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A new Paratethyan turritellid gastropod species, Turritel-
linella devinensis spec. nov., is described from the Upper 
Badenian (Middle Miocene) marine deposits of the Studi-
enka Formation, Vienna Basin, Slovakia. The shells were 
found at the fossil-bearing locality near Rohožník and in 
several localities situated in the vicinity of Devín (borough 
of Bratislava) situated on the southern slope of the Devín-
ska Kobyla Hill. T. devinensis spec. nov. is discussed and 
compared with other morphologically similar species. 
The habitat of the Badenian populations from the east-
ern margin of the Vienna Basin is specified and com-
pared with the ecological conditions of extant T. tricari-
nata in present-day European seas. 

Key words: Gastropoda, Turritellidae, Turritellinella, pal-
eoecology, Miocene, Badenian, Vienna Basin, Central 
Paratethys
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INTRODUCTION

The genus Turritellinella Harzhauser & Landau, 2019 is a 
species-poor turritellid genus involving only two valid spe-
cies (Harzhauser & Landau, 2019). The type species Turri-
tellinella tricarinata (Brocchi, 1814) is among a few gastro-
pod taxa with an origin in the Miocene and still surviving 
in modern seas. This turritellid was widespread during 
the Miocene to Pleistocene in the Mediterranean Sea and 
Atlantic (e.g., Landau et al., 2004; Harzhauser & Landau, 
2019). From present-day seas, it is recorded from the Medi-
terranean Sea, Black Sea, Eastern Atlantic and North Africa 
(e.g., Poppe & Goto, 1991; Landau et al., 2004; Büyükmeriç 

et al., 2018; Harzhauser & Landau, 2019). The second rep-
resentative, T. subuliformis (O. Boettger, 1907), is known 
from the Badenian (Middle Miocene) of the Central Parate-
thys Sea exclusively (e.g., Boettger, 1907; Zilch, 1934; Bałuk, 
1975; Harzhauser & Landau, 2019). Until recently, both 
species were traditionally assigned to the genus Turritella 
Lamarck, 1799. Harzhauser & Landau (2019) established the 
genus Turritellinella for these two taxa, which is based on 
specific morphological features of the shell.

The finds of the here newly described Turritellinella 
devinensis spec. nov. were already mentioned in the papers 
of Švagrovský (1981) and Hyžný et al. (2012), but were 
ascribed to other turritellid species.

LOCALITIES

Konopiská
The palaeontological locality Konopiská (Fig. 1) comprises an 
area of the former clay pit and its vicinity, which is located in 
the eastern margin of the Vienna Basin, nearby the village of 
Rohožník (48°26'39"N, 17°09'53"E). The Upper Badenian and 
Lower Sarmatian (Middle Miocene) marine sediments are 
exposed in the pit (e.g., Fordinál et al., 2012, 2013; Biskupič, 
2020, 2021). The studied Upper Badenian (Early Serraval-
lian) strata of the Studienka Formation are largely made of 
massive calcareous clays (Fig. 2), with sporadic finger-like 
layers and interlayers of the shallow-water coarse-grained 
marginal facies of the Sandberg Member (e.g., Baráth et al., 
1994; Hladilová et al., 1998; Lambert et al., 2008; Biskupič, 
2020). The latter are comprised of sands, sands with gravels, 
sandy clays, and carbonate organodetritic marls and lime-
stones (Biskupič, 2020). The Upper Badenian strata involve 
species-rich associations of marine invertebrate and ver-
tebrate faunas (e.g., Čierna, 1973; Holec, 1973, 1975; Kučer-
ová, 1986; Lambert et al., 2008; Hyžný & Gašparič, 2014; 
Biskupič, 2017; Sabol et al., 2021). The molluscs turned out 
to be the most diversified group and have often been the 
subject of paleontological investigations (e.g., Meszároš, 
1986; Hladilová, 1991; Pek et al. 1997; Fuksi et al., 2011; Fuksi 
2015a, 2015b; Ruman & Hudáčková, 2015; Biskupič, 2021). An 
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overview of early research, lithology, and a brief descrip-
tion of faunistic assemblages of the locality can be found in 
Biskupič (2020). The shells of Turritellinella devinensis spec. 
nov. were obtained from grey calcareous clays with biotur-
bation and brownish-yellow to greyish yellow clays.

Zelené terasy
The site is located in the eastern part of Devín (borough 
of Bratislava) (Fig. 1), at the junction of the eastern mar-
gin of the Vienna Basin and the southern edge of the Malé 
Karpaty Mountains (48°10'38"N, 16°59'50"E). The locality 
was initially an abandoned vineyard covering the southern 
slope of the Devínska Kobyla Hill (514 m) and was discov-
ered during excavation works in 2012 when constructing 
the large residential complex named “Devín – Zelené ter-
asy”. Many extensive outcrops in the building yard revealed 
Badenian marine sediments. The age of these deposits was 
deduced from the associated biostratigraphic significant 
molluscan taxa, such as Flabellipecten besseri (Andrze-
jowski, 1830), Pecten aduncus Eichwald, 1830, Pseudamus-
sium lilli (Pusch, 1837), Acanthocardia turonica (Hörnes, 
1861) and Archimediella carpathica Harzhauser & Landau, 
2019 that typically occurred in the Central Paratethys dur-
ing the Badenian. In addition, respective facies have been 
lithologically correlated with adjacent localities of Lom-

nická, Terasy, Štítová and Glosusová lavica, correspond-
ing to the Upper Badenian stage (see Hyžný et al. 2012). 
Heavy-bedded grey- to brown-yellow clays, fine aleuritic 
sands and sandy marls with massive concretions, fine-
grained pale sands, and also the sporadic lens-like bodies 
and interlayers of corallinacean limestones were exposed 
at Zelené terasy and belongs to the Upper Badenian Stu-
dienka Formation. These fossiliferous strata yielded a wide 
spectrum of marine organisms, and were particularly rich 
in gastropods, bivalves, scaphopods, polychaetes, bryozo-
ans, and rare echinoids. T. devinensis spec. nov. occurs 
in heavy-bedded grey- to brown-yellow clays, and fine 
aleuritic sands and sandy marls.

Lomnická
The locality is situated in the eastern margin of Devín 
(48°10'43"N, 16°59'46"E), which is in the southern slope of the 
Devínska Kobyla Hill (Fig. 1). The site was discovered dur-
ing extensive excavation works in 2000, regarding the con-
struction of a large residential complex. Many temporary 
outcrops were made there, that revealed the Upper Bade-
nian clays of the Studienka Formation and several transi-
tional facies of the Sandberg Member (Hyžný et al. 2012). 
The lithology and faunistic composition is very similar to 
that of the adjacent locality Zelené terasy. The complex of 

Fig. 1. Geographical position of the studied localities.
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strata is composed of heavy-bedded grey and green-yel-
low clays, fine aleuritic sands and sandy marls with mas-
sive concretions, brown- to grey-yellow fine-grained 
aleuritic sands and sandy marls, discontinuous intercala-
tions of corallinacean limestones and breccias. The marine 
fauna is characterized mainly by abundant gastropods, 
bivalves, scaphopods, bryozoans, serpulid polychaetes, 
echinoids, decapods, chondrichthyans and bony fishes. 
More data about the lithology, stratigraphy and marine fau-
nas, including a list of taxa, offers the paper of Hyžný et al. 
(2012). T. devinensis spec. nov. was found in heavy-bedded 
grey- to brown-yellow clays, and fine aleuritic sands and 
sandy marls.

“Northwest of Devín – Terasy” and “east of Devín”
Both sites and their molluscan assemblages were studied by 
Švagrovský (1981). According to him, the locality “north-
west of Devín – Terasy” lies on the eastern border of Devín, 
on the southern slope of Devínska Kobyla, northwest of 
the neighbouring locality Devín – Terasy, and represents 
an outcrop in the vineyard. The second locality, “east of 
Devín”, is composed of several small outcrops situated on 
the southern mountainside of the Devínska Kobyla Hill. 
However, the exact locations (gps coordinates) and current 
status of these sites are unknown (they are probably aban-
doned or no longer exist). The exposed Upper Badenian 
grey to yellow-brown pelitic sediments and intercalations 

of fine-grained aleuritic sands and sandy marls included 
abundant gastropod and bivalve faunas (Švagrovský, 1981).

MATERIAL AND METHODS

The studied material includes 69 specimens and is mainly 
composed of moderately to poorly preserved individuals. 
Only a single shell with the first teleoconch whorl is availa-
ble in the examined material; unfortunately, the protoconch 
is incomplete and broken. The specimens were collected 
from the paleontological sites in Rohožník (Konopiská) 
and Devín (Lomnická, Zelené terasy) during field work of 
the author in 1994-2018. The turritellids housed in the col-
lection of the Natural History Museum of Slovak National 
Museum, Bratislava (Slovakia) (snm-pm), originally studied 
and illustrated in the monograph of Švagrovský (1981), were 
also examined. The herein discussed conchological mate-
rial is stored in the collection of snm-pm. 

Terminology of shell morphology, morphometric 
dimensions, measurements, and ratios used here are bor-
rowed from Harzhauser & Landau (2019). Morphometric 
abbreviations are as follows: sl = shell length, md = maxi-
mum diameter, pa = pleural angle, aa= apical angle, lsan-
gle = lateral sinus angle, lsp = lateral sinus position, lsd 
= lateral sinus depth, n = number, μ = mean, σ = standard 
deviation.

Fig. 2. The Middle Miocene (Badenian) chronostratigraphic and biostratigraphic zonation and lithostratigraphic units of the Vienna 
Basin (modified from Harzhauser et al., 2018), and lithology and lithostratigraphy of the Upper Badenian Studienka Formation where 
Turritellinella devinensis spec. nov. was found (modified from Fordinál et al., 2012).
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SYSTEMATICS

Higher classification follows Bouchet et al. (2017); the taxo-
nomic concept of turritellids follows Harzhauser & Landau 
(2019).

Class Gastropoda Cuvier, 1795
Subclass Caenogastropoda Cox, 1960
Superfamily Cerithioidea Fleming, 1822
Family Turritellidae Lovén, 1847
Subfamily Turritellinae Lovén, 1847

Genus Turritellinella Harzhauser & Landau, 2019

Type species (by original designation): Turbo tricarinatus 
Brocchi, 1814, Pliocene, Italy, Proto-Mediterranean.

Turritellinella devinensis spec. nov.
Figs 3-20

urn:lsid:zoobank.org:act:9CF7333D-2E4D-4F2E-8E5D-
1F726BCEBA16

Turritella (Haustator) partschi quadricarinata – Šva-
grovs ký, 1981: 127 (pars, non pl. 40, fig. 3 = Ptychidia 
partschi (Rolle, 1856)).

Turritella (Archimediella) pythagoraica – Švagrovský, 1981: 
128, pl. 40 figs 1-2.

Material. — Konopiská: 42 specimens; Lomnická: 3 spec-
imens; Zelené terasy: 19 specimens; “northwest of Devín 
– Terasy” (sensu Švagrovský, 1981): 3 specimens; “east of 
Devín” (sensu Švagrovský, 1981): 2 specimens.

Type material and dimensions. — Holotype: snm-pm 
Z40242, Zelené terasy, sl: 33.10 mm, md: 10.40 mm (Figs 
4a-4b); Paratype 1: snm-pm Z40243, Konopiská (clay 
pit), sl: 32.10 mm, md: 11.10 mm (Figs 5a-5b); Paratype 2: 
snm-pm Z40244, Zelené terasy, sl: 24.60 mm, md: 8.40 
mm (Figs 6a-6b).

Additional illustrated material and dimensions. — snm- 
pm Z40245, Zelené terasy, sl: 17.40 mm, md: 5.60 mm (Figs 
7a-7b); snm-pm Z40246, Zelené terasy, sl: 18.30 mm, md: 
7.20 mm (Figs 8a-8b); snm-pm Z40247, Konopiská (clay 
pit), sl: 18.35 mm, md: 5.60 mm (Figs 9a-9b); snm-pm 
Z40248, Konopiská (clay pit), sl: 9.30 mm, md: 3.15 mm 
(Fig. 10); snm-pm Z17716, “northwest of Devín – Terasy”, 
sl: 20.70 mm, md: 7.70 mm (Figs 11a-11b); snm-pm Z17404, 
“northwest of Devín – Terasy” (illustrated as Turritella 
(Archimediella) pythagoraica Hilber, 1882 in Švagrovský 
1981, pl. 40, fig. 2), sl: 29 mm, md: 10 mm (Figs 12a-12b); 
snm-pm Z17530, “northwest of Devín – Terasy” (illustrated 
as Turritella (Archimediella) pythagoraica Hilber, 1882 in 
Švagrovský 1981, pl. 40, fig. 1), sl: 27 mm, md: 10 mm (Figs 

13a-13b); snm-pm Z40259, Zelené terasy, sl: 40.20 mm, md: 
10.10 mm (Fig. 14).

Additional material. — Rest specimens are labelled from 
snm-pm Z40260 to snm-pm Z40317.

Etymology. — Referring to the area of Devín from which 
the holotype specimen originates.

Type locality. — Devín – Zelené terasy, Vienna Basin, 
Slovakia.

Type stratum. — Heavy-bedded grey- to brown-yellow 
clays, and fine aleuritic sands and sandy marls of the Stu-
dienka Formation, Middle Miocene, Upper Badenian (= 
Early Serravallian), Bulimina-Bolivina Biozone.

Diagnosis. — Shell small-sized, turriculate, moderately 
slender, of about 14–15 whorls. Protoconch incomplete, 
destroyed. First teleoconch whorl convex, strong mid-
whorl angulation, B prominent, C well-defined, A weaker, 
order of appearance of primary spiral cords B–C–A. Spiral 
sculpture strongly tricostate; early teleoconch whorls with 
distinctly convex profile, passing into convex-sided profile 
with slightly to strongly mid-whorl angulation of late teleo-
conch whorls. Spiral sculpture initially strongly tricostate, 
later composed of primary spiral cords A, B, C, and d, and 
fine secondary and tertiary spiral cords of variable num-

Fig. 3. Notation of spiral cords in Turritellinella devinensis spec. 
nov.: A, B, C, d = primary spiral cords, r, s, t, u = secondary spiral 
cords. Holotype, snm-pm Z40242, Zelené terasy. Scale bar = 5 mm.
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Figs 4-13. Turritellinella devinensis spec. nov. Figs 4a-b. Holotype, snm-pm Z40242, Zelené terasy. Figs 5a-b. Paratype 1, snm-pm Z40243, 
Konopiská (clay pit). Figs 6a-b. Paratype 2, snm-pm Z40244, Zelené terasy. Figs 7a-b. snm-pm Z40245, Zelené terasy. Figs 8a-b. snm-pm 
Z40246, Zelené terasy. Figs 9a-b. snm-pm Z40247, Konopiská (clay pit). Fig. 10. snm-pm Z40248, Konopiská (clay pit). Figs 11a-b. snm-pm 
Z17716, “northwest of Devín – Terasy”. Figs 12a-b. snm-pm Z17404, “northwest of Devín – Terasy”. Figs 13a-b. snm-pm Z17530, “north-
west of Devín – Terasy”. Scale bars = 5 mm.
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Figs 14-20. Turritellinella devinensis spec. nov. Fig. 14. Imprint of the shell in sandstone concretion, snm-pm Z40259, Zelené terasy. Fig. 
15. Detail of the early teleoconch whorls, snm-pm Z40260, Konopiská. Fig. 16. Detail of the sculpture in late teleoconch whorls (the lat-
eral sinus is marked in red), holotype, snm-pm Z40242, Zelené terasy. Fig. 17. Detail of the sculpture in late teleoconch whorls (the lateral 
sinus is marked in red), snm-pm Z40246, Zelené terasy. Fig. 18. Internal sculpture (inner lirae) in late teleoconch whorl, snm-pm Z40261, 
Zelené terasy. Fig. 19. Internal sculpture (inner lirae) in late teleoconch whorl, snm-pm Z40262, Zelené terasy. Fig. 20. Basal view (the 
basal sinus is marked in red), snm-pm Z40246, Zelené terasy. Figs 14, 16-20. Scale bar = 5 mm. Fig. 15. Scale bar = 1 mm.

bers in interspaces, spiral cord C close abapical suture, cord 
A sometimes weaker. Sculpture variable, primary spiral 
cords prominent, secondaries sometimes of nearly uniform 
thickness. Lateral sinus moderate, deep; abapical position. 
Faint adapical and abapical inflection points.

Description. — Shell small-sized, turriculate, moder-
ately slender, comprised of about 14–15 teleoconch whorls. 
Protoconch incomplete, destroyed. First teleoconch whorl 
bears primary cords B and C, soon accompanied by thin, 
weakly developed cord A. Cord B dominant, making whorl 
strongly angular, order of appearance of primary spi-
ral cords B–C–A. Early neanic teleoconch whorls mark-
edly convex, strongly tricostate, decorated by tiny, del-
icate, indistinct nodules developed in cross-sections of 
spiral cords and growth lines, giving cords nearly finely 
coarse appearance. Spiral sculpture more or less uni-

form, consisting of pronounced primary cords A, B, and 
C; cord B most prominent, cord A sometimes weakened, 
interspaces between primaries initially smooth or inter-
calated with very fine growth lines, secondaries and ter-
tiaries. Suture well-developed, incised, linear. Later teleo-
conch whorls convex-sided, medial primary B sometimes 
dominated, forming mid-whorl angulation given whorls 
slightly angulated appearance. Sutural ramp often slightly 
convex, rarely flat to weakly concave. Spiral sculpture often 
becomes variable, consisting of prominent primaries A, 
B, C, and weak cord d, accompanied by secondary spiral 
cords (r, s, t) and fine tertiary spiral cords of variable num-
ber, primaries occasionally attenuated, whilst secondary 
and tertiary spirals raised somewhat strengthened, rival-
ling in strength with primaries. Indistinct secondary spiral 
cord u developed only exceptionally. Spiral cords usually 
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smooth, sometimes bearing delicate, indistinct, flattened 
nodules in cross-sections with growth lines. Interspaces 
between primaries wide. Adapical primary A sometimes 
weaker, medial primary B and intermediate primary C 
somewhat stronger, cord C runs close abapical suture, pri-
maries C and d separated by narrow interspace, cord d 
indistinct, just above abapical suture. Suture well-defined, 
incised, linear to slightly undulate. Whole surface of later 
teleoconch whorls covered by fine, densely spaced growth 
lines, sometimes passing into slightly coarser growth lines. 
In cross-sections with secondary and tertiary cords and in 
interspaces between primaries occasionally form very fine, 
discontinuous reticulate ornamentation. Lateral sinus with 
moderate angle, well-defined, characterized by abapical 
position of vertex, and deep depth. Two inflection points 
discernable; relatively weak inflection point with position 
close below adsutural suture, faint inflection point devel-
oped in abapical quarter of whorl, passes through tiny sinus 
into base. Last whorl incomplete, transition into base angu-
lated, coinciding with peribasal spiral cord d. Base almost 
flat to weakly convex, with 5 to 6 wide-spaced narrow spiral 
cords and fine spiral threads in their interspaces, basal sinus 
opisthocyrt. Aperture not preserved, probably subcircular 
to subquadratic, based on cross-section of last whorl. Inter-
nal sculpture developed in late teleoconch whorls, consist-
ing of 5–13 discontinuous palatal and basal spiral lirae.

Shell measurements and ratios. — sl (n = 5): μ = 31.8 mm 
(σ = 5.13 mm), md (n = 5): μ = 10 mm (σ = 0.88 mm), aa (n = 
5): μ=21.8° (σ = 2.03°), pa (n = 5): μ = 16.6° (σ = 0.48°). Lateral 
sinus (n = 5): ls angle = 18.2° (σ = 0.74°), lsp = 1.03 (σ = 0.14), 
lsd = 3.96 (σ = 0.40).

Remarks. — The extant Turritellinella tricarinata (Broc-
chi, 1814) is morphologically very similar to T. devinensis 
spec. nov. but differs from it mainly in its larger size, some-
what narrower pleural angle, and higher whorls; the prima-
ries A, B and C are almost of equal strength; spiral cord C 
is running higher above the subsutural suture (cf. Brocchi, 
1814; Sacco, 1895; Cerulli-Irelli, 1912; Harmer, 1916; Malat-
esta, 1974; Venzo & Pelosio, 1963; Palla, 1967; Caprotti, 1975, 
1976; Fretter & Graham, 1981; González-Delgado, 1986; Cav-
allo & Repetto, 1992; Borghi & Vecchi, 2005; Chirli, 2006; 
Landau et al., 2004, 2011; Chirli & Linse, 2011; Moshkovitz, 
2012; Harzhauser & Landau, 2019).

During previous paleontological research at Devínska 
Kobyla, T. devinensis sp. nov. was found in a wide area of 
Devín but was determined incorrectly, as concluded from 
a revision of the published material stored in snm-pm. Šva-
grovský (1981: 128, pl. 40 figs 1-2) figured two shells that he 
identified as Turritella (Archimediella) pythagoraica Hilber, 
1882. These specimens bear typical morphological features 
typical for the new species, such as well-defined three pri-
mary spiral cords accompanied by several secondary and 
tertiary cords, and a slightly to sharply developed mid-

whorl angulation. Likewise, material treated as Turritella 
(Haustator) partschi quadricarinata Sieber, 1958 (cf. Šva-
grovský, 1981: 127) shows several concordant features with 
T. devinensis spec. nov. Hyžný et al. (2012), summarizing 
the paleontological localities and diversity of the Middle 
Miocene marine faunas from Devínska Kobyla, misidenti-
fied the herein described material collected from Lomnická 
as Turritella (Turritella) tricarinata (Brocchi).

From the Badenian of the Caransebeş-Mehadia Basin in 
Romania, Hinculov (1968: 134, pl. 32 figs 6a-b) reported a 
shell identified as Turritella (Turritella) tricarinata com-
munis that is similar to the new one. The early teleoconch 
whorls have rounded, slightly carinate profiles and are 
composed of tricostate spiral sculpture. The latest teleo-
conch whorls are clearly strongly convex, with prominent 
mid-whorl angulation and bearing three primary spiral 
cords (A, B, C) accompanied by several secondary cords. 
This specimen bears several conchological characters that 
correspond to the overall shell morphology of T. devinensis 
spec. nov., but due to incomplete preservation of the mate-
rial and its poor illustration, the species affiliation of this 
shell is unclear.

From the Badenian of Šentjernej in the Krka Basin (Slo-
venia), Mikuž (2009: pl. 1 fig. 19) figured a specimen that 
he determined as Turritella (Haustator) tricarinata cf. com-
munis Risso, 1826. The shell is slender and consist of con-
vex teleoconch whorls, of which the early whorls are deco-
rated by three primary spiral cords (A, B, C) of a relatively 
equal strength. On the latest teleoconch whorls, the pri-
mary spiral cords become somewhat attenuated, whereas 
the secondary and tertiary spiral cords are raised in the 
interspaces between the primaries and are better defined. 
Although this specimen seems to be conspecific with T. 
devinensis spec. nov., the character of the sculpture does 
not allow its reliable identification.

The shells illustrated by Csepreghy-Meznerics (1956: pl. 
2 figs 31-33), Strausz (1966: pl. 3 fig. 20) and Sieber (1960: pl. 
1 fig. 27) are similar to T. devinensis spec. nov. as well, but 
their affiliation to this taxon cannot for a certainty con-
firmed. Although they were tentatively placed in T. subuli-
formis (O. Boettger, 1907) by Harzhauser & Landau (2019), 
their status stays unclear. Turritellinella subuliformis is 
a similar, closely related turritellid congener only known 
from the Badenian Paratethys. From the extant T. devinen-
sis spec. nov. it differs primarily in its smaller-sized shell, 
narrower, indistinctive, and weakened primaries, profuse, 
well-defined secondary and tertiary spiral cords developed 
mainly in later teleoconch whorls, and a lesser number of 
inner lirae (cf. Zilch, 1934; Bałuk, 1975; Harzhauser & Lan-
dau, 2019).

Paleoecology. — At Konopiská, the species occurred in 
the lowermost and the uppermost parts of the pelitic sec-
tion that reflected moderately deep sublittoral settings 
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influenced by occasional lowered oxygen content near the 
bottom (Biskupič, 2020, 2021). In contrast, the species is 
entirely missing in the middle part of the clayey strata that 
is characterized by a species-poor (but specimen-rich) mol-
luscan community with an extraordinary prevalence of the 
r-strategist bivalve Corbula gibba (Olivi, 1792), indicating 
worsening conditions near the bottom with a higher fre-
quency or higher magnitude of hypoxic events (Biskupič, 
2020). Episodes of sea floor dysoxia are assumed by Hyžný 
et al. (2012) at Lomnická. Unstable environmental condi-
tions near the sea bottom (e.g., lowered oxygen content, 
occasional hypoxic events) are expected at Zelené terasy 
based on a similar taxonomic composition of the molluscan 
fauna, which is characterized by the mass occurrence of the 
pollution-tolerant and opportunistic bivalve Corbula gibba 
(Olivi, 1792) and by the scavenger gastropod Tritia illoven-
sis (Hoernes & Auinger, 1882), dominating the monotypic 
molluscan assemblages.

The turritellid was also retrieved from fine-grained silts, 
silty sands and sandstone concretions that were exposed 
at all studied localities near Devín (Lomnická; Zelené ter-
asy; ”northwest of Devín Terasy”; “east of Devín”). The 
bivalve genera Nucula (cf. Wilson & Davis, 1984; Holmes 
et al., 2002; Holmes & Miller, 2006), Saccella (cf. Baustian 
& Rabalais, 2009; Kuk-Dzul & Díaz-Castañeda, 2016) and 
Corbula (cf. Hrs-Brenko, 2006; Zuschin et al, 2007) are able 
to tolerate reduced oxygen content or temporary hypoxia. 
Their common occurrence may indicate a habitat influ-
enced by lowered water dynamics or reduced levels of oxy-
gen near the sea floor. The presence of the abundant sus-
pension-feeding bivalves Pseudamussium, Neopycnodonte, 
Cyclocardia, Venus, Glossus, Thracia, and Corbula, the tur-
ritellid gastropods Archimediella, Oligodia, and Turritel-
linella, and the serpulid polychaetes Protula point to suf-
ficient supply of nutrients. These strata were most likely 
deposited in the middle neritic zone, in conditions char-
acterized by lower energy paleoenvironments with possible 
episodes of lowered oxygen contents nearby the sea bottom.

Distribution. — In the Central Paratethys realm, the spe-
cies was found in the Middle Miocene (Upper Badenian) of 
Slovakia (Vienna Basin) at following localities: Konopiská 
(this paper); Lomnická (Hyžný et al., 2012), Zelené terasy 
(this paper), “northwest of Devín – Terasy” (Švagrovský, 
1981), and “east of Devín” (Švagrovský, 1981).

DISCUSSION

(Paleo)Ecology of closely related species
The modern populations of closely similar Turritellinella 
tricarinata (Brocchi, 1814) are found in a wide spectrum of 
habitats, such as in muddy bottoms (Pérès & Picard, 1964; 
Fretter & Graham, 1981; Keegan & Mercer, 1986; Poppe & 

Goto, 1991; Moshkovitz, 2012; Manarini et al., 2019), muddy 
sand (Poppe & Goto, 1991; Manarini et al., 2019), sand (van 
Straaten, 1960; de Bruyne, 2004), muddy gravel (Yonge, 
1946; Fretter & Graham, 1981) or rocky and gravely bottoms 
(van Straaten, 1960). The species usually occurs very abun-
dantly and lives in colonies (Pérès & Picard, 1964; Fretter & 
Graham, 1981; Poppe & Goto, 1991; Moshkovitz, 2012; Rueda 
et al., 2015) in depths between 10-200 m (Poppe & Goto, 
1991; Fretter & Graham, 1981; de Bruyne, 2004; Moshkovitz, 
2012; Manarini et al., 2019). This turritellid also exception-
ally occurs in shallow-water seagrass environments (Rueda 
et al., 2009) or in coralligenous reef habitats (Casellato & 
Stefanon, 2008), it was observed at 5-7 m depths (Snigirov et 
al., 2013) or reaches the boundary below 200 m (Gofas et al., 
2014; Moya-Urbano et al., 2016). The species does not tol-
erate the deterioration of habitat conditions and hypoxia, 
which causes its decreasing abundance, or it completely 
avoids the affected environment (Gallmetzer et al., 2017; 
Tomašových et al., 2018, 2020; Scheidl et al., 2021). 

As can be deduced from the abovementioned overview, 
the habitat preference of extant T. tricarinata is different to 
those described herein for T. devinensis spec. nov. from the 
Badenian Vienna Basin (e.g., lowered water dynamics near 
the sea floor, seasonal hypoxic events).

The closely related fossil species, T. subuliformis (O. 
Boettger, 1907), was widespread during the Lower Badenian 
(Middle Miocene) in the Central Paratethys Sea, and lived 
in partly similar conditions as the Vienna Basin popula-
tions of T. devinensis spec. nov., and inhabited middle to 
outer neritic environments with soft bottoms (Harzhauser 
& Landau, 2019).

Intraspecific variability and morphotypes within Turri-
tellinella 
Turritellinella tricarinata (Brocchi, 1814), the type species 
of the genus, is characterized by its relatively broad geo-
graphic and stratigraphic range with occurrence in pres-
ent-day seas (e.g., Poppe & Goto, 1991; Landau et al., 2004; 
Büyükmeriç et al., 2018; Harzhauser & Landau, 2019). More-
over, it has an extremely variable shell morphology which 
caused much confusion and erroneous interpretation dur-
ing the history of malacological and paleontological inves-
tigations. Altogether up to 18 fossil and modern species or 
subspecies including morphotypes were described that are 
currently considered junior synonyms of T. tricarinata (cf. 
Landau et al., 2004; Harzhauser & Landau 2019; Mollus-
caBase, 2022). As noted by Landau et al. (2004), the spa-
tial and temporal variability of the spiral sculpture can be 
considered a result of evolutionary change within the spe-
cies complex. This opinion was also adopted by Harzhauser 
& Landau (2019), who accepted T. tricarinata as one valid 
species. The taxonomy, phylogeny, evolutionary changes 
of the species complex as well as intraspecific variability of 
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the sculpture are also discussed by Kotaka (1960), Caprotti 
(1975) and Borghi & Vecchi (2005). Although the Parateth-
yan T. subuliformis (O. Boettger, 1907) is similar to T. tri-
carinata, it was accepted as a valid species (Harzhauser & 
Landau, 2019).

Even though the herein-examined Turritellinella spec-
imens from the Vienna Basin could represent another 
regional morph of T. tricarinata, they are reliably sepa-
rated from the nominal species by clear morphological 
differences. Moreover, both species are ecologically and 
paleogeographically separated. The modern populations 
of the eastern Atlantic-Mediterranean T. tricarinata prefer 
a coarse- to fine-grained sea bottom within the infra- to 
circalittoral zone, whilst T. devinensis spec. nov. preferred 
paleoenvironments characterized by somewhat unstable 
and deteriorated conditions near the sea bottom in the cir-
calittoral zone and was distributed only in a restricted area 
of the eastern Vienna Basin (Central Paratethys Sea) for a 
relatively short time during the Upper Badenian (Early Ser-
ravallian).

CONCLUSIONS 

A new Turritellidae species, Turritellinella devinensis spec. 
nov., is described from the Upper Badenian (Early Ser-
ravallian) Studienka Formation in southwestern Slovakia. 
The conchological material derives from the localities sur-
roundings Rohožník and Devín, situated in the eastern 
marginal part of the Vienna Basin. 

Taking into account the morphological, (paleo)geo-
graphical and (paleo)ecological differences between the T. 
tricarinata (Brocchi, 1814) and the Badenian Vienna Basin 
Turritellinella, the studied shells are separated from the Pli-
ocene type and described as new. The species was distrib-
uted in the eastern Vienna Basin of the Central Paratethys 
Sea during the Upper Badenian (Early Serravallian), where 
it occupied clayey to silty-sandy sea floors with a bathyme-
tric range from middle to outer neritic environments (cir-
calittoral zone), and where it was exposed to conditions of 
seasonal hypoxia and episodically worsening aeration near 
the sea floor. 

The occurrence of T. devinensis spec. nov. in the Vienna 
Basin is regarded as the first evidence of the genus Turri-
tellinella in the Upper Badenian (Early Serravallian) of the 
Central Paratethys Sea.

ACKNOWLEDGEMENTS

Special thanks to Barbara Zahradníková (Natural History 
Museum of Slovak National Museum, Bratislava, Slovakia) 
for her help in this research and allowing to study the fos-

sil material stored in the museum collections. Thanks are 
due to Štefan Meszároš (Bratislava, Slovakia) who donated 
several shells from Konopiská and Zelené terasy. Two anon-
ymous reviewers made valuable suggestions for improve-
ment of the manuscript. Finally, I am grateful to Ruud 
Bank (editor-in-chief) for its thorough editorial handling.

REFERENCES

Bałuk, W., 1975. Lower Tortonian gastropods from Koryt-
nica, Poland. Part 1. — Palaeontologia Polonica, 32: 1-186, 
pls 1-21.

Baráth, I., Nagy, A. & Kováč, M., 1994. Sandberg Mem-
ber – Late Badenian marginal sediments on the eastern 
margin of the Vienna Basin. — Geologické Práce, Správy 
99: 59-66.

Baustian, M.M. & Rabalais, N.N., 2009. Seasonal com-
position of benthic macroinfauna exposed to hypoxia in 
the Northern Gulf of Mexico. — Estuaries and Coasts, 32 
(5): 975-983.

Biskupič, R., 2017. A new evidence of the tube-dwelling 
polychaete Cementula subanfracta Rovereto, 1903 (Poly-
chaeta: Serpulidae) from the Late Badenian (Serraval-
lian) 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 evolution of the 
Western Carpathians. – Mente et Malleo (MeM), Spra-
vodajca Slovenskej Geologickej Spoločnosti, 1 (2): 65-66.

Biskupič, R., 2020. A new evidence of Vexillum (Gastrop-
oda: Costellariidae) from the middle Miocene (Serraval-
lian) of the Vienna Basin (Slovakia). — Acta Geologica 
Slovaca, 12 (2): 75-88.

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

Boettger, O., 1907. Zur Kenntnis der Fauna der mittel-
miocänen Schichten von Kostej im Krasso-Szörényer 
Komitat. Gasteropoden und Anneliden iii. — Verhand-
lungen und Mitteilungen des Siebenbürgischen Vereins 
für Naturwissenschaften zu Hermannstadt, 55 [“1905”]: 
101-244.

Borghi, M. & Vecchi, G., 2005. La malacofauna plio-pleis-
tocenica del torrente Stirone (PR). Cerithiidae-Turritelli-
dae. — Parva Naturalia, 7: 3-46.

Bouchet, P., Rocroi, J.P., Hausdorf, B., Kaim, A., Kano, 
Y., Nützel, A., Parkhaev, P., Schrödl, M. & Strong, 
E.E., 2017. Revised classification, nomenclator and typi-
fication of gastropod and monoplacophoran families. — 
Malacologia, 61 (1-2): 1-526.



basteria 87 (1): 34

R. Biskupič – Turritellinella from the Miocene of Paratethys

Brocchi, G., 1814. Conchiologia fossile subapennina, con 
osservazioni geologiche sugli Apennini e sul suolo adia-
cente: 1-240 (Tomo primo); 241-712, pls 1-16 (Tomo sec-
ondo). Stamperia Reale, Milano.

Bruyne, R.H. de, 2004. Encyklopedie ulit a lastur: 1-336. 
Rebo Productions, Praha.

Büyükmeriç, Y., Erdoğan, T., Herece, E., Sözeri, K., 
Akça, N. & Varol, B., 2018. Early Pliocene molluscs 
from the easternmost Mediterranean region (SE Tur-
key): biostratigraphic, ecostratigraphic, and palaeobi-
ogeographic implications. — Turkish Journal of Earth 
Sciences, 27 (2): 127-151.

Caprotti, E., 1975. Grandi linee evolutive e limiti di varia-
bilita’ di turritelle del nord italia dal tortoniano ad oggi. 
— Conchiglie, 10 (11-12): 215-239.

Caprotti, E., 1976. Malacofauna dello stratotipo Piacen-
ziano (Pliocene di Castell’Arquato). — Conchiglie, 12 
(1-2): 1-56.

Casellato, S. & Stefanon, A., 2008. Coralligenous habi-
tat in the northern Adriatic Sea: an overview. — Marine 
Ecology, 29 (3): 321-341.

Cavallo, O. & Repetto, G., 1992. Conchiglie fossili del 
Roero. Atlante iconografico. — Associazione Natural-
istica Piemontese Memorie (Associazione Amici del 
Museo ‘Federico Eusebio’), 2: 1-251.

Cerulli-Irelli, S., 1912. Fauna malacologica mariana, 6. 
Cerithiidae, Cerithiopsidae, Triforidae, Diastomidae, 
Vermetidae, Turritellidae, Mathildidae, Caecidae. — 
Paleontographia Italica, 18: 327-355.

Chirli, C., 2006. Malacofauna Pliocenica Toscana. Vol. 
5. Caenogastropoda. Parte 1: 1-144, pls 1-46. C. Chirli, 
Firenze.

Chirli, C. & Linse, U., 2011. The Pleistocene marine gas-
tropods of Rhodes Island (Greece): 1-447. Grafiche PDB, 
Tavarnelle V.P., Firenze.

Csepreghy-Meznerics, I., 1956. Die Molluskenfauna von 
Szob und Letkés. — Magyar Állami Földtani Intézet 
Évkönvye (Annales de l’Institut de Géologie Publique de 
Hungarie), 45 (2): 361-477.

Čierna, E., 1973. Mikropaläontologische und biostrati-
graphische Untersuchung einiger Bohrproben aus der 
weiteren Umgebung von Rohožník. — Acta Universitatis 
Comeniana, 26: 113-187.

Fordinál, K. (ed.), 2012. Explanatory notes for the geologi-
cal map of the Záhorská nížina Lowland 1 : 50 000: 1-232. 
State Geological Institute of Dionýz Štúr in Bratislava.

Fordinál, K., Maglay, J., Nagy, A., Elečko, M., Vlačiky, 
M., Moravcová, M., Zlinská, A., Baráth, I., Boorová, 
D., Žecová, K. & Šimon, L., 2013. New data on stratigra-
phy and lithology of the neogene and quaternary depos-
its in the Záhorie lowland region. — Geologické Práce, 
Správy 121: 47-87.

Fretter, V. & Graham, A., 1981. The prosobranch mol-

luscs of Britain and Denmark. Part 6. Strombacea, Hip-
ponicacea, Calyptraeacea, Lamellariacea, Cypraeacea, 
Naticacea, Tonnacea, Heteropoda. — The Journal of 
Molluscan Studies, Supplement 9: 285-363.

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

Fuksi, T., 2015b. Compositional changes of molluscan 
assemblages during the Late Badenian and Early Sarma-
tian in the NW Vienna Basin (Malé Karpaty Mountains, 
Slovakia). In: Neogene of the Paratethyan Region. 6th 
Workshop on the Neogene of Central and South-Eastern 
Europe: 28. Hungarian Geological Society, Budapest. 

Fuksi, T., Hyžný, M. & Hudáčková, N., 2011. New palae-
oecological data of selected horizons of the Studienka for-
mation based on the preliminary research of micro- and 
macrofaunal assemblages at Rohožník (Vienna Basin, 
Western Carpathians). In: The 4th International Work-
shop on the Neogene from the Central and South-East-
ern Europe: 11. Geological Institute Slovak Academy of 
Sciences, Bratislava.

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.

Gofas, S., Salas, C., Rueda, J.L., Canoura, J., Farias, C., 
& Gil, J., 2014. Mollusca from a species-rich deep-water 
Leptometra community in the Alboran Sea. — Scientia 
Marina, 78 (4): 537-553.

González-Delgado, J.A., 1986. Estudio sistemático de los 
gasterópodos del Plioceno de Huelva (SW de España). 
II: Mesogastropoda (Rissoacea, Cerithiacea). — Studia 
Geologica Salmanticensia, 23: 61-120.

Harmer, F.W., 1916. The Pliocene Mollusca of Great Brit-
ain, being supplementary to S.V. Wood’s monograph of 
the Crag Mollusca. Part 3. — Monographs of the Palae-
ontographical Society, 70 (337): 303-461, pls 33-44.

Harzhauser, M., Grunert, P., Mandic, O., Lukeneder, 
P., Gallardo, Á.G., Neubauer, 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 (Gas-
tropoda) of the Miocene Paratethys Sea with considera-
tions about turritellid genera. — Zootaxa, 4681 (1): 1-136.

Hinculov, L., 1968. Fauna Miocenă din Bazinul Mehada. 
In: Iliescu, 0., Hinculov, A. & Hinculov, L. (eds.): Bazinul 
Mehadia. Studiul geologic şi paleontologic. — Memorii 
Institutul Geologic, 9: 75-187, pls 1-42.

Hladilová, Š., 1991. Results of preliminary studies of the 
molluscan fauna from the Rohožník locality. — Scripta, 



basteria 87 (1): 35

R. Biskupič – Turritellinella from the Miocene of Paratethys

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 (2): 87-94.

Holcová, K., 2008. Foraminiferal species diversity in the 
Central Paratethys – a reflection of global or local events? 
— Geologica Carpathica, 59 (1): 71-85.

Holec, P., 1973. Fisch-Otolithen aus dem oberen Baden 
(Miozän) des nordöstlichen Teiles des Wiener Beckens 
(Gebiet von Rohožník). — Geologický Zborník Geolog-
ica 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.

Holmes, P.S., Miller, N. & Weber, A., 2002. The respi-
ration and hypoxic tolerance of Nucula nitidosa and N. 
nucleus: factors responsible for determining their distri-
bution? — Journal of the Marine Biological Association 
of the United Kingdom, 82 (6): 971-981.

Holmes, S. & Miller, N., 2006. The hypoxic tolerance of 
the protobranch bivalve Nucula sulcata Bronn. — Jour-
nal of Shellfish Research, 25 (3): 865-867.

Hrs-Brenko, M., 2006. The basket shell, Corbula gibba 
Olivi, 1792 (bivalve mollusks) as a species resistant to 
environmental disturbances: A review. — Acta Adriat-
ica, 47 (1): 49-64.

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

Hyžný, M., Hudáčková, N., Biskupič, R., Rybár, S., 
Fuksi, T., Halásová, E., Zágoršek, 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.

Keegan, B.F. & Mercer, J.P., 1986. An oceanographic sur-
vey of Killary Harbour on the west coast of Ireland. — 
Proceedings of the Royal Irish Academy, Section B: Bio-
logical, Geological, and Chemical Science, 86B: 1-70.

Kotaka, T., 1960. Similarity in the turritellid phylogeny in 
the Later Cenozoic. – Science Reports of the Tohoku Uni-
versity, 2nd series, Geology, 4: 301-308.

Kučerová, K., 1986. Badenian and Sarmatian ostracodes of 
the clay-pit in Rohožník. — Regionálna Geológia Západ-
ných Karpát, 21: 113-115.

Kuk-Dzul, J.G. & Díaz-Castañeda, V., 2016. The rela-
tionship between mollusks and oxygen concentrations in 
Todos Santos Bay, Baja California, Mexico. — Journal of 
Marine Biology, 2016: 1-10.

Lambert, O., Schlögl, J. & Kováč, M., 2008. Middle Mio-

cene toothed whale with Platanista-like teeth from the 
Vienna Basin (Western Carpathians, Slovakia). — Neues 
Jahrbuch für Geologie und Paläontologie, Abhandlun-
gen, 250 (2): 157-166.

Landau, B.M., Marquet, R. & Grigis, M., 2004. The Early 
Pliocene Gastropoda (Mollusca) of Estepona, southern 
Spain. Part 2. Orthogastropoda, Neotaenioglossa. — Pal-
aeontos, 4: 1-108.

Landau, B., Silva, C.M. Da & Mayoral, E., 2011. The 
Lower Pliocene gastropods of the Huelva Sands Forma-
tion, Guadalquivir Basin, Southwestern Spain. — Palae-
ofocus, 4: 1-90.

Manarini, T., Strafella, P., Salvalaggio, V., Punzo, E. 
& Spagnolo, A., 2019. Turritella communis: an Adriatic 
ecosystem engineer. — Rapport de la Commission Inter-
national de la Mer Méditerranée, 42: 257.

Malatesta, A., 1974. Malacofauna pliocenica Umbra. — 
Memorie per Servire alla Carta Geologica d’Italia, 13: 
1-498.

Meszároš, Š., 1986. Anomalies of Upper Badenian mollusc 
shells from localities in vicinity of the Malé Karpaty Mts. 
— Západné Karpaty, Séria Paleontológia, 11: 57-76.

Mikuž, V., 2009. Miocene gastropods from the vicinity of 
Šentjernej and from other localities in the Krka Basin, 
Slovenia. — Folia Biologica et Geologica, 50 (2): 5-69.

MolluscaBase eds., 2022. MolluscaBase. Turritellinella 
tricarinata (Brocchi, 1814). Accessed through: World 
Register of Marine Species at: http://molluscabase.org/
aphia.php?p=taxdetails&id=1381415 on 2022-12-16.

Moshkovitz, S., 2012. The Mollusca in the marine Plio-
cene and Pleistocene sediments of the south-eastern 
Mediterranean basin (Cyprus-Israel): 1-159. Ministry of 
Energy and Water Resources, Geological Survey of Israel, 
Jerusalem.

Moya-Urbano, E., Ciércoles, C., Gonzalez, M., Gal-
lardo-Núñez, M., Ordines, F., Mateo-Ramírez, Á., 
Farias, C., Urra, J., Gofas, S., Rueda, J. & García-
Ruiz, C., 2016. Contrasting molluscan fauna collected 
with beam trawl and otter trawl in circalittoral and 
bathyal soft bottoms of the northern Alboran Sea. Fron-
tiers in Marine Science. Conference Abstract: xix Iberian 
Symposium on Marine Biology Studies. Unpaginated.

Palla, P., 1967. Gasteropodi pliocenici della Bassa Val 
d’Elsa (Toscana Occidentale). — Rivista Italiana di Pale-
ontologia e Stratigrafia, 73 (3): 931-1020.

Pek, I., Mikuláš, R. & Lysáková, G., 1997. Boring ich-
nofossils on mollusc shells from the late Badenian at 
Rohožník (Malé Karpaty Mts., Slovakia). — Zemní Plyn 
a Nafta, 42 (1): 47-55.

Pérès, J.M. & Picard, J., 1964. Noveau manuel de bionomie 
benthique de la Mer Mediterranee. — Recueil des Tra-
vaux de la Station Marine d’Endoume, 31 (47): 5-137.

Poppe, G.T. & Goto, Y., 1991. European seashells. Polypla-



basteria 87 (1): 36

R. Biskupič – Turritellinella from the Miocene of Paratethys

tramps? Aporrhais pespelecani and Turritella communis 
on the north-western Black Sea shelf. — Marine Biodi-
versity Records, 6: 1-7.

Straaten, L.M.J.U. van, 1960. Marine mollusc shell assem-
blages of the Rhône Delta. — Geologie en Mijnbouw, 39: 
105-129.

Strausz, L., 1966. Die Miozän-Mediterranen Gastropoden 
Ungarns: 1-692. Akadémiai Kiadó, Budapest.

Švagrovský, J., 1981. Lithofazielle Entwicklung und Mol-
luskenfauna des oberen Badeniens (Miozän M4d) in dem 
Gebiet Bratislava – Devínska Nová Ves. — Západné Kar-
paty, Séria Paleontológia, 7: 5-204.

Tomašových, A., Gallmetzer, I., Haselmair, A., Kauf-
man, D.S., Kralj, M., Cassin, D., Zonta, R. & Zuschin, 
M., 2018. Tracing the effects of eutrophication on mol-
luscan communities in sediment cores: outbreaks of an 
opportunistic species coincide with reduced bioturba-
tion 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., Ner-
lović, V., Scarponi, D. & Zuschin, M., 2020. Ecological 
regime shift preserved in the Anthropocene stratigraphic 
record. — Anthropocene stratigraphic record. — Pro-
ceedings of the Royal Society B, 287: 1-9.

Venzo, S. & Pelosio, G., 1963. La malacofauna Tortoniana 
del Colle di Vigoleno (Preappenino Piacentino). — Pal-
aeontographia Italica, 58: 43-213, pls 31-57.

Wilson, J.G. & Davis, J.P., 1984. The effect of environmen-
tal variables on the oxygen consumption of the proto-
branch bivalve Nucula turgida (Leckenby & Marshall). 
— Journal of Molluscan Studies, 50 (2): 73-77.

Yonge, C.M., 1946. On the habits of Turritella communis 
Risso. — Journal of the Marine Biological Association of 
the United Kingdom, 26 (3): 377-380.

Zilch, A., 1934. Zur Fauna des Mittel-Miocäns von Kostej 
(Banat). Typus-Bestimmung und Tafeln zu O. Boettger’s 
Bearbeitungen. — Senckenbergiana, 16 (4-6): 193-302, pls 
1-22.

Zuschin, M., Harzhauser, M. & Mandic, O., 2007. The 
stratigraphic and sedimentologic framework of fine-
scale faunal replacements in the Middle Miocene of the 
Vienna Basin (Austria). — Palaios, 22 (3): 285-295.

cophora, Caudofoveata, Solenogastra, Gastropoda. Vol-
ume 1: 1-352. Hemmen, Wiesbaden.

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

Rueda, J.L., Gofas, S., Urra, J. & Salas, C., 2009. A highly 
diverse molluscan assemblage associated with eelgrass 
beds (Zostera marina L.) in the Alboran Sea: Micro-habi-
tat preference, feeding guilds and biogeographical distri-
bution. — Scientia Marina, 73 (4): 679-700.

Rueda, J.L., Farias, C., Gallardo-Núñez, M., Gal-
lardo-Roldán, H., Mateo, A., Díaz A., Moya-Ur-
bano, E., González-García, E., Urra, J.,Ordines, F., 
González, M., Salas, C. & García-Ruiz, C., 2015. Mol-
luscan assemblages from circalittoral and bathyal soft 
bottoms of the northern Alboran Sea. viii Simposium on 
the Atlantic Iberian Margin, Málaga: 509-512.

Sabol, M., Joniak, P., Bilgin, M., Bonilla-Salomón, I., 
Cailleux, F., Čerňanský, A., Malíková, V., Šedivá, 
M. & Tóth, Cs., 2021. Updated Miocene mammal bio-
chronology of Slovakia. — Geologica Carpathica, 72 (5): 
425-443.

Sacco, F., 1895. I molluschi dei terreni terziarii del Pie-
monte e della Liguria. Parte 19. (Turritellidae e Mathildi-
dae): 1-43, pls 1-3. C. Clausen, Torino.

Sant, K., Palcu, D., Turco, E., Di Stefano, A., Baldas-
sini, N., Kouwenhoven, T., Kuiper, K.F. & Krijgsman, 
W., 2019. The mid-Langhian flooding in the eastern Cen-
tral Paratethys: integrated stratigraphic data from the 
Transylvanian Basin and SE Carpathian Foredeep. — 
International Journal of Earth Sciences, 108: 2209-2232.

Scheidl, A., Berensmeier, M., Nawrot, R., Albano, P. 
G., Tomašových, A. & Zuschin, M., 2021. Stratigraphic 
changes in shell size of a turritellid gastropod in the Hol-
ocene fossil record of the Po prodelta (Northern Adri-
atic Sea). Presentation at the egu General Assembly 1930 
April 2021, egu21-9604. https://presentations.coperni-
cus.org/egu21/egu21-9604_presentation.pdf

Sieber, R., 1960. Die miozänen Turritellidae und Mathil-
didae Oesterreichs. — Mitteilungen der Geologischen 
Gesellschaft in Wien, 51: 229-280.

Snigirov, S., Sizo, R. & Sylantyev, S., 2013. Lodgers or 


