461, pl. 33–44.

Harzhauser M., 2014: A seagrass-associated Early Miocene Indo-Pacific gastro-
pod fauna from South West India (Kerala). Palaeontographica A, 302, 73–178.

Harzhauser M. & Kronenberg G. C., 2013: The Neogene strombid gastropod 
Persististrombus in the Paratethys Sea. Acta Palaeontologica Polonica, 58, 
4, 785–802.

Harzhauser M, Peckmann J., Birgel D., Draganits E., Mandic O., Theobalt D. 
& Huemer J., 2014: Stromatolites in the Paratethys Sea during the Middle 
Miocene climate transition as witness of the Badenian salinity crisis. Facies, 
60, 429–444.

Harzhauser M., Grunert P., Mandic O., Lukeneder P., Gallardo Á. G., Neuba-
uer T. A., Carnevale G., Landau B. M., Sauer R., Strauss P., 2018: Middle 
and late Badenian palaeoenvironments in the northern Vienna Basin and 
their potential link to the Badenian Salinity Crisis. Geologica Carpathica, 
69, 2, 149–168.

Harzhauser M. & Landau B., 2019: Turritellidae (Gastropoda) of the Miocene 
Paratethys Sea with considerations about turritellid genera. Zootaxa, 4681, 
1, 1–136.

Hinculov L., 1968: Faune miocène du bassin de Mehadia, In: Iliescu 0., 
Hinculov A. & Hinculov L.: Bassin de Mehadia, étude géologique et 
paléontologique. Memorii Institutul Geologic, 9, 75–187. [in Romanian 
with French summary]

Hladilová Š., 1991: Results of preliminary studies of the molluscan fauna from 
the Rohožník locality. Scripta, Geology, 21, 91–97.

Hladilová Š., Hladíková J. & Kováč M., 1998: Stable Isotope record in Miocene 
Fossils and Sediments from Rohožník (Vienna Basin, Slovakia). Slovak 
Geological Magazine, 4

Hoernes R. & Auinger M., 1882: Die Gasteropoden der Meeres-Ablagerungen 
der ersten und zweiten Miocänen Mediterran-Stufe in der Österreichisch-
Ungarischen Monarchie. III. Lieferung. Abhandlungen der Kaiserlich-Kö-
niglichen Geologischen Reichsanstalt, 12, 3, 113–152.

Holec P., 1973: Fisch-Otolithen aus dem oberen Baden (Miozän) des nordöstli-
chen Teiles des Wiener Beckens (Gebiet von Rohožník). Geologický zborník 
Geologica Carpathica, 24, 2, 393–414.

Holec P., 1975: Fisch-Otolithen aus dem Baden (Miozän) des nordöstlichen 
Teiles des Wiener Beckens und der Donau-Tiefebene. Geologický zborník 
Geologica Carpathica, 26, 2, 253–266.

Holec P., 1987: Poznámka k nálezu zvyškov veľryby v miocénnych sedimentoch 
pri Rohožníku. [Comment on the finding of whale remnants in the Miocene 
sediments at Rohožník]. 3. pracovní seminář z paleoekologie, Sborník 
konference, Brno, 92–93. [in Slovak]

Holec P., Karol M. & Koubová I., 2007: Dicroceros cf. grangeri (Mammalia, 
Cervidae) from Rohožník (Slovakia). Mineralia Slovaca, 39, 323–328. [in 
Slovak with English summary]

acta geologica slovaca, 15(1), 2023, 11–22



21

Hörnes M., 1851 – 1870: Die fossilen Mollusken des Tertiär-Beckens von 
Wien. Abhandlungen der Kaiserlich-Königlichen Geologischen Reichsanstalt 
3–4: 1–42, pls. 1–5 (1851), 43–208, pls. 6–20 (1852), 209–296, pls. 21–32 
(1853), 297–382, pls. 33–40 (1854), 383–460, pls. 41–45 (1855), 461–736, 
pls. 46–52 (1856) (3); 1–479, pls. 1–85 (1870) (4).

Horusitzky H., 1917: Pozsony környékének agrogeologiai viszonyai. [Agro-
geological conditions in the Bratislava area] Fritz Ármin könyvnyomdája, 
69 p. [in Hungarian]

Hyžný M., Hudáčková N., Biskupič R., Rybár S., Fuksi T., Halásová E., Zágor-
šek K., Jamrich M. & Ledvák P., 2012: Devínska Kobyla – a window into 
the Middle Miocene shallow-water marine environments of the Central 
Paratethys (Vienna Basin, Slovakia). Acta Geologica Slovaca, 4, 2, 95–111.

Hyžný M. & Gašparič R., 2014: Ghost shrimp Calliax de Saint Laurent, 1973 
(Decapoda: Axiidea: Callianassidae) in the fossil record: systematics,  
palaeoecology and palaeobiogeography. Zootaxa, 3821, 1, 37–57.

Kojumdgieva E., 1960: Le Tortonien du type viennois. In: Kojumdgieva E. & 
Strachimirov B., Les fossiles de Bulgarie, 7, Tortonien, 13–246. Sofia.

Kornhuber G. A., 1865: Adalékok Pozsonymegye természettani földrajzáhos. 
[A scientific- geographical contribution about Bratislava]. Poszony, 1 – 82. 
[in Hungarian]

Kováč M., Baráth I., Marko F., Šútovská K., Uher P., Hladilová Š., Fordinál K., 
Tuba L., 1991: Neogene sequences. In: Kováč M., Michalík J., Plašienka D., 
Putiš M., (eds.): Malé Karpaty Mts. Geology of the Alpine – Carpathian 
junction. Guide to excursions. Bratislava, 61–74.

Kováč M., Baráth I., Harzhauser M., Hlavatý I. & Hudáčková N., 2004: Miocene 
depositional systems and sequence stratigraphy of the Vienna Basin. CFS 
Courier Forschungsinstitut Senckenberg, 246, 187–212.

Kučerová K., 1986: Badenian and Sarmatian ostracodes of the clay-pit in Ro-
hožník. Regionálna Geológia Západných Karpát, 21, 113–115. [in Slovak 
with English summary]

Lamarck J. B. P. A. de M, 1805: Suite des mémoires sur les fossiles des envi-
rons de Paris. Annales du Muséum National d’Histoire Naturelle de Paris, 6, 
214–221. Paris.

Lamarck J. B. P. A. de M., 1810: Descriptions des coquilles fossiles des envi-
rons de Paris. Annales du Muséum National d’Histoire Naturelle de Paris, 
15, 422–440. Paris.

Lamarck J. B. P. A. de M., 1818: Histoire naturelle des animaux sans vertèbres, 
présentant des characters généraux et particuliers de ces animaux, leur 
distribution, leurs classes, leurs familles, leurs genres, ret la citation des 
principales espèces qui s’y rapportent, précédée dúne introduction offrant la 
détermination des caractères essentiels de l’animal, sa distinction du végétal 
et des autres corps naturels; enfin, l’exposition des principes fondamentaux 
de la zoologie, 5. Paris (Derteville), 622 pp.

Lambert O., Schlögl J. & Kováč M., 2008: Middle Miocene toothed whale 
with Platanista- like teeth from the Vienna Basin (Western Carpathians, 
Slovakia). Neues Jahrbuch für Geologie und Paläontologie – Abhandlungen, 
250, 157–166.

Landau B. M., Ceulemans L. & Van Dingenen F., 2018: The upper Miocene 
gastropods of northwestern France, 2. Caenogastropoda. Cainozoic Rese-
arch, 18, 2, 177–368.

Landau B. M., Marquet R. & Grigis M., 2004: The Early Pliocene Gastropoda 
(Mollusca) of Estepona, southern Spain. Part 2 Orthogastropoda, Neota-
enioglossa. Palaeontos, 4, 1–108.

Landau B. M., Harzhauser M., İslamoğlu Y., & da Silva C. M., 2013: Sys
tematics and palaeobiogeography of the gastropods of the middle Mio- 
cene (Serravallian) Karaman Basin, Turkey. Cainozoic Research, 11–13, 
3–584.

La Perna R., Mandic O. & Harzhauser M., 2017: Systematics and palaeobiogeog-
raphy of Megacardita Sacco in the Neogene of Europe (Bivalvia, Carditidae). 
Papers in Palaeontology, 3, 111–150.

Linnaeus C., 1758: Systema naturae per regna tria naturae: secundum classes, 
ordines, genera, species, cum characteribus, differentiis, synonymis, locis, 
1. Editio decima, reformata. Holmiae (Laurentii Salvii), 824 pp.

Linnaeus C., 1767: Systema naturae per regna tria naturae: secundum classes, 
ordines, genera, species, cum characteribus, differentiis, synonymis, locis. 
Ed. 12. 1., Regnum Animale 1 & 2. 1327 pp. Laurentius Salvius, Stockholm.

Lovén S. L., 1847: Malacozoologii. Öfversigt af Kongliga Vetenskaps-Akademiens 
Förhandlingar, 4/6, 175–199.

Matheron P., 1842: Catalogue methodique et descriptif des Corps organisés 
fossiles du département des Bouches-du-Rhone et lieux circonvoisins: 
Précédé d’un Mémoire sur les Terrains supérieurs au Grès Bigarré du S. E. 
de la France. Répertoire des Travaux de la Société de Statistique de Marseille, 
6, 1–269.

MolluscaBase eds., 2022: MolluscaBase. Helminthia Handmann, 1882. Ac-
cessed through: World Register of Marine Species at: http://molluscabase.
org/aphia.php?p=taxdetails&id=1374226 on 2022-01-03

Nebelsick J. H., Rasser M., Höltke O., Thompson J. R. & Bieg U., 2019: Turri-
telline mass accumulations from the Lower Miocene of southern Germany: 
implications for tidal currents and nutrient transport within the North 
Alpine Foreland Basin. Lethaia, 53, 280–293.

Olivi G., 1792: Zoologia Adriatica, ossia catalogo ragionato degli animali del 
golfo e della lagune di Venezia. Bassano [G. Remondini e fl.]. [ix] + 334 + 
xxxii pp., 9 pls.

Ondrejičková A., 1972: Eggenburgian molluscs of Southern Slovakia. Západné 
Karpaty, 16, 5–147.

d’Orbigny A., 1852: Prodrome de Paléontologie Stratigraphique Universelle 
des Animaux Mollusques et Rayonnés faisant suite au Cours Élémentaire de 
Paléontologie et de Géologie Stratigraphique, 3. 196 + 190 pp. Masson, Paris.

Philippi R. A., 1844: Nachtrag zum zweiten Bande der Enumeratio Mollusco-
rum Siciliae. Zeitschrift für Malakozoologie, 1, 100–112. Hannover.

Reich S., Wesselingh F. & Renema W., 2014: A highly diverse molluscan se-
agrass fauna from the early Burdigalian (early Miocene) of Banyunganti 
(south-central Java, Indonesia). Annalen des Naturhistorischen Museums in 
Wien, Serie A, 116, 5–129.

Reich S., Di Martino E., Todd J. A., Wesselingh F. P. & Renema W., 2015: 
Indirect paleo- seagrass indicators (IPSIs): A review. Earth-Science Reviews, 
143, 161–186.

Ruman A. & Hudáčková N., 2015: Middle Miocene chitons (Polyplacophora) 
from the Slovak part of the Vienna Basin and the Danube Basin (Central 
Paratethys). Acta Geologica Slovaca, 7, 2, 155–173.

Sacco F., 1895: I Molluschi dei terreni terziarii del Piemonte e della Liguria. 
Parte 18; (Melaniidae, Littorinidae, Fossaridae, Rissoidae, Hydrobiidae, 
Paludinidae e Valvatidae). Carlo Clausen, Torino, 51 pp., 1 pl.

Sacco F., 1895: I molluschi dei terreni terziarii del Piemonte e della Liguria. 
Parte 19; (Turritellidae e Mathildidae). Carlo Clausen, Torino, 43 pp., 3 pls.

Sang S., Friend D. S., Allmon W. D. & Anderson B. M., 2019: Protoconch enlar-
gement in Western Atlantic turritelline gastropod species following the clo-
sure of the Central American Seaway. Ecology and Evolution, 9, 5309–5323.

Scacchi A., 1835: Notizie intorno alle conchiglie ed a' zoofiti fossili che si tro-
vano nelle vicinanze di Gravina in Puglia. Annali Civili del Regno delle Due 
Sicilie, 6, 75–84; 7, 5–18, 2 pl.

Seneš J., 1955: Stratigraphische und biofazielle Untersuchung einiger Neogener 
Sedimente der Ostslowakei auf Grund der Makrofauna. Geologické práce, 
Zväzok, 40, 3–171. [in Slovak with German summary]

early ontogeny, paleoecology and intraspecific variability of two helminthia species (gastropoda: turritellidae) ...



22

Seneš J., 1960: Burdigalische Molluskenfaunen aus mergeligen Ablagerungen 
des Waagtales in Westkarpaten. Geologické práce, Zprávy, 17, 105–114. [in 
Slovak with German summary].

Schaffer F., 1897: Der marine Tegel von Theben – Neudorf in Ungarn. Jb. K. 
Kön. Geol. Reichsanstalt, 47, 3, 533–548.

Schaffer F., 1908: Geologischer Führer für Exkursion im Innerlpinen Wiener-
becken. II. Teil. Sammlung geologischer Führer 13, Berlin (Borntraeger), 
1–157.

Schaffer F. X., 1912: Das Miocän von Eggenburg. Die Fauna der ersten Me-
diterranstufe des Wiener Beckens und die geologischen Verhältnisse der 
Umgebung des Manhartsberges in Niederösterreich. Abhandlungen der 
Kaiserlich-Königlichen Geologischen Reichsanstalt, 22, 127–193.

Schultz O., 1998: Tertiärfossilien Österreichs, Wirbellose, niedere Wirbel-
tiere und marine Säugetiere; schöne, interessante, häufige und wichtige 
Makrofossilien aus den Beständen des Naturhistorischen Museums Wien 
und Privatsammlungen; eine Bilddokumentation. Wien (Golschneck-
Verlag), 159 p.

Shiladri S. D., Saha S., Bardhan S., Mallick S. & Allmon W. D., 2018: The oldest 
turritelline gastropods: From the Oxfordian (Upper Jurassic) of Kutch, 
India. Journal of Paleontology, 92, 3, 373–387.

Shuto T., 1974: Larval ecology of prosobranch gastropods and its bearing on 
biogeography and paleontology. Lethaia, 7, 239–256.

Simionescu I. & Barbu I. Z., 1940: La faune sarmatienne de Roumanie. Me-
moriile Institutului Geologic al României, 3, 1–194.

Sowerby J. de C., 1825: The mineral conchology of Great Britain; or coloured 
figures and descriptions of those remains of testaceous animals or shells, 
which have been preserved at various times and depths in the earth, 5, 
84–85, 139–144, pls 486–491 [84], 145–152, pls 492–497 [85], London.

Sowerby J. de C., 1832: Table of Fossils of Lower Styria. Transactions of the 
Geological Society of London, ser. 2, 3, 419 p., London.

Steininger F., Čtyroký P., Ondrejičková A. & Seneš J., 1971: Die Mollusken 
der Eggenburger Schichtengruppe. In: Steininger F. & Seneš J. (Eds.), M1 
Eggenburgien. Die Eggenburger Schichtengruppe und ihr Stratotypus. Chro-
nostratigraphie und Neostratotypen. Vol. 2., Veda, Bratislava, pp. 356–591.

Studencka B., 2018: A new look at the bivalve Anomia ephippium Linnæus, 1758 

from the Miocene of the Central Paratethys: An example from the Nowy 
Sącz Basin in Poland. Acta Geologica Polonica, 68, 635–650.

Švagrovský J., 1981: Lithofazielle Entwicklung und Molluskenfauna des oberen 
Badeniens (Miozän M4d) in dem Gebiet Bratislava – Devínska Nová Ves. 
Západné Karpaty, séria Paleontológia, 7, 5–204.

Talavera F. G., 1975: Moluscos de sedimentos de la plataforma continental de 
Mauritania. Boletín del Instituto Español de Oceanografía, 192, 1–14.

Thorson G., 1950: Reproductive and larval ecology of marine bottom inver-
tebrates. Biological Reviews, 25, 1–45.

Tomašových A., Gallmetzer I., Haselmair A., Kaufman D. S., Kralj M., Cassin 
D., Zonta R. & Zuschin M., 2018: Tracing the effects of eutrophication on 
molluscan communities in sediment cores: outbreaks of an opportunistic 
species coincide with reduced bioturbation and high frequency of hypoxia 
in the Adriatic Sea. Paleobiology, 44, 4, 575–602.

Tomašových A., Albano P. G., Fuksi T., Gallmetzer I., Haselmair A., Kowalewski 
M., Nawrot R., Nerlović V., Scarponi D. & Zuschin M., 2020: Ecological 
regime shift preserved in the Anthropocene stratigraphic record. Proc. R. 
Soc. B, 287, 1–9.

Toula F., 1900: Über den marinen Tegel von Neudorf an der March (Dévény-Uj-
falu) in Ungern. Verh. Vereins für Natur und Heilkunde Pressburg, 11, 20, 1–30.

Van Dingenen F., Ceulemans L. & Landau B. M., 2016: The lower Pliocene 
gastropods of Le Pigeon Blanc (Loire-Atlantique, Northwest France), 2. 
Caenogastropoda. Cainozoic Research, 16, 109–219.

Voorthuysen J. H. van, 1944: Miozäne Gastropoden aus dem Peelgebiet (Nie-
derlande) (Rissoidae-Muricidae, nach Zittel’s Einteilung 1924). Medede-
elingen van de Geologische Stichting, C-IV-1 (5), 1–116.

Zuschin M., Harzhauser M. & Mandic O., 2004: Taphonomy and paleoecology 
of the Lower Badenian (Middle Miocene) molluscan assemblages at Grund 
(Lower Austria). Geologica Carpathica, 55, 117–128.

Zuschin M., Harzhauser M. & Mandic O., 2007: The stratigraphic framework of 
fine-scale gradual and disjunct faunal replacements in the Middle Miocene 
of the Vienna Basin (Austria). Palaios, 22, 286–297.

Zuschin M. & Hohenegger J., 1998: Subtropical coral-reef associated sedi-
mentary facies characterized by molluscs (Northern Bay of Safaga, Red 
Sea, Egypt). Facies, 38, 229–254.

acta geologica slovaca, 15(1), 2023, 11–22


