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ABSTRACT:

Nosowska, E. 2020. Gastropods [Trochoidea: Trochidae Rafinesque, 1815 and Calliostomatidae Thiele, 1924
(1847)] from the middle Miocene of Ukraine, Central Paratethys. Acta Geologica Polonica, 70 (4), 453—528.
Warszawa.

Over three thousand specimens representing the superfamily Trochoidea Rafinesque, 1815 [Trochidae Rafi-
nesque, 1815 and Calliostomatidae Thiele, 1924 (1847)] from the upper Upper Badenian = Kosovian = lower
Serravallian (middle Miocene) marine deposits of Ukraine, housed in the collections of the Polish Academy
of Sciences Museum of the Earth in Warsaw (MZ), are studied herein. The abundant material has allowed for
investigations of the intraspecific variation and revision of earlier determinations. As a result, 21 species belong-
ing to 5 genera have been identified, described and illustrated, of which one is new [Clanculus (Clanculopsis)
krachi sp. nov.] and one is left in open nomenclature. Granulifera O. Anistratenko, 2000 is considered a junior
subjective synonym of Clanculopsis Monterosato, 1879; Granulifera pulla O. Anistratenko, 2000 is considered
a junior subjective synonym of Monodonta tuberculata Eichwald, 1830; Gibbula sytovae Amitrov, 1961 is con-
sidered a junior subjective synonym of Trochus miocaenicus Mayer, 1853; Gibbula volhynica Friedberg, 1928 is
considered a junior subjective synonym of 7rochus novemcinctus von Buch, 1830; and Trochus buchii du Bois
de Montpéreux, 1831 is suppressed in favour of the senior subjective synonym Trochus puschii Andrzejowski,
1830. The geographic distribution and stratigraphic ranges of the taxa are given. Six species are known only
from the Polish-Ukrainian part of the Fore-Carpathian Basin. The protoconch features are systematically studied
in the Trochidae and Calliostomatidae from this area for the first time.
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INTRODUCTION

Upper Badenian (Kosovian; middle Miocene)
sandy and carbonate deposits occurring in the north-
eastern marginal, relatively shallow part of the Cen-
tral Paratethys located within the boundaries of to-
day’s Ukraine (part of the Volhynian—Podolian area),
contain a rich and taxonomically diverse fauna indi-
cating normal marine (euhaline) conditions (Kudrin
1966; Grishkevich 1970; Jasionowski et al. 2006). In
addition to planktonic foraminifera, corals, echino-

derms, brachiopods, especially richly represented
are molluscs — bivalves (Friedberg 1934-1936, 1938;
Zelinskaya et al. 1968; Studencka et al. 1998; Stu-
dencka and Jasionowski 2011) and gastropods. The
latter have been extensively studied by Eichwald
(1829, 1830, 1851a, 1853), Andrzejowski (1830a,
1833), du Bois de Montpéreux (1831), and Friedberg
(1911-1928, 1938). All these papers are fundamen-
tal for the understanding of Miocene gastropods in
western Ukraine and were state of the art in their
times. Therefore, a revision of the western Ukranian
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gastropod assemblages is needed to keep pace with
important changes in taxonomic systematics and ad-
vances in imaging techniques. The mentioned au-
thors, focusing primarily on teleoconch morphology,
described many new species. However, the impor-
tance of the protoconch characters for taxonomy has
become apparent in the last 50 years. Protoconch
features are particularly useful at species level, al-
though with Vetigastropoda, for example, they do
allow calliostomids to be identified (e.g., Hickman
and McLean 1990). Besides, knowledge of the proto-
conch morphology proved to be particularly import-
ant for palaeontologists, as the developmental mode
of extinct species can be inferred (e.g., Shuto 1974;
Kowalke and Harzhauser 2004; Anistratenko et al.
2006; Kowalke 2006), and thus the possibilities of
their geographic spread (e.g., Shuto 1974; Jablonski
and Lutz 1980). Protoconch type is useful in sepa-
rating calliostomids from trochids, which often show
similar teleoconch characters.

The purpose of the present paper is to provide:
(i) an up-to-date taxonomy of the Late Badenian
Calliostomatidae and Trochidae from the Ukrainian
part of the Fore-Carpathian Basin, taking into ac-
count changes in the understanding of the pres-
ent-day species and their distribution; (ii) a list of the
references and synonyms; (iii) detailed descriptions
of individual species, including where possible, in-
formation on protoconch characters; and (iv) a geo-
graphical distribution and stratigraphical range for
each species.

PALAEOGEOGRAPHIC AND GEOLOGICAL
CONTEXT

Central Paratethys, including the Fore-Carpathian
Basin (as defined by Wysocka et al. 2016) and the
Pannonian basins complex, was one of the sedi-
mentary basins of the Paratethys that originated in
the northern margins of the Tethys Ocean in the
late Palacogene as a result of the Alpine orogeny
(Rogl 1998, 1999; Schulz et al. 2005). During the
Badenian (16.3 to 12.8 Ma after Hohenegger et al.
2014), the Central Paratethys stretched in the area of
present-day Austria, the Czech Republic, Slovakia,
Serbia, Croatia, Slovenia, Bosnia and Herzegovina,
Poland, Ukraine, Romania, Bulgaria, Moldova and
Hungary (see Kovac et al. 2007). The Ukrainian part,
placed within the Fore-Carpathian Basin, represented
a marginal and relatively shallow fragment of the ba-
sin. The lithostratigraphic schemes of Miocene strata
in the Ukrainian Precarpathian area were presented

by Petryczenko et al. (1994), Andreyeva-Grigorovich
et al. (1997, 2008), Wysocka and Jasionowski (2006)
and Gozhyk et al. (2015). Furthermore, Wysocka et
al. (2016) provided a review and update of the re-
search on the middle Miocene of the region.

Since the Paratethys basins were inland seas, they
periodically suffered partial or complete isolation
from each other and from open sea waters (e.g., Popov
et al. 2004; Kovac et al. 2017; Sant et al. 2017; Palcu et
al.2017,2019). This resulted in the occurrence of sedi-
mentological and biostratigraphic differences between
the Mediterranean area and the epicontinental seas of
the Paratethys and the establishment of separate chro-
nostratigraphic schemes. A correlation chart of the
Miocene regional stages of the Central and Eastern
Paratethys and the Mediterranean province were pre-
sented, e.g., by Piller et al. (2007), Studencka and
Jasionowski (2011), Gozhyk et al. (2015), Palcu et al.
(2017) and Kovac et al. (2018). Recently, the Badenian
has been commonly sub-divided into the Early, Mid
and Late (Hohenegger et al. 2014). Accordingly, the
Wielician and Kosovian substages (formerly regarded
as ‘middle’ and ‘upper’ Badenian, respectively) cor-
respond to subunits of the Late Badenian (13.82 to
12.829 Ma after Hohenegger ef al. 2014).

Kovac et al. (2007, 2017) presented a scenario of
events that took place in the Central Paratethys in the
Badenian. In the late Late Badenian (age-equivalent
of the Kosovian substage), the Central Paratethys had
a narrow connection with the Proto-Mediterranean
Sea, as well as being, for a short period of time,
linked with the Eastern Paratethys (e.g., Studencka et
al. 1998; Popov et al. 2004; Kovag et al. 2007, 2017;
Studencka and Jasionowski 2011; Bartol et al. 2014;
Palcu et al. 2015; de Leeuw et al. 2018). Therefore,
exchange of marine fauna between the basins at that
time was possible. It was also the last period with fully
marine conditions in the history of the basin. At the
end of the Badenian, the extensive seaway connecting
the Proto-Mediterranean with the Paratethys became
closed (Kovac et al. 2007). Significant changes of
environmental factors in the whole Paratethys caused
dramatic amendments in the marine biota around the
Badenian/Sarmatian boundary (e.g., Harzhauser and
Piller 2007; Studencka and Jasionowski 2011) dated
around 12.8 Ma (Hohenegger et al. 2014) or 12.6
Ma (Palcu et al. 2015; Mandic et al. 2019). At the
beginning of the Sarmatian, all Paratethyan basins
including the Fore-Carpathian Basin became con-
nected (Palcu er al. 2015; Mandic et al. 2019) and
inhabited by a uniform marine fauna with mainly
endemic species (e.g., Popov et al. 2004; Harzhauser
and Piller 2007; Studencka and Jasionowski 2011).
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After the early Late Badenian (age-equivalent
of the Wielician substage) isolation of the eastern
part of the Central Paratethys, resulting in a salin-
ity crisis which began shortly after 13.81£0.08 Ma
(de Leeuw et al. 2010) and most likely ended around
13.35 Ma (de Leeuw et al. 2018, p. 11; including reca-
librated 40A1/39Ar results of Sliwinski et al. 2012), a
late Late Badenian marine transgression took place
from the Proto-Mediterranean (e.g., Kovac¢ et al.
2007). As a result, the extent of the Fore-Carpathian
Basin was increased considerably compared to ear-
lier Badenian time. The sea entered the far East
European Platform, covering its south-western part
known as the Volhynian—Podolian Plate, where
Upper Badenian (Kosovian) deposits discordantly
overlie the pre-Neogene basement. Coralline algal-
vermetid reefs developed on elevations of the sea
bottom in extremely shallow settings, forming a dis-
tinct belt along the northern and eastern margins
of the Fore-Carpathian Basin in Poland, Ukraine,
Moldova and Romania (Studencka and Jasionowski
2011). These reefs, constituting a narrow 200-km
long zone in the Ukraine forming the Medobory
Hills (for location see Studencka and Jasionowski
2011, text-fig. 3), separated deeper environments of
the Fore-Carpathian Basin with marl and clay sedi-
mentation from coastal facies, dominated by quartz-
itic sands and sandstones of the shallow basin local-
ised above the Podolian Massif (Maslov and Utrobin
1958). The latter basin gradually became less saline
due to increased river input and limited connection
with the open sea (Kovac et al. 2007), while tectonic
processes influenced emerging and shallowing of its
marginal areas. The gastropod material described in
this study was derived from both sandy and carbon-
ate deposits of the area.

COMMENTS ON EDUARD EICHWALD’S
WORKS AND COLLECTIONS

Eduard Eichwald was professor of, among others,
the Imperial University of Vilnius (1827—-1831); the
Medical-Surgical Academy of Vilnius (1832—1838);
the Medical-Surgical Academy in St. Petersburg
(1838-1851) (now S.M. Kirov Military Medical Aca-
demy); and the Institute of the Mining Engineers
Corps in St. Petersburg (1838—1854) (now Saint-
Petersburg Mining University).

In the period from May to September 1829, Eich-
wald participated in a physiographic expedition to the
region between the Boh and Dniester rivers and the
Black Sea (including, among others, Volhynia and

Podolia now located within the Ukraine), organised
by the Imperial University of Vilnius. He was the ini-
tiator and head of this expedition (Garbowska 1993).

In order to preserve the stability of the use of spe-
cies names, it is important to determine the precise
publication dates of works, especially from the 19t
century when many new species were established.
Coincidences in publication dates have often caused
mistakes in determining the priority of a given syn-
onymous species name (see remarks for Trochus pus-
chii Andrzejowski, 1830). Article 21.3 of the ICZN
(1999) sets out the rules to be applied in the case
when the precise date of publication is not specified.

Eichwald’s works, commented below, deserve
special attention. These works described many new
species of Miocene molluscs from the Polish-Ukrai-
nian part of the Fore-Carpathian Basin. The follow-
ing notes can help researchers to recognise which
name of the synonymised species names takes prece-
dence over all other names.

Zoologia specialis... 1829. — In this handbook
the author included descriptions and illustrations of,
among others, his new fossil gastropod species (Eich-
wald 1829, pl. 5, figs 7, 8, 10, 11, 14—19). The censor’s
consent to the publication was given on 18" January,
1829 — a note on the back of the title page. Moreover,
his letter to the readers is dated 30" April, 1829
(= “pridie Calend.[as] Maii MDCCCXXIX") (p. vi).

Naturhistorische Skizze... 1830. — In this work,
Eichwald included very short descriptions of his new
fossil species in footnotes. The censor’s consent to the
publication was given on 10 January, 1830 — a note
on the back of the title page. Fichwald dedicated this
work to Alexander von Humboldt and promised that
he would soon give him numerous plates depicting
fossil fauna (which were finally published 20 years
later). The date of Eichwald’s letter, 23t March, 1830,
is placed before the main text of his work, on a page
without a number. However, in a postscript (pp. 253,
254), Eichwald commented on Andrzejowski’s paper
(1830b) that was published in May.

Atlas to Palaeontology of Russia. New period.
1850, 14 plates. — In this atlas, Eichwald published
the figures of, among others, species previously de-
scribed in Naturhistorische Skizze... (Eichwald 1830),
but he did not provide plate captions.

Palaeontology of Russia... New Period. 185]a.
— In this monograph, the plate captions of the atlas
(Eichwald 1850, 1851b) are placed on pp. 277-284.
Despite the fact that the title page of the work states
the year as 1850, the date of publication was adopted
on the basis of a note on the back of the title page
containing the date 17" February, 1851.
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Atlas to Palaeontology of Russia. 1851b, 14 plates.
— In this atlas, Eichwald published the figures of spe-
cies described in Palaeontology of Russia... New
Period (Eichwald 1851a), but did not provide plate
captions.

Lethaea Rossica ou Paléontologie de la Russie,
derniére période. 1853. — Eichwald’s preface to this
work is dated October 1853 (p. vi).

Lethaea Rossica ou Paléontologie de la Russie.
Période modern. 1859, 14 plates. — In the atlas Eich-
wald published the figures of species described in
Lethaea Rossica... (Eichwald 1853) and plate cap-
tions (pp. 1-4).

The three editions of the atlas (Eichwald 1850,
1851b, 1859) differ from each other in the title page,
the presence or absence of plate captions, and one of
the plates. In the atlases of 1850 and 1851b, plate 9
shows a different distribution, numbering and illus-
trations of some species than in the atlas of 1859 (36
figures, 91 illustrations vs. 34 figures, 89 illustra-
tions). Eichwald (1853, p. vi) noted: “Une des planches
a di étre dessinée de nouveau, parce que la pierre
s’était cassée pendant I'impression”, which probably
explains the differences between these plates.

There is yet another atlas published in 1852 (with
plate captions), to which e.g., Landau et al. (2013) re-
ferred; I did not have, however, access to this edition.

In Naturhistorische Skizze. .., Eichwald used not
only his own palaecontological collections, but also
the collections of the Krzemieniec Lyceum (Volhynia)
and the teachers who worked in it: Wojciech Zbo-
rzewski, Stefan Zienowicz and Antoni Andrzejowski
(Andrzejowski 1832a, p. 516; Garbowska 1993, p. 60,
2005, p. 23). After the closure of the Krzemieniec
Lyceum and the Imperial University of Vilnius in
1832, the scientific collections of both schools were
transferred to the newly established Saint Vladimir
Royal University of Kiev (now Taras Shevchenko
National University of Kyiv) (Eichwald 1851a, p. 9,
footnote, p. 109; Garbowska 1993, p. 56). Unfortuna-
tely, during the present study it was not possible to
determine whether the palaeontological collection
described by Eichwald (1830) is still stored in the
Geological Museum of the Geological Department of
Kiev University. The questions addressed to the cura-
tor remained unanswered. Part of the collection to
Naturhistorische Skizze... is kept in the S.M. Kirov
Military Medical Academy in St. Petersburg (Eich-
wald 1851a, p. 9, footnote).

The palacontological collection apertaining to
Eichwald’s monographs (1851a, 1853) is currently
stored in: the Mining Museum of the Saint-Petersburg
Mining University, (collection No. 113, contains

only vertebrates, except two valves of Pecten; Daria
Bezgodova, pers. comm. 2019), Paleontological-Stra-
tigraphic Museum of the Department of Dynamic
and Historical Geology of Saint Petersburg State
University; and, probably, S.M. Kirov Military Medi-
cal Academy (Gataulina and Arcadiev 2010).

Part of Eichwald’s collection was dispersed. Harz-
hauser and Landau (2016) illustrated two Miocene
gastropod shells bearing the inventory number of the
Zoological Museum of the Zoological Institute of the
Russian Academy of Sciences in St. Petersburg.

MATERIAL AND METHODS

The vast majority of the Trochidae and Callio-
stomatidae material used in this study is part of the
large collection of Neogene molluscs gathered by
Kazimierz Kowalewski in the years 1934-1937 and
1939 in the area of the Eastern Borderlands of the
Second Polish Republic, now located within Ukraine
(see Text-fig. 1). Kowalewski made numerous explor-
atory field trips on behalf of, and with the funds of
the Society of the Museum of the Earth (Kowalewski
1936a, b, 1937, Passendorfer 1938). Fossil lists of
only some of the thirty outcrops in the Volhynian—
Podolian region have been published (Kowalewski
1936a, b, 1937, 1950). Presently, I am working on a
catalogue of gastropods from Kowalewski’s collec-
tions housed at MZ.

The bivalve collections of Kowalewski were
used in the studies of Studencka and Popov (1996),
Studenckaet al. (1998) and Studencka and Jasionowski
(2011), while the results of research on chitons were
presented by Studencka and Dulai (2010).

The examined materal is supplemented by shells:
accumulated by Wojstaw Zaborski (2 specimens col-
lected in 1910), Antoni Jankowski (6 specimens col-
lected in 1930), employees of the MZ in Warsaw —
Gwidon Jakubowski (22 specimens collected in 1978)
and Barbara Studencka (185 specimens collected in
1988, 2000, 2006, 2009, 2010), and those donated
by Oleg Vladimirovich Amitrov of the Borissiak
Paleontological Institute of the Russian Academy of
Sciences in Moskow (6 specimens collected in 1960).

The study was based on over 3,000 specimens
from 21 localities in western Ukraine, which along
with other localities mentioned in the work are in-
dicated with their contemporary Ukrainian names
on the map (Text-fig. 1). The Polish names of these
localities (along with variant spellings), used in most
older references, are given for clarity in the caption
to this figure.
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The new species Clanculus (Clanculopsis) krachi
sp. nov. was established based on numerous shells (col-
lections of Wilhelm Krach before 1981; collections
of Jacek Cibor, Wojciech Macioszczyk and Gwidon
Jakubowski from 1982—-1989) from the Badenian
carbonate deposits of the Roztocze Hills in Poland
and only one not fully-grown specimen from western
Ukraine.

The analysed material was compared with Mio-
cene gastropods from: the collections of the Natural
History Museum of the National Academy of Scien-
ces of Ukraine in Lviv, Ukraine; E. Eichwald’s
collection housed in the Palaecontological—Strati-
graphic Museum of the Department of Dynamic
and Historical Geology of Saint Petersburg State
University, Russia; Wilhelm Friedberg’s and Wil-
helm Krach’s collections deposited in the Geological
Museum of the Institute of Geological Sciences,
Polish Academy of Science in Cracow, Poland; and
the collection described by Iljina (1993) kept in the
Orlov Paleontological Museum of the Borissiak
Paleontological Institute of the Russian Academy of
Sciences in Moscow, Russia.

The photographs in this work were made by
Cyprian Kulicki (SEM photographs, Institute of
Paleobiology of the Polish Academy of Sciences in
Warsaw), and myself, unless stated otherwise.

Measurements of the studied specimens are given
in Table 1 and Appendix 1.

Repositories

ETHZ - Geological-Palacontological Collection,
Swiss Federal Institute of Technology, Zurich, Swi-
tzerland;

KNUSH - Geological Museum of the Geological
Department of Taras Shevchenko National University
of Kiev, Ukraine;

MIfN — Museum of Natural History in Berlin, Ger-
many;

MZ — Polish Academy of Sciences Museum of the
Earth in Warsaw, Poland;

PIN — Borissiak Paleontological Institute of the
Russian Academy of Sciences in Moscow, Russia;
SMF — Senckenberg Natural History Museum Frank-
furt, Germany;

SPbGU — Paleontological—Stratigraphic Museum of
the Department of Dynamic and Historical Geology
of Saint Petersburg State University, St. Petersburg,
Russia;

ZNG PAN — Geological Museum of the Institute of
Geological Sciences, Polish Academy of Sciences,
Cracow, Poland.

SYSTEMATIC PART

The following symbol and acronyms are used in
the systematic part: * —name cited without description,
illustration or synonymy list, and specimens could not
be examined; sh — adult and juvenile shells; a — adult
shell(s); af — adult fragment(s) of shell(s); sa — subadult
shell(s); j — juvenile shell(s); jf — juvenile fragment(s) of
shell(s); fp — fragmentarily preserved shell(s).

Class Gastropoda Cuvier, 1795
Subclass Vetigastropoda Salvini-Plawen, 1980
Superfamily Trochoidea Rafinesque, 1815

REMARKS: Trochoidea is a big superfamily of mor-
phologically and ecologically varied marine gastro-
pods. Its taxonomic internal classification is contro-
versial and unstable (see e.g., Hickman and McLean
1990; Bouchet et al. 2005; Geiger and Thacker 2005;
Williams et al. 2008; Williams 2012; Uribe et al.
2017b). In the most recent taxonomy (Bouchet et al.
2017) the superfamily includes 13 extant and 12 ex-
tinct families.

Trochoideans today are virtually pandemic. Many
genera are cosmopolitan. Trochoideans can be found
on algae and seagrasses, on soft or hard substrates
(including coral reefs), and also buried in sediment.
“They have developed a variety of feeding habits in-
cluding both herbivory and carnivory, while others
are suspension feeders” (Williams et al. 2008, p. 483).

Hickman (1992) summarised the knowledge on
the reproduction and development of trochoidean
gastropods. In the superfamily, both species with
direct development (those hatching as benthic juve-
niles) and species with planktonic lecithotrophic de-
velopment are recorded.

Despite the short-living lecithotrophic larvae,
some species exhibit surprisingly wide geographic
occurrence. This is probably due to rafting of adults,
e.g., on macroalgae (Donald ef al. 2005; Nikula ef al.
2012; but see also Hadfield and Strathmann 1990).

Trochoidean shells are typically conispiral, with
no slit, emargination in outer lip, or tremata (Hick-
man and McLean 1990), however an exception is a
shell in Fossarininae Bandel, 2009, which “can have
a slit on its outer lip or not” (Bandel 2009, p. 22).
Trochoidean shells may be umbilicate or non-um-
bilicate, depending on coiling parameters. Male and
female specimens are usually not distinguishable by
shell features. Nevertheless, sexual dimorphism is
documented in the shell of some trochoidean genera,
e.g., Solariella Wood, 1842 (Marshall 1999) and
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Margarites Gray, 1847 (in Gray 1847a; for sexual di-
morphism see Lindberg 1985; Hickman and McLean
1990).

The larval shells consist of only an organic em-
bryonic shell, which is calcified by the cells of the
shell field invagination before, during, or just after
the tortion of the larvae (Collin and Voltzow 1998).
Originally the bilaterally symmetrical, cup-shaped
larval shell is modified into an asymmetrical pau-
cispiral, trochispiral form.

The trochoidean protoconch shows small vari-
ability of form and sculpture (see e.g., Bandel 1982;
Hickman 1992). Size and shape depend upon egg size
and are more closely correlated with water depth than
with taxonomic group (Bandel 1982; Hickman 1992).
The largest protoconchs with a bulbous, relatively
undeformed apex, occur in species with large yolk re-
serves and in deep-water species. Shallow-water spe-
cies (0—100 m depth) with little yolk reserves have an
angular fold (pointed lateral fold) of the protoconch
(Bandel 1982), which is also referred to as pointed
tip (Hickman 1992), lateral pouch (Sasaki 1998) or
apical beak (Herbert 1993). Protoconchs are smooth
or sculptured. Usually, the sculpture is not clear; the
most common forms are pits, granules and weak spi-
ral threads. A very distinctive protoconch sculpture
— the reticulate, honeycomb pattern was recognised
in the family Calliostomatidae Thiele, 1924 (1847)
(see Willan 2002). Similar protoconch sculpture, al-
though less regular and less well-defined, occurs in
the Umboniinae (family Trochidae). The similarity
is probably homoplasious (Herbert 1992). In general,
specific differences in protoconch sculpture have mi-
nor significance in higher-level systematics, but they
are very helpful in distinguishing closely related taxa
at lower species and/or genus levels (Sasaki 1998). In
the trochoidean protoconch there is no morphologi-
cal criterion for distinguishing pelagic development
from benthic development (Hadfield and Strathmann
1990; Sasaki 1998). Heterostrophy in some spe-
cies was noted and illustrated by e.g., Hadfield and
Strathmann (1990), Sasaki (1998), and herein [see be-
low under Calliostoma trigonum (Eichwald, 1830)].

There are numerous shell convergencies among
families and subfamilies of Trochoidea (e.g., Williams
2012; Uribe et al. 2017b).

The oldest Trochoidea belong to the extinct genera
Dichostasia Yochelson, 1956 and Brochidium Koken,
1889, which appeared in the Permian (Hickman and
McLean 1990). Many families of the Trochoidea orig-
inated and diversified in the Cretaceous, as suggested
by molecular studies (Williams ef a/. 2008) and the
fossil record (Hickman and McLean 1990).

Family Trochidae Rafinesque, 1815

REMARKS: Molecular studies carried out by Wil-
liams et al. (2008) showed that the family Trochidae
sensu Hickman and McLean (1990) is not monophy-
letic, therefore it requires redefinition. Trochidae
sensu Williams et al. (2010) supplemented with an
additional subfamily (see Williams 2012) includes
ten subfamilies, of which two, Trochinae Rafinesque,
1815 and Cantharidinae Gray, 1857, are represented
by the species described herein.

Trochidae is a large family of morphologically
highly variable gastropods, including more than 600
species representing over 60 genera, which radiated
primarily on tropical intertidal rocky shores in the
Indo-West Pacific (Williams et al. 2010). Trochidae
species are distributed throughout all the world’s
oceans, predominantly in the tropics or subtropics,
but they also occur in temperate regions. Although
most species live in shallow water (also in the inter-
tidal zone), some species are found in deeper water
and in bathyal depths (Williams ez al. 2010).

Trochid shells range from tiny (<0.5 cm) to very
large (>20 cm) in size (Williams et al. 2010), show
an oblique aperture without terminal flare or thick-
ening, and usually have a nacreous interior (except
Halistylinae Keen, 1958 and Alcyninae Williams,
Donald, Spencer and Nakano, 2010). The micro-
structure of shells of extinct and extant Trochidae
was studied by Sladkovskaya (2017); she concluded
(p. 1467) that “the microstructural characters are
more uniform and conservative in comparison with
external shell morphology and independent of it”,
and that data on the microstructure of shell can
improve diagnosis, and in some cases, substanti-
ate the taxonomic position of extinct trochids. The
operculum of Trochidae is multispiral with a short
growing edge and never calcified (Hickman and
McLean 1990).

Subfamily Trochinae Rafinesque, 1815

REMARKS: Hickman and McLean (1990) divided
thissubfamily into three tribes: Trochini, Monodontini
(equivalent to Gibbulini) and Cantharidini; however
the molecular studies of Williams et al. (2008, 2010)
showed, that “the three are not collectively monophy-
letic and should be treated as distinct subfamilies,
with some changes to their traditional compositions”
(Williams et al. 2010, p. 799). In the new definition
of the subfamily Trochinae this taxon is “[...] ‘a rela-
tively well-defined entity with comparatively distinct
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shell characters’, being generally ‘larger [than spe-
cies in Monodontinae and Cantharidinae], having a
disjunct columella, four pairs of epipodial tentacles
and a strongly papillate foot with hooded epipodial
sense organs’ (Herbert, 1993, 1998)” (Williams et al.
2010, p. 799).

The Trochinae currently includes only fifteen
genera (MolluscaBase 2019), among them Clanculus
Montfort, 1810.

Genus Clanculus Montfort, 1810

TYPE SPECIES: Trochus pharaonius Linnaus, 1758,
by original designation. Recent, Indo-Pacific.

REMARKS: The genus Clanculus appeared in
the Late Cretaceous (Hickman and McLean 1990).
Today, it has a worldwide distribution; its species
occur from the intertidal zone up to depths of 230
m (Poppe and Goto 1991). A review of the Neogene
and extant species of European and Eastern Atlantic
Clanculus was provided by Spadini (2006). Both
Herbert (1993) and Spadini (2006) have characterised
the shell morphology of this genus.

Subgenus Clanculopsis Monterosato, 1879

TYPE SPECIES: Trochus cruciatus Linnaus, 1758,
by subsequent designation of Sacco (1896). Recent,
Mediterranean.

REMARKS: For diagnosis of the subgenus Clancu-
lopsis see Herbert (1993).

Clanculus (Clanculopsis) krachi sp. nov.
(Text-fig. 2A—C)

part 1981. Clanculus araonis tuberculatus (Eichwald 1830)
[ssp. trochiformis]; Krach, p. 43, pl. 12, figs 28—
31 [non figs 18, 19, 21, 724 = Clanculus (Clancu-
lopsis) robustus Friedberg, 1928; figs 20, 22, 23,
25-27 = Clanculus (Clanculopsis) tuberculatus
(Eichwald, 1830)].

TYPE MATERIAL: Holotype (MZ VIII Mg 4703/1)
and 13 paratypes (Table 1).

OTHER MATERIAL: Sandy facies: Ukraine—Oles’ko
(MZ VIII Mg 4522) 1 sa. Carbonate facies: Poland —
Lychow (MZ VIII Mg 5101) 1 a, 2 sa; Weglinek (MZ
VIII Mg 5102) 1 a, 3 j, (ZNG PAN A-1-87/76b) 4 a,
2 sa, 4 j (including 4 shells, ZNG PAN A-I-87/76b.1-4,
figured by Krach 1981, pl. 12, figs 28-31); Weglin
(MZ VIII Mg 4703/15-38) 6 a, 8 sa, 5 j, 5 jf.

TYPE LOCALITY: Weglin, Roztocze Hills, Poland.

TYPE STRATUM: Middle Miocene (Upper Bade-
nian).

DERIVATION OF NAME: Named in honour of
Professor Wilhelm Krach (1907-1985), a Polish re-
searcher of the Miocene stratigraphy and fauna of
Poland.

DIAGNOSIS: A Clanculus (Clanculopsis) species of
medium size with whorls strongly shouldered; three
primary beaded cords on last whorl, one at shoulder

Type Locality . Repository and Illustre}ted Number of | Shell height | Shell width
inventory number herein shell whorls [mm)] [mm]

Holotype Weglin, Poland MZ VIII Mg 4703/1 Text—fig. 2C 7.0 10.0 9.3
Paratype 1 Weglin, Poland MZ VIII Mg 4703/2 Text—fig. 2B 5.25% 9.8 9.8
Paratype 2 Weglin, Poland MZ VIII Mg 4703/3 - 5.25% 9.4 9.4
Paratype 3 Weglin, Poland MZ VIII Mg 4703/4 - 5.0* 8.5 8.5
Paratype 4 Weglin, Poland MZ VIII Mg 4703/5 — 6.0 8.0 7.7
Paratype 5 Weglin, Poland MZ VIII Mg 4703/6 - 6.0% 8.0 7.8
Paratype 6 Weglin, Poland MZ VIII Mg 4703/7 - 5.0% 8.0 8.0
Paratype 7 Weglin, Poland MZ VIII Mg 4703/8 - 6.25 7.4 8.2
Paratype 8 Weglin, Poland MZ VIII Mg 4703/9 — 4.75% 7.0 7.8
Paratype 9 Weglin, Poland MZ VIII Mg 4703/10 - 5.0% 8.0 8.0
Paratype 10 Weglin, Poland MZ VIII Mg 4703/11 - 5.25% 7.4 7.8
Paratype 11 Weglin, Poland MZ VIII Mg 4703/12 - 6.0 6.5 6.6
Paratype 12 Weglin, Poland MZ VIII Mg 4703/13 - 5.0* 6.1 6.4
Paratype 13 Weglin, Poland MZ VIII Mg 4703/14 - 4.5% 6.4 6.9

Table 1. Clanculus (Clanculopsis) krachi sp. nov., type material, inventory numbers and basic parameters. * — shell without preserved proto-
conch or shell without preserved protoconch and the first teleoconch whorls.
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Text-fig. 2. Clanculus (Clanculopsis) krachi sp. nov. from the Badenian of Ukraine and Poland. A — immature specimen without basal colu-

mellar tooth and labial ridges from Oles’ko, Ukraine (MZ VIII Mg 4522); B, C — fully grown specimens form Weglin, Poland; B — Paratype 1,

MZ VIII Mg 4703/2; C — Holotype, MZ VIII Mg 4703/1. A;, C; — apertural views; A,, C, — shell bases in oblique view; Az, B — lateral views;
A4 —umbilical view; As, C; — apical views.

delimiting wide subsutural platform, one at periph-
ery and one between them; surface covered in spiral
threads crossed by extremely fine, close-set proso-
cline lamellae; weak apertural dentation, basal colu-
mellar tooth simple.

DESCRIPTION: Shell solid, trochiform, consisting
of whorls with angular profile. Protoconch with apical
beak, about 0.2 mm in maximum width. Protoconch
and first teleoconch whorl surface abraded. Second
teleoconch whorl with 4—6 smooth spiral cords of

which two slightly stronger. From beginning of third
whorl fine, close-set prosocline ribs cross spiral cords
forming beads at intersections, in second half of the
whorl ribs weaken and disappear; two beaded cords
remain strong. Later spire whorls with horizontal,
flat to slightly concave subsutural platform delimited
by primary, adapical beaded cord; whorl profile be-
low concave to raised beaded cord, placed just above
suture; third most abapical beaded cord completely or
partly hidden by subsequent whorl. Last whorl with
two strong beaded cords above usually weaker perib-
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asal beaded cord, delimiting base. Single secondary
spiral beaded cord placed adjacent to adapical suture
or at short distance from the suture and in some of
the interspaces between primary cords in some spec-
imens. Fine spiral threads in interspaces between
primary and secondary spiral sculpture crossed by
prosocline lamellae. Shell base somewhat flattened,
umbilicate, with five to eight spiral beaded cords
of irregular strength and position. Umbilicus narrow
and not too deep; spire portion and part of last whorl
filled with callus deposit. Periumbilical edge smooth
or with weak umbilical denticles (1-4). Mature aper-
tural dentition weakly developed; anal tooth absent;
7—11 labial ridges, single nodules visible occasionally
between their ends and others on edge of outer lip;
upper columellar fold oblique and almost the same
prominent as single basal columellar tooth; one small
tubercle placed next to basal columellar tooth. Outer
lip with sharp edge. Parietal callus smooth or occa-
sionally bearing four weak parietal ridges. Interior
nacreous.

REMARKS: The single specimen (Text-fig. 2A) with
strongly angular late teleoconch whorls, from west-
ern Ukraine, is not fully-grown, so it does not have
all the apertural and columellar armature typical of
the genus Clanculus. Its protoconch and the sculpture
of the earliest teleoconch whorls are not preserved.
The specimen is concordant with specimens belong-
ing to one of three morphological groups distiguished
within C. araonis tuberculatus (Eichwald, 1830)
from the Badenian carbonate deposits of Lychow and
Weglinek (Roztocze Hills, Poland) by Krach (1981,
p- 43) (see remarks for C. (C.) robustus and C. (C.)
tuberculatus herein). This morphological group “in-
cludes specimens having stepped whorls. On the side
walls there are three rows of small tubercles. The base
and upper part of whorls are flattened. Some of the
specimens have a groove-like space between the hori-
zontal rows of tubercles and the single secondary ones
between them (pl. 12, figs 28-31). The third group
deserves to be recognised as a new subspecies ssp.
trochiformis” (Krach 1981, p. 43, translated herein).
Krach (1981) gave a subspecies rank to his new taxon,
but placed it in the subspecies C. araonis tubercula-
tus [sic], therefore the name “trochiformis” was pro-
posed as an infrasubspecific rank and thus not avail-
able under Article 45.5 of ICZN (1999). Furthermore,
this name was preoocupied by the southern African
species Clanculus trochiformis Turton, 1932, which
was later synonymised with Clanculus (Clanculopsis)
miniatus (Anton, 1838) by Herbert (1993).

I prefer to give the form distinguished by Krach

(1981) a full species rank and name it as Clanculus
(Clanculopsis) krachi sp. nov. The strongly angular
late teleoconch whorls make the species quite dis-
tinct from Clanculus (C.) robustus (Text-fig. 3A—C),
Clanculus (C.) tuberculatus (Text-figs 4A—C and SA—
G) and other Miocene European Clanculus species.

In designating a holotype an author should give
preference to a specimen of which an illustration has
been published, however, an infrasubspecific entity
is not regulated by the ICZN (1999; Article 1.3.4).
Moreover, specimens ZNG PAN A-1-87/76b.1-4 il-
lustrated by Krach (1981, pl. 12, figs 28-31) have
turned out to be poorly preserved upon examination
in the collection; the protoconch and the first teleo-
conch whorl(s) are missing (Krach 1981, pl. 12, figs
28-30); the last whorl and umbilicus are completly
filled with hard sediment (Krach 1981, pl. 12, fig. 31);
and the surface is eroded on upper teleoconch whorls
(Krach 1981, pl. 12, fig. 30). Besides, the original
Krach’s label indicates the location ‘Weglinek’ for
specimens illustrated in Krach (1981, pl. 12, figs 28—
31), while the location ‘Lychéw’ is given in the plate
captions.

The best fully grown specimen MZ VIII Mg
4703/1 is selected here as the holotype from among
numerous specimens from Weglin better preserved
than the specimens figured by Krach (1981, pl. 12,
figs 28-31). Weglin is located about 1 km south of
Weglinek.

Clanculus (C.) krachi sp. nov. is variable in both
shape and sculpture. Some shells are more depressed,
whilst others have a elevated spire. The subsutural
platform is variable in width, almost flat to strongly
concave. The shape of the beads is also variable:
primary beads may range from spherical to axially
elongated; secondary beads, if any, are occasionally
horizontally elongated. The strength of the beaded
cords and width of their interspaces on both the lat-
eral flank and on the shell base also vary.

OCCURRENCE: Middle Miocene of the Central
Paratethys: Badenian of Poland (Krach 1981 and this
study) and western Ukraine (this study); for details
see Appendix 2.

Clanculus (Clanculopsis) robustus Friedberg, 1928
(Text-fig. 3A-C)

1928. Clanculus Araonis Bast. var. robusta Friedb.;
Friedberg, p. 480, pl. 30, fig. 7.
1938. [Clanculus Araonis Bast.] var. robusta Friedb.;
Friedberg, p. 51.
part 1950. Clanculus araonis Bast.; Kowalewski, p. 42.
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Text-fig. 3. Species of Clanculus Montfort, 1810 from the middle Miocene of Ukraine and France. A—C — Clanculus (Clanculopsis) robustus

Friedberg, 1928. A, B — Staryi Pochaiv, Ukraine; A — MZ VIII Mg 4521/1; B — MZ VIII Mg 4521/2; C — Lidykhiv, Ukraine; MZ VIII Mg

4520/1. A}, B; C, —apertural views; A,, B,, C, — shell bases in oblique view; A4, B; — umbilical views; A3, B, — lateral views; Bs — apical view.
D — Clanculus (Clanculopsis) baccatus (Defrance, 1824) from Pontlevoy, France; MZ VIII Mg 451/1 in apertural view.
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1955. C.[lanculus] robusta Friedb.; Korobkov; p. 97,
pl. 4, fig. 8 [figures from Friedberg 1928, pl. 30,
fig. 7].

1968. Clanculus robusta Friedberg, 1928; Kulichenko
and Sorochan, p. 103, pl. 28, figs 9, 10 [figures
from Friedberg 1928, pl. 30, fig. 7a-b].

part 1981. Clanculus araonis tuberculatus (Eichwald 1830);
Krach, p. 43, pl. 12, figs 18, 19, 21, 724 [non figs
20, 22, 23, 25-27 = Clanculus (Clanculopsis) tu-
berculatus (Eichwald, 1830); figs 28-31 = Clan-
culus (Clanculopsis) krachi sp. nov.].

2001. C.[lanculus] robusta Friedberg, 1928; Anistra-
tenko and Anistratenko, p. 185.

MATERIAL: Sandy facies: Yaseniv (MZ VIII Mg
4515) 1j, 3 jf; Oles’ko (MZ VIII Mg 4516, 4517) 1 a,
1 af; Pidhirtsi (MZ VIII Mg 4518) 2 jf; Shushkivtsi
(MZ VIII Mg 4519) 1 jf. Carbonate deposits: Lidykhiv
(MZ VIII Mg 4520) 4 a; Staryi Pochaiv (MZ VIII
Mg 4521) 9 a, 2 sa. All specimens are from western
Ukraine.

DESCRIPTION: Shell solid, trochiform, with a mod-
erately elevated conical spire. Protoconch eroded.
First teleoconch whorl bearing two spiral cords of
roughly equal strength and prosocline axial ribs,
slightly weaker than cords. Second whorl, a third
weaker cord develops below adapical suture, rapidly
gaining in strength; axial ribs disappear. Third whorl,
a fourth cord often developed just above abapical su-
ture or between cords 1 and 2; cords become beaded
and remain so thereafter. Fourth whorl bearing 3—4
primary beaded cords, with single secondary beaded
cord developed in some of the interspaces; second-
ary beads usually horizontally elongated. Prosocline
lamellar growth lines visible in interspaces between
cords. Last whorl bearing 7-8 beaded cords of ir-
regular strength; fine spiral threads in interspaces
between primary and secondary spiral sculpture
crossed by closely-set growth lines. Closer-set two
cords bearing rounded to slightly quadrangular
beads, placed adjacent to adapical suture in some
specimens. Teleoconch whorls flat-sided to convex.
Suture impressed. Last whorl rounded at periphery,
its last part in mature shells descending noticeably
near aperture; outer lip joining penultimate whorl
below periphery. Base somewhat flattened, umbil-
icate, bearing 8—10 beaded to almost smooth spi-
ral cords of irregular strength and position; spiral
threads crossed by growth lines in interspaces be-
tween cords. Umbilicus open, spire portion filled
with callus. Simple basal columellar tooth small, with
tubercle below, usually more weakly protruding than

upper oblique columellar fold; 2—3 nodules situated
between them on side of umbilicus. Umbilical den-
ticles (4—5) more or less prominent. Inner side of
outer lip bearing 9—11 long labial ridges, sometimes
extending far inside aperture. Single nodules visi-
ble occasionally between ends of long labial ridges.
Additional nodules visible on edge of outer lip (see
Text-fig. 3C,). Parietal ridges very weak. Some spec-
imens with slightly stepped profile. Colour pattern
of spiral rows of white spots arranged on dark back-
ground, preserved in some specimens.

REMARKS: Friedberg (1928, 1938) recognised only
one species, Clanculus araonis (Basterot, 1825), of
the genus Clanculus from the middle Miocene of
the Fore-Carpathian Basin. Within the species, he
distinguished a new variety C. araonis var. robusta
for two specimens from the Upper Badenian sands
of Rybnica, Poland and C. araonis mut. tuberculata
(Eichwald, 1830) (Friedberg 1928). Two specimens of
C. araonis var. robusta (ZNG PAN A-1-50/1557), in-
cluding the specimen illustrated in Friedberg (1928,
pl. 30, fig. 7; ZNG PAN A-I-50/1557a), are present in
the ZNG PAN collection. Friedberg (1928, p. 480)
said that his robusta is similar, if not identical to
Clanculus praecruciatus Mikhailovsky, 1903 from
the Tarkhanian (middle Miocene after Golovina et al.
2019 and Palcu et al. 2019) of southern Ukraine, how-
ever, the description and illustrations (Mikhailovsky
1903, pp. 70-72, 228-230, pl. 3, figs 26-33) of the
species are not clear. Therefore, it is unreasonable
to consider whether these two taxa are synonyms,
because the apertural and umbilical characters of the
shells of Mikhailovsky’s species are unknown.

Later, Krach (1981) distinguished three morpho-
logical groups within C. araonis tuberculatus based
on the variability of the specimens from Badenian
carbonate deposits of Lychow and Weglinek (Roz-
tocze Hills, Poland). In the first group, divided into
subgroups, Krach (1981, p. 43, pl. 12, figs 18, 19, 21,
24) included specimens that he considered “conspe-
cific with the mutation robusta in Friedberg (1928,
p- 480, pl. 30, fig. 7), and also specimens assigned by
Glibert to C. baccatus from the Miocene of Belgium
(Defr. Glibert 1949, p. 65, pl. 4, fig. 1)” (Krach 1981,
p. 43, translated herein). In fact, the description
and illustrations of the species Clanculus baccatus
(Defrance, 1824) given by Glibert (1949a) refer to
specimens from the Loire Basin, France. The origi-
nal Krach’s label in ZNG PAN indicates the location
‘Weglinek’ for some specimens illustrated in Krach
(1981, pl. 12, figs 19, 21, 24), whereas the location
‘Lychow’ is given in the plate captions.
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Clanculus (Clanculopsis) baccatus and Clanculus
(Clanculopsis) araonis were originally described
from the middle and lower Miocene of France, re-
spectively. Both Peyrot (1938) and Glibert (1949a)
noted that the differences between specimens de-
scribed under these names are not very clear and
inconstant. Consequently, Dollfus and Dautzenberg
(1886, p. 142), and also Peyrot (1938, pp. 20, 21) con-
sidered C. araonis to be a junior synonym of C. bac-
catus. This opinion is not shared by Lozouet et al.
(2001), who illustrated a French shell from the lower
Miocene under the name Clanculus (Clanculopsis)
araonis, without further comment. Glibert (1962, pp.
60, 61), Ceulemans et al. (2016, p. 58) and Landau
et al. (2017, p. 93) also distinguished C. (C.) araonis
from C. (C.) baccatus; moreover, they did not include
references to C. (C.) araonis in their synonymy of C.
(C) baccatus.

The middle Miocene shells of Clanculus (Clan-
culopsis) from the Fore-Carpathian Basin should not
to be united with the French species (see synonymy),
at the same time the differences between the aper-
tural and columellar features, and also the sculpture
of C. (C.) robustus and C. (C.) tuberculatus (compare
Text-fig. 3A—C with Text-figs 4A—C and 5A—G) are
sufficient to treat them as distinct species. However,
it must be noted that some shells are difficult to assign
to either of these species, particularly when juvenile.

On the other hand, there is a similarity in shell
shape and sculpture of the late teleoconch whorls of
C. (C) robustus to those of C. (C.) baccatus illustrated
by Glibert (1949a, pl. 4, fig. 1) from the Langhian
(middle Miocene) of Pontlevoy, Loire Basin. The six
specimens of C. (C.) baccatus in the MZ collection
(MZ VIII Mg 451) from Pontlevoy have the proto-
conch poorly preserved but, as in C. (C.) robustus,
two spiral cords are visible on the first teleoconch
whorl, and a little further the third spiral cord occurs
near the adapical suture. Clanculus (C.) baccatus
differs from C. (C.) robustus in having: prominent,
slightly prosocline axial ribs between the spiral cords
on the second, third and fourth whorl; almost twice
as wide interspaces between prosocline ribs; coarser
sculpture; and stronger developed basal columellar
tooth (see Text-fig. 3D; specimen MZ VIII Mg 451/1).
These differences are sufficient to retain them as
distinct species.

Another middle Miocene Clanculopsis species,
C. (C) cruciatus (Linneus, 1758), was recently illu-
strated by Landau et al. (2013, pl. 1, fig. 3) from
the late Serravallian of the Karaman Basin, Turkey.
Images of two other specimens of C. (C.) cruciatus
from the same locality (Seyithasan) kindly sent by

Bernard Landau (Department of Geology Naturalis
Biodiversity Center) show some variability of this
species, which differs from C. (C.) robustus in details
of the surface sculpture.

OCCURRENCE: Middle Miocene of the Central
Paratethys: Badenian of Poland (Friedberg 1928,
1938; Kowalewski 1950; Batuk and Radwanski 1968;
Krach 1981; MZ collection) and western Ukraine
(Kulichenko and Sorochan 1968; Anistratenko
and Anistratenko 2001, and this study; for details
see Appendix 2); Paratethys: Sarmatian (= upper
Serravallian) of Poland (Friedberg 1938).

Clanculus (Clanculopsis) tuberculatus
(Eichwald, 1830)
(Text-figs 4A—C and 5A-G)

1830. Monodonta tuberculata, m.; Eichwald, p. 220.
1837. Monodonta Araonis Bast.; Pusch, p. 105, pl. 10,
fig. 4.

1850. [Monodonta tuberculata m.]; Eichwald, pl. 10,

fig. 36 (atlas).

1851a. Monod.[onta] tuberculata m.; Eichwald, pp.

118, 119, 283.

1851b. Monodonta tuberculata m.; Eichwald, pl. 10,

fig. 36 (atlas).

1853. Monod.[onta] tuberculata m.; Eichwald, pp. 242,
243.

1859. Monodonta tuberculata; Eichwald, p. 3, pl. 10,
fig. 36 (atlas).

part 1928. Clanculus Araonis Bast. mut. tuberculata Eichw.;
Friedberg, pp. 478, 479, pl. 30, figs 5, 6.

1937. Clanculus Araonis Bast. mut. tuberculata Eichw.;

Kowalewski, p. 7.
part 1938. Clanculus Araonis Bast. var. tuberculata Eichw.;
Friedberg, p. 51.

1955. Clanculus tuberculatus Eichw.; Korobkov, p. 97,
pl. 4, figs 9, 10 [figures from Friedberg 1928, pl.
30, figs 5, 6].

1960. Clanculus (Clanculopsis) araonis var. tubercula-
ta (Eichwald 1853); Kojumdgieva, pp. 85, 86, pl.
28, figs 12, 13.

1968. Clanculus tuberculatus (Eichwald, 1830); Kuli-
chenko and Sorochan, p. 104, pl. 28, figs 11, 12
[figures from Friedberg 1928, pl. 30, figs 5a, 6].

part 1981. Clanculus araonis tuberculatus (Eichwald 1830);
Krach, p. 43, pl. 12, figs 20, 22, 23, 25-27 [non
figs 18, 19, 21, 724 = Clanculus (Clanculopsis)
robustus Friedberg, 1928; figs 28-31 = Clancu-
lus (Clanculopsis) krachi sp. nov.].

2000. Granulifera pulla O. Anistratenko sp. n.; Anistra-
tenko, pp. 4-6, text-fig. 1.



/e .
www.czasopisma.pan.pl P@N www journals.pan.pl

N

466 EWA NOSOWSKA

Text-fig. 4. Clanculus (Clanculopsis) tuberculatus (Eichwald, 1830) from the Badenian of Ukraine. A, B — Zalistsi; A — MZ VIII Mg 4531/1,
B —-MZ VIII Mg 4530/1; C — Staryi Pochaiv; MZ VIII Mg 4534/1. A, C, —apertural views; A,, B,, C, —apical views; A3, B, Cs — lateral views;
Ay, C4 —umbilical views; As, C; — shell bases in oblique view.
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Text-fig. 5. Clanculus (Clanculopsis) tuberculatus (Eichwald, 1830). Apertural views of specimens from the Badenian of Weglin, Poland,
showing variability of the shape and ornamentation of the shells. A — MZ VIII Mg 4704/1; B — MZ VIII Mg 4704/2; C — MZ VIII Mg 4704/3;
D - MZ VIII Mg 4704/4; E — MZ VIII Mg 4704/5; F — MZ VIII Mg 4704/6; G — MZ VIII Mg 4704/7.

2001. C.[lanculus] tuberculatus (Eichwald, 1830); An-
istratenko and Anistratenko, p. 185.

2003. Granulifera pulla O. Anistratenko, 2000; Anis-
tratenko et al., pp. 111, 112, figs 18-32.

MATERIAL: Sandy facies: Yaseniv (MZ VIII Mg
4523) 1, 5 jf; Oles’ko (MZ VIII Mg 4524-4526) 2 a,
1 sa, 8 fp; Pidhirtsi (MZ VIII Mg 4527, 4528) 12 jf;
Shushkivtsi (MZ VIII Mg 4529) 3 fp; Zalistsi (MZ VIII
Mg 4530, 4531) 5 a, 1 j; Vanzhuliv (MZ VIII Mg 4678)
1 a, 3 j; Varivtsi (MZ VIII Mg 4679) 1 j; Vyshhorodok
(MZ VIII Mg 4532) 1 j. Carbonate deposits: Lidykhiv
(MZ VIII Mg 4533) 1 sa; Staryi Pochaiv (MZ VIII Mg
4534) 2 a; Zhukivtsi (MZ VIII Mg 4716) 1 a, 1 sa. All
specimens are from western Ukraine.

DESCRIPTON: Shell solid, trochiform, with depres-
sed to strongly elevated conical spire. Paucispiral pro-
toconch, about 0.2 mm in width, with apical back.
Teleoconch starts without sculpture. Two smooth spi-
ral cords appearing in latter part of first teleoconch
whorl. On second or third teleoconch whorl single
spiral cord appears below adapical suture and occa-

sionally between spiral cords; cord quickly disappear-
ing in interspace. On third whorl cords transform into
rows of tubercles and remain so thereafter. One or two
secondary tuberculate cords emerging out of abapical
suture and another tuberculate cord appears between
second and third primary rows of tubercles on later
whorls in some specimens. The result are 4—6 spiral
rows of tubercles of irregular strength and position
on the penultimate whorl. Fine spiral threads in inter-
spaces between primary and secondary spiral sculp-
ture crossed by closely-set prosocline axial growth
lines. Teleoconch whorls flat-sided to convex. Suture
impressed. Last whorl rounded at periphery. Last part
of last whorl in mature shells descending noticeably
near aperture; outer lip joining penultimate whorl be-
low periphery. Base somewhat flattened, umbilicate,
bearing 57 spiral beaded cords. Umbilicus narrow
and deep, spire portion filled with callus. Basal col-
umellar tooth simple, large with 1-2 small tubercles
below and much more protruding than upper oblique
columellar fold. Umbilical denticles (3—4) more or
less prominent. Inner side of outer lip bearing 5-7
(typically 6) long labial ridges; sometimes weak labral
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denticles at ends of external spiral cords. Parietal
ridges very weak. Sculpture of slender specimens
coarser, especially on shell base, than in depressed
specimens. Interior nacreous. Colour pattern of white
spots, sometimes arranged in diagonal stripes, on
brown background, preserved in some specimens.

REMARKS: Only one specimen of Clanculus (Clan-
culopsis) tuberculatus is present in the SPbGU col-
lection. This specimen (labelled as Monodonta tu-
berculata, SPbGU 3/444) according to Eichwald’s
label originates from Zalistsi (= Salisze, Zalisce). It
was undoubtedly illustrated in Eichwald’s atlas (1850,
1851b, 1859, pl. 10, fig. 36a—c). However, the image
of the sculpture of the last whorl (pl. 10, fig. 36¢) is
not accurate. In the illustration, the rows of tubercles
are in contact, while the specimen examined (SPbGU
3/444) has the interspaces between them roughly
equal to their width.

The second morphological group distinguished
by Krach (1981, p. 43) within the subspecies C. ara-
onis tuberculatus [see remarks for C. (C.) krachi and
C. (C) robustus herein] represent “specimens with
rounded whorls with a few rows of thick tubercles,
3 on each of the side walls. Sometimes, among them
there are rows of secondary tubercles (pl. 12, figs 20,
22-27). Specimens of this group correspond to those
described by Friedberg as mut. tuberculata” (Krach
1981, p. 43, translated herein). Probably due to a print
error, the illustration in Krach (1981, pl. 12, fig. 24)
was assigned to this group, although the text above
and the description of the plate illustrations refers
it to the first morphological group, i.e., ‘robustus’.
The location ‘Eychow’ is given in the plate captions
for the specimen illustrated in Krach (1981, pl. 12,
fig. 27) but the original Krach’s label indicates the
location ‘“Weglinek’. Shells assigned by Krach (1981)
to the second morphological group are conspecific
with Eichwald’s specimen of C. (C.). tuberculatus
(SPbGU 3/444).

As can be seen from the series illustrated (Text-
figs 4A—C and 5A-Q), C. (C.) tuberculatus is inter-
preted herein as being highly variable in both shape
and sculpture. The existence of intermediate forms
between the most slender and the most depressed
forms does not allow for the separation of the two
forms. A similar variation in the shell shape was
observed by Chirli (2004, pl. 16, figs 4, 5, §-10)
in Clanculus corallinus (Gmelin, 1791) from the
Pliocene of Tuscany, Italy.

The slender specimens of C. (C.) tubercula-
tus from Weglin, Poland (Text-fig. 5A) and Staryi
Pochaiv, Ukraine (Text-fig. 4C) are almost identical

with the specimen identified as Granulifera pulla
from Weglin by Anistratenko et al. (2003, text-figs
23-25). Only juvenile specimens from the Upper
Badenian deposits of Sataniv, Ukraine were de-
scribed by Anistratenko (2000) as Granulifera pulla
gen. et sp. n. Later, Anistratenko et al. (2003) en-
riched the information about this taxon by giving
a description and illustrations of fully grown in-
dividuals and the protoconch of the juvenile shell
from Weglin. A comparative study conducted herein
shows G. pulla to be a junior subjective synonym of
Clanculus (C.) tuberculatus (Eichwald, 1830), and
thus Granulifera is a junior subjective synonym of
Clanculopsis Monterosato, 1879.

The Badenian specimens from Korytnica iden-
tified by Batuk (2006, pp. 182, 183, pl. 2, fig. 4) as
Granulifera hoernesi (Doderlein, 1862) are probably
juvenile representatives of Clanculus sp.

OCCURRENCE: Middle Miocene of the Central
Paratethys: Badenian of Austria (Sieber 1946; Man-
dic et al. 2002), Hungary (Csepreghy-Meznerics
1954, 1969b; Strausz 1966), Bulgaria (Kojumdgieva
1960), Poland (Friedberg 1928, 1938; Aren 1962;
Krach 1981; Anistratenko et al. 2003; and this study),
and western Ukraine (Eichwald 1830, 1851a, 1853;
Pusch 1837; Friedberg 1928, 1938; Kowalewski
1937; Amitrov 1961; Kulichenko and Sorochan 1968;
Anistratenko 2000; Anistratenko and Anistratenko
2001; Anistratenko et al. 2003; and this study; for
details see Appendix 2).

Subfamily Cantharidinae Gray, 1857

REMARKS: The molecular study by Williams et al.
(2008, 2010) has resulted in changes to the systematic
of this subfamily. Some taxa of the Monodontinae
Gray, 1857 (e.g., Oxystele Philippi, 1847 or Gibbula
Risso, 1826) have been transferred to the Canthari-
dinae. The Gibbulinae Stoliczka, 1868, frequently
considered a synonym of the Monodontinae, turned
out to be synonymous with the Cantharidinae. As a
result of these changes, the previous definition of this
subfamily based on morphological characters was
updated. Unfortunately, radular characters that might
be useful for defining Cantharidinae (see Williams
et al. 2010) are not possible to apply to fossil taxa.
Because the shell characters of the Cantharidinae are
very differentiated hence not unequivocal and clear,
the assignment of fossils to genera of this subfam-
ily may be debateable. The Cantharidinae currently
comprises 25 genera (MolluscaBase 2019), two of
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them, Gibbula and Jujubinus Monterosato, 1884, are
represented by the species discussed in this paper.
The genus Paroxystele Schultz, 1969 is known only
from fossil record.

This subfamily, usually associated with shal-
low rocky shores, algae and seagrasses, is mainly
a sub-tropical or temperate-water radiation, and is
widespread from the Central and Western Indo-Paci-
fic regions to the Mediterranean Sea and the Eastern
Atlantic Ocean (Williams et al. 2010; Uribe et al.
2017a). Such distribution suggests a Tethyan origin
of the group (Uribe et al. 2017a). Both molecular data
and fossil evidence from extant genera imply that
Cantharidinae first diversified in the Late Cretaceous
(Williams et al. 2010). The origin of the Mediterranean
and NE Atlantic clade dates back about 47 Ma, its
diversification into main lineages, i.e., Phorcus Ri-
sso, 1826, Jujubinus, and various Gibbula clades was
dated between 38 and 28 Ma, whereas most of the
main diversification within each genus started in
the middle Miocene at about 14 Ma and again in the
Pliocene at about 5 Ma (Uribe et al. 2017a).

Genus Gibbula Risso, 1826

TYPE SPECIES: Trochus magus Linnaus, 1758,
by subsequent designation by Herrmannsen (1847).
Recent, Mediterranean Sea.

REMARKS: The molecular studies of Williams ef al.
(2010), Barco et al. (2013), Affenzeller et al. (2017)
and Uribe et al. (2017a) have caused major changes
in the concept of the genus Gibbula which has turned
out not to be monophyletic. Species attributed to
Gibbula by Uribe et al. (2017a) were subdivided into
three clades. Accordingly, the clade including the
type species G. magus, and also G. ardens (von Salis
Marschlins, 1793), G. fanulum (Gmelin, 1791) and
G. guttadauri (Philippi, 1836) should keep the genus
name, while the remaining Gibbula clades could be
given different generic names. Moreover, Williams
et al. (2010) and Uribe et al. (2017a) have suggested
that certain species ascribed to Gibbula should prob-
ably be assigned to other genera, some of which do
not belong in the Cantharidinae. No molecular data
can be applied in the interpretation of fossil species,
therefore only the use of the shell is possible in this
case. When characterising the Gibbula shell, Knight
et al. (1960) stated that its sutures are impressed and
the umbilicus is bounded by a ridge. The merits of
the use of subgenera within Gibbula, as was done
in the literature (e.g., Batuk 1975, 2006; Iljina 1993;
Marquet 1998; Landau ef al. 2003; Chirli 2004),

are not supported by DNA data (Barco ef al. 2013;
Affenzeller et al. 2017).

Extant species of the genus Gibbula are domi-
nant elements of rocky-shore faunas in the eastern
Atlantic and Mediterranean, but they are also asso-
ciated with marine vegetation and detritic sublittoral
bottoms. According to Hickman and McLean (1990),
Gibbula appeared before the end of the Cretaceous,
but the results of the research by Uribe ef al. (2017a)
suggest that the origin of the Gibbula clades took
place towards the end of the Eocene.

Gibbula affinis (Eichwald, 1851)
(Text-fig. 6A—F)

1850. [Trochus affinis m.]; Eichwald, pl. 9, fig. 16 (at-
las) [captions to plates of the atlas were published
in Eichwald (1851a, pp. 277-284), therefore, the
name Trochus affinis was first used in 1851].

1851a. Troch.[us] affinis m.; Eichwald, pp. 113, 282.

1851b. [Trochus affinis m]; Eichwald, pl. 9, fig. 16 (at-
las).

1853. Troch.[us] affinis m.; Eichwald, pp. 227, 228.

1859. Trochus affinis; Eichwald, p. 3, pl. 9, fig. 16
(atlas).

1903. Trochus affinis Eichw. var.; Laskarev, pp. 94, 95,
pl. 5, figs 18, 19.

1903. T.[rochus] affinis Eichw.; Laskarev, pp. 94, 95,
pl. 5, figs 20-23.

1903. Trochus affinis Eichw.; Mikhailovsky, pp. 68,
69,227, pl. 4, figs 7, 8, 12—15.

part 1928. Gibbula affinis Eichw.; Friedberg, pp. 489, 490,
pl. 30, figs 24-26.
part 1928. Gibbula affinis Eichw. var. pseudangulata
Boettg.; Friedberg, pp. 491,492, pl. 31, figs 1-3.
1936b. Gibbula affinis Eichw.; Kowalewski, p. 15.
1937. Gibbula affinis Eichw.; Kowalewski, p. 7.
part 1938. Gibbula affinis Eichw.; Friedberg, p. 54.
part 1938. Gibbula affinis var. pseudangulata Boettg.;
Friedberg, p. 54.

1950. Gibbula affinis Eichw.; Krach, p. 300, pl. 1,
fig. 21.

1968. Gibbula affinis (Eichwald, 1853); Kulichenko
and Sorochan, p. 106.

1970. Gibbula affinis affinis (Eichwald); Batuk, p.
117, pl. 8, fig. 4.

1993. Gibbula (Colliculus) affinis (Eichwald, 1850);
Iljina, p. 30, pl. 2, figs 23-25.

2001. Colliculus affinis (Eichwald, 1853); Anistraten-
ko and Anistratenko, p. 190.

MATERIAL: Sandy facies: Bilozirka (MZ VIII Mg
590, 4535) 72 sh, 6 fp; Yaseniv (MZ VIII Mg 4536) 2
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Text-fig. 6. Gibbula affinis (Eichwald, 1851) from the Badenian of Ukraine. A, F — Rydomyl’; A — MZ VIII Mg 4542/3, F — MZ VIII Mg

4542/1; B — Zalistsi; MZ VIII Mg 4545/1; C, D, E — Zhukivtsi; C — MZ VIII Mg 641/1, D — MZ VIII Mg 641/2, E — MZ VIII Mg 641/3.

Ay, By, C, E, F| — apertural views; A,, D, F; — lateral views; E,, F, — umbilical views; A; — close-up of the apex in apical view; A, — details

of juvenile whorls in apical view, B; — details of juvenile whorls in oblique view, black arrow indicates demarcation between protoconch and
teleoconch. A, B are SEM images.
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sh; Korostova (MZ VIII Mg 4537) 1 j; Oles’ko (MZ
VIII Mg 4538-4540) 216 sh; Pidhirtsi (MZ VIII Mg
4541) 6 sh; Rydomyl’ (MZ VIII Mg 4542) 194 sh;
Shushkivtsi (MZ VIII Mg 4543) 48 sh; Vanzhuliv
(MZ VIII Mg 4680) 3 sh; Varivtsi (MZ VIII Mg
4681) 15 sh; Zalistsi (MZ VIII Mg 4545) 25 sh;
Zalistsi — Zhabiak ravine (MZ VIII Mg 4546) 6 sh, 1
fp; Zhukivtsi (MZ VIII Mg 641) 29 sh. All specimens
are from western Ukraine.

DESCRIPTION: Shell small, trochiform. Protoconch
paucispiral, with apical beak; terminal lip of proto-
conch simple, not thickened and with no subterminal
varix; protoconch/teleoconch boundary clearly de-
fined, fractured. Teleoconch whorls convex to almost
flat-sided. Suture impressed, linear. First teleoconch
whorl bearing three very fine spiral cords, little fur-
ther number of spiral cords increases to four, five or
six. Cords of equal or variable strength. Interspaces
between cords not always of identical width but al-
ways with prosocline lamellae, closer spaced towards
aperture. Lamellar growth lines sometimes visible
also on spiral cords. During ontogeny primary cords
dividing into two spiral cords or/and 1-2 secondary
cords intercalated in some to all interspaces in some
specimens. Last whorl rounded or slightly angular at
peripheral cord. Slightly convex shell base bearing
primary spiral cords (7 on specimen MZ VIII Mg
4542/3, Text-fig. 6A; 11 on specimen MZ VIII Mg
641/2, Text-fig. 6D), occasionally with weaker spiral
cords intercalated in some of the interspaces and pro-
socline lamellae. Umbilicus open or covered by inner
lip. Outer lip with sharp edge, in some specimens
bearing an internal ridge running paraller to lip edge
and spirally aligned ridges extending far inside aper-
ture. Aperture oval-quadrangle. Columella bearing
distinct protuberance. Interior nacreous. Some shells
with slightly stepped profile.

REMARKS: In the SPbGU collection there are only
two specimens (SPbGU 3/426) named by Eichwald as
Trochus affinis. His original label indicates that these
specimens originate from Zhukivtsi (= Shukowze).
The specimens have been recognised by the curator
of Eichwald’s collection as paratypes of 7. affinis.
The drawings of this species somewhat differ in the
subsequent editions of Eichwald’s atlas (1850, 1851b,
1859, pl. 9, fig. 16). Illustrations of the 1859 version
more accurately show the appearance of the shell
base and sculpture of the last whorl of G. affinis.
The Ukrainian shells of G. affinis show high vari-
ability in size, outline and sculpture, which is prob-
ably the reason why Friedberg (1928) distinguished

the variety pseudangulata Boettger, 1907. The spe-
cies name for the specimens from the Badenian de-
posits of Costei, Romania, used by Boettger (1907, p.
181) to designate a new species ‘Gibbula (Colliculus)
pseudangulata Boettger, 1907°, is preoccupied by
the name of the species Trochus pseudoangulatus
Sincov, 1875, described from the Sarmatian deposits
of Chisinau, Moldova (Sincov 1875, pp. 52, 53, pl. 4,
figs 17, 18). Iljina (1993, p. 30) recognised Boettger’s
species name as the junior homonym of the species of
the same family, established by Sincov (1875), there-
fore she replaced it with a new name boettgeri. The
name was accepted by Batuk (2006, p. 182). The spe-
cies Gibbula boettgeri Iljina, 1993 is clearly different
from G. affinis (Eichwald, 1851).

Specimens recognised by Friedberg as G. affinis
var. pseudangulata from different locations, stored in
the ZNG PAN collection, belong to different species,
including G. affinis, Jujubinus celinae (Andrzejowski,
1833) and G. boettgeri. Only the specimens from
Niskowa, Poland (ZNG PAN A-I-50/1619) represent
the latter species.

The placement of Hungarian specimens (Strausz
1966, p. 35, pl. 52, figs 14—-16) in G. affinis is ques-
tionable.

OCCURRENCE: Lower Miocene of the Proto-Medi-
terranean Sea: Burdigalian of Iran (Harzhauser et al.
2002). Middle Miocene of the Central Paratethys:
Badenian of Austria (Sieber 1946; Glibert 1962),
Hungary (Kokay 1985), Poland (Liszka 1933;
Krach 1950, 1962; Ney 1969; Batuk 1970; Urbaniak
1974) and western Ukraine (Eichwald 1851a, 1853;
Laskarev 1903; Friedberg 1928, 1938; Kowalewski
1936b, 1937; Kulichenko and Sorochan 1968;
Anistratenko and Anistratenko 2001; and this study;
for details see Appendix 2); Eastern Paratethys:
Tarkhanian of southern Ukraine (Mikhailovsky
1903; Anistratenko and Anistratenko 2001); Kon-
kian of Kazakhstan (Iljina 1993); Paratethys: Sarma-
tian (= upper Serravallian) of Austria (Papp 1954),
western Ukraine (Friedberg 1928; Kulichenko and
Sorochan 1968; Anistratenko and Anistratenko
2001), Poland (Friedberg 1928, 1938). ?Upper Mio-
cene of the Proto-Mediterranean Sea: Tortonian of
France (Glibert 1962).

Gibbula biangulata (Eichwald, 1830)
(Text-fig. 7A-D)

1830. T.[rochus] biangulatus, m.; Eichwald, p. 221.
1833. Trochus Andrzejowskii Pusch.; Andrzejowski,
pp- 445, 446, pl. 12, fig. 2.
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1837. Trochus Andrzeiowskii m.; Pusch, p. 108, pl. 10,

fig. 12.

[Trochus biangulatus m.]; Eichwald, pl. 9, fig.

12 (atlas).

1851a. Troch.[us] biangulatus m.; Eichwald, pp. 112,
281.

1851b.[Trochus biangulatus m.]; Eichwald, pl. 9, fig.

12 (atlas).

Troch.[us] biangulatus m.; Eichwald, pp. 226,

227.

Trochus biangulatus Eichw.; Hornes, p. 460, pl.

45, fig. 15.

Trochus biangulatus; Eichwald, p. 3, pl. 9, fig.

15 (atlas).

[Gibbula (1Ph.[orculellus)] biangulatus var.

porella (De Greg.); Sacco, p. 37, pl. 4, fig. 14.

Gibbula (Colliculus) biangulata [Eichw.]; Coss-

mann and Peyrot, pp. 124-126, pl. 4, figs 20-22

[= Gibbula aquitanica Cossmann and Peyrot,

1917].

Trochus biangulatus Eichwald; Cossmann, p.

232 [= Gibbula aquitanica Cossmann and Pey-

rot, 1917].

Gibbula (Colliculus) biangulata [Eichwald];

Cossmann, pl. 8, figs 11, 12 [= Gibbula aqui-

tanica Cossmann and Peyrot, 1917].

1850.

1853.

1856.

1859.

1896.

*1918.
1928.

Tr.lochus] biangulatus Eichw.; Cossmann, p. 233.
Gibbula biangulata Eichw.; Friedberg, pp. 486,
487, pl. 30, fig. 20.

1938. Gibbula biangulata Eichw.; Friedberg, p. 53.
1949a. Gibbula biangulata Eichwald, sp. 1830; Gli-
bert, p. 58, pl. 3, fig. 8, excl. reference.
Gibbula biangulata Eichw.; Strausz, pp. 8, 77,
89, pl. 6, fig. 136.

Gibbula biangulata (Eichwald); Boda, pp. 609,
703, pl. 22, figs 6, 7 [= Gibbula auingeri (Fuchs,
1873)].

Gibbula biangulata Eichwald; Strausz, p. 127,
pl. 52, figs 21-23; pl. 53, figs 1-3.

Gibbula biangulata Eichwald, 1830; Strausz,
pp. 35, 36, pl. 52, figs 21-23; pl. 53, figs 1-3.
Gibbula biangulata (Eichwald, 1830); Kuli-
chenko and Sorochan, p. 107.

1969b. Gibbula (Colliculus) biangulata (Eichw.); Cse-
preghy-Meznerics, p. 18, pl. 1, fig. 3.

Gibbula (Gibbula) cf. varia (Linnaeus, 1766);
Baluk, p. 35, pl. 3, fig. 1.

Gibbula (Colliculus) biangulata (Eichwald,
1830); Svagrovsky, pp. 106, 107, pl. 32, fig. 8.
Gibbula (Colliculus) biangulata (Eichwald,
1830); Nikolov, p. 66, pl. 1, figs 10, 11.
Gibbula cf. varia (Linné); Kokay, p. 455, pl. 1,
figs 4, 5.

1954.

1962.

1966.

1968.

1975.

1981.

1993.

1996.

2001. G.[ibbula] biangulata (Eichwald, 1830); Anis-
tratenko and Anistratenko, p. 186.

Gibbula (Gibbula) varia (Linnaeus, 1766 [sic]);
Batuk, p. 182, pl. 2, figs 1, 2 [non Steromphala
varia (Linnaus, 1758)].

Gibbula (Gibbula) biangulata (Eichwald,
1830); Sladkovskaya, p. 1517, excl. figs.
Colliculus biangulatus (Eichwald, 1830); Lan-
dau et al., pp. 102, 103, pl. 27, fig. 1.
Steromphala  biangulata (Eichwald,
Landau et al., p. 178.

2006.

7part 2017.
2017.

2018. 1830);

MATERIAL: Sandy facies: Varivtsi (MZ VIII
Mg 4682) 1 j; Zalistsi (MZ VIII Mg 4547) 2 j, 8 jf.
Carbonate deposits: Staryi Pochaiv (MZ VIII Mg
4548) 4 jf; Zhukivtsi (MZ VIII Mg 4713) 1 jf. All
specimens are from western Ukraine.

DESCRIPTION: Shell small, trochiform, with some-
what elevated, scalate spire. Protoconch convex with
apical beak and subterminal varix (see Text-fig. 7As).
Teleoconch of largest specimen consisting of four
whorls, aperture damaged. First teleoconch whorl con-
vex, bearing three spiral cords and relatively strong
prosocyrt ribs. Abapically, cords increase in number,
closely-set axial prosocline ribs conformable with
growth lines gradually become stronger. Spiral cords
crossed by oblique ribs forming fine reticulated pat-
tern on last whorl. Typically, shoulder appears in up-
per part of third whorl and continues on subsequent
ones delimiting almost horizontal subsutural platform;
whorl profile below flat. Strongly developed, raised
peripheral keel delimiting the base; until third teleo-
conch whorl, keel crenulated forming a wavey appear-
ance of the periphery (see Text-fig. 7B,). Base convex,
bearing spiral cords crossed by axial ribs, perforate;
umbiliculus deep, moderately wide, round-edged. Last
whorl of specimen MZ VIII Mg 4682 with 25 spiral
cords, of variable strength, of which 13 are on the base.

REMARKS: Only one specimen of Gibbula biangu-
lata with Eichwald’s label is present in the SPbGU
collection. This specimen (SPbGU 3/424) originates
from Zhukivtsi. Its aperture is damaged. There is no
certainty that this is the specimen used by Eichwald
to illustrate Trochus biangulatus because none of the
specimens illustrated (Eichwald 1850, pl. 9, fig. 12;
1851b, pl. 9, fig. 12; 1859, pl. 9, fig. 15) is fully com-
patible with specimen SPbGU 3/424, although proba-
bly all represent the same species.

Comparison of the specimen from Varivtsi (MZ
Mg VIII 4682; Text-fig. 7A) with specimen SPbGU
3/424 showed that at the same stage of growth the
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Text-fig. 7. Gibbula biangulata (Eichwald, 1830) from the Badenian of Ukraine. A — Varivtsi; MZ VIII Mg 4682; B — Staryi Pochaiv; MZ VIII

Mg 4548/1; C, D — Zhukivtsi; C — ZNG PAN 1-A-50/1590a, D — ZNG PAN I A-50/1590b. A, D, — apertural views; A,, By, C, D, — lateral

views; A;, B, — apical views; A4 — close-up of the apex in apical view; A5 — details of juvenile whorls in apical view, black arrow indicates
subterminal varix of protoconch. A, B are SEM images.

specimens are very similar to each other. Slight dif-
ferences are in the axial sculpture, which in specimen
SPbGU 3/424 is somewhat finer. Only on the last,
sixth whorl of specimen SPbGU 3/424, its shoulder
attains the characteristic form of a prominent rounded
keel, which is covered with spiral cords. It can be
assumed that this feature would have revealed itself
on the sixth, not formed, whorl of the specimen from
Varivtsi if the shell growth had not been interrupted.
On specimens G. biangulata from Zhukivtsi (ZNG
PAN I-A-50/1590a, b) illustrated herein (Text-fig. 7C,
D, respectively), the upper keel near the aperture is
flattened. The shell (ZNG PAN I-A-50/1588) illus-
trated by Friedberg (1928, pl. 30, fig. 20) is not fully

grown. This specimen and two other specimens from
the Friedberg collection (ZNG PAN I-A-50/1589,
1591a) have very weak folds on the subsutural ramp,
somewhat a wavey appearance of the shoulder and
peripheral keel on the last whorl preserved.

The specimens of G. biangulata from the MZ col-
lection are incomplete, without the characteristic last
whorl. However, SEM images allow the identification
of significant differences between species which ap-
pear to be similar to each other — G. biangulata and
G. podhorcensis (Friedberg, 1928). It seems that the
protoconchs of both species look the same (almost the
same width, the presence of apical beak and subter-
minal varix), but the shape of the teleoconch whorls
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and their sculpture are clearly different (compare
Text-fig. 7 with Text-fig. 12).

Specimens of other species with the last whorl bi-
angular were included in G. biangulata. Cossmann
and Peyrot (1917, pl. 4, figs 20-22; 1918, pl. 8, figs
11, 12) illustrated the specimen from the Aquitanian
of Mérignac (Aquitaine Basin, France) under the
name G. (C.) biangulata; it is recorded on the web-
site of the Muséum national d’Histoire naturelle
(MNHN.F.J04591). According to Lozouet ef al. (2001)
and Landau et al. (2017), the specimen belongs to
Colliculus aquitanicus (Cossmann and Peyrot, 1917).
This decision is followed herein, as these authors prob-
ably had the type material at hand to understand the
intraspecific variability of Gibbula aquitanica. Boda
(1959, pl. 22, figs 6, 7) identified a shell from the
Sarmatian of Hungary as G. biangulata; in fact it rep-
resents Gibbula auingeri (Fuchs, 1873). Sladkovskaya
(2017) considered G. auingeri to be a subspecies of
G. biangulata. 1 prefer to retain it at full species level.
Gibbula auingeri differs in being smaller-shelled, with
fewer whorls (5.5 in Sladkovskaya 2017, p. 1519 vs. 7 in
ZNG PAN I-A-50/1590a, b) and spiral cords, in having
stronger, less closely spaced axial ribs and a sharper,
more elevated upper keel not covered with spiral cords.

The Badenian specimen of G. (C.) biangulata illus-
trated by Nikolov (1993, pl. 1, figs 10, 11) from Opanec
in Bulgaria is very similar to the Badenian specimens
from Korytnica identified by Batuk (2006, p. 182,
pl. 2, figs 1, 2) as Gibbula (Gibbula) varia (Linnaus,
1758), which was placed by Affenzeller et al. (2017)
in the genus Steromphala Gray, 1847 (Gray 1847b).
At the same stage of ontogenetic growth they all are
almost the same as specimens of G. biangulata (ZNG
PAN I-A-50/1590a, b), and vary in having less prom-
inent keels and thus a slightly different shape of the
whorls. The specimens from Opanec and Korytnica
represent immature forms of G. biangulata.

Landau et al. (2017, p. 102) placed this species in
the genus Colliculus Monterosato, 1888. However, the
genus was invalidated because, based on genetic data,
Affenzeller et al. (2017) included Trochus adansonii
Payraudeau, 1826, the type species of Colliculus, in
Steromphala, a genus validated by them. Therefore,
Colliculus became a junior synonym of Steromphala.
Consequently, Landau et al. (2018, p. 178) changed
the generic assignment of the species biangulata to
Steromphala. However, it should be retained within
Gibbula, because G. biangulata is much closer to
G. magus, the type species of the genus Gibbula,
than to S. cineraria (Linnzus, 1758), the type species
of the genus Steromphala. Moreover, G. biangulata
has weak folds on the subsutural ramp seen in some

specimens, and the last whorl is biangular with an el-
evated peripheral keel delimiting base like G. magus,
which is known from the Pliocene till present (see
Ceulemans et al. 2016). Such shell characters are not
present in S. cineraria (see Affenzeller et al. 2017, pp.
803, 804, fig. 5).

Dollfus and Dautzenberg (1886, p. 142) and also
Peyrot (1938, pp. 27, 28) synonymised 7. biangulatus
Eichwald, 1830 with 7. biangulatus Dujardin, 1837.
It seems that Dujardin (1837, p. 286) introduced ex-
actly the same name for the same species, which he
described from the middle Miocene of the Touraine
Basin, France, without referring to Eichwald (1830).
Probably, he was not aware of Eichwald’s publication
and the case is an unusual coincidence.

OCCURRENCE: Lower Miocene of the Western and
Central Paratethys: Burdigalian of Switzerland (Mayer
1872), ?Austria (Steininger 1963). Lower to upper
Miocene of the Proto-Mediterranean Sea: Burdigalian
and Tortonian of Italy (Sacco 1896). Middle Miocene
of the northeastern Atlantic in France (Dujardin 1837,
Mayer 1862; Dollfus and Dautzenberg 1886; Coss-
mann 1918; Peyrot 1938; Glibert 1949a, 1962); Central
Paratethys: Badenian of Austria (Hornes 1856; Sieber
1946; Mandic et al. 2002), Czech Republic (Hornes
1856), Hungary (Csepreghy-Meznerics 1954, 1969b;
Strausz 1954, 1962, 1966; Kokay 1996; Katona et al.
2011), Bulgaria (Nikolov 1993), Romania (Boettger
1902), Slovakia (Svagrovsky 1981), Poland (Friedberg
1928; Liszka 1933; Aren 1962; Urbaniak 1974; Baluk
1975, 2006) and western Ukraine (Eichwald 1830,
1851a, 1853; Andrzejowski 1833; Pusch 1837; Hornes
1856; Friedberg 1928, 1938; Kulichenko and Sorochan
1968; Anistratenko and Anistratenko 2001; and
this study; for details see Appendix 2); Paratethys:
Sarmatian (= upper Serravallian) of western Ukraine
(Anistratenko and Anistratenko 2001). Upper Mio-
cene of the northeastern Atlantic: Tortonian of France
(Landau et al. 2017).

Gibbula dzieduszyckii Friedberg, 1928
(Text-fig. 8A—C)

1928. Gibbula Drzieduszyckii Friedb.; Friedberg, pp.
492, 493, pl. 31, figs 4-6.

1938. Gibbula Dzieduszyckii Friedb.; Friedberg, p. 54.

1968. Gibbula dzieduszyckii Friedberg, 1928; Kuli-
chenko and Sorochan, p. 108.

non 1970. Gibbula dzieduszyckii Friedberg; Batuk, p. 117,

pl. 8, fig. 6 [= Gibbula mimula Boettger, 1907].

1977. Gibbula dzieduszyckii Friedberg, 1928; Jakubo-
wski, p. 107, pl. 13, figs 12, 13.
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Text-fig. 8. Gibbula dzieduszyckii Friedberg, 1928 from the Badenian of Ukraine. A, B — Zalistsi — Zhabiak ravine; A — MZ VIII Mg 4567/2,
B —MZ VIII Mg 4567/1; C — Oles’ko; MZ VIII Mg 4566/1. Ay, By, C; — apertural views; A, — apical view; A3, B, — details of juvenile whorls
in apical views; A4, C, — umbilical views; C; — lateral view. A, B are SEM images.

2001. C.[olliculus] dzieduszyckii (Friedberg, 1928); Ani-
stratenko and Anistratenko, p. 190.

MATERIAL: Sandy facies: Yaseniv (MZ VIII
Mg 4565) 4 sh; Oles’ko (MZ VIII Mg 4566) 47 sh;
Zalistsi — Zhabiak ravine (MZ VIII Mg 4567) 4 sh.
All specimens are from western Ukraine.

DESCRIPTION: Shell small, somewhat barrel-like,
with convex whorls. Sculpture consisting of spiral

cords with pustules in the interspaces and fine pro-
socline growth lines, closer spaced towards aperture.
Protoconch paucispiral, with apical beak. Junction
with teleoconch marked by beginning of spiral sculp-
ture. On first teleoconch whorl sculpture of four rel-
atively strong spiral cords, increasing in number to
six, occasionally five or seven on lateral flank of last
whorl; sometimes some of the primary cords bifid or
triple, a single spiral thread developed in some of the
interspaces. Narrow sutural ramp developed on third,
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fourth, sometimes also on fifth teleoconch whorl in
many specimens, disappearing with ontogeny; sec-
ond, occasionally first, primary cord forming shoul-
der. Suture linear, impressed. Last whorl rounded at
periphery in adult specimens, somewhat angulated in
juveniles. Base convex, bearing spiral cords of irreg-
ular strength and position (9 on specimen MZ VIII
Mg 4566/1, Text-fig. 8C; 12 on specimen MZ VIII
Mg 4567/2, Text-fig. 8A). Umbilicus deep, completly
open or partly covered by inner lip. Aperture circu-
lar; outer lip with bevelled edge. Columella bearing
weak swelling. Colour pattern of vertical flammules
preserved in some specimens.

REMARKS: The syntypes of G. dzieduszyckii from
the Badenian deposits of Oles’ko, Ukraine are present
in the ZNG PAN collection (ZNG PAN A-1-50/1625—
1627). When introducing this species, Friedberg
(1928, pl. 31, figs 4—6, figures of poor quality) illus-
trated three specimens, indicating some variability in
sculpture and shell outline. A reinvestigation of the
syntypes showed that fig. 4 of Friedberg (1928; ZNG
PAN A-1-50/1625) shows a specimen with six spiral
cords and one or two threads in some of the inter-
spaces on the lateral flank of the last whorl; the most
adapical and peripheral cords are triple, there are four
intermediate cords on the lateral flank and four cords
(out of eleven) on the upper half of the base are bifid;
fig. 5 of Friedberg (1928; ZNG PAN A-1-50/1626a)
shows a shell, in which the first preserved teleoconch
whorl bears four spiral cords of almost equal strength
separated by interspaces of unequal width. At the
beginning of the second whorl the adapical cord
strengthens to form a shoulder, and a relatively wide,
horizontal sutural ramp becomes steeper abapically
while the shoulder fades; on third whorl a fifth weak
cord appears close to the adapical suture, gaining in
strength, and the sixth cord is partially hidden in the
abapical suture; on the lateral flank of the last convex
whorl there are six spiral cords and two spiral threads
not clearly visible in the adapical interspace; the dou-
bleness and triple character of some cords are very
poorly visible and only seen in some of their parts;
fig. 6 of Friedberg (1928; ZNG PAN A-1-50/1626b)
shows a shell with the protoconch and two first te-
leoconch whorls with an eroded surface, and with
six spiral cords on the lateral flank of the last whorl,
from which only the second and peripheral cords and
also the fourth out of eight cords on the base are bifid.

Friedberg (1938, p. 54) himself was unsure if this
was a distinct species or variety of G. affinis. Indeed,
the shells identified here as G. dzieduszyckii are very
similar to those of G. affinis with relatively convex

whorls. However, G. dzieduszyckii differs from G.
affinis in its sculpture of the early teleoconch whorls
and aperture outline, in having a round shell profile
and spherical last whorl, therefore both taxa can be
separated at species level.

OCCURRENCE: Middle Miocene of the Central
Paratethys: Badenian of Poland (Ney 1969; Jakubo-
wski 1977) and western Ukraine (Friedberg 1928,
1938; Kulichenko and Sorochan 1968; Anistratenko
and Anistratenko 2001; and this study; for details see
Appendix 2).

Gibbula miocaenica (Mayer, 1853)
(Text-fig. 9A—F)

1837. Trochus incrassatus. Duj.; Dujardin, pp. 285,
286 [non Lamarck, 1822 = Trochus stellatus
Gmelin, 1791; after MolluscaBase 2019].

*1853. Trochus mioccenicus, May.; Mayer, p. 98 [nom.
nov. pro Trochus incrassatus Dujardin, 1837,
non Lamarck, 1822].

1938. Monodonta (Osilinus) mioccenicus Mayer; Pey-
rot, pp. 22, 23, pl. 1, figs 17-19.

1938. Monodonta [(Osilinus)] miocenicus May., var.
pyramidata Peyr.; Peyrot, p. 23, pl. 1, fig. 33
[non figs 41, 42 = Pyrgulina (Chrysallida) pul-
cherrima Peyrot, 1938].

part 1938. Gibbula novemcincta de Buch; Friedberg, p. 51.
1949a. Monodonta (Osilinus) miocanica Mayer, sp.
1853; Glibert, pp. 61, 62, pl. 3, fig. 11.

1961. Gibbula sytovae Amitrov, sp. nov.; Amitrov, pp.
41-48, pl. 6, figs 1-4.

1968. Gibbula sytovae Amitrov, 1961; Kulichenko
and Sorochan, p. 112.

part 1981. Oxystele orientalis Cossmann — Peyrot 1917,
Krach, p. 45, pl. 13, figs 3, 4.

2001. G.[ibbula] sytovae Amitrov, 1961; Anistratenko

and Anistratenko, p. 189.

MATERIAL: Sandy facies: Yaseniv (MZ VIII Mg
4568) 7 j; Kalaharivka (MZ VIII Mg 4686) 1 j;
Oles’ko (MZ VIII Mg 4569, 4570) 1 af, 1 j; Sataniv
(MZ VIII Mg 4687) 6 sh; Zalistsi (MZ VIII Mg 4571)
2 a. All specimens are from western Ukraine.

DESCRIPTION: Amitrov (1961, pp. 41-48) provided
a detailed description of specimens from Sataniv,
Ukraine. The juvenile specimen from Yaseniv (Text-
fig. 9D) differs from the specimen from Sataniv
(Text-fig. 9C) in being less slender and in having
a finer sculpture, but its shape is similar to that of
the French shell (Text-fig. 9E). These differences are
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Text-fig. 9. Gibbula miocaenica (Mayer, 1853) from the middle Miocene of Ukraine and France. A, B, C — Sataniv, Ukraine; A — MZ VIII Mg
4687/1,B—MZ VIII Mg 4687/2, C—MZ VIII Mg 4687/3; D — Yaseniv, Ukraine, MZ VIII Mg 4568/1; E, F — Ferriere-Larcon, France; E—MZ VIII
Mg 2707/1, F —MZ VIII Mg 2707/2. A, B, C, Dy, E, F — apertural views; D, — oblique umbilical view, D; — apical view. D;—D; are SEM images.

considered to be caused by intraspecific variation.
Colour pattern of reddish irregular, elongate blotches
is preserved in some of the Ukrainian and French
specimens.

REMARKS: Trochus incrassatus Dujardin, 1837 is
a junior homonym of the extant Indo-Pacific Trochus
incrassatus Lamarck, 1822 (now accepted as Trochus
stellatus Gmelin, 1791), therefore Mayer (1853) pro-
posed Trochus mioceenicus as the replacement name.
Dujardin (1837) provided only a diagnosis and de-

scription, without any illustration, of his 7. incras-
satus from the middle Miocene of the Loire Basin,
France. Dujardin’s collection could not be located
during this study. Fortunately, the photographs of the
middle Miocene shells of the species from the Loire
Basin published by Peyrot (1938) and Glibert (1949a)
are of good quality.

Later, Amitrov (1961) established a new species
Gibbula sytovae based on the Badenian shells from
Sataniv, Ukraine. The type material, including the ho-
lotype (PIN 1467/500), of the species is present in the
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PIN collection. With the courtesy of the late Lubov B.
Iljina (PIN), the MZ collections were made available
with six specimens from Sataniv (MZ VIII Mg 4687,
former number PIN 1467/504), identified by the late
O.V. Amitrov (PIN) as the paratypes of G. syfovae.

Some specimens from the Badenian of Lychow
and Weglinek (Roztocze Hills, Poland) identified by
Krach (1981) as O. orientalis have turned out to be
conspecific with ‘G. syfovae’. The illustrated shells
from Weglinek (Krach 1981, pl. 13, figs 3, 4) are
poorly preserved, with their last whorls detached.
Because of the incorrect magnification value in the
plate caption, the measurements of these specimens
(ZNG PAN A-1-87/82a.1 and ZNG PAN A-1-87/82a.2,
respectively) are provided in Appendix 1. Three
specimens from Lychow (ZNG PAN A-1-87/82b.1-3)
consisting of about the last two whorls are from 29 to
31 mm wide.

The Ukrainian and Polish specimens examined
have fine spiral threads in interspaces between pri-
mary spiral cords on later teleoconch whorls, not seen
in the French specimens. However, Amitrov’s (1961,
p- 42) description shows that they are not always pres-
ent in his species.

The very large similarity of the Ukrainian and
Polish specimens with specimens of G. miocaenica
from Ferriére-Larcon (Loire Basin, France) — MZ
VIII Mg 2684, 2707 and illustrated by Glibert (1949a,
pl. 3, fig. 11) — suggests that they represent a single
highly variable species, and consequently G. sytovae
should be considered as a junior subjective synonym
of G. miocaenica.

OCCURRENCE: Lower Miocene of the Western
Paratethys: Burdigalian of Germany (Mayer 1853),
Switzerland (Mayer 1872), France (Locard 1878).
Middle Miocene of the northeastern Atlantic of
France (Dujardin 1837, Mayer 1862; Dollfus and
Dautzenberg 1886; Peyrot 1938; Glibert 1949a, b,
1962; and this study); Central Paratethys: Badenian of
Poland (Krach 1981) and western Ukraine (Friedberg
1938; Amitrov 1961; Kulichenko and Sorochan 1968;
Anistratenko and Anistratenko 2001; and this study;
for details see Appendix 2).

Gibbula novemcincta (von Buch, 1830)
(Text-figs 10A—B and 11A-G)

1830. Trochus novemcinctus nov.; von Buch, p. 132.

1831. Trochus novemcinctus, de Buch; du Bois de
Montpéreux, p. 39, pl. 3, figs 17-19.

1928. Gibbula novemcincta de Buch.; Friedberg, pp.
497,498, pl. 31, figs 13, 14.

1928. Gibbula volhynica Friedb.; Friedberg, pp. 496,
497, pl. 31, figs 9-11.

1937. Gibbula volhynica Friedb.; Kowalewski, p. 8.

1937. Gibbula novemcincta de Buch; Kowalewski, p. 8.

part 1938. Gibbula volhynica Friedb.; Friedberg, p. 51.
part 1938. Gibbula novemcincta de Buch; Friedberg, p. 51.

1968. Gibbula novemcincta [(Buch) Dubois de Mont-
pereux, 1831]; Kulichenko and Sorochan, p. 109,
pl. 29, figs 14, 15 [figures from Friedberg 1928,
pl. 31, fig. 13a-b].

1968. Gibbula volhynica Friedberg, 1928; Kulichenko
and Sorochan, p. 113, pl. 30, fig. 12 [figure from
Friedberg 1928, pl. 31, fig. 9].

1968. Gibbula (Colliculus) volhynica Friedberg, 1928;
Hinculov, p. 119.

*1969. G.[ibbula] volhynica Friedb.; Ney, 61.

2001. Steromphala novemcincta (Buch in Dubois de
Montpereux); Anistratenko and Anistratenko, p.
192.

2001. S.[teromphala)] volhynica (Friedberg, 1928); An-
istratenko and Anistratenko, p. 192.

MATERIAL: Sandy facies: Bilozirka (MZ VIII Mg
591, 4572) 53 sh; Korostova (MZ VIII Mg 4573) 1 a;
Ohryzkivtsi (MZ VIII Mg 4574) 1 a; Oles’ko (MZ
VIII Mg 4575) 1 a; Shushkivtsi (MZ VIII Mg 4576)
3 a; Vyshhorodok (MZ VIII Mg 4577) 1 sa; Zalistsi
(MZ VIII Mg 4578, 4579) 7 sh. All specimens are
from western Ukraine.

DESCRIPTION: Shell trochiform, with depressed to
somewhat elevated conical spire. Protoconch with
apical beak. Apical whorls surface badly preserved;
protoconch/teleoconch boundary not visible. Suture
linear, impressed. Teleoconch whorls with periph-
ery at abapical suture, first two to three whorls
weakly convex, subsequent whorls flat-sided to con-
cave. Periphery of later whorls usually marked by
swell which overhangs suture. Sculpture of earliest
teleoconch whorls not preserved. Later teleoconch
whorls bearing 7-9 spiral cords of equal or different
strength; occasionally a single spiral thread inter-
calated in some of the interspaces on the last two
teleoconch whorls; peripheral spiral threads visible
only on better preserved specimens. Whole whorl
surface and cords covered with very fine, close-
ly-set, strongly prosocline growth lines. Almost flat
conical base bearing concentric cords of unequal
thickness (13 in specimen MZ VIII 4578/2, Text-fig.
11E; 19 in specimen MZ VIII Mg 4573, Text-fig.
11G). Umbiliculus deep, more or less wide. Aperture
sub-quadrangular; outer lip with sharp edge, angled
at periphery, joining penultimate whorl below pe-
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Museum fiir Naturkunde Berlin

MB.Ga.13038.1-2
Trochus novemcinctus
L. v. Buch
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Text-fig. 10. Syntypes of Gibbula novemcincta (von Buch, 1830) from the Badenian of Bilozirka, Ukraine. A — MB.Ga.13038.1, B —
MB.Ga.13038.2. A, B, — apical views; A,, B, — apertural views; Az, B; — umbilical views. Illustrated are also the original and contemporary
museum labels. Photographs by A. Abele.

riphery. Columella straight, bearing a protuberance.
Colour pattern consisting of fine, axial, single wavey
stripe between almost semicircular blotches adjacent
to abapical suture (this pattern continuing onto base
of the last whorl) and dots on the upper cords pre-
served in some specimens (Text-fig. 11E, F).

REMARKS: This species was described by von

Buch (1830, p. 132) referring to shells collected by
du Bois de Montpéreux at Bilozirka, Volhynia in
the Ukraine. Two syntypes of Trochus novemcinc-
tus (MB.Ga.13038.1-2; Text-fig. 10A, B herein) are
present in the MfN collection. In 1929 Friedberg saw
the du Bois de Montpéreux’s molluscan collection
from Volhynia, housed in the ETHZ. As a result, in
the commentary to 7. novemcinctus from the col-
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Text-fig. 11. Gibbula novemcincta (von Buch, 1830) from the Badenian of Ukraine. A, C, E — Zalistsi; A— MZ VIII Mg 4578/1, C — MZ VIII

Mg 4579/1, E—MZ VIII Mg 4578/2; B — Bilozirka; MZ VIII Mg 4572/1; D — Shushkivtsi; MZ VIII Mg 4576/2; F — Vyshhorodok; MZ VIII Mg

4577; G — Korostova; MZ VIII Mg 4573. A, By, C, D, E|, F,, G, —apertural views; A, B, F,, G| —apical views; A; — close-up of teleoconch
surface; A, — apex in apical view; E,, F3, G3 — umbilical views. Ay—A,, B are SEM images.
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lection of du Bois de Montpéreux (1831), Friedberg
(1930, p. 368) said that among eight specimens from
Shushkivtsi, in addition to typical lower specimens,
there are also more slender specimens, which corre-
spond to his species Gibbula volhynica, described
from the same locality. Later, in the catalog of his
collection, Friedberg (1938, p. 51) stated, with re-
gard to G. volhynica, that perhaps this form should
be considered only as a variety of G. novemcincta.
This view was also shared by Kowalewski (1937, p.
8). The collection of du Bois de Montpéreux (1831)
was not found in the ETHZ (Andreas Miiller, pers.
comm. 2019) and is most probably lost. Of syntypes
of G. volhynica (ZNG PAN A-1-50/1639, 1640), Fried-
berg (1928, pl. 31, figs 9-11) provided illustrations
of only two and not three specimens of his species,
as it might seem from their numbering on the plate.
His figs 9 and 10a show specimen ZNG PAN A-I-
50/1639a, and figs 10b and 11 show specimen ZNG
PAN A-1-50/1639b.

Friedberg’s doubts about the separateness of his
species seem fully justified. The specimens exam-
ined both in the Friedberg collection in ZNG PAN
and the MZ collection are only different forms of a
single species and, consequently, G. volhynica is a
junior subjective synonym of G. novemcincta.

OCCURRENCE: Middle Miocene of the Central
Paratethys: Badenian of Poland (Ney 1969), Romania
(Hinculov 1968) and western Ukraine (von Buch
1830; du Bois de Montpéreux 1831; Mikhailovsky
1903; Friedberg 1928, 1938; Kowalewski 1937
Kulichenko and Sorochan 1968; Anistratenko and
Anistratenko 2001; and this study; for details see
Appendix 2).

Gibbula podhorcensis (Friedberg, 1928)
(Text-fig. 12A)

1928. Pseudonina (?) podhorcensis Friedb.; Friedberg,
pp- 519, 520, pl. 33, fig. 9 (holotype).
*1937. Pseudonina (?) podhorcensis Friedb.; Kowalewski,
p- 8.
1938. Pseudonina (?) podhorcensis Friedb.; Friedberg, p.
49.
?1969a. Gibbula (Colliculus) biangula obtusata n. ssp.;
Csepreghy-Meznerics, p. 67, pl. 1, figs 1, 5, 8.
?1969b. Gibbula (Colliculus) biangulata obtusata n. ssp.;
Csepreghy-Meznerics, p. 18, pl. 1, figs 2, 6, 7.
1975. Gibbula (Gibbula) podhorcensis (Friedberg, 1928);
Batuk, p. 34, pl. 3, figs 2, 3.
2001. G.[ibbula] podhorcensis (Friedberg, 1928); Anis-
tratenko and Anistratenko, p. 187.

Text-fig. 12. Gibbula podhorcensis (Friedberg, 1928) from the Badenian of Varivtsi, Ukraine; MZ VIII Mg 4688. A — apertural view; A, —
lateral view; A3 — apical view; A4 — close-up of teleoconch in lateral view; As, A — details of juvenile whorls in apical views. Black arrow
indicates subterminal varix of protoconch. SEM images.
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MATERIAL: Sandy facies: Pidhirtsi (MZ VIII Mg
4580) 2 jf, 2 fp; Varivtsi (MZ VIII Mg 4688) 1 j;
Zalistsi (MZ VIII Mg 4544) 1 jf. All specimens are
from western Ukraine.

DESCRIPTION: Shell small, trochiform, with de-
pressed, scalate spire, base weakly convex, perforate,
suture linear. Sculpture consists of numerous spi-
ral cords crossed by lamellar, closely-set prosocline
growth lines. Protoconch smooth, with prominent sub-
terminal varix and apical beak (Text-fig. 12A¢). First
teleoconch whorl convex, bearing three spiral cords
and slightly curved axial ribs. On second teleoconch
whorl axial ribs disappear. On subsequent whorls,
strongly developed, raised, spiral cord delimiting hor-
izontal to slightly inclined subsutural platform, whorl
profile below vertical. Last whorl strongly biangular,
a raised peripheral keel delimiting base; whorl profile
between keels somewhat concave. Last whorl of spec-
imen MZ VIII Mg 4688 with 38 spiral cords, of which
17 on base. Base slightly convex, with a deep, open
umbilicus. Aperture oblique, oval. Columella bearing
single, prominent, basal columellar tooth.

REMARKS: The specimen from Varivtsi (MZ VIII
Mg 4688; Text-fig. 12A) agrees with the holotype of
Pseudonina (?) podhorcensis described by Friedberg
(1928, pp. 519, 520, pl. 33, fig. 9) from Pidhirtsi,
Ukraine (ZNG PAN A-1-50/1742). Friedberg (1928)
had only a juvenile shell, so he was not certain of its
generic position. Batuk (1975) placed this species in
the genus Gibbula based on adult specimens from the
Badenian of Korytnica, Poland.

Gibbula podhorcensis from the middle Miocene
Langhian deposits of Ferri¢re-Larcon (MZ VIII Mg
2704, 2917) and Pontlevoy (MZ VIII Mg 379) in the
Loire Basin, France, and also Korytnica (MZ VIII
Mg 4705) shows some variability in the slenderness
of the shell and strength of the keels.

This species is similar in shell profile to the middle
and late Miocene Trochus insignis Millet, 1854 from
France (see Landau et al. 2017, pl. 28, fig. 1), which
differs in having: a much stronger developed shoul-
der and peribasal cords; less numerous, coarser spiral
cords between the angulations and on the subsutural
platform; and a far stronger, less dense axial sculpture.

Gibbula podhorcensis is also similar to G. bian-
gulata, but differs in having a columellar tooth, a
lower spire and closer-set axial sculpture (compare
Text-fig. 12 with Text-fig. 7).

OCCURRENCE: Middle Miocene of the northeast-
ern Atlantic: Langhian of France (this study); Central

Paratethys: Badenian of ?Hungary (Csepreghy-
Meznerics 1969a, b), Poland (Batuk 1975 and this
study) and western Ukraine (Friedberg 1928, 1938;
Kowalewski 1937; Anistratenko and Anistratenko
2001; and this study; for details see Appendix 2).
Gibbula cf. podhorcensis was recorded from the lower
Miocene Burdigalian of the Proto-Mediterranean Sea
in Italy (Zunino and Pavia 2009).

Gibbula puschii (Andrzejowski, 1830)
(Text-fig. 13A—H)

1830a. Trochus Puschii Nobis.; Andrzejowski, p. 99, pl.
5, fig. 1.

1830. T.[rochus] catenularis, m.; Eichwald, p. 221.

1830. Trochus annulatus nov.; von Buch, p. 132 [non
Trochus annulatus Lightfoot, 1786 = Callios-
toma annulatum (Lightfoot, 1786)].

1831. Trochus Buchii. Nov.; du Bois de Montpéreux,
pp- 39, 40, pl. 3, figs 9—12 [nom. nov. pro Tro-
chus annulatus von Buch, 1830 non Lightfoot,
1786].

*1832b. Trochus Puschii Nob.; Andrzejowski, p. 563.

1837. Trochus Buchii Dubois; Pusch, p. 109.

1840. Tr.[ochus] catenularis; Eichwald, p. 11.

1850. [Trochus catenularis m.]; Eichwald, pl. 9, fig. 6

(atlas).

1851a. Troch.[us] catenularis m.; Eichwald, pp. 110,
281.

1851b.[Trochus catenularis m.]; Eichwald, pl. 9, fig. 6
(atlas).

1853. Troch.[us] catenularis m.; Eichwald, p. 218.

1856. Trochus fanulum Gmel.; Hornes, pp. 446, 447,
pl. 45, fig. 1 [non Gibbula fanulum (Gmelin,
1791)].

1859. Trochus catenularis; Eichwald, p. 3, pl. 9, fig. 6
(atlas).

1882. Trochus Buchii du Bois.; Hilber, pp. 10, 11, pl. 1,
fig. 22.

1907. Gibbula (Forskalia) fanulum (Gmel.) var. cingu-
lifera Bronn.; Boettger, pp. 182, 183, No. 630.

1928. Gibbula Buchi Dub.; Friedberg, pp. 480—483, pl.
30, figs 8-14.

1936b. Gibbula Buchi Dub.; Kowalewski, p. 15.

1937. Gibbula Buchi Dub.; Kowalewski, p. 7.

1938. Gibbula Buchi Dub.; Friedberg, p. 51.

1950. Gibbula buchi Dub ?; Krach, p. 299, pl. 1, fig.
23.

1954. Gibbula buchi Dub.; Strausz, pp. 8, 77, 89, pl. 6,
fig. 137.

1954. Gibbula (Forskalena) buchi Dubois; Csepreghy-
Meznerics, p. 13, pl. 1, fig. 12.

1955. Gibbula (Gibbula) buchi Dub.; Korobkov, pl. 5,
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Text-fig. 13. Gibbula puschii (Andrzejowski, 1830) from the Badenian of Ukraine. A, B, G — Rydomyl’; A — MZ VIII Mg 4558/1, B — MZ

VIII Mg 4558/2, G — MZ VIII Mg 4558/3; C — Vyshhorodok; MZ VIII Mg 4560/1; D — Shushkivtsi; MZ VIII Mg 4559/1; E, F — Zalistsi; E —

MZ VIII Mg 4562/1, F — MZ VIII Mg H — Zalistsi — Zhabiak ravine; MZ VIII Mg 1.Ay, By, D, Ej, F|, G, H — apertural views;

A, — apex in oblique view; A3 — apex in apic ew; B,, E,, F, — umbilical views; C; — apical view, C, teral view. Black arrows indicate
demarcation between protoconch and teleoconch. A—C are SEM images.
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figs 19-22 [figures from Friedberg 1928, pl. 30,
figs 10, 11, 13b, 14].

non 1961. Gibbula (Gibbula) buchi Dub.; Florei, p. 681,
pl. 6, figs 38, 39 [= Modulus basteroti Benoist,
1874].

1962. Gibbula buchi Dubois; Strausz, p. 127, pl. 53,
figs 4-9.

1966. Gibbula buchi Dubois, 1831; Strausz, p. 37, pl.
53, figs 4-9.

1968. Gibbula buchii (Dubois de Montpereux, 1831);
Kulichenko and Sorochan, p. 107, pl. 29, fig. 6
[figure from Friedberg 1928, pl. 30, fig. 11].

1969b. Gibbula (Forskalena) buchi Dub.; Csepreghy-
Meznerics, p. 18, pl. 1, fig. 17.

1975. Gibbula (Gibbula) buchi (Dubois, 1831); Batuk,
pp- 32-34, pl. 4, figs 4, 5.

non 1978. Gibbula (G.) buchi Dubois, 1831; Calza-
da Badia, p. 300, fig. 1.7 [= Gibbula fanulum
(Gmelin, 1791)].

1981. Gibbula (Gibbula) buchii (Dubois 1831); Krach,
pp- 43, 44, pl. 13, figs 11-14.

1993. Gibbula (Gibbula) buchi (Dubois, 1831); Iljina,
pp- 24, 25, pl. 1, figs 15-18.

2001. G.[ibbula] buchii (Dubois de Montpereux,
1831); Anistratenko and Anistratenko, p. 186.

2002. Gibbula buchi (Dubois, 1831); Harzhauser and
Kowalke, p. 64, pl. 12, figs 7, 8, 13.

2005. Gibbula buchi (Dubois); Piller and Harzhauser,
p. 452, fig. 4.8.

2013. Gibbula catenularis (Eichwald, 1830); Landau
etal., pp. 27,28, pl. 1, fig. 7.

MATERIAL: Sandy facies: Bilozirka (MZ VIII Mg
592, 4549) 6 j; Yaseniv (MZ VIII Mg 4550) 4 sa, 13 j;
Oles’ko (MZ VIII Mg 4551-4555) 7 sa, 44 j, 1 fp;
Pidhirtsi (MZ VIII Mg 4556, 4557) 2 sa, 6 j; Rydomyl’
(MZ VIII Mg 4558) 160 sh; Shushkivtsi (MZ VIII Mg
4559) 7 j, 1 a; Vanzhuliv (MZ VIII Mg 4683, 4714)
5a, 7 sa, 5 j; Varivtsi (MZ VIII Mg 4684) 9 a, 14 j;
Vyshhorodok (MZ VIII Mg 4560) 1 sa, 4 j; Zalistsi
(MZ VIII Mg 4561, 4562) 17 a, 11 j; Zalistsi — Zhabiak
ravine (MZ VIII Mg 4563, 4685) 5 sa, 3 j. Carbonate
deposits: Zalistsi — Zhabiak ravine (MZ VIII Mg 4564)
4 a, 2 sa; Zhukivtsi (MZ VIII Mg 4715) 1 a, 2 sa. All
specimens are from western Ukraine.

DESCRIPTION: Shell big, medium thickness, with
relatively tall, somewhat scalate spire, rugose sculp-
ture, suture superficial to weakly impressed linear or
undulating. Protoconch paucispiral with apical beak.
Protoconch/teleoconch demarcation clearly visible;
terminal lip of protoconch sinuous, not thickened and
with no subterminal varix. Teleoconch starting with

four spiral cords with growth lines and pustules in
each interspace. Later whorls bearing five spiral cords
and prosocline axial ribs, occasionally with nodes
developed at intersections. From fourth whorl, three
spiral rows of prominences separated by two spiral
furrows with very prominent oblique axial lamellae.
Surface of prominences and spaces between them
covered by spiral cords. Adapicalmost row consist-
ing of the greatest extended oblique prominences (17
on the last whorl of specimen MZ VIII Mg 4559/1;
Text-fig. 13D). Middle row, narrower than the upper,
consisting of much smaller and more numerous prom-
inences (40 on the last whorl of specimen MZ VIII
Mg 4559/1). Row of prominences adjoining to abapi-
cal suture on later teleoconch whorls transforming
into strong spiral cord, forming the periphery on last
whorl. Spiral sculpture crossed by prosocline lamel-
lae, particularly strongly developed in spiral furrows.
Shell base covered by spiral cords (most often 7-9),
separated by usually deep grooves, with sharp growth
lines; spiral cords bifid or triple in some specimens.
Umbilicus rather narrow, very deep, partially covered
by inner lip; columella bearing a relative well-devel-
oped fold. Interior nacreous. Very young specimens
with strongly developed row of prominences forming
on last whorl an acutely angular periphery to base (see
Text-fig. 13C). There is some variation in slenderness
of shell, whorl profile and sculpture, as seen in the
series illustrated (Text-fig. 13D—H).

REMARKS: In 1830, this species was independently
described as new under three different names by three
different authors, based on the middle Miocene mate-
rial from the same area of the Fore-Carpathian Basin
now located in Ukraine. Andrzejowski (1830a, p. 99,
pl. 5, fig. 1) described and illustrated the species as
Trochus puschii in the Bulletin Société Imperiale des
Naturalistes de Moscou that is dated 1% February,
1830. Eichwald (1830, p. 221) provided a description
of this species under the name Trochus catenularis
only in a footnote. Andrzejowski’s species name takes
precedence because the work of Eichwald (1830) was
published later. This is evidenced by a postscript, in
which Eichwald (1830, pp. 253, 254) commented on
the publication of Andrzejowski (1830a) in question
and on another Andrzejowski’s paper (1830b) pub-
lished in May. This species was also described by
von Buch (1830, p. 132) under the name Trochus an-
nulatus, referring to shells collected by du Bois de
Montpéreux at Bilozirka in Ukraine. Two syntypes
of T. annulatus (MB.Ga.12703.1-2) present in the
MI£N collections are poorly preserved. The Archiv fiir
Mineralogie, Geognosie, Bergbau und Hiittenkunde,
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in which von Buch’s paper (1830) was published, was
probably issued later than the Eichwald publication
mentioned above. An indirect proof is the date of a
letter to the editor of this magazine — 20™ June 1830
(p- 373). The exact date of publication is not relevant
because the name was preoccupied for a Recent spe-
cies Calliostoma annulatum (Lightfoot, 1786), which
was originally credited to Martyn (1784), however his
work was invalidated by ICZN (1957, Opinion 456).
Therefore, du Bois de Montpéreux (1831, pp. 39, 40,
pl. 3, figs 9-12) proposed Trochus buchii as the new
name for the specimens described by von Buch. Pusch
(1837) placed T. annulatus von Buch and 7. puschii
Andrzejowski in the synonymy of Trochus Buchii
du Bois de Montpéreux. Eichwald again described
Trochus catenularis in 1851a and 1853, and illustrated
this species in 1850, 1851b and 1859. The drawings of
the two earlier editions of the atlas: 1850, 1851b, pl. 9,
figs 6a—c differ in detail from the drawings from 1859,
pl. 9, figs 6a—c. Eichwald (1851a, 1853) placed Trochus
buchii du Bois de Montpéreux, 1831, Trochus annu-
latus von Buch 1830, Trochus puschii Andrzejowski,
1830 in the synonymy of 7. catenularis.

In the SPbGU collection there is one specimen
of T. catenularis (SPbGU 3/405) recognised by
the curator of Eichwald’s collection as a paratype.
According to Eichwald’s label, it originates from
Zhukivtsi. Photographs of syntypes of 7. annulatus,
provided kindly by Andreas Abele (NfM), and also
descriptions and illustrations of 7. puschii given by
Andrzejowski (1830a) (the type material of 7. puschii
is probably housed in the KNUSH, see introduction)
and T. buchii given by du Bois de Montpéreux (1831)
have confirmed that the names are synonyms of
Trochus catenularis Eichwald, 1830. The same opin-
ion was also shared by Friedberg (1928), Kulichenko
and Sorochan (1968), Krach and Brzezinska (1977),
Krach (1981), Landau et al. (2013), and also Hilber
(1882), however with some doubts.

This species is widely accepted as Gibbula buchii
(du Bois de Montpéreux, 1831) and has been men-
tioned frequently in various papers, listed in syn-
onymy above. However, the first available name for
this species is Trochus puschii Andrzejowski, 1830,
which referred to shells from Zhukivtsi and Varivtsi
in Ukraine. Though it might be desirable to treat
Gibbula buchii as a nomen protectum, the use of
Trochus Puschii and also Trochus catenularis and
Trochus buchii by Mikhailovsky (1903), while dis-
cussing the Tarkhanian Trochus (Forskalia) fanulum
Gmelin, 1791 (his pp. 65, 66, 225, 226) and the inclu-
sion of the names in the list of the middle Miocene
molluscs of Podolia, Volhynia and Bessarabia (his

p- 115) prevents the treatment of Trochus Puschii as
a nomen oblitum. Therefore, Trochus puschii is de-
clared a nomen protectum, and it is a recombinant as
Gibbula puschii (Andrzejowski, 1830).

Landau et al. (2013), based on an erroneous prem-
ise (10™ January 1830 — the date of censor’s approval
for printing of the Naturhistorische Skizze... was er-
roneously accepted as the date of publication) resur-
rected the name 7. catenularis. The species name,
however, has no priority, as shown above.

Gibbula puschii is similar to Gibbula fanulum
(Gmelin, 1791), which is known from the upper
Miocene Tortonian of NW France (Landau ez al. 2017)
to the Pliocene and present-day of the Mediterranean
(Landau et al. 2003); it was also described from the
Tarkhanian of Eastern Paratethys (Mikhailovsky
1903). The differences between the shells of these
species were discussed by Landau ef al. (2013, p. 28).

OCCURRENCE: Lower to middle Miocene of the
Proto-Mediterranean Sea: Burdigalian of Iran (Harz-
hauser et al. 2002); upper Serravallian of Turkey
(Landau et al. 2013); Central Paratethys: Karpatian
of Hungary (Harzhauser 2003); Badenian of Poland
(e.g., Batuk 1975; Krach 1981; MZ collection), Czech
Republic (Hornes 1856), Austria (Hornes 1856; Sieber
1953; Glibert 1962; Mandic et al. 2002; Zuschin et
al. 2006, 2007), Hungary (Csepreghy-Meznerics
1954, 1969b; Strausz 1954, 1962, 1966; Katona et al.
2011), Romania (Boettger 1907) and western Ukraine
(Andrzejowski 1830a, 1832b; von Buch 1830; Eich-
wald 1830, 1851a, 1853; du Bois de Montpéreux 1831;
Hilber 1882; Lomnicki 1895; Friedberg 1928, 1938;
Kowalewski 1936b, 1937; Kulichenko and Soro-
chan 1968; Anistratenko and Anistratenko 2001; this
study; for details see Appendix 2); Eastern Paratethys:
Tarkhanian of southern Ukraine (Iljina 1993; Ani-
stratenko and Anistratenko 2001), Konkian of Russia
(western Ciscaucasia), Georgia, Kazakhstan and
Turkmenistan (Iljina 1993); Paratethys: Sarmatian
(= upper Serravallian) of Austria (Harzhauser and
Kowalke 2002; Latal et al. 2004; Piller and Harz-
hauser 2005) and western Ukraine (Friedberg 1928,
1938).

Gibbula teisseyrei Friedberg, 1928
(Text-fig. 14A, B)

1928. Gibbula Teisseyrei Friedb.; Friedberg, pp. 494, 495,
pl. 31, fig. 8.

1938. Gibbula Teisseyrei Friedb.; Friedberg, p. 54.

1968. Gibbula teisseyrei Friedberg, 1928; Kulichenko and
Sorochan, p. 112.
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Text-fig. 14. Gibbula teisseyrei Friedberg, 1928 from the Badenian of Ukraine. A — Zalistsi; MZ VIII Mg 4585/1; B — Oles’ko; MZ VIII Mg
4583/1. A}, B; — apertural views; A,, B, — umbilical views; A3, B; — lateral views.

2001. C.[olliculus] teisseyrei (Friedberg, 1928); Anistraten-
ko and Anistratenko, p. 191.

MATERIAL: Sandy facies: Bilozirka (MZ VIII
Mg 4581) 1 sa; Oles’ko (MZ VIII Mg 4582, 4583) 5
sh; Pidhirtsi (MZ VIII Mg 4584) 1 fp; Zalistsi (MZ
VIII Mg 4585) 2 sh. All specimens are from western
Ukraine.

DESCRIPTION: Shell small, of medium thickness,
conical. Protoconch not preserved. Teleoconch whorls
flat or slightly convex. Suture weakly impressed,
linear. Surface eroded on early teleoconch whorls.
Sculpture on further whorls consisting of 7-8 spi-
ral cords, slightly varying in strength; occasionally
abapical cord strengthened, forming a triple periph-
eral band, delimiting base. Axial sculpture restricted
to fine, closely-set, prosocline growth lines. Base
slightly convex, bearing 9-13 concentric cords of

varying strength, narrow umbilicus partially covered
by inner lip. Aperture sub-quadrate, outer lip angled
at periphery. Columella with or without a very weak
columellar swelling. Interior nacreous. Colour pattern
of blotches at the periphery of whorls and on base pre-
served in some specimens (Text-fig. 14A).

REMARKS: Friedberg (1928) established this spe-
cies based on five specimens from the Badenian of
Zboriv, Ukraine, which are present in the ZNG PAN
collection. The syntypes (ZNG PAN A-1-50/1631,
1632) are poorly preserved, their protoconch and the
surface of early teleoconch whorls eroded. It is doubt-
ful whether all Friedberg’s specimens are conspe-
cific. In his description, Friedberg (1928) said that the
whorls of this species are flat-sided. However, the il-
lustrated syntype (Friedberg 1928, pl. 31, fig. 8; ZNG
PAN A-I-50/1631) consists of slightly convex whorls;
moreover, some of its spiral cords become bifid on
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the last whorl, the peripheral cord is triple, the outer
lip is sharp. The specimen bears three scars after
repairing damage to the shell on the last two whorls.
When describing this species, Friedberg (1928) did
not give these details.

OCCURRENCE: Middle Miocene of the Central
Paratethys: Badenian of western Ukraine (Friedberg
1928, 1938; Kulichenko and Sorochan 1968; Anistra-
tenko and Anistratenko 2001; and this study; for de-
tails see Appendix 2).

Gibbula zboroviensis Friedberg, 1928
(Text-fig. 15A)

1928. Gibbula zboroviensis Friedb.; Friedberg, pp. 493,
494, pl. 31, fig. 7.

1938. Gibbula zboroviensis Friedb.; Friedberg: p. 54.

1968. Gibbula zboroviensis Friedberg, 1928; Kulichenko
and Sorochan, p. 113.

1968. Gibbula (Colliculus) zboroviensis Friedberg, 1929;
Hinculov, p. 119, pl. 26, figs 13, 14.

1977. Gibbula zboroviensis Friedberg, 1928; Jakubowski,
p- 107, pl. 13, figs 8, 9.

2001. C.[olliculus] zboroviensis (Friedberg, 1928); Anistra-
tenko and Anistratenko, p. 191.

MATERIAL: Sandy facies: Varivtsi, Ukraine (MZ
VIII Mg 4689) 1 jf.

DESCRIPTION: Shell small, solid, trochiform, with
weakly stepped spire. Protoconch very convex with

Text-fig. 15. Gibbula zboroviensis Friedberg, 1928 from the
Badenian of Varivtsi, Ukraine; MZ VIII Mg 4689. A — apertural
view, A, — apical view, A; — apex in apical view. SEM images.

apical beak. First three whorls convex, last preserved
whorl almost flat. Suture linear, impressed. Three
spiral cords of similar strength with micropustules
in the interspaces, appearing at beginning of teleo-
conch. Additional weaker spiral cords appearing in
latter part of first teleoconch whorl between primary
cords and near adapical and abapical sutures result-
ing in seven spiral cords, almost equal in strength
and spacing, on second and later whorls. Peripheral,
indistinctly-bifid cord on last whorl. Narrow, close-
ly-set prosocline growth lines visible in interspaces
between cords. Shell base bearing eight cords, first
and second ones bifid. Umbilicus narrow, deep.
Aperture destroyed.

REMARKS: Comparative studies of specimens of
several species from the Friedberg collection allow
the conclusion that the shell described here belongs to
G. zboroviensis. Friedberg (1928) established this spe-
cies based on six specimens (ZNG PAN A-1-50/1629,
1630) from the Badenian of Zboriv, Ukraine, which
are present in the ZNG PAN collection. The type ma-
terial at hand allows the making of observations not
included in the original description. The syntype il-
lustrated by Friedberg (1928, pl. 31, fig. 7, ZNG PAN
A-1-50/1629) has the protoconch and surface eroded
on the first two teleoconch whorls preserved, 7 spiral
cords on the last two whorls, of which the adapical
two cords and the peripheral cord become bifid on the
last whorl, and the base bears 11 cords. The syntypes
differ in the details of their sculpture, e.g., the number
of spiral cords varies from 6 to 8 on the penultimate
whorl. One of the syntypes has an umbilicus com-
pletely closed by a columellar callus.

OCCURRENCE: Middle Miocene of the Central
Paratethys: Badenian of Poland (Jakubowski 1977)
and western Ukraine (Friedberg 1928, 1938; Kuli-
chenko and Sorochan 1968; Anistratenko and Anistra-
tenko 2001; and this study; for details see Appendix 2);
Paratethys: Sarmatian of Romania (Hinculov 1968).

Gibbula sp.
(Text-fig. 16A)

MATERIAL: Sandy facies: Zalistsi — Zhabiak ravine
(MZ VIII Mg 4586) 1 sa; Zalistsi (MZ VIII Mg 4587)
1 af. All specimens are from western Ukraine.

DESCRIPTION: Shell large, relatively thin-shelled,
with weakly scalate spire. Protoconch not preserved.
First three teleoconch whorls convex, subsequent
whorls flat or slightly concave. Suture linear, im-
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Text-fig. 16. Gibbula sp. from the Badenian of Zalistsi — Zhabiak ravine, Ukraine; MZ VIII Mg 4586. A| — apertural view, A, — apical view,
Az —umbilical view, A, — lateral view.

pressed. Spiral sculpture consisting of numerous
cords and theards; four widely spaced stronger cords,
with threads intercalated in each of the interspaces,
placed at abapical part of the whorls. Axial sculp-
ture of strongly prosocline growth lines, finely bead-
ing spiral cords on the last two whorls. Last whorl
slightly angular at peripheral cord, base weakly con-
vex, bearing concentric cords, threads and closely-set
prosocline growth lines. Aperture sub-quadrangu-
lar, outer lip not thickened. Umbilicus narrow, deep.
Columella bearing a small denticle. Colour pattern of
axial flammules preserved.

REMARKS: These specimens, belonging to the ge-
nus Gibbula, differ from all other western Ukraine
congeners in their shape and ornamentation. No sim-
ilar specimens may be found in the available liter-
ature. Better preserved shells are required before a
formal description of this probable new species.

Genus Jujubinus Monterosato, 1884

TYPE SPECIES: Trochus matonii Payraudeau, 1826
(= Trochus exasperatus Pennant, 1777), by sub-
sequent designation of Crosse (1885). Recent, Medi-
terranean Sea.

REMARKS: The genus Jujubinus was sometimes
used as a subgenus of Cantharidus Montfort, 1810.
Williams et al. (2010) did not think this to be correct
because Cantharidus was a mainly a New Zealand ra-
diation that excludes Jujubinus. Donald and Spencer
(2016) recognised Cantharidus as an endemic genus
from New Zealand. Jujubinus includes 36 contempo-
rary species (MolluscaBase 2019); these live mostly
in the sea from extreme low tide to 200 m depths,
on seaweeds and gravel bottoms in the northeastern
Atlantic and Mediterranean (Poppe and Goto 1991).
The taxonomy and exact distribution of this genus
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are still unresolved (Smriglio et al. 2014), but the
molecular studies of Uribe et al. (2017a) support the
monophyly of Jujubinus.

Knight et al. (1960) assumed a Late Cretaceous
origin of the genus, which was seemingly supported
by a description by Abbass (1963 after Sohl 1998,
p- 72). Nevertheless, molecular clock evidence sug-
gests that Jujubinus originated towards the end of the
Eocene (Uribe et al. 2017a).

The shell of Jujubinus has a relatively high spire.
A columellar tooth or fold may be present or absent.
The shell surface is mostly sculptured, with a pre-
dominance of closely spaced spiral elements, often
beaded. Interior nacre is well developed.

Jujubinus celinae (Andrzejowski, 1833)
(Text-fig. 17A-E)

1831. Trochus turgidulus. Brocchi; du Bois de Mont-
pereux, p. 40, pl. 2, figs 29, 30 [non Trochus
turgidulus Brocchi, 1814].
1833. Trochus Celina; Andrzejowski, pp. 443, 444, pl.
13, fig. 1.
1851a. Turbo Celinae Andrz.; Eichwald, p. 117.
1853. Turb.[o] Celinae Andrz.; Eichwald, p. 241.
part 1856. Trochus Celinae Andrz.; Hornes, pp. 450, 451
[non pl. 45, fig. 4 = Jujubinus puber (Eichwald,
1851)].
1903. Trochus striatus L. var. Celinae Andrz; Las-
karev, pp. 93, 94, pl. 5, figs 7-10.
part 1928. Gibbula affinis Eichw. var. pseudangulata
Boettg.; Friedberg, pp. 491, 492, excl. figs.
1928. Callistoma pseudoanceps Friedb.; Friedberg,
pp- 500, 501, pl. 31, fig. 19.
non 1928. Callistoma Celinae Andrz.; Friedberg, pp. 508,
509, pl. 32, fig. 8 [= Jujubinus puber (Eichwald,
1851)].
part 1928. Callistoma puberum Eichw.; Friedberg, pp. 510,
511, excl. figs.
1936b. Callistoma puberum Eichw.; Kowalewski, p.
15.
non 1936b. Callistoma Celinae Andrz.; Kowalewski, p. 15
[= Jujubinus puber (Eichwald, 1851)].
1937. Callistoma puberum Eichw.; Kowalewski, p. 8.
part 1938. Gibbula affinis Eichw. var. pseudangulata
Boettg.; Friedberg, p. 54.
part 1938. Callistoma puberum Eichw.; Friedberg, p. 55.
part 1938. Callistoma Celinae Andrz.; Friedberg, p. 57.
1969. Calliostoma puber (Eichwald); Kojumdgieva,
p. 76, pl. 28, fig. 1.
non 1975. Jujubinus (Strigosella) celinae (Andrzejowski,
1833); Batuk, pp. 41, 42, pl. 4, figs 11-15 [=
Jujubinus puber (Eichwald, 1851)].

1977. Calliostoma cf. celinae (Andrzejowski, 1833);
Jakubowski, p. 108, pl. 13, figs 20, 21.
non 1981. Calliostoma celinae (Andrzejowski 1833);
Krach, p. 44, pl. 14, figs 11-14 [= Jujubinus
puber (Eichwald, 1851)].
non 2013. Jujubinus celinae (Andrzejowski, 1833); Lan-
dauetal., pp. 25,26, pl. 1, figs 4, 5 [= Jujubinus
puber (Eichwald, 1851)].

MATERIAL: Sandy facies: Bilozirka (MZ VIII
Mg 4613) 30 sh; Yaseniv (MZ VIII Mg 4614) 1 sa;
Korostova (MZ VIII Mg 4615) 3 fp; Oles’ko (MZ
VIII Mg 4616) 1 j; Rydomyl” (MZ VIII Mg 4617)
76 sh; Shushkivtsi (MZ VIII Mg 4618) 22 sh; Varivtsi
(MZ VIII Mg 4696) 18 sh; Zalistsi (MZ VIII Mg
4619, 4620) 1 a, 10 j; Zalistsi — Zhabiak ravine (MZ
VIII Mg 4621) 4 a, 9 sa; Zhukivtsi (MZ VIII Mg
4622) 1 fp. All specimens are from western Ukraine.

DESCRIPTION: Shell of medium size, with high
conical spire, convex base. Protoconch paucispiral,
convex, with apical beak; terminal lip of protoconch
seems to be sinuous (see Text-fig. 17B;). Spiral sculp-
ture starting with 5—6 cords, two stronger than the
others; interspaces between cords covered by small
pustules. Single secondary cord appearing in some
interspaces, on third teleoconch whorl; these cords
gaining in strength and almost equal to the primary
cords, resulting in 7-10 (most often 8§-9) flattened,
strap-like cords of strength, almost the width of their
interspaces, a single spiral thread intercalated in
some of the interspaces, on last whorl. Axial sculp-
ture restricted to closely-set prosocline growth lines,
clearly visible in interspaces. Whorl profile weakly
convex to straight. Suture linear, weakly indented.
Last whorl roundly angled at periphery. Base weakly
convex, imperforate, bearing spiral cords of equal or
irregular strength, and prominent axial growth lines.
Outer lip with bevelled edge. Columella with or with-
out weak fold. Juvenile specimens with sharply an-
gled last whorl, and sometimes with umbilical chink.
Colour pattern of brown spots (Text-fig. 17C) or ver-
tical flammules (Text-fig. 17D) is preserved in many
specimens, especially from Rydomyl’.

REMARKS: The location of Andrzejowski’s origi-
nal material is unknown; it could be in the KNUSH,
but no answer from the curator was obtained. In his
diagnosis and description of Trochus celinae from
Bilozirka and Katerynivka, Ukraine, Andrzejowski
(1833) pointed to eight spiral striations per whorl,
typical of this species. However, the inaccurate illus-
trations of Trochus celinae given by Andrzejowski
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Text-fig. 17. Fossil and Recent representatives of Jujubinus Monterosato, 1884. A—E — Jujubinus celinae (Andrzejowski, 1833) from the

Badenian of Ukraine. A, C, D — Rydomyl’; A— MZ VIII Mg 4617/1, C — MZ VIII Mg 4617/2, D — MZ VIII Mg 4617/3; B — Zalistsi; MZ VIII

Mg 4619/1; E — Zalistsi — Zhabiak ravine; MZ VIII Mg 4621/1. A, B are SEM images. F — Recent Jujubinus striatus (Linnaus, 1758) from

Messina (Sicily), Italy; MZ VIII Mg 4456/1. A; — details of the teleoconch ornamentation at the fourth whorl; A,, Ag, B>, C;, D, E, F; — aper-
tural views; A; — apical view, A4 — close-up of juvenile whorls in apical view; As, C,, F,— lateral views; B| — apex in oblique view.

(1833, pl. 13, fig. la, b) have caused much confusion
in the palaeontological literature in the understand-
ing of this species. This name is most often applied to
smooth specimens or those with very numerous fine
spiral elements of sculpture. Such specimens should
be identified as Jujubinus puber (Eichwald, 1851), a
species discussed below.

Unfortunately, the juvenile specimens described,
but not illustrated, by Eichwald (1851a, 1853) as
‘Turbo celinae Andrzejowski’ from the vicinity of
Novokonstantyniv are not present in the SPbGU col-
lection.

Hornes (1856, pl. 45, fig. 4) illustrated a speci-
men from Steinabrunn, Austria, as Trochus celinae,
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which in fact represents J. puber. However, he con-
sidered 7. puber as a junior synonym of 7. celinae
(Hornes 1856, p. 450). This is not correct because
these names refer to a completely different forms
(compare remarks for J. puber).

Laskarev (1903) recognised specimens from
Domanenka, Ukraine (pl. 5, figs 7-10) as ‘Trochus
striatus Linnaus var. celinae Andrzejowski’. They
are almost identical to the specimens presented
herein. He proved in a footnote (Laskarev 1903, pp.
93, 94) that it is correct to leave the name 7. celinae
Andrzejowski for grooved forms, which he regarded
as a variety of 7. striatus.

Jujubinus striatus (Linnaeus, 1758) was reported
from the early and middle Miocene of the Aquitaine
Basin (Cossmann and Peyrot 1917, pp. 162—-164, pl.
5, figs 28-30), and from the middle Miocene of the
Loire Basin (Peyrot 1938, pp. 33, 34) under the name
‘Callistoma (Strigosella) striatum (Linnzus)’, as well
as from the late Miocene Tortonian, Pliocene and
Pleistocene of the northeastern Atlantic and (Proto-)
Mediterranean (see e.g., Chirli 2004; Ceulemans et
al. 2016; Landau et al. 2017). Today it occurs in an
area from the Isle of Man to the Azores, the Canary
Islands and the Mediterranean (Poppe and Goto
1991). Despite the superficial similarity of the spec-
imens of J. celinae to those of Jujubinus striatus
(compare Text-fig. 17A—E and Text-fig. 17F — speci-
men MZ VIII Mg 4456/1), I believe that they should
be treated as separate species, for example because of
different sculpture on the early teleoconch whorls of
these species. Jujubinus striatus most often has four
very narrow spiral grooves separating five, almost
equal in width, flattened cords on the third teleo-
conch whorl; the increase in the number of cords on
the next whorl is made by splitting some of the cords
into two subcords.

The specimens from Ukraine, which Friedberg
(1928, pp. 508,509, pl. 32, fig. 8) erroneously identified
as celinae, are considered to represent J. puber. The
consequence of Friedberg’s error is that Kowalewski
(1936b, p. 15 and his museum labels; in relation to
specimens from Rydomyl’, Bilozirka, Oles’ko and
Zalistsi — Zhabiak ravine, which are the subject of
this study), Batuk (1975) and Krach (1981) wrongly
used the name celinae instead of puber. On the other
hand, specimens from Rydomyl’ (Kowalewski 1936b,
p- 15), Korostova and Shushkivtsi identified herein as
J. celinae, were reported as Callistoma puberum by
Kowalewski (1937, p. 8).

OCCURRENCE: Lower to middle Miocene of the
Central Paratethys: ?Karpatian of Austria (Harzhauser

2003); Badenian of Austria (Hornes 1856), Hungary
(Hornes 1856; ?Saint Martin et al. 2000), Poland
(Jakubowski 1977), and western Ukraine (du Bois
de Montpereux 1831; Andrzejowski 1833; Eichwald
1851a, 1853; Laskarev 1903; Friedberg 1928, 1938;
Kowalewski 1936b, 1937; Kojumdgieva 1969; and
this study; for details see Appendix 2).

The presence of J. celinae in the Badenian de-
posits of western Ukraine was also reported by
Kulichenko and Sorochan (1968, p. 116), as well as
by Anistratenko and Anistratenko (2001, p. 192).
However, on the basis of synonymy given by those
authors, it is not possible to determine which form
was assigned to that name.

Jujubinus planatus (Friedberg, 1928)
(Text-fig. 18A, B)

1928. Callistoma planatum Friedb.; Friedberg, p. 502,
pl. 31, fig. 23.
1928. Callistoma planatum Friedb. var. crassior; Fried-
berg, p. 503, pl. 31, fig. 24.
1938. Callistoma planatum Friedb.; Friedberg, p. 56.
1938. [Callistoma planatum] var. crassior Friedb.;
Friedberg, p. 56.
non 1940. Trochus planatus Friedb., var. crassior Friedb.;
Simionescu and Barbu, p. 41, pl. 5, figs 76-78.
part 1957. Calliostoma planata striatella n. ssp.; Sva-
grovsky, pp. 210-212, pl. 2, figs 1-3 [non fig. 4
= C. guttenbergi (Hilber, 1897)].
1968. Calliostoma planata Friedberg, 1928; Kulichen-
ko and Sorochan, p. 118.
part 1969. Calliostoma guttenbergi (Hilber, 1897); Kojum-
dgieva, p. 76, pl. 28, fig. 4 [non figs 2, 3].
1971. Calliostoma planatum striatellum Svagrovsky,
1957; Svagrovsky, pp. 211-213, pl. 26, figs 10—
12, pl. 27, figs 1-3.
1981. Calliostoma planatum Friedberg 1928; Krach, p.
45, pl. 13, figs 1518, pl. 14, fig. 1.
2001. C.[alliostoma] planata Friedberg, 1928; Anis-
tratenko and Anistratenko, p. 182.
2017. Jujubinus planatum Friedberg, 1928; Slad-
kovskaya, pp. 1563, 1564, pl. 7, figs 6, 7.
2017. Jujubinus planatum striatellum (Svagrovsky,
1957); Sladkovskaya, p. 1564, pl. 7, figs 6, 7.

MATERIAL: Sandy facies: Yaseniv (MZ VIII Mg
4623) 18 j; Oles’ko (MZ VIII Mg 4624-4626) 10 a, 6
j; Pidhirtsi (MZ VIII Mg 4627, 4628) 23 sh. All spec-
imens are from western Ukraine.

DESCRIPTION: Shell of medium size, thick, with
conical spire. Teleoconch whorls flat-sided to weakly
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Text-fig. 18. Jujubinus planatus (Friedberg, 1928) from the Badenian of Ukraine and Poland. A — Pidhirtsi, Ukraine; MZ VIII Mg 4628/1;

B — Weglin, Poland; MZ VIII Mg 4706. A B, —lateral views; A, — apex in latero-apical view; A; — juvenile whorls in lateral view; A, — details

of teleoconch ornamentation; B — close-up of apex; B; — close-up of protoconch; B, — close-up of juvenile whorls. Black arrows indicate
demarcation between protoconch and teleoconch. SEM images.

convex. Suture linear, superficial. Protoconch not
well preserved, with apical beak (Text-fig. 18A,).
Protoconch/teleoconch boundary barely visible, sin-
uous?, fractured (seen in the specimen from Weglin,
Poland; Text-fig. 18Bs, B,). Sculpture on first teleo-
conch whorl of three spiral cords and micropustules
placed adjacent to adapical suture. Second teleo-
conch whorl bearing most often five cords, not equal
in strength. Later whorls with 4—6 spiral cords, of
which second or first and second ones are sometimes
slightly stronger than the others. Single secondary
cord intercalated in some interspaces between prima-
ries, especially on the last whorl, in some specimens.
Fine, prosocline growth lines visible in interspaces
between cords on spire whorls, crossing spiral ele-
ments on last whorl, closer-set towards aperture (see
Text-fig. 18A,). Last whorl slightly angular at pe-
ripheral cord, occasionally bifid or triple. Shell base
weakly convex, bearing concentric cords of irregular
strength and position (10 cords on the base of spec-
imen MZ VIII Mg 4628/1; Text-fig. 18A) and axial
growth lines. Aperture sub-quadrangular, outer lip
with bevelled edge. Small umbilical chink, weak col-
umellar swelling, irregularly spaced ridges within
the outer lip are present in some specimens.

REMARKS: Friedberg (1938, p. 56) was not sure
about the status of his new species due to the small
number of specimens. He distinguished larger shells
of Calliostoma planatum, with a wider apical angle,
as a new variety crassior. The specimens of this spe-
cies are present in the ZNG PAN collection (ZNG
PAN A-1-50/1658-1662).

Based on the large number of Badenian shells
from the carbonate deposits of Roztocze Hills,
Poland, in the MZ collection, I consider J. planatus
to be a very variable species. The shells of this spe-
cies show a wide range of intraspecific variability
in apical angle, shape, size, and sculpture. Most of
the specimens have a spiral sculpture consisting of
an adapical fine cord and four cords below, more
strongly developed. Between the extremes there are
intermediate forms. Therefore, the introduction of
the new variety Calliostoma planatum var. crassior
by Friedberg (1928) is not justified.

The Ukrainian shells fall well within the wide
range of variability seen in specimens from Roztocze
Hills. Therefore, due to the relatively good state of
preservation one specimen from Weglin (MZ VIII
Mg 4706) was used to illustrate the protoconch of this
species (see Text-fig. 18B).
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Svagrovsky (1957, 1971) considered the middle
Miocene Sarmatian shells from eastern Slovakia to
be a separate subspecies, i.e., C. planatum striatel-
lum, differing from the Badenian shells in having a
more slender shell with a stronger peripheral keel on
the last whorl, and in having sculpture composed of
more numerous, finer spiral cords.

Previous authors (except Sladkovskaya 2017)
placed the species planatus in the genus Calliostoma
Swainson, 1840. This identification is incorrect, be-
cause of the protoconch, which has not the typical
honeycomb-like microsculpture of Calliostoma (see
the protoconch of Calliostoma trigonum (Eichwald,
1830) illustrated below in Text-fig. 24B,, B5).

OCCURRENCE: Middle Miocene of the Central
Paratethys: Badenian of Poland (Krach 1962, 1981;
Ney 1969; Pisera 1985; this study), Hungary (Kokay
1985) and western Ukraine (Friedberg 1928, 1938;
Kulichenko and Sorochan 1968; Anistratenko
and Anistratenko 2001; and this study; for details
see Appendix 2); Paratethys: Sarmatian (= up-
per Serravallian) of Slovakia (Svagrovsky 1957,
1971; Iljina 1998; Sladkovskaya 2017), Bulgaria
(Kojumdgieva 1969; Iljina 1998; Sladkovskaya 2017),
Austria, Czech Republic, Moldova (Iljina 1998;
Sladkovskaya 2017), Poland, and western Ukraine
(Sladkovskaya 2017).

Jujubinus puber (Eichwald, 1851)
(Text-fig. 19A—C)

1850. [Trochus puber m.]; Eichwald, pl. 9, fig. 20 (at-

las).

1851a. Troch.[us] puber m.; Eichwald, pp. 114, 115,
282.

1851b. [Trochus puber m.]; Eichwald, pl. 9, fig. 20 (at-
las).

1853. Troch. [us] puber m.; Eichwald, p. 231.
part 1856. Trochus celinae Andrz.; Hores, pp. 450, 451,
pl. 45, fig. 4.
1859. Trochus puber; Eichwald, p. 3, pl. 9, fig. 20
(atlas).
1903. T.[rochus] puber Eichw.; Laskarev, pp. 93, 94,
pl. 5, figs 11-13.
1928. Callistoma Celinae Andrz.; Friedberg, pp. 508,
509, pl. 32, fig. 8.
non 1928. Callistoma puberum Eichw.; Friedberg, pp. 510,
511, pl. 32, figs 9-12.
1936b. Callistoma Celinae Andrz.; Kowalewski, p. 15.
non 1936b. Callistoma puberum Eichw.; Kowalewski, p. 15
[= Jujubinus celinae (Andrzejowski, 1833)].
non 1938. Callistoma puberum Eichw.; Friedberg, p. 55.

1938. Callistoma Celinae Andrz.; Friedberg, p. 57.
part 1956. Calliostoma — puberum  (Eichwald); Cse-
preghy-Meznerics, p. 377, pl. 1, figs 1, 2.
part 1962. Calliostoma puberum Eichwald; Strausz, p. 53,
pl. 13, fig. 4 [figure from Csepreghy-Meznerics
1956, pl. 1, fig. 1].
part 1966. Calliostoma puberum Eichwald, 1853; Strausz,
p. 34, pl. 13, fig. 4 [figure from Csepreghy-Mez-
nerics 1956, pl. 1, fig. 1].
1968. Calliostoma celinae (Andrzejowski, 1833); Ku-
lichenko and Sorochan, p. 116.
non 1968. Calliostoma puberum (Eichwald, 1853); Kuli-
chenko and Sorochan, p. 120, pl. 32, fig. 3 [fig-
ure from Friedberg 1928, pl. 32, fig. 9].
non 1969. Calliostoma puber (Eichwald); Kojumdgieva,
p. 76, pl. 28, fig. 1 [= Jujubinus celinae (An-
drzejowski, 1833)].
1970. Calliostoma subturriculoides (Sinzow); Batuk,
p. 117, pl. 8, fig. 8.
1975. Jujubinus (Strigosella) celinae (Andrzejowski,
1833); Batuk, pp. 41, 42, pl. 4, figs 11-15.
1981. Calliostoma celinae (Andrzejowski 1833);
Krach, p. 44, pl. 14, figs 11-14.
2013. Jujubinus celinae (Andrzejowski, 1833); Lan-
dau et al., pp. 25, 26, pl. 1, tigs 4, 5.

MATERIAL: Sandy facies: Bilozirka (MZ VIII Mg
4629) 5 sh; Yaseniv (MZ VIII Mg 4630) 1 j; Oles’ko
(MZ VIII Mg 4631-4633) 13 sh; Pidhirtsi (MZ VIII
Mg 4634) 1 sa, 2 j; Rydomyl’ (MZ VIII Mg 4635) 81
sh; Zalistsi (MZ VIII Mg 4636) 2 sa, 11 j; Zhukivtsi
(MZ VIII Mg 4637) 2 j. Carbonate deposits: Lidykhiv
(MZ VIII Mg 4638) 1 a; Staryi Pochaiv (MZ VIII
Mg 4639) 1 j; Zalistsi — Zhabiak ravine (MZ VIII Mg
4640) 4 sh. All specimens are from western Ukraine.

DESCRIPTION: Shell of medium size, with high
conical spire. Protoconch with apical back, proto-
conch surface abraded. First three teleoconch whotls
more convex than subsequent ones. Suture linear,
weakly impressed. Three fine spiral cords some-
times visible on first teleoconch whorl. Later whorls
smooth or with many narrow spiral grooves (18-20
in specimen MZ VIII Mg 4635/1; Text-fig. 19A) caus-
ing spiral ribbed mostly on the two last whorls. Last
whorl rounded or slightly angled at periphery. Outer
lip with bevelled edge. Shell base convex, bearing
spiral cords (11 in specimen MZ VIII Mg 4635/1).
Columella with or without weak columellar fold.
Umbilicus absent in adults. Juvenile specimens with
slit-like umbilicus and sharply angled last whorl.
Colour pattern is the same as that of specimens
from Korytnica (see Batuk 1975, p. 41, pl. 4, figs
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Text-fig. 19. Jujubinus puber (Eichwald, 1851) from the Badenian of Rydomyl’, Ukraine. A — MZ VIII Mg 4635/1, B — MZ VIII Mg 4635/2,
C —MZ VIII Mg 4635/3. A, By, C — apertural views; A,, B, — lateral views; A; — apical view; A4 — apex in apical view; As — details of late
teleoconch ornamentation. A;—As are SEM images.

11-15), Weglinek and Lychow (see Krach 1981, p. 44,
pl. 14, figs 11-14), or somewhat different, consisting
of combined horizontal chevrons forming the axial
wavey stripes (see Text-fig. 19B, C).

This species is very variable in the slenderness of
shell, whorl convexity and strength of spiral sculpture.

REMARKS: Shells collected and described by
Eichwald (1851a) as Trochus puber are not present in
the SPbGU collection. Because the first description
of T_ puber is brief (Eichwald 1851a, pp. 114, 115), the
present author follows Eichwald (1850, 1851b, 1859,
pl. 9, fig. 20; 1853, p. 231) and Laskarev (1903, pp.
93, 94, pl. 5, figs 11-13) in identifying specimens of
this species. In his description, Eichwald (1853, p.
231) stated that: the whorls are almost smooth or spi-
rally striated; the fine striations are very numerous,
with 15—-16 on spire whorls, more than 20 on the last
whorl. However, the illustrations in Eichwald’s atlas
are sketchy, while the figures of the Badenian speci-
mens of 7. puber from Zalistsi in Laskarev (1903, pl.
5, figs 11-13) are of good quality. The footnote on pp.

93, 94 shows that he had seen the syntype described
by Eichwald (1851a) from Zhukivtsi. Therefore, one
can be sure that he properly recognised and illus-
trated this species.

I'have identified as J. puber a specimen illustrated
by Hornes (1856, pl. 45, fig. 4) as T. celinae. Laskarev
(1903, p. 94) noted that in the Vienna Museum the
name celinae was applied to various forms, and the
illustrations of the original given by Hornes are not
fully consistent with the appearance of this spec-
imen. Hornes (1856) synonimised Trochus celinae
Andrzejowski, 1833 with Trochus puber Eichwald,
1851. This is incorrect, as differences between puber
and celinae are sufficient to consider them as sepa-
rate species (compare Text-fig. 19 with Text-fig. 17).

Friedberg (1928, pp. 508, 5009, pl. 32, fig. 8) mis-
interpreted Andrzejowski’s species celinae and, con-
sequently, applied the name to the specimens that in
my opinion should be identified with the discussed
species J. puber. Friedberg’s error was repeated by
Kowalewski (see remarks for J. celinae), Kulichenko
and Sorochan (1968), Batuk (1975), Krach (1981),
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Anistratenko and Anistratenko (2001) and recently
also Landau et al. (2013). It should be noted that the
specimens from Korytnica (Batuk 1975, pp. 41, 42,
pl. 4, figs 11-15) differ from the Ukrainian ones in
having a more pronounced sculpture and the pres-
ence of the umbilicus in adults.

OCCURRENCE: Middle Miocene of the Central Para-
tethys: Badenian of Austria (Hornes 1856), Hungary
(Hornes 1856; Csepreghy-Meznerics 1956; Strausz
1962, 1966), Poland (Eichwald 1853; Batuk 1970,
1975; Krach 1981; MZ collection), western Ukraine
(Eichwald 1851a, 1853; Laskarev 1903; Friedberg
1928, 1938; Kowalewski 1936b; and this study;
for details see Appendix 2); Paratethys: Sarmatian
(= upper Serravallian) of western Ukraine (Laskarev
1903); Proto-Mediterranean Sea: upper Serravallian
of Turkey (Landau et al. 2013).

The occurrence of Calliostoma puberum in the
Badenian and Sarmatian of western Ukraine was also
reported by Anistratenko and Anistratenko (2001,
p- 183). However, based on the synonymy given by
these authors, it is considered that this name was as-
signed to specimens not belonging to J. puber.

Jujubinus turricula (Eichwald, 1830)
(Text-fig. 20A—H)

1830. T.[rochus] turricula, m.: Eichwald, pp. 220,
221.

1833. Trochus granulato-striatus; Andrzejowski, p.
444, pl. 13, fig. 3.

1837. Trochus granulatostriatus Andrz.; Pusch, p.
109.

1850. [Trochus turricula m.]; Eichwald, pl. 9, fig. 15
(atlas).

1851a. Troch.[us] turricula m.; Eichwald, pp. 113, 282.

1851b. [Trochus turricula m.]; Eichwald, pl. 9, fig. 15
(atlas).

1853. Troch.[us] turricula m.; Eichwald, pp. 229, 230.

1856. Trochus turricula Eichw.; Hornes, pp. 451, 452,
pl. 45, fig. 6.

1859. Trochus turricula; Eichwald, p. 3, pl. 9, fig. 18
(atlas).

1896. [Calliostoma (] J.[ujubinus)] turricula var. lae-
vigranosa Sacc.; Sacco, p. 47, pl. 4, fig. 54.

1896. [Calliostoma (Jujubinus) turricula) var. hoerne-
siana Sacc.; Sacco, p. 48.

1907. Calliostoma (Jujubinus) turricula (Eichw.) var.
hoernesiana Sacco; Boettger, p. 184, No. 633.

part 1917. Callistoma (Strigosella) turricula [Eichwald];

Cossmann and Peyrot, pp. 158-160, pl. 5, figs
19-21, non pl. 5, figs 16-18.

1928. Callistoma turricula Eichw.; Friedberg: pp. 507,
508, pl. 32, figs 5-7.

1936b. Callistoma turricula Eichw.; Kowalewski, p.
15.

1937. Callistoma turricula Eichw.; Kowalewski, p. 8.

1938. Callistoma turricula Eichw.; Friedberg, p. 57.

1949a. Calliostoma turricula (Eichwald); Glibert, p.
43, pl. 3, fig. 1.

1950. Callistoma turricula Eichw.; Krach, p. 300, pl.
1, fig. 28.

1955. C.antharidus] (Jujubinus) turriculus Eichw.;
Korobkov, p. 100.

1955. Cantharidus (Jujubinus) turricula Eichw.; Ko-
robkov, pl. 5, figs 3—5 [figures from Friedberg
1928, pl. 32, figs 5-7].

1968. Jujubinus turricula (Eichwald, 1830); Kuli-
chenko and Sorochan, p. 105, pl. 28, figs 17, 18
[figures from Friedberg 1928, pl. 32, figs 5, 6).

1975. Jujubinus (Jujubinus) turricula hoernesiana
Sacco, 1896; Batuk, pp. 39, 40, pl. 4, figs 2, 3.

1975. Jujubinus (Jujubinus) turricula turricula (Eich-
wald, 1850); Batuk, p. 40, pl. 4, fig. 1.

1977. Calliostoma  turricula  (Eichwald, 1830);
Jakubowski, p. 108, pl. 13, figs 18, 19.

1981. Calliostoma (Ampullotrochus) trigonum (Eich-
wald, 1830); Svagrovsky, p. 108, pl. 33, figs
4-6.

1981. Calliostoma turricula (Eichwald 1830); Krach,
p. 44, pl. 13, figs 5, 6.

2001. J.[wjubinus] turricula (Eichwald, 1830); Anis-
tratenko and Anistratenko, p. 192.

2002. Jujubinus turriculus (Eichwald, 1851); Har-
zhauser and Kowalke, p. 64, pl. 12, figs 4-6, 9.

2013. Jujubinus hoernesianus Sacco, 1896; Landau et
al., p. 26, pl. 1, fig. 6.

MATERIAL: Sandy facies: Nadrichne (MZ VIII Mg
4641) 9 j.; Yaseniv (MZ VIII Mg 4642) 1 j, 2 {p;
Korostova (MZ VIII Mg 4643) 2 a; Oles’ko (MZ VIII
Mg 4644) 4 fp; Rydomyl’ (MZ VIII Mg 4645) 187 sh;
Shushkivtsi (MZ VIII Mg 4646) 6 sh, 3 fp; Varivtsi
(MZ VIII Mg 4697) 1 a, 2 j; Vyshhorodok (MZ VIII
Mg 4647) 1 jf; Zalistsi (MZ VIII Mg 4648) 5 a, 35 j;
Zalistsi — Zhabiak ravine (MZ VIII Mg 4649) 2a,
3j; Dzvyniacha (MZ VIII Mg 4650) 1 fp; Zhukivtsi
(MZ VIII Mg 517, 4651) 16 sh. Carbonate deposits:
Lidykhiv (MZ VIII Mg 4652) 6 fp; Staryi Pochaiv
(MZ VII Mg 4653) 4 j, 2 fp; Zalistsi — Zhabiak
ravine (MZ VIII Mg 4654) 6 fp. All specimens are
from western Ukraine.

DESCRIPTION: Shell of medium size, with high coni-
cal spire. Protoconch paucispiral, with apical beak,



www.czasopisma.pan.pl PA N www journals.pan.pl

EWA NOSOWSKA

Text-fig. 20. Fossil and Recent representatives of Jujubinus Monterosato, 1884. A—-H — Jujubinus turricula (Eichwald, 1830). A, B, C —
Badenian of Rydomyl’, Ukraine; A — MZ VIII Mg 4645/1, B—MZ VIII Mg 4645/2, C — MZ VIII Mg 4645/3); D, G — Badenian of Zalistsi —
Zhabiak ravine, Ukraine; D — MZ VIII Mg 4649/1, G — MZ VIII Mg 4649/2; E — Badenian of Staryi Pochaiv, Ukraine, MZ VIII Mg 4653/1; F
— Badenian of Zalistsi, Ukraine, MZ VIII Mg 4648/1; H — Pleistocene of Ireon, Greece, MZ VIII Mg 3353/1. A—G are SEM images. I — Recent
Jujubinus exasperatus (Pennant, 1777) from Pellestrina (Venice), Italy; Liceo Classico ‘Marco Foscarini’ — Venezia, 24.07.2017. A,, By, C,,
Dy, E, F|, Gy, H, I} — apertural views; A,, B,, C, — apical views; A3, F3 — apexes in apical view, black arrows indicate demarcation between
protoconch and teleoconch; B; — close-up of teleoconch surface; D, — oblique apical view; F,, G, — apexes in lateral view; F, — apex in oblique
view, black arrow indicates subterminal varix of protoconch; I, — lateral view.
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subterminal varix (see Text-fig. 20A5, F,) and terminal
lip sinuous (see Text-fig. 20A3, F3). Teleoconch con-
sisting of slightly more than seven whorls, of which
first two strongly convex, the other ones slightly con-
vex or quite flat-sided. Slight concavity of third, fourth
and fifth teleoconch whotl visible in some specimens.
Suture linear, superficial. Last whorl rounded at pe-
riphery in most specimens, roundly angled in others.
Umbilicus absent in adult specimens. Angularity at
base and umbilical chink present in not fully grown
shells (Text-fig. 20B;). Shell base flattened or slightly
convex bearing prosocline growth lines and smooth
or scabrous spiral cords (most often eight), irregular
in strength and position in some specimens. Outer lip
with bevelled edge. Columella bearing fold.

Variation of ornamentation. Sculpture on first
teleoconch whorl of three smooth cords, a single
weaker cord intercalated in some to all interspaces
and above abapical suture on second whorl; these
cords rapidly gaining in strength, resulting in 5-6
beaded spiral cords per whorl, separated by grooves.
Occasionally, the presence of 5—6 strong cords is
made by splitting primary cords into two or two fine
cords, united or not, appear just above abapical su-
ture. The order of appearance of the secondary cords
is variable. Seven cords developed in a few specimens
(e.g., on specimen MZ VIII Mg 4648/1; Text-fig. 20F,
seventh cord appearing between cords 4 and 5 from
third teleconch whorl). Spiral cords of equal strength
and rounded on some specimens, flattened in oth-
ers. Only abapical cord or both abapical and adapical
cords bordering the suture more strongly developed
in some specimens. Most abapical cord bifid on later
whorls in many specimens, forming periphery on last
whorl. A single spiral thread intercalated in some
of the interspaces on last whorl in some specimens.
Beads on spiral cords appearing from third teleo-
conch whorl in most specimens, from later whorl in
others, in a few specimens beads on cords developed
only on whorls 6 and 7. Beads closely-set and of me-
dium to weak strength, strongest on abapical cord in
some specimens; arranged in oblique axial rows that
follow prosocline growth lines. Spiral beaded cords
weaker developed, narrower than their interspaces,
on last whorl in some specimens.

REMARKS: The syntypes of Eichwald (1830) are
probably in the KNUSH collection (see above).
Unfortunately, specimens of this species are not pres-
ent in Eichwald’s collection stored in the SPbGU.
However, abundant material at hand from the type
localities (e.g., Zalistsi, Zhukivtsi, Staryi Pochaiv) al-
lows the understanding of the variation of the shape

of the shell, the degree of convexity of the teleoconch
whorls and the sculpture. The figure in Eichwald
(1850, 1851b, pl. 9, fig. 15) shows a specimen of 7. fur-
ricula with flat-sided whorls, the last whorl roundly
angled at periphery and with sculpture consisting of
finely beaded spiral cords. However, the specimen
illustrated in Eichwald (1859, pl. 9, fig. 18) has clearly
convex whorls, with the last whorl rounded at periph-
ery and distinctly-beaded spiral cords. Eichwald (1853,
p- 229) in his species description said that the whorls
are flat-sided (this is contrary to the illustrations in
Eichwald 1859, pl. 9, fig. 18a, b) and sculptured by 5—6
nodular cords of equal strength. Eichwald’s illustra-
tions and material in the MZ collection show the high
variability of J. turricula.

Among the Badenian specimens from Korytnica,
on the basis of, inter alia, the number of spiral gran-
ular ribs, Batuk (1975) distinguished the subspecies
Jujubinus (Jujubinus) turricula hoernesiana Sacco,
1896 (six ribs per whorl) and Jujubinus (Jujubinus)
turricula turricula (Eichwald, 1850) [sic] (five ribs
per whorl). Because both forms are present together, a
subspecies rank is impossible. Consequently, Landau
et al. (2013) separated them at the species level into J.
turricula and J. hoernesianus.

Comparison of J. turricula specimens from dif-
ferent locations shows differences between popula-
tions and allows for a conclusion that ornamentation
depends on facies. Accordingly, the specimens from
Korytnica (clays) and Roztocze (Weglin, Weglinek;
marl and reef sediments) are dominated by those with
a relatively finer spiral sculpture consisting of six
cords per whorl. In the Ukrainian material, shells
of the species from Rydomyl’ (sands) are the most
abundant and in a very good state of preservation.
Among them the largest number of specimens has
five spiral cords per whorl (174; Text-fig. 20A); other
specimens (13) have six cords (Text-fig. 20C). The
colour pattern of alternating brown and white, some-
times zig-zag axial stripes and spots on the base of
the last whorl is clearly preserved in the shells.

The material from Varivtsi and Zalistsi is differ-
ent, because the beads on the spiral cords appear on
the late teleoconch whorls in many shells. In speci-
mens from Shushkivtsi and Zhukivtsi the spiral cords
are of equal strength or vary slightly. In turn, in two
specimens from Staryi Pochaiv the cord adjacent to
the abapical suture is more prominent than the others
(Text-fig. 20E).

Specimens from the Pleistocene of Ireon, Greece
have a sculpture consisting of five beaded cords, of
which the adapical and abapical ones are usually
stronger than the others (Text-fig. 20H).
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Setting a boundary between the extreme forms
of J. turricula that look quite unlike is impossible
because of the existence of transitional morphs. This
was also noted by Hornes (1856, p. 452), who ob-
served the great variability in the shell sculpture of
this species in the collection from the Vienna Basin.

Juvenile specimens of J. turricula were also
found in the Sarmatian deposits of St. Margarethen,
Austria (Harzhauser and Kowalke 2002). The amaz-
ing thing is that despite the conformity of the spec-
imens described by the authors (6—8 spiral ribs on
later whorls) with J. (J)) turricula hoernesiana of
Batuk (1975) they have, in their synonymy, taken
into account only the subspecies J. (J.) turricula tur-
ricula of Batuk (1975), which is characterised by the
presence of five spiral ribs per whorl. Harzhauser
and Kowalke (2002) amended the name to J. turricu-
lus. They considered the word furricula an adjective,
consequently replaced the grammatical ending for
the female gender ‘-a’ with the masculine ending
‘-us’, creating in some measure an agreement in gen-
der between the noun jujubinus and the adjective
“*turriculus’. In fact, the name Jujubinus turricula
is a compound of two nouns, between which there
is no agreement in gender; these are two nouns in
the nominative case related only by a logical con-
nection. Turricula to jujubinus is an attribute of sub-
stantive noun. Furthermore, The Lewis and Short
Latin Dictionary and the Oxford Latin Dictionary
note only the noun of turricula, -ae (fem.), but neither
the adjective *turriculus nor a verb, from which the
corresponding participle could be created. Therefore,
the only possible conclusion is to consider the name
Jujubinus turricula as a logical combination of two
nouns that retain their proper gender (i.e., masculine
and feminine, respectively).

Previous authors (Andrzejowski 1833; Eichwald
1853; Hornes 1856) pointed to the similarity of the
discussed species to the very variable Jujubinus stria-
tus (Linneeus, 1758) (see e.g., Giannuzzi-Savelli et al.
1994, figs 303-315; Text-fig. 17F herein). Specimens
most similar to J. striatus are those of J. turricula,
which on the majority of the whorls have smooth cords,
and indistinctly-beaded cords on the last two whorls.

Eichwald (1853, p. 230) discussed the similarity
with Trochus crenulatus Brocchi, 1814 but clearly
pointed out the differences. Specimens with abapical
and often also adapical cords strengthened are indeed
very similar to the holotype of 7. crenulatus. The
holotype of Brocchi’s species, from the ‘Quaternary
(?) of the island of Ischia, Italy, was reillustrated by
Pinna and Spezia (1978, pl. 56, fig. 2).

According to Rossi Ronchetti (1951, p. 6) and

Chirli (2004, p. 79) the name Trochus crenulatus
Brocchi, 1814 is a junior subjective synonym of
Jujubinus exasperatus (Pennant, 1777). Today, J.
exasperatus occurs in the area from the west coast
of Scotland south to the Canary Islands, Madeira,
Azores, and in the Mediterranean (Poppe and Goto
2001). This species is extremely variable in shape and
coloration (see e.g., Giannuzzi-Savelli et al. 1994,
figs 289-302). Molecular studies have shown that
J. exasperatus is split into two distinct biogeographic
lineages (NE Atlantic lineage and Mediterranean lin-
eage), suggesting a cryptic diversity within this spe-
cies (Uribe et al. 2017a).

Some specimens of J. turricula are very similar to
the modern specimen labeled as J. exasperatus from
Pellestrina (Venice), in the Adriatic Sea (see Text-
fig. 201; shell height 12.0 mm, shell width 8.0 mm).
This fact and the occurrence of J. turricula in the
Pleistocene of Greece suggest that this species may
still exist today, but specimens of the species are iden-
tified as J. exasperatus by malacologists. The proto-
conch could be useful in separating the two species.
[llustrations of Recent juvenile specimens of J. exas-
peratus given by Bandel (1975, pp. 85-88, pl. 1, figs
1-3, 7) show that, in contrast to J. turricula, it does not
have a subterminal varix and a sinuous terminal lip.

Batuk (2006, pp. 181, 182, pl. 2, fig. 3) identified
seven specimens from the Badenian of Korytnica as
J. exasperatus. Of the specimens at hand, two (in-
cluding the illustrated specimen) have a protoconch
with partially preserved sculpture, which is a hex-
agonal network of fine ridges (honeycomb pattern).
This protoconch sculpture excludes the placement in
Jujubinus but is typical for Calliostoma (Hickman
and McLean 1990, p. 109). The Korytnica specimens
most likely represent a new, as yet unnamed species.

There is some similarity between specimens
of J. turricula with five spiral beaded cords and
J. proximus (Millet, 1865), a species known from
the Tortonian of northwestern France (see Landau et
al. 2017, pl. 22, figs 1-3), which also has five beaded
cords per whorl. Jujubinus turricula has a protoconch
with a subterminal varix and a sinuous terminal lip,
whereas these protoconch characters have not been
observed in J. proximus. Moreover, J. turricula dif-
fers in being smaller-shelled (maximum shell height
13.5 mm for J. turricula; Friedberg 1928, p. 507 vs.
21.1 mm for J. proximus; Landau et al. 2017, p. 98)
and having a much more variable surface sculpture.

OCCURRENCE: Middle Miocene of the Central
Paratethys: Badenian of Poland (e.g., Baluk 1975;
Jakubowski 1977; Krach 1981; this study), Austria
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(Hornes 1856; Glibert 1949a, 1962; Mandic et al. 2002),
Romania (Boettger 1907), Slovakia (Svagrovsky 1981)
and western Ukraine (Eichwald 1830, 1851a, 1853;
Andrzejowski 1833; Pusch 1837, Lomnicki 1895;
Teisseyre 1900; Friedberg 1928, 1938; Kowalewski
1936b, 1937; Kulichenko and Sorochan 1968;
Anistratenko and Anistratenko 2001; and this study;
for details see Appendix 2); Paratethys: Sarmatian
(= upper Serravallian) of Austria (Harzhauser and
Kowalke 2002; Piller and Harzhauser 2005), west-
ern Ukraine (Teisseyre 1900; Friedberg 1938); north-
eastern Atlantic: Serravallian of France (Cossmann
and Peyrot 1917); Proto-Mediterranean Sea: upper
Serravallian of Turkey (Landau et al. 2013). Upper
Miocene of the Proto-Mediterranean Sea: Tortonian
of Italy (Sacco 1896). Pleistocene of the Mediterranean
Sea in Greece (this study).

Jujubinus vexans (Boettger, 1907)
(Text-fig. 21A)

1907. Calliostoma (Strigosella) vexans n. sp.; Boettger, p.
185, No. 636.

1934. Cantharidus (Jujubinus) vexans (Boettger); Zilch, p.
202, pl. 2, fig. 34 (lectotype).

1975. Jujubinus (Strigosella) vexans (Boettger); Batuk, p.
42, pl. 4, figs 8-10.

1981. Jujubinus (Strigosella) vexans (Boettger, 1907); Sva-
grovsky, pp. 105, 106, pl. 33, fig. 10.

1982. Jujubinus (Strigosella) aff. vexans (Boettger, 1907);
Svagrovsky, p. 8, pl. 1, fig. 5.

2001. Jujubinus vexans (Bottger, 1907); Anistratenko and
Anistratenko, p. 192.

MATERIAL: Sandy facies: Nadrichne, Ukraine (MZ
VIII Mg 4655) 2 ;.

DESCRIPTION: Shell small, trochiform, with low
conical spire. Protoconch convex with apical back,
abraded. Teleoconch whorls weakly convex to nearly
flat-sided. Suture linear, impressed. Spiral sculpture
consisting of closely-set, narrow cords, four on first
teleoconch whorl, nine on last whorl; peripheral cord
on last whorl slightly stronger. Spiral cords separated
by narrow grooves. Prosocline growth lines hardly
visible. Last whorl roundly angled at base. Base flat-
tened, perforate, bearing eleven close-set spiral cords.
Umbilicus narrow, with rounded edge. Inner lip with-
out columellar fold. Aperture square in outline.

REMARKS: The two juvenile specimens, although
poorly preserved, evidently belong to the indicated

Text-fig. 21. Jujubinus vexans (Boettger, 1907) from the Badenian
of Nadrichne, Ukraine; MZ VIII Mg 4655/1. A, — apertural view,
A, — apical view, A3 — apex in apical view. SEM images.

species. They are at the same growth stage, almost
fully concordant both with the lectotype from the
Badenian of Costei, Romania (see Zilch 1934, pl. 2,
fig. 34, SMF XII 2514 a; not seen) and specimens
from Korytnica, Poland (MZ VIII Mg 4711, 4712).
The Ukrainian specimens of J. vexans are very sim-
ilar in shape and sculpture to Calliostoma veliscense
Friedberg, 1938 from the Badenian salt of Wieliczka,
Poland (Friedberg 1938, p. 55). However, the speci-
mens of C. veliscense (ZNG PAN A-1-23/37) at hand
have a flat protoconch and their spiral sculpture ap-
pears at a later growth stage than in J. vexans.

OCCURRENCE: Middle Miocene of the Central
Paratethys: Badenian of Romania (Boettger 1907,
Zilch 1934), Slovakia (Svagrovsky 1981, 1982), Poland
(Batuk 1975; and this study) and western Ukraine
(Anistratenko and Anistratenko 2001; and this study;
for details see Appendix 2).

Jujubinus zukowcensis (Andrzejowski, 1833)
(Text-fig. 22A-1)

1833. Trochus Zukowcensis Pusch.; Andrzejowski, pp.
444, 445, pl. 13, fig. 2.

1928. Gibbula volhynica Friedb. var.; Friedberg, p. 497,
pl. 31, fig. 12.

1928. Callistoma Zukowcense Andrz.; Friedberg, pp. 511,
512, pl. 32, figs 13-17.

1936b. Callistoma zZukowcense Andrz.; Kowalewski, p. 15.
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Text-fig. 22. Jujubinus zukowcensis (Andrzejowski, 1833) from the Badenian of Ukraine and Poland. A, C — Pidhirtsi, Ukraine; A — MZ VIII

Mg 4663/1, C — MZ VIII Mg 4663/2; B — Yaseniv, Ukraine, MZ VIII Mg 4657; D, F — Rydomy!’, Ukraine; D — MZ VIII Mg 4664/1, F —MZ

VIII Mg 4664/2; E — Zhukivtsi, Ukraine, MZ VIII Mg 4668/1; G — Zalistsi, Ukraine, MZ VIII Mg 4666/1; H — Oles’ko, Ukraine, MZ VIII Mg

4659/1; 1 — Weglin, Poland, MZ VIII Mg 4707. A, — apex in apical view; A,, B, C, D, E, Fy, G, H, I; — apertural views; F, — umbilical view;
G, — apical view; I, — oblique umbilical view. A, G, I are SEM images.
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*1937. Callistoma Zukowcense Andrz.; Kowalewski, p. 8.
1938. Callistoma zukowcense Andrz.; Friedberg, p. 55.
1968. Calliostoma zukowcense (Andrzejowski, 1833);

Kulichenko and Sorochan, p. 122, pl. 32, figs 16,
17 (figures from Friedberg 1928, pl. 32, figs 14, 15).
1981. Calliostoma zZukowcense (Andrzejowski 1833);
Krach, pp. 44, 45, pl. 14, figs 2-10.
2001. C.[olliculus] zukowcensis (Andrzejowski, 1833);
Anistratenko and Anistratenko, p. 192.

MATERIAL: Sandy facies: Bilozirka (MZ VIII
Mg 4656) 1 fp; Yaseniv (MZ VIII Mg 4657) 1 a;
Kalaharivka (MZ VIII Mg 4698) 1 a, 2 fp; Korostova
(MZ VIII Mg 4658) 2 af, 7 j; Oles’ko (MZ VIII Mg
4659-4661, 4699) 13 a, sa, 14 j; Pidhirtsi (MZ VIII
Mg 4662, 4663, 4700) 83 sh; Rydomyl’ (MZ VIII Mg
4664) 7 a, sa; Vanzhuliv (MZ VIII Mg 4701) 1 a, 1
af; Zalistsi (MZ VIII Mg 4665, 4666) 1 a, 1 sa, 5 j;
Zalistsi — Zhabiak ravine (MZ VIII Mg 4667) 2 a;
Zhukivtsi (MZ VIII Mg 4668) 2 a. Carbonate depos-
its: Lidykhiv (MZ VIII Mg 4669) 24 a and sa, 2 jf;
Staryi Pochaiv (MZ VIII Mg 4670) 15 a and sa. All
specimens are from western Ukraine.

DESCRIPTION: Shell of medium size, thick, coni-
cal. Suture linear, impressed. Surface covered with
fine, irregular spiral cords and threads crossed by
closely-set prosocline growth lines. Protoconch
abraded, apical beak visible in some specimens.
Sculpture on first teleoconch whorl of four rounded
spiral cords, increasing in number to ten on second
teleoconch whorl. On later whorls number of primary
cords variable, six to seven, rarely eight, usually five
on lateral flank of last whorl. Spiral cord adjacent
to adapical suture strengthened in some specimens.
Teleoconch whorls with periphery at abapical suture,
first three whorls convex, later whorls concave, rarely
flat-sided. Periphery of later whorls usually marked
by swell, which overhangs suture. Base bearing flat-
tened spiral cords (eleven on specimen MZ VIII Mg
4657, Text-fig. 22B; seven on specimen MZ VIII Mg
4663/2, Text-fig. 22C). Umbiliculus absent or slit-
like; in juvenile specimens always present. Oblique
aperture in quadrangle form, lower part of peristome
thickened, outer lip with bevelled edge. Columella
bearing swelling in some specimens. Interior na-
creous. Colour pattern of fine, diagonal stripes pre-
served in many shells (see Text-fig. 22F).

REMARKS: The type material of 7. zukowcensis
is probably present in the KNUSH collection, from
Zhukivtsi, Ukraine. This species has been placed by
most authors in the genus Calliostoma. However, the

placement of this species within the genus Jujubinus
seems more appropriate. Unfortunately, the proto-
conch is not well preserved in the studied specimens,
but they do not seem to have a protoconch typical for
Calliostoma (see below).

The abundant material at hand of J. zukowcensis
from the Badenian of western Ukraine in the MZ and
ZNG PAN collections shows great variability in shell
shape, size and sculpture.

As seen in the series illustrated, the shells can be
squat (Text-fig. 22F, G) to relatively slender (Text-fig.
22C). The height/width ratio of measured Ukrainian
specimens of J. zukowcensis is 1.01-1.47. The squat
specimens of this species are very similar to slender
specimens of G. novemcincta, presented herein, but
differ from them primarily in the size of the umbili-
cus as well as the colour pattern.

Krach (1981, pp. 44, 45, pl. 14, figs 2—10) showed
the variation within the population J. zukowcen-
sis from the carbonate facies of Roztocze, Poland.
Among several hundred specimens from there in the
MZ collection, specimens with the swollen whorl pe-
riphery which overhangs the suture (see Text-fig. 221)
are few.

Some specimens of J. zukowcensis (e.g., Text-
fig. 22F) are similar to Jujubinus pigeonblancensis
Ceulemans, Van Dingenen and Landau, 2016 from
the early Pliocene of northwestern French Atlantic
(see Ceulemans et al. 2016, pl. 3, figs 2—4), but differ
in having fewer and stronger spiral cords, which are
not beaded.

OCCURRENCE: Middle Miocene of the Central
Paratethys: Badenian of Poland (Krach 1962, 1981;
this study) and western Ukraine (Andrzejowski 1833;
Friedberg 1928, 1938; Kowalewski 1936b, 1937,
Amitrov 1961; this study; for details see Appendix 2).

Genus Paroxystele Schultz, 1969

TYPE SPECIES: Trochus patulus Brocchi, 1814, by
original designation. Neogene, Italy.

REMARKS: The subgenus Paroxystele established
by Schultz (1969) in the genus Diloma Philippi, 1845,
was raised to generic rank by Anistratenko and
Anistratenko (2001), Lozouet et al. (2001), Harzhauser
(2002), Landau et al. (2003, 2013, 2017), Ceulemans
et al. (2016) and Thivaiou et al. (2019). Paroxystele
was again included within the genus Diloma by
Mikuz (2009). Nevertheless, the Recent Diloma ni-
gerrimum (Gmelin, 1791), the type species of Diloma
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(Monodontinae), has a completely different shell from
European representatives of Paroxystele. Moreover,
the speciose nature of Diloma in New Zealand and
its wide distribution in the Pacific (Donald et al.
2005) implies that Paroxystele should not be com-
bined with this genus. Schultz (1969, 1971) found that
Paroxystele in modern seas is represented by Diloma
(Paroxystele) sauciata (Koch in Philippi, 1845). Based
on molecular evidence, the species sauciata has re-
cently been moved into the genus Phorcus Risso,
1826 (Donald et al. 2012; MolluscaBase 2019), which
is placed in the subfamily Cantharidinae (Williams
et al. 2010; Donald et al. 2012; Uribe et al. 2017a).
Therefore, placement of Paroxystele in the subfamily
Umboniinae by Lozouet et al. (2001) and Harzhauser
(2002) or in the Trochinae by Landau et al. (2003,
2013) seems inappropriate, especially because only
one umboniine species lives in European seas. This
is Umbonium vestiarium (Linnaus, 1758) occurring
in the Eastern Mediterranean where it was introduced
via the Suez Canal (Poppe and Goto 1991) from the
Indo-West Pacific. Recently, Ceulemans et al. (2016)
and Landau et al. (2017) placed Paroxystele in the
subfamily Cantharidinae, without further comment.

According to Schultz (1969, p. 218), the shell
characters of Paroxystele are: “Spiralskulptur auch
auf dem letzten Umgang” and “zumindest juve-
nil genabelt; auch adult meist mit Hohlspindel, die
zum Teil durch den Spindelkallus ausgefiillt wird”.
Schultz (1971) listed many species and subspecies of
the subgenus Paroxystele from the Neogene depos-
its of Europe and showed their stratigraphic range
and palaeogeographic distribution. Paroxystele is
known from the Miocene of both the northeastern
Atlantic and the Proto-Mediterranean Sea, and also
of both the Central and Eastern Paratethys, from
the Pliocene of both the northeastern Atlantic and
Proto-Mediterranean Sea, and from the Pleistocene
of the Mediterranean (see e.g., Schultz 1971; Iljina
1993; Landau et al. 2003). It seems that the genus
Paroxystele was already present during the late
Oligocene in European faunas (Lozouet 1986 after
Landau et al. 2013). Paroxystele is not associated
with any particular facies. Various species of this ge-
nus were recorded from clay (e.g., Baluk 1975), sandy
(e.g., Katona et al. 2011) and carbonate deposits (e.g.,
Krach 1981; Saint Martin et al. 2000).

Paroxystele orientalis (Cossmann and Peyrot, 1917)
(Text-fig. 23A-V)

1830. T.[rochus] sulcatus, m; Eichwald, p. 221 [non
Trochus sulcatus Lightfoot, 1786].

1830.

1830.

1831.

1837.

1850.

Trochus carinatus; von Buch, p. 130 [non Tro-
chus carinatus Borson, 1821].

Trochus patulus; von Buch, p. 132 [non Parox-
ystele patulum (Brocchi, 1814)].

Trochus patulus. Brocchi.; du Bois de Mont-
péreux, p. 39, pl. 2, figs 31-33 [non Paroxystele
patulum (Brocchi, 1814)].

Tr.Jochus] patulus Brocchi; Pusch, p. 109 [non
Paroxystele patulum (Brocchi, 1814)].

[Trochus patulus Brocchi]; Eichwald, pl. 9, fig.
5 (atlas) [non Paroxystele patulum (Brocchi,
1814)].

1851a. Troch.[us] patulus Brocchi; Eichwald, pp. 110,

281 [non Paroxystele patulum (Brocchi, 1814)].

1851b. [Trochus patulus Brocchi]; Eichwald, pl. 9, fig.

1853.

1856.

1859.

1867.

1903.

1912.

1917.

1918.

1928.

5 (atlas) [non Paroxystele patulum (Brocchi,
1814)].

Troch.[us] patulus. Brocch.; Eichwald, pp. 216—
218 [non Paroxystele patulum (Brocchi, 1814)].
Trochus patulus Brocc.; Hornes, pp. 458—460,
pl. 45, fig. 14 [non Paroxystele patulum (Broc-
chi, 1814)].

Trochus patulus Brocchi; Eichwald, p. 3, pl. 9,
fig. 5 (atlas) [non Paroxystele patulum (Brocchi,
1814)].

Tr.lochus] patulus Brech.; Reuss, p. 162 [non
Paroxystele patulum (Brocchi, 1814)].

Trochus patulus Broc.; Mikhailovsky, pp. 69,
228, pl. 4, figs 5, 6 [non Paroxystele patulum
(Brocchi, 1814)].

Trochus (Oxystele) Amedei Brongn.; Schaffer, p.
171, pl. 54, figs 36-39 [non Paroxystele amadei
(Brongniart, 1823)].

O.[xystele] orientalis C. et P.; Cossmann and
Peyrot, p. 102.

Oxystele orientalis Cossm. et Peyr.; Cossmann,
p. 213, pl. 8, figs 9, 10.

Oxystele orientalis Cossm. et Peyr.; Friedberg,
pp. 516518, pl. 33, figs 4-7.

1936b. Oxystele orientalis Cossm. i Peyr.; Kowalewski,

1937.
1938.

1955.

1960.

1961.

1962.

p. 15.

Oxystele orientalis Cossm.; Kowalewski, p. 8.
Oxystele orientalis Cossm. et Peyr.; Friedberg,
p. 58.

Oxystele orientalis Cossm. et Peyrot; Korobkov,
p. 98, pl. 4, figs 1618 [figures from Friedberg
1928, p. 98, pl. 33, figs 4, 5, 7b].

Oxystele orientalis Cossmann et Peyrot 1917;
Kojumdgieva, p. 87, pl. 29, fig. 1.

Oxystele orientalis Cosm. et Peyr.; Florei, p.
680, pl. 6, fig. 36.

Oxystele patula orientalis Cossmann & Peyrot;
Strausz, p. 126, fig. 150a.
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Text-fig. 23. Paroxystele orientalis (Cossmann and Peyrot, 1917) from the Badenian of Ukraine. A — Yaseniv; MZ VIII Mg 4591/1; B-D, F,
G —Rydomyl’; B—MZ VIII Mg 4604/1, C — MZ VIII Mg 4604/2, D — MZ VIII Mg 4604/3, F — MZ VIII Mg 4604/4, G — MZ VIII Mg 4604/5;
E — Chepeli; MZ VIII Mg 4589/1; H, I, M—P, R—U — Zalistsi; H — MZ VIII Mg 4608/1, I - MZ VIII Mg 4608/2, M — MZ VIII Mg 4609/8, N
—MZ VIII Mg 4609/3, O — MZ VIII Mg 4609/1, P — MZ VIII Mg 4609/2, R — MZ VIII Mg 4609/7, S — MZ VIII Mg 4609/6, T — MZ VIII Mg
4609/5, U — MZ VIII Mg 4609/4; J-L, Q — Varivtsi; ] - MZ VIII Mg 4694/1, K — MZ VIII Mg 4694/2, L — MZ VIII Mg 4694/3, Q — MZ VIII
Mg 4694/4; V — Zalistsi — Zhabiak ravine; MZ VIII Mg 4695/1. A, By, C;, Dy, E, F| Gy, H), [}, J-V — apertural views; A,, B,, C,, D, — apical
views; Az — shell base in oblique view; B3 — details of juvenile whorls in apical view, black arrow indicates demarcation between protoconch
and teleoconch; F,, G,, H,, I, — umbilical views. A-D are SEM images.
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1966. Oxystele patula orientalis Cossmann & Peyrot,
1917, Strausz, p. 40, fig. 24.

1968. Oxystele orientalis Cossmann et Peyrot, 1917;
Kulichenko and Sorochan, p. 105, pl. 28, figs
15, 16 [figures from Friedberg 1928, pl. 33, figs
4a, 7a].

1968. Diloma (Oxystele) orientalis (Cossmann et Pey-
rot, 1917); Hinculov, p. 119, pl. 27, figs 1-5.

1970. Oxystele orientalis Cossmann et Peyrot; Batuk,
p- 117, pl. 8, fig. 7.

1971. Oxystele orientalis Cossman et Peyrot; Eremija,
p- 65, pl. 6, fig. 9.

1975. Diloma (Paroxystele) amedei (Brongniart,
1823); Batuk, p. 31, pl. 6, fig. 8.

1975. Diloma (Paroxystele) orientalis (Cossmann et
Peyrot, 1917); Batuk, p. 32, pl. 6, fig. 9.

1981. Diloma (Paroxystele) orientale (Cossmann et
Peyrot, 1916); Svagrovsky, pp. 104, 103, pl. 32,
figs 5-7.

part 1981. Oxystele orientalis Cossmann et Peyrot 1917,

Krach, p. 45 [non pl. 13, figs 3, 4 = Gibbula
miocaenica (Mayer, 1853)].

1993. Diloma (Paroxystele) orientalis (Cossmann et
Peyrot, 1917); Iljina, p. 32, pl. 1, figs 10-14.

2001. Paroxystele orientalis (Cossmann et Peyrot,
1917); Anistratenko and Anistratenko, p. 192.

2009. Diloma (Paroxystele) orientalis (Cossmann &
Peyrot, 1916); Mikuz, p. 8, pl. 1, fig. 1.

2013. Paroxystele orientale (Cossmann et Peyrot,
1917); Landau et al., pp. 28, 29, pl. 1, fig. 8.

2019. Paroxystele orientale (Cossmann et Peyrot,
1917); Thivaiou et al., p. 327, fig. 3A1-A4.

MATERIAL: Sandy facies: Bilozirtka (MZ VIII Mg
523, 4588) 1 sa, 13 j; Chepeli (MZ VIII Mg 4589) 25
sh; Nadrichne (MZ VIII Mg 4590) 4 sh; Yaseniv (MZ
VIII Mg 4591, 4592) over 100 sh; Kalaharivka (MZ
VIII Mg 4690) 1 a, 1 sa; Korostova (MZ VIII Mg 4593)
2 j; Ohryzkivtsi (MZ VIII Mg 4594) 1 j; Oles’ko (MZ
VII Mg 4595-4600, 4691) over 100 sh; Pidhirtsi (MZ
VIII Mg 4601-4603, 4692) over 100 sh; Rydomyl’
(MZ VIII Mg 4604) over 100 sh; Shushkivtsi (MZ
VIII Mg 4605) over 100 sh; Vanzhuliv (MZ VIII Mg
4693, 4606) 53 sh; Varivtsi (MZ VIII Mg 4694) 58
sh; Vyshhorodok (MZ VIII Mg 4607) 1 j; Zalistsi
(MZ VIII Mg 521, 4608, 4609) over 100 sh; Zalistsi
— Zhabiak ravine (MZ VIII Mg 2860, 4695) 42 sh;
Dzvyniacha (MZ VIII Mg 4610) 1 j; Zhukivtsi (MZ
VIII Mg 522) 8 j. Carbonate deposits: Lidykhiv (MZ
VIII Mg 4611) 2 j; Staryi Pochaiv (MZ VIII Mg 4612)
1 j. All specimens are from western Ukraine.

DESCRIPTION: Shell large, trochiform, with high

or slightly depressed spire and flattened base. Spiral
sculpture of closely-set cords and threads of irregular
strength and position. Protoconch with apical beak.
Protoconch/teleoconch boundary barely visible, sin-
uous?, fractured. Teleoconch starting with growth
lines. Three to four spiral cords appearing in latter
part of first teleoconch whorl. Number of spiral cords
of variable strength meaningly increasing with ontog-
eny. Micropustules present close to adapical suture
on early teleoconch whorls. Axial sculpture restricted
to fine, strongly prosocline growth lines, more close-
ly-set towards aperture. Teleoconch whorls weakly
convex, flat or sometimes concave. Narrow ramp in
the adapicalmost part of whorls present in the same
specimens. Suture linear, impressed. Last whorl de-
pressed, roundly angled at periphery. Base almost flat
with fine concentric cords, sometimes nearly smooth.
Aperture quadrangular; outer lip sharp edged, join-
ing penultimate whorl below periphery. Columella
oblique. Umbilicus filled with large callus with a
slit-like orfice on the rim. Juvenile specimens with
open, deep umbilicus with crenated margin. Interior
nacreous. Some specimens almost completely brown,
others with colour pattern of vertical stripes or small
spots, or irregular broad flammules.

REMARKS: Eichwald introduced two species names
for a single new species from the Miocene of Ukraine,
Trochus carinatus and Trochus sulcatus, which were
preoccupied for two other species (see Eichwald
1851a, 1853 and the synonymy above). According
to Eichwald (1853, pp. 216, 217, footnote), T. cari-
natus is the oldest name for this species. However,
this species name was published by von Buch (1830),
somewhat later than the species name T. sulcatus
introduced by Eichwald (1830) (for exact publication
dates see remarks for G. puschii). Later, Eichwald
(1851a, p. 110) considered the Ukrainian Miocene
specimens to be conspecific with the Pliocene spe-
cies Trochus patulus Brocchi, 1814, but with some
doubts. Cossmann and Peyrot (1917) recognised that
specimens described by Eichwald (1851a, 1853) and
Hornes (1856) as T. patulus were distinctly different
from those from the Pliocene and represent separate
species. Consequently, they proposed Oxystele orien-
talis as a new species name for specimens from the
Miocene of the Paratethys.

The discussed species was placed by many au-
thors in Oxystele (see synonymy above), but it seems
inappropriate because Donald ef al. (2005) showed
that this genus is endemic to southern Africa.

Paroxystele orientalis is a very common species
in European Miocene sediments. The shells of this
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species show a wide range of intraspecifc variability.
Iljina (1993, pl. 1, figs 10—12) illustrated the consider-
able variation in the slenderness of the shells of dis-
cussed species from the Konkian (middle Miocene)
of the Molkuduk (Ustyurt Plateau, Kazakhstan).
Batuk (1975), however, having only two specimens
from the Badenian of Korytnica, Poland identified
the less slender shell with convex whorls as Diloma
(Paroxystele) amedei (Brongniart, 1823), while the
slimmer shell and somewhat tierlike in outline with
flattened whorls as Diloma (Paroxystele) orienta-
lis (Cossmann and Peyrot, 1917). I have examined a
large number of specimens and found that apart from
the shells that correspond to the above-described
forms, many intermediate shells are also present. In
addition, the specimens show a wide range of vari-
ability in the spiral sculpture. Apart from specimens
with relatively few strong spiral cords (Text-fig. 23J)
there are specimens with very numerous fine spiral
cords (Text-fig. 23H). Moreover, in some specimens,
among others from Oles’ko and Rydomyl’, there is
no slit-like orfice on the callus rim. The same range
of shell variability as seen in the series illustrated
herein, is also seen in Eichwald’s and Friedberg’s
collections. The enormous degree of variability of P.
orientalis is of no exception. It has also been observed
in the shells of other Paroxystele species. A highly
polymorphic shell occurs in the Plio—Pleistocene
Paroxystele patulum (Brocchi, 1814) (Landau et al.
2003, p. 51). The differences between the shells of
P. orientalis and other Miocene Paroxystele species
were discussed by Landau et al. (2013).

Specimens of the species P. orientalis in the
SPbGU collection were labeled by Eichwald as Tro-
chus patulus Br. — sulcatus m. According to the la-
bels, five specimens (SPbGU 3/397, 3/398, 3/399,
3/400, 3/402) are from Zhukivtsi and two specimens
(SPbGU 3/343, 3/404) are from Poczajow. The latter
locality, with regard to species discussed herein, is
not listed in Eichwald (1830, 1851a, 1853).

OCCURRENCE: Lower Miocene of the Proto-Medi-
terranean Sea: Aquitanian of Greece (Thivaiou ef al.
2019); Central Paratethys: Eggenburgian of Austria
(Schaffer 1912). Middle Miocene of the Central
Paratethys: Badenian of Poland (e.g., Baluk 1975;
Krach 1981; MZ collection), Austria (Hornes 1856;
Cossmann 1918; Glibert 1962; Zuschin et al. 2007),
Czech Republic (Hornes 1856), Slovakia (Hornes
1856; Svagrovsky 1981), Bulgaria (Kojumdgieva
1960), Romania (Florei 1961; Hinculov 1968), Hungary
(Csepreghy-Meznerics 1954, 1969b; Strausz 1966),
Slovenia (Mikuz 2009), Bosnia and Herzegovina

(Eremija 1971), Moldova (Iljina 1993; Anistratenko
and Anistratenko 2001), and western Ukraine (von
Buch 1830; du Bois de Montpéreux 1831; Eichwald
1830, 1851a, 1853; Friedberg 1928, 1938; Kowalewski
1936b, 1937; Kulichenko and Sorochan 1968; Iljina
1993; Anistratenko and Anistratenko 2001; and this
study; for details see Appendix 2); Eastern Paratethys:
Tarkhanian of southern Ukraine (Mikhailovsky 1903;
Anistratenko and Anistratenko 2001), Konkian of
Russia (western Ciscaucasia), Georgia, Kazakhstan
(Iljina 1993; Anistratenko and Anistratenko 2001);
Paratethys: Sarmatian (= upper Serravallian) of west-
ern Ukraine and Moldova (Anistratenko and Anistra-
tenko 2001); Proto-Mediterranean Sea: upper Serra-
vallian of Turkey (Landau et al. 2013).

Family Calliostomatidae Thiele, 1924 (1847)

REMARKS: Calliostomatines were treated for a
long time as a subfamily of Trochidae (e.g., Wenz
1938; Knight et al. 1960; Hickman and McLean
1990; Sladkovskaya 2017). Nevertheless, some au-
thors have raised them to familial rank (e.g., Golikov
and Starobogatov 1975; Marshall 1995; Bouchet ef
al. 2005) and this status was confirmed by the mo-
lecular studies of Williams ez al. (2008, 2010) and
Williams (2012). According to Bouchet et al. (2017)
and the MolluscaBase (2019), the Calliostomatidae
includes five Recent subfamilies, of which only the
Calliostomatinae Thiele, 1924 (1847) are represented
by the species described herein.

In almost all Calliostomatidae genera, the proto-
conch has a honeycomb pattern; exceptions include
e.g., Margarella Thiele, 1893 (see Williams 2012
and references therein) and Xeniostoma McLean,
2012 (see McLean 2012). The research carried out
by Marshall (1995, p. 83) showed that “calliostoma-
tid shell morphology tends to become more variable
with increasing size/age, so that species with dissim-
ilar early teleoconchs can be superficially similar at
maturity and vice versa.”

This family comprises about 250 extant species,
which are distributed in all oceans (Marshall 1995),
from tropics to polar latitudes, but many of them ex-
hibit distinct local endemism (Marshall 1988, 1995).
They occur from the intertidal to bathyal depths,
mostly on rocky ground (Marshall 1995). Species of
Calliostomatidae are carnivores, feeding on coelen-
terates, sponges, tunicates (Hickman and McLean
1990), possibly even small molluscs (Dornellas and
Simone 2011) and also carrion (Marshall 1995). The
exception, taking into account the diet, is Xeniostoma
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inexpectans McLean, 2012 whose radular morphol-
ogy indicates detritivory. This family is recognised
in a strict sense in the Late Cretaceous (Hickman
and McLean 1990), but according to Williams ef al.
(2008) diversified at 41 Ma (Eocene).

Subfamily Calliostomatinae Thiele, 1924 (1847)

REMARKS: The subfamily Calliostomatinae in-
cludes 18 accepted Recent genera (MolluscaBase
2019). Most of them occur in Australia and New
Zealand, so in this region, the Calliostomatinae show
great morphological diversity. On the other hand,
only one genus, namely Calliostoma, was recognised
in European seas (see Poppe and Goto 1991).

Calliostomatinae shells were characterised in de-
tail by Hickman and McLean (1990). However, it is
noteworthy that, although the calliostomatine shell
is very similar to that of the Thysanodontinae, it is
distinguishable by having three or four primary spi-
rals of similar sizes on the first teleoconch whorls,
unlike thysanodontines in which shells have a strong
carina on the first 1.5 to 2.5 whorls (Marshall 1988).
The first report of the Thysanodontinae in European
faunas was provided by Landau et al. (2017).

Calliostomatine-like shells are present in Triassic
and Jurassic faunas, but this subfamily is not rec-
ognised in a strict sense until the Late Cretaceous
(Hickman and McLean 1990).

Genus Calliostoma Swainson, 1840

TYPE SPECIES: Trochus conulus Linneaus, 1758
by subsequent designation of Herrmannsen (1846).
Recent, north-eastern Atlantic, Mediterranean Sea.

REMARKS: Calliostoma is diagnosed as the sub-
family Calliostomatinae by anatomical and radular
characters (for details see Hickman and McLean
1990; Willan 2002) and by shells that were described
(Willan 2002, p. 9) as follows: “conical (shaped like
a spinning top) as is generally characteristic for
all trochoideans with an oblique aperture and all
have an oblique angle where the relatively straight
columella meets the lower section of the outer lip.
The outer lip is generally not thickened and is never
denticulate. There is generally a sharp peripheral
demarcation, which may be reinforced with a thick-
ened spiral cord, between the spire and the base of
the shell. Spiral cords, either smooth or ornamented
with regular nodules, are the predominant sculptural
component on the exterior of the shell. The hon-
eycomb-like microsculpture on the protoconch of

the shell is a derived character diagnosing the fam-
ily”. Photographs of Calliostoma protoconchs have
been presented by e.g., Bandel (1982), Cretella et
al. (1990), Hickman and McLean (1990), Hickman
(1992), Marshall (1995), Marquet (1998), Sasaki
(1998), Landau et al. (2003, 2017) and Ceulemans
et al. (2016).

Calliostoma 1s distributed worldwide, from shal-
low waters to bathyal depths. Species of this genus
occur mainly on hard substrates, although Japanese
species have been found also on sandy bottoms
(Williams et al. 2010). Almost 100 valid Recent
species of Calliostoma are known from the west-
ern Atlantic, 36 species occur in the eastern Pacific
(Quinn 1992), and only 13 species were mentioned by
Poppe and Goto (1991) from European seas — recently,
two of them, i.e., ‘Calliostoma’ wiseri (Calcara, 1842)
and ‘Calliostoma’ miliaris (Brocchi 1814) were trans-
ferred to other genera (see MolluscaBase 2019).

Calliostoma s.1. was identified in the Early Creta-
ceous, however this genus is identified in a strict
sense only since the Late Cretaceous (Hickman
and McLean 1990). According to Hickman and
McLean (1990), Calliostoma is well represented in
Palacogene and Neogene faunas. Recently, many
Calliostoma species were described from the upper
Miocene (Landau et al. 2017, 22 species) and the
lower Pliocene (Ceulemans et al. 2016, 6 species)
deposits of northwestern France. Anistratenko and
Anistratenko (2001) listed as many as 43 species of
Calliostoma from the Miocene of Ukraine. Later,
however, Anistratenko and Anistratenko (2012)
transferred almost all Sarmatian species which
were previously assigned to Calliostoma to the ge-
nus Gibbula, without further comment. Sarmatian
Trochidae from the Eastern Paratethys were re-
vised recently by Sladkovskaya (2017), who contin-
ued to include there the subfamilies Trochinae and
Calliostomatinae. As a result, out of 42 described
species, Sladkovskaya (2017) assigned only one
species to the genus Calliostoma, but with doubt,
because she did not have any information on its pro-
toconch. She did not provide any protoconch illus-
trations, but noted that “Sarmatian trochids have ho-
meostrophic oligospiral (about one and a half whorls)
protoconchs with the rounded convex smooth whorls
seen in a light microscope” (Sladkovskaya 2017, p.
1462).

Some fossil species considered as belonging to
Calliostoma should be reviewed with special em-
phasis on the protoconch sculpture. This problem
is well illustrated by ‘Trochus’ miliaris Brocchi,
1814, known from the early Miocene to Recent (see
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Text-fig. 24. Calliostoma trigonum (Eichwald, 1830) from the Badenian of Rydomyl’, Ukraine; A — MZ VIII Mg 4674/1, B — MZ VIII Mg
4674/2,C—-MZ VIII Mg 4674/3, D — MZ VIII Mg 4674/4). A,, By, C, D — apertural views; A, — basal view; B, —apex in lateral view; B; — apex
in apical view. Bj—B; are SEM images.

Landau et al. 2013); it is often referred to Calliostoma
(c.g., Glibert 1962; Landau et al. 2003, 2013), but
its smooth protoconch (see Cretella et al. 1990, fig.
13) indicates that the species does not belong in this
genus. Cretella ef al. (1990) have assigned the taxon
to Clelandella Winckworth, 1932 (now allocated to
Cantharidinae), and this status is accepted by Gofas
(2005) and MolluscaBase (2019).

So far, only two species from the Badenian of
the Fore-Carpathian Basin belonging to the genus
Calliostoma have been confirmed by protoconch
sculpture. They are: Calliostoma trigonum (Eichwald,
1830), the species described below, and possibly a
new, yet unnamed species whose specimens were
identified by Batuk (2006) as Jujubinus exasperatus
(see remarks for J. turricula).

Calliostoma trigonum (Eichwald, 1830)
(Text-fig. 24A-D)

1830. T.[rochus] trigonus, m.; Eichwald, p. 220.

1831. Trochus semigranulatus. nov.; du Bois de Mont-
pereux, pp. 40, 41, pl. 3, figs 7, 8.

1837. Trochus semigranulatus Dubois Var. 3 m.; Pus-
ch, p. 108, pl. 10, fig. 10.

1850. [Trochus trigonus m.]; Eichwald, pl. 9, fig. 21
(atlas).

1851a. Troch.[us] trigonus m.; Eichwald, pp. 115, 282.

1851b.[Trochus trigonus m.]; Eichwald, pl. 9, fig. 21
(atlas).

1853. Troch.[us] trigonus m.; Eichwald, pp. 231, 232.

1859. Trochus trigonus; Eichwald, p. 3, pl. 9, fig. 21
(atlas).
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part 1928. Callistoma trigonum Eichw.; Friedberg, pp.
506, 507, pl. 32, figs 1-4.
1936b. Callistoma trigonum Eichw.; Kowalewski, p. 15.
1937. Callistoma trigonum Eichw.; Kowalewski, p. 8.
part 1938. Callistoma trigonum Eichw.; Friedberg, p. 54.
1962. Calliostoma trigonum Eichwald; Strausz, pp.
53,54, pl. 13, figs 8, 9.
1966. Calliostoma trigonum Eichwald, 1830; Strausz,
p- 34, pl. 13, figs &, 9.
1968. Calliostoma trigona (Eichwald, 1830); Kuli-
chenko and Sorochan, p. 121, pl. 32, figs 11, 12
[figures from Friedberg 1928, pl. 32, figs 2, 3].
part 1977. Calliostoma trigonum (Eichwald, 1830); Jaku-
bowski, p.107, pl. 13, figs 14, 15 [non pl. 13,
figs 16, 17].
non 1981. Calliostoma (Ampullotrochus) trigonum (Eich-
wald, 1830); Svagrovsky, p. 108, pl. 33, figs 46
[= Jujubinus turricula (Eichwald, 1830)].
2001. C.[alliostoma] trigonum (Eichwald, 1830); An-
istratenko and Anistratenko, p. 184.

MATERIAL: Sandy facies: Bilozirka (MZ VIII Mg
4671) 1 jf; Nadrichne (MZ VIII Mg 4672) 1 j; Oles’ko
(MZ VIII Mg 4673) 1 j; Rydomyl’ (MZ VIII Mg
4674) 115 sh; Shushkivtsi (MZ VIII Mg 4675) 1 af,
5 jf; Varivtsi (MZ VIII Mg 4702) 1 af, 8 jf; Zalistsi
(MZ VIII Mg 4676) 3 jf; Zalistsi — Zhabiak ravine
(MZ VIII Mg 4677) 3 af, 1 j, 1 jf. All specimens are
from western Ukraine.

DESCRIPTION: Shell of medium size, with conical
spire. Convex, paucispiral protoconch forming angle
to teleoconch, exhibiting heterostrophic appearance.
Protoconch bearing honeycomb surface microscu-
Ipture. Junction with teleoconch marked by axial
ridge. Five to six finer horizontal ribs present in the
interspaces between this ridge and between two or
three further equally strong axial ribs. Axial ribs
weakening during ontogeny, while three spiral cords
becoming predominant. A single secondary spiral
thread intercalated in each interspace, but the threads
disappear rapidly. Axial ribs crossing cords forming
beads at intersections; adapical beaded cord, adjacent
to suture gaining in strength, becoming predominant.
On second or third teleoconch whorl the fourth cord
emerging from abapical suture. At the beginning it
is indistinctly-beaded, further becoming smooth,
swollen and elevated, overhanging abapical suture,
giving the shell a scalate profile, and forming pe-
riphery on last whorl. On later whorls beads on cords
disappear (the longest in ontogenesis, they remain on
adapical cord, placed a short distance below suture),
and single fine secondary spiral cord often appearing

in interspaces between cords 1 and 2, and 2 and 3,
with further even weaker tertiary cords developed
in some interspaces. Surface covered by prosocline
growth lines. Early teleoconch whorls straight-sided,
later whorls straight-sided to concave. Suture lin-
ear, impressed. Last whorl angled at base. Flat to
slightly convex, imperforate base bearing irregular
spiral cords (20 in specimen MZ VIII Mg 4674/1;
Text-fig. 24A), strengthening and wider-set towards
centre, crossed by opisthocyrt growth lines. Aperture
oblique, subquadrate; outer lip sharp edged, angled at
periphery. Columella thickened, with basal columel-
lar tooth, meeting lower lip at distinctly obtuse angle.

REMARKS: The syntypes of 7. trigonus are proba-
bly present in the KNUSH collection, from Bilka and
Medzhybizh. However, two juvenile specimens iden-
tified by the present author as Calliostoma trigonum
are in Eichwald’s collection stored in the SPbGU. A
larger specimen consists of about six whorls (height
5.0 mm, width 5.4 mm). Unfortunately, these speci-
mens are not labeled. Eichwald’s collection, during its
long history, has been examined by many people, so it
happens that sometimes labels do not match the spec-
imens. This also applies to the original Eichwald’s
label with the species name Trochus trigonus and a
provenance of the fossils as Bilka that have been mis-
takenly assigned to four specimens with inventory
number SPbGU 3/433, which certainly do not belong
to this species.

The illustrations in Eichwald (1850, 1851b and
1859) show immature specimens of 7. trigonus. The
shell illustrated by Eichwald in 1859 (pl. 9, fig. 21a)
has a concave profile and the last whorl with spiral
cords but only one of them, adjacent to the posterior
suture, is clearly beaded (Eichwald 1859, pl. 9, fig.
21c). However, in the atlas (Eichwald 1850, 1851b,
pl. 9, figs 21a and 21c), the shell profile is nearly flat,
and on the last whorl two of the cords are coarsely
beaded, one placed near the adapical suture and sec-
ond one approximately in the middle of the whorl.
These different illustrations reflect the intraspecific
variability of this species, which can also be observed
in the studied material. In addition, adult specimens
have on the lateral flank of the last whorl a variable
number of cords, from 4 to 11, including a periph-
eral cord, of variable strength. The slenderness of the
shells is also variable.

So far, the largest specimen of this species is from
Staryi Pochaiv (ZNG PAN A-1-50/1677a, this shell
has the last whorl damaged).

The distinctive sculpture and shape of the shell
make the recognition of this species in Miocene
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gastropod fauna easy. Teleoconch features and pro-
toconch with typical honeycomb-like microsculp-
ture indicate that the species belongs to the genus
Calliostoma.

OCCURRENCE: Middle Miocene of the Central
Paratethys: Badenian of Hungary (Strausz 1962,
1966), Austria (Mandic et al. 2002), Poland (Liszka
1933; Krach 1962; Urbaniak 1974; Jakubowski 1977),
and western Ukraine (Eichwald 1830, 1851a, 1853;
du Bois de Montpereux 1831; Pusch 1837; Friedberg
1928, 1938; Kowalewski 1936b, 1937; Kulichenko
and Sorochan 1968; Anistratenko and Anistratenko
2001; this study; for details see Appendix 2).

CONCLUSIONS

Taxonomic studies of the Trochoidea are not easy,
being hampered by the fact that only few taxa of
the superfamily show determinate growth, which is
understood as “a pattern of ontogeny wherein adult
forms cease growth in body size and change in shape”
(Vermeij and Signor 1992, p. 233). In the Trochidae,
determinate growth is visible e.g., in Clanculus, be-
ing expressed by the appearance of all the character-
istic elements of the columella and the aperture. In
many other genera it is difficult to determine whether
the shell has reached final growth, resulting in poten-
tial taxonomic mistakes, such as treating the juvenile
specimens of known species as new taxa. The study
is also impeded by the fact that the species inhab-
iting shallow-water environments have diversified
characteristics of the late teleoconch. In such cases,
the protoconch and early teleoconch, exhibiting less
variability than the late teleoconch whorls, are much
more useful in taxonomic analyses.

Despite from being derived from high-energy,
shallow-marine sandy and carbonate deposits, usu-
ally preventing the preservation of delicate struc-
tures of the mollusc shell, many specimens of the
Trochoidea, which are the subject of this study, are
very well-preserved so that it was possible to de-
scribe and illustrate the shells of most species at an
early stage of ontogenetic development (including the
protoconch), some of them for the first time.

Twenty-one species belonging to five different
genera representing two families have been iden-
tified in the examined material (over 3,000 speci-
mens). The genus Paroxystele is known only from
the fossil record. Twenty species were known ear-
lier, mainly from the middle Miocene deposits of
the Fore-Carpathian Basin, and one of them is de-

scribed as Clanculus (Clanculopsis) krachi sp. nov.
One Gibbula species is left in open nomenclature.

Of 606 species of gastropods recognised in the
Late Badenian assemblages of the Central Paratethys
(Harzhauser and Piller 2007), the Trochoidea de-
scribed in this paper represent almost 3.5%.

Paroxystele orientalis is the most abundant
species in the examined collection from western
Ukraine, being represented by over 750 specimens.
The rarest species are recorded by only one or two
specimens, i.e., for Clanculus (Clanculopsis) kra-
chi sp. nov., Gibbula zboroviensis, Gibbula sp. and
Jujubinus vexans.

The protoconchs of 17 of the 21 examined spe-
cies are described herein. The protoconch is gener-
ally paucispiral (x1.25 whorls). In the Trochidae, it
reaches a maximum width of 0.20—0.28 mm, while
in Calliostoma trigonum it is 0.35 mm. The mi-
crosculpture of the protoconch is preserved only in
C. trigonum. It consists of fine threads in a pattern of
interconnected hexagons (honeycomb-like pattern).
Besides, only in the latter species the protoconch ex-
hibits a heterostrophic appearance. All protoconchs
have a small and pointed tip (= apical beak), which
reflects the original small ovum, from which the
larva developed (Bandel 1982). A sinuous termi-
nal lip occurs on the protoconchs of Gibbula pus-
chii, Jujubinus turricula and probably in Jujubinus
celinae, Jujubinus planatus and P. orientalis. The
subterminal varix of the protoconch was observed
in Gibbula biangulata, Gibbula podhorcensis and J.
turricula. An axial ridge marks the protoconch-te-
leoconch boundary in C. trigonum. The size and
shape of the studied protoconchs indicate some yolk
reserves and lecithotrophic larval development of
the species studied (Bandel 1982; Hickman 1992).
Unfortunately, the protoconch was not observed in
Clanculus (Clanculopsis) robustus, Gibbula mio-
caenica, Gibbula teisseyrei and Gibbula sp.

Among the species studied, Gibbula affinis, G.
biangulata, P. orientalis and J. turricula have the
widest stratigraphic ranges (see Appendix 3 for
the occurrences of the studied western Ukrainian
trochoidean species in the Miocene and Pleistocene
of the north-eastern Atlantic, (Proto-)Mediterranean
and Paratethyan regions). The first two species are
known from the Burdigalian (early Miocene) to the
Tortonian (late Miocene), P. orientalis ranges from
the Aquitanian (early Miocene; Thivaiou et al. 2019)
to the Serravallian (middle Miocene), and J. turricula
occurs from the Langhian to the Pleistocene.

Paroxystele orientalis,acommon middle Miocene
species, dwelled both in the Central and Eastern
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Paratethys. Its geographic range, as well as that of G.
affinis and G. puschii, reached as far as the modern
Ustyurt Plateau between the Caspian and Aral seas
(Iljina 1993) and the eastern Proto-Mediterranean Sea
(Harzhauser et al. 2002; Landau et al. 2013). Jujubinus
turricula originated in the middle Miocene; this spe-
cies is known already from the Mid Badenian sensu
Hohenegger et al. 2014 of the Central Paratethys (e.g.,
Mandic et al. 2002). Later it spread to the Atlantic
(Serravallian; Cossmann and Peyrot 1917) and
Mediterranean regions (late Serravallian, Landau
et al. 2013; Tortonian, Sacco 1896; Pleistocene, MZ
collection). Gibbula miocaenica most likely devel-
oped during the Burdigalian (early Miocene) in the
Western Paratethys (e.g., Mayer 1853). In the middle
Miocene, it dwelled in the north-eastern Atlantic and
the Central Paratethys Sea (listed so far only from
the Badenian of the Fore-Carpathian Basin under the
names Gibbula sytovae and Gibbula novemcincta by
Amitrov 1961 and Friedberg 1938, respectively).

Species that have been listed solely from the
Badenian of the Central Paratethys include: Clanculus
(Clanculopsis) tuberculatus, C. trigonum, J. vex-
ans, G. novemcincta, G. dzieduszyckii, G. teissey-
rei, Jujubinus zukowcensis, C. (C.) krachi sp. nov.
and Gibbula sp. Apart from the first four taxa, the
other ones were quoted so far only from the Polish—
Ukrainian part of the Fore-Carpathian Basin. This
points to the development of local endemics, as seen
in the Nassariidae (see Harzhauser and Kowalke
2004), due to partial isolation of this basin.

Of the 21 species of the Trochoidea, described
herein, that inhabited the Late Badenian Central
Paratethys, 9 (42.8%) taxa are known to have sur-
vived into the Sarmatian, most of them mainly in the
Fore-Carpathian Basin.
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Parameters of the specimens studied. All specimens are from the Badenian and Langhian (middle Miocene) of
western Ukraine (U), Poland (P) and France (F), unless stated otherwise. NWS — number of shell whorls, HS —
shell height, WS — shell width, WP — width of protoconch, * — shell without preserved protoconch or shell without
preserved protoconch and the first teleoconch whorls.

Species Locality and age Repository and inventory lllustrgted NWS HS | WS | WP
number herein [mm] | [mm] | [mm]
Clanculus (Clanculopsis) baccatus Pontlevoy (F) MZ VIII Mg 451/1 Text-fig. 3D 5.5% 11.3 | 11.3 -
Clanculus (Clanculopsis) krachi Oles’ko (U) MZ VIII Mg 4522 Text-fig. 2A 5.0% 92 | 95 -
Lidykhiv (U) MZ VIII Mg 4520/1 Text-fig. 3C 5.5% | 10.0 | 10.0 -
. . . MZ VIII Mg 4521/1 Text-fig. 3A | 5.5% | 10.8 | 10.5 -
Clanculus (Clanculopsis) robustus Staryi Pochaiv (U) MZ VIl Mg 45212 Textfig 3B | 5.75% | 110 | 113 -
Rybnica (P) ZNG PAN A-1-50/1557a - 45% | 110|120 -
MZ VIII Mg 4530/1 Text-fig. 4B 5.5% 94 | 9.7 -
Zalistsi (U) MZ VIII Mg 4531/1 Text-fig. 4A | 5.0* | 94 | 9.7 -
SPbGU 3/444 - 6.0 11.5 | 11.2 -
Staryi Pochaiv (U) MZ VIII Mg 4534/1 Text-tfig. 4C | 6.25* | 11.8 | 9.2 -
. MZ VIII Mg 4704/1 Text-fig. SA 6.5% 10.5 | 8.0 -
Clanculus (CCIZZ’ZZ?"”S) tuber- MZ VIII Mg 4704/2 | Text-fig. 5B | 7.0 | 9.7 | 80 | -
MZ VIII Mg 4704/3 Text-fig. 5C 6.0* 94 | 86 -
Weglin (P) MZ VIII Mg 4704/4 Text-fig. 5D 7.0 9.0 | 9.2 -
MZ VIII Mg 4704/5 Text-fig. SE 6.25% | 11.5 | 10.3 -
MZ VIII Mg 4704/6 Text-fig. SF 6.25% 9.5 8.3 -
MZ VIII Mg 4704/7 Text-fig. 5G 5.0* 85 | 83 -
R MZ VIII Mg 4542/1 Text-fig. 6F 7.5 9.8 | 7.8 -
Rydomyl"(U) MZ VIl Mg 4542/3 | Text-fig. 6A | 6.5 | 6.2 | 48 | 028
Zalistsi (U) MZ VIII Mg 4545/1 Text-fig. 6B 4.75 32 | 3.6 | 0.26
. . MZ VIII Mg 641/1 Text-fig. 6C 7.0 8.6 | 6.5 -
Gibbula afinis MZ VIl Mg 64172 | Text-fig. 6D | 7.0 | 7.8 | 67 | -
Zhukivtsi (U) MZ VIII Mg 641/3 Text-fig. 6E 6.5 72 | 6.2 -
SPbGU 3/426.1 - 6.0 6.9 | 4.7 -
SPbGU 3/426.2 - 5.0 45 | 43 -
Staryi Pochaiv (U) MZ VIII Mg 4548/1 Text-fig. 7B 3.75 1.9 1.8 -
ZNG PAN I-A-50/1591a - 6.5 8.0 | 7.5 -
Varivtsi (U) MZ VIII Mg 4682 Text-fig. 7A 5.0 29 | 34 | 021
Gibbula biangulata Zalistsi (U) ZNG PANI-A-50/1588 - 60 65 | 63 -
ZNG PAN I-A-50/1589 - 5.5 45 | 45 -
SPbGU 3/424 - 6.0 6.6 | 6.5 -
Zhukivtsi (U) ZNG PAN I-A-50/1590a | Text-fig. 7C 7.0 95 | 84 -
ZNG PAN I-A-50/1590b | Text-fig. 7D 7.0 9.0 | 8.0 -
MZ VIII Mg 4566/1 Text-fig. 8C 5.5% 73 | 6.2 -
ZNG PAN A-1-50/1625 - 525% | 7.1 | 64 -
Oles’ko (U) "
Gibbula dzieduszyckii ZNG PAN A-1-50/1626a - 5.0 59 | 52 -
ZNG PAN A-1-50/1626b - 6.0 58 | 53 -
Zalistsi — Zhabiak ravine (U) MZ VIII Mg 4567/1 Text-fig. 8B 6.0 3.8 | 43 |~0.20
MZ VIII Mg 4567/2 Text-fig. 8A | 6.25 47 | 4.6 |~0.22
Yaseniv (U) MZ VIII Mg 4568/1 Text-fig. 9D 5.5 42 | 5.0 -
MZ VIII Mg 4687/1 Text-fig. 9A 7.0% 252 1213 -
Sataniv (U) MZ VIII Mg 4687/2 Text-fig. 9B 7.0* | 23.0 | 19.5 -
Gibbula miocaenica MZ VIII Mg 4687/3 Text-fig. 90C | 5.25% | 8.0 | 8.2 -
. ZNG PAN A-1-87/82a.1 - 525% | 26 | 23 -
Weglinek (P)
ZNG PAN A-1-87/82a.2 - 5.75% 24 21 -
R MZ VIII Mg 2707/1 | Text-fig. 9E | 5.0% | 64 | 7.5 | -
Ferriére-Largon (F)
MZ VIII Mg 2707/2 Text-fig. 9OF 5.0% 6.0 | 6.7 -
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Repository and inventory

Ilustrated

HS

WS

WP

Pleistocene

Species Locality and age number herein NWS (mm] | [mm] | [mm]
Bilozirka (U) MZ VIII Mg 4572/1 Text-fig. 11B 4.5 2.6 | 4.6 -
Korostova (U) MZ VIII Mg 4573 Text-fig. 11G 6.5 6.5 | 8.9 -
MZ VIII Mg 4576/1 - 5.5% 9.5 | 11.5 -
L. MZ VIII Mg 4576/2 Text-fig. 11D | 5.0* 8.5 1 10.0 -
Shushkivtsi (U) "
Gibbula novemcincta ZNG PAN A-1-50/1639a - 5.0 9.6 | 9.6 -
ZNG PAN A-I-50/1639b - 5.0% 79 | 9.7 -
Vyshhorodok (U) MZ VIII Mg 4577 Text-fig. 11F 6.5 63 | 85 -
MZ VIII Mg 4578/1 Text-fig. I1A | 6.0 48 | 6.7 -
Zalistsi (U) MZ VIII Mg 4578/2 Text-fig. 11E | 5.0% 83 | 9.0 -
MZ VIII Mg 4579/1 Text-fig. 11C 5.5% 79 | 8.7 -
Gibbula podhorcensis Varivtsi (U) MZ VIII Mg 4688 Text-fig. 12A | 5.0 29 | 3.6 | 020
Pidhirtsi (U) ZNG PAN A-1-50/1742 - 4.25 1.8 | 25 -
MZ VIII Mg 4558/1 Text-fig. 13A 6.5 48 | 47 | 0.24
Rydomy!’ (U) MZ VIII Mg 4558/2 | Text-fig. 13B 6.5 51 ] 531023
MZ VIII Mg 4558/3 Text-fig. 13G | 7.0 | 22.2 | 18.6 -
Shushkivtsi (U) MZ VIII Mg 4559/1 Text-fig. 13D | 6.5% | 16.5 | 17.5 -
Gibbula puschii Vyshhorodok (U) MZ VIII Mg 4560/1 Text-fig. 13C | 4.0* 23 | 3.0 -
L. MZ VIII Mg 4562/1 Text-fig. 13E 7.0% 183 | 17.5 -
Zalistsi (U)
MZ VIII Mg 4562/2 Text-fig. 13F | 7.5% | 20.8 | 20.0 -
Zalistsi — Zhabiak ravine (U)| MZ VIII Mg 4564/1 Text-fig. 13H | 8.0% | 25.5 | 20.7 -
Zhukivtsi (U) SPbGU 3/405 - ~7.0 | 17.8 | 173 -
Oles’ko (U) MZ VIII Mg 4583/1 Text-fig. 14B | 5.0* 8.0 | 6.1 -
Gibbula teisseyrei Zalistsi (U) MZ VIII Mg 4585/1 Text-fig. 14A | 5.0% 6.5 | 6.0 -
Zboriv (U) ZNG PAN A-1-50/1631 - 5.0% 63 | 55 -
Gibbula zboroviensis Varivtsi (U) MZ VIII Mg 4689 Text-fig. ISA | 5.25 32 | 3.8 | 022
Zboriv (U) ZNG PAN A-1-50/1629 - 4.25% 4.6 | 4.7 -
Gibbula sp. Zalistsi — Zhabiak ravine (U) MZ VIII Mg 4586 Text-fig. 16A 6.0 129 | 13.3 -
Zalistsi (U) MZ VIII Mg 4587 - 2.5% | 155|172 -
MZ VIII Mg 4617/1 Text-fig. 17A | 6.75 6.0 | 45 |~0.20
Rydomy!’ (U) MZ VIII Mg 4617/2 Text-fig. 17C 8.0 9.8 | 6.7 -
Jujubinus celinae MZ VIII Mg 4617/3 Text-fig. 17D | 6.5% 8.5 | 6.0 -
Zalistsi (U) MZ VIII Mg 4619/1 Text-fig. 17B 5.0 22 120 | 022
Zalistsi — Zhabiak ravine (U)| MZ VIII Mg 4621/1 Text-fig. 17E | 7.0%* | 10.0 | 7.3 -
MZ VIII Mg 4624 - 7.0 9.2 7.2 -
Oles’ko (U)
o MZ VI Mg 4625/1 - 6.0+ | 100 | 80 | -
Jujubinus planatus —
Pidhirtsi (U) MZ VIII Mg 4628/1 Text-fig. 18A | 7.25 7.7 | 5.5 |~0.23
Weglin (P) MZ VIII Mg 4706 Text-fig. 18B 6.5 6.2 | 5.0 | 0.24
MZ VIII Mg 4635/1 Text-fig. I9A | 8.0 97 | 54 -
o Rydomy!” (U) MZ VIII Mg 4635/2 | Text-fig. 19B 7.0 7.6 | 5.0 -
Jujubinus puber
MZ VIII Mg 4635/3 Text-fig. 19C 7.0 73 | 48 -
Zalistsi — Zhabiak ravine (U)| MZ VIII Mg 4640/1 - 6.0* 9.6 | 6.3 -
Jujubinus striatus Messmak(zzﬂty)’ ltaly, MZ VIIl Mg 4456/1 | Text-fig. 17F | 8.0% | 99 | 7.1 | -
MZ VIII Mg 4645/1 Text-fig. 20A | 8.0 75 | 45 |~0.26
Rydomy!’ (U) MZ VIII Mg 4645/2 | Text-fig. 20B 7.0 50 | 438 -
MZ VIII Mg 4645/3 Text-fig. 20C | 8.25 75 | 4.6 -
Zalistsi (U) MZ VIII Mg 4648/1 Text-fig. 20F 8.0 8.0 | 4.8 |~0.26
Jujubinus turricula Zalistsi — Zhabiak ravine (U) MZ VIII Mg 4649/1 Text-fig. 20D 8.5 82 | 45 | 0.22
MZ VIII Mg 4649/2 Text-fig. 20G | 8.25 8.0 | 5.1 -
Staryi Pochaiv (U) MZ VIII Mg 4653/1 Text-fig. 20E | 3.5% 6.4 | 48 -
MZ VIII Mg 4653/2 - 5.75 2.7 | 24 1~023
Ireon, Greece, MZ VIl Mg 3353/1 | Text-fig. 20H | 80 | 68 | 49 | -
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Species Locality and age Repository and inventory lllustre'ned NWS HS | WS | WP
number herein [mm] | [mm] | [mm]
. . MZ VIII Mg 4655/1 Text-fig. 21A | 3.5 1] 12 -
Jujubinus vexans Nadrichne (U)
MZ VIII Mg 4655/2 - 4.25 1.9 | 1.7 -
Yaseniv (U) MZ VIII Mg 4657 Text-fig. 22B | 7.25 94 | 6.8 -
Oles’ko (U) MZ VIII Mg 4659/1 Text-fig. 22H 7.5 11.5 | 9.7 -
e MZ VIII Mg 4663/1 Text-fig. 22A | 7.0 8.0 | 6.2 -
Pidhirtsi (U)
MZ VIII Mg 4663/2 Text-fig. 22C | 7.0* | 103 | 7.0 -
Jujubinus zukowcensis R MZ VIII Mg 4664/1 Text-fig. 22D 7.5 93 | 1.7 -
Rydomy!’ (U)
MZ VIII Mg 4664/2 Text-fig. 22F 7.0 9.0 | 82 -
Zalistsi (U) MZ VIII Mg 4666/1 Text-fig. 22G 6.0 7.6 | 1.5 -
Zhukivtsi (U) MZ VIII Mg 4668/1 Text-fig. 22E | 6.0* 93 | 74 -
Weglin (P) MZ VIII Mg 4707 Text-fig. 221 7.0 75 | 7.2 -
Chepeli (U) MZ VIII Mg 4589/1 Text-fig. 23E | 7.0% | 20.5 | 22.0 -
Yaseniv (U) MZ VIII Mg 4591/1 Text-fig. 23A | 5.25 23 | 3.7 |~0.26

MZ VIII Mg 4604/1 Text-fig. 23B | 5.75 29 | 42 | 024

MZ VIII Mg 4604/2 Text-fig. 23C | 5.75 2.8 | 41 | 0.26

Rydomy!’ (U) MZ VIII Mg 4604/3 Text-fig. 23D 6.0 34 | 47 |~0.26

MZ VIII Mg 4604/4 Text-fig. 23F | 7.0* | 22.0 | 25.0 -

MZ VIII Mg 4604/5 Text-fig. 23G | 7.0% | 24.0 | 28.0 -

MZ VIII Mg 4608/1 Text-fig. 23H | 8.0% | 25.8 | 30.5 -

MZ VIII Mg 4608/2 Text-fig. 231 7.5% | 265 | 34.7 -

MZ VIII Mg 4609/1 Text-fig. 230 | 8.0* | 25.0 | 30.0 -

MZ VIII Mg 4609/2 Text-fig. 23P | 7.5% | 23.5 | 30.5 -

Paroxystele orientalis
MZ VIII Mg 4609/3 Text-fig. 23N | 7.0% | 22.0 | 27.0 -

Zalistsi (U)

MZ VIII Mg 4609/4 Text-fig. 23U | 7.5% | 25.0 | 26.0 -

MZ VIII Mg 4609/5 Text-fig. 23T | 7.5% | 22.4 | 25.0 -

MZ VIII Mg 4609/6 Text-fig. 23S | 8.0* | 23.0 | 24.5 -

MZ VIII Mg 4609/7 Text-fig. 23R | 7.25% | 28.5 | 28.0 -

MZ VIII Mg 4609/8 | Text-fig. 23M | 6.0% | 27.0 | 29.2 -

MZ VIII Mg 4694/1 Text-fig. 23J | 7.0% | 27.0 | 29.7 -

L. MZ VIII Mg 4694/2 Text-fig. 23K | 7.0* | 27.0 | 32.6 -
Varivtsi (U)

MZ VIII Mg 4694/3 Text-fig. 23L | 8.0* | 33.0 | 37.5 -

MZ VIII Mg 4694/4 Text-fig. 23Q | 7.75 | 25.5 | 34.0 -

Zalistsi — Zhabiak ravine (U)| MZ VIII Mg 4695/1 Text-fig. 23V | 7.0% | 25.5 | 28.5 -

MZ VIII Mg 4674/1 Text-fig. 24A 9.0 14.0 | 11.5 -

MZ VIII Mg 4674/2 Text-fig. 24B | 6.75 6.5 | 6.1 | 0.35
. . Rydomyl’ (U)
Calliostoma trigonum MZ VIII Mg 4674/3 Text-fig. 24C | 8.25 11.1 | 10.3 -

MZ VIII Mg 4674/4 Text-fig. 24D 9.0 112 ] 93 -

Staryi Pochaiv (U) ZNG PAN A-1-50/1677a - 9.0 17.8 | 15.4 -
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APPENDIX 2

Summary of the geographic distribution of the species studied from the Badenian (middle Miocene) deposits of
western Ukraine.

Species Locality Most important references and this paper
Clanculu;ﬁfclzzlculopsis) Oles’ko this study
Lidykhiv, Oles’ko, Pidhirtsi, Shush- .
Clanculus (Clanculopsis) kivtsi, Staryi Pochaiv, Yaseniv this study
robustus not specified Kulichenko and Sorochan 1968; Anistratenko and Anistratenko 2001
Bilka Eichwald 1830, 1851a, 1853; Pusch 1837
Hotdy Friedberg 1928, 1938
Lidykhiv, Staryi Pochaiv, Vanzhuliv, this study
Vyshhorodok
Podhirtsi, Yaseniv Friedberg 1928, 1938; this study
Oles’ko Friedberg 1938; this study
Clanculus (Clanculopsis) Sataniv Amitrov 1961; Anistratenko 2000; Anistratenko et al. 2003
tuberculatus Shushkivtsi Kowalewski 1937; Friedberg 1938; this study
Varivtsi Pusch 1837; this study
Zalistsi Eichwald 1830, 1851a, 1853; Pusch 1837; this study
Zbarazh Friedberg 1938
Zhukivtsi Eichwald 1830, 1851a, 1853; Pusch 1837; Friedberg 1938; this study
not specified Kulichenko and Sorochan 1968; Anistratenko and Anistratenko 2001
Bilozirka, Korostova Kowalewski 1937; this study
H"ig;Ey"il‘}‘[t;zs;‘;’hzg-‘/zl‘;ﬂiky’ Friedberg 1928, 1938
Derman’, Stupky Friedberg 1928
Domanenka, Plyska Laskarev 1903
Oles’ko, Pidhirtsi, Yaseﬁiv, Zalistsi — Friedberg 1928, 1938; this study
Gibbula affinis Zhabiak ravine
Rydomyl’ Friedberg 1928; Kowalewski 1936b; this study
Staryi Pochaiv, Vyshnivets’ Friedberg 1938
Shushkivtsi Eichwald 1853; Kowalewski 1937; Friedberg 1938; this study
Vanzhuliv, Varivtsi, Zalistsi this study
Zhukivtsi Eichwald 1851a, 1853; Friedberg 1928, 1938; this study
not specified Kulichenko and Sorochan 1968; Anistratenko and Anistratenko 2001
Staryi Pochaiv Friedberg 1928, 1938; this study
Tarnoruda Eichwald 1830, 1851a, 1853
Ternopil’ Hornes 1856
Gibbula biangulata Varivtsi, Zalistsi this study
Zalistsi — Zhabiak ravine Friedberg 1928, 1938
Zhukivisi Eichwald 1830, 1851a, 1853;1 g;gi’rfgszlsllzly 1833; Pusch 1837; Friedberg
not specified Kulichenko and Sorochan 1968; Anistratenko and Anistratenko 2001
Oles’ko Friedberg 1928, 1938; this study
Gibbula dicduszyekii Velyki Birky Friedberg 1938
Yaseniv, Zalistsi — Zhabiak ravine this study
not specified Kulichenko and Sorochan 1968; Anistratenko and Anistratenko 2001
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Species Locality Most important references and this paper
Kalaharivka, Yaseniv, Zalistsi this study
Oles’ko Friedberg 1938; this study
Gibbula miocaenica - - -
Sataniv Amitrov 1961; this study
not specified Kulichenko and Sorochan 1968; Anistratenko and Anistratenko 2001
Bilozirka von Buch 1830; Kowalewski 1937; this study
Korostova Kowalewski 1937; this study
Ohryzkivtsi, Vyshhorodok, Zalistsi this study
Gibbula novemcincta Oles’ko Friedberg 1938; this study
. du Bois de Montpéreux 1831; Mikhailovsky 1903; Friedberg 1928, 1938;
Shushkivesi Kowalewski 1937; this study
Staryi Pochaiv, Vyshnivets’, Zhukivtsi

Friedberg 1938

not specified

Kulichenko and Sorochan 1968; Anistratenko and Anistratenko 2001
Pidhirtsi Friedberg 1928, 1938; this study
Gibbula podhorcensis S.hus.hkivt.si . Kowal.ewski 1937
Varivtsi, Zalistsi this study
not specified Anistratenko and Anistratenko 2001
Bilka, Zavadyntsi Eichwald 1830, 1853
Bilozirka von Buch 1830; Kowalewski 1937; this study
Chepeli Hilber 1882; Lomnicki 1895
Faschivka, Staryi Pochaiv, Zboriv Friedberg 1928, 1938
Hotdy Lomnicki 1895; Friedberg 1928, 1938
Holubytsia Hilber 1882; Lomnicki 1895; Friedberg 1928, 1938
Oles’ko Hilber 1882; Friedberg 1928, 1938; this study
Pidhirtsi Hilber 1882; Lomnicki 1895; Friedberg 1928, 1938; this study
Rydomy!’ Kowalewski 1936b; this study
Shushkivisi Eichwald 1853; du Bois de Montpéreux 1831; Friedberg 1928, 1938;
Kowalewski 1937; this study
Gibbula puschii Tarnoruda Eichwald 1830, 1853; Friedberg 1928, 1938
Ternopil’ Hilber 1882
Turivka

Friedberg 1928

Vanzhuliv, Vyshhorodok

this study
Varivtsi Andrzejowski 1830a, 1832b; this study
Vyshnivets’ Friedberg 1938
Yaseniv Lomnicki 1895; Friedberg 1928, 1938; this study
Zalistsi

Eichwald 1830, 1853; this study

Zalistsi — Zhabiak ravine

Friedberg 1928, 1938; this study
Zhukivesi Andrzejowski 1830a, 1832b; Elchwald 1830, 1853; Friedberg 1928,
1938; this study
. Eichwald 1851a; Kulichenko and Sorochan 1968; Anistratenko and
not specified .
Anistratenko 2001
Bilozirka, Oles’ko, Pidhirtsi, Zalistsi

this study

Gibbula teisseyrei Zboriv Friedberg 1928, 1938

not specified Kulichenko and Sorochan 1968; Anistratenko and Anistratenko 2001

Varivtsi

this study
Gibbula zboroviensis Zboriv

Friedberg 1928, 1938

not specified

Zalistsi, Zalistsi — Zhabiak ravine

Kulichenko and Sorochan 1968; Anistratenko and Anistratenko 2001
Gibbula sp.

this study
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Species

Locality

Most important references and this paper

Jujubinus celinae

Bilozirka

Andrzejowski 1833; this study

Faschivka, Tarnoruda, Velyki Birky,

Friedberg 1928, 1938

Zboriv
Domanenka Laskarev 1903
Horodok Kojumdgieva 1969
Katerynivka Andrzejowski 1833
Korostova Kowalewski 1937; this study
Novokostiantyniv Eichwald 1851a, 1853
Ohryzkivtsi Kowalewski 1937
Oles’ko Friedberg 1928, 1938; this study
Rydomy!’ Kowalewski 1936b; this study
Shushkivisi du Bois de Montpereux 1831; Friedberg 1928, 1938; Kowalewski 1937;

this study

Staryi Pochaiv

Friedberg 1938

Varivtsi, Yaseniv, Zalistsi — Zhabiak

ravine this study
Zalistsi Laskarev 1903; Friedberg 1938; this study
Zhukivtsi Friedberg 1938; this study
Faschivka, Tarnoruda Friedberg 1928, 1938
Oles’ko Friedberg 1928, 1938; this study
Jujubinus planatus Pidhirtsi Friedberg 1928; this study
Yaseniv this study
not specified Kulichenko and Sorochan 1968; Anistratenko and Anistratenko 2001
Bilozirka, Lidykhiv, Oles’ko, Yaseniv this study
Domanenka, Pochaiv Laskarev 1903
Holdy, Tarnoruda, Zboriv Friedberg 1928, 1938
o Pidhirtsi, Stary? POCh?iV’ Zalistsi — Friedberg 1928, 1938; this study
Jujubinus puber Zhabiak ravine
Rydomy!’ Kowalewski 1936b; this study
Shushkivtsi Eichwald 1853
Zalistsi Laskarev 1903; this study
Zhukivtsi Eichwald 1851a, 1853; Laskarev 1903; Friedberg 1938; this study
Bilka Eichwald 1830, 1851a

Jujubinus turricula

Dzvyniacha, Lidykhiv, Nadrichne,
Varivtsi, Vyshhorodok

this study

Hotdy, Tarnoruda, Zboriv

Friedberg 1928, 1938

Holubytsia, Zbarazh

Friedberg 1928

Korostova Kowalewski 1937 this study
Medzhybizh Eichwald 1830, 1853
Oles’ko, Yaseniv, Zalistsi — Zhabiak Friedberg 1928, 1938; this study
ravine
Pidhirtsi Lomnicki 1895
Rydomy!’ Kowalewski 1936b; this study
Shushkivtsi Kowalewski 1937; this study

Staryi Pochaiv

Eichwald 1830, 1853; Friedberg 1928, 1938; this study

Turivka Teisseyre 1900
Zalistsi Eichwald 1830, 1851a, 1853; this study
. Eichwald 1830, 1851a, 1853; Andrzejowski 1833; Pusch 1837; Friedberg
Zhukivtsi

1928, 1938; this study

not specified

Kulichenko and Sorochan 1968; Anistratenko and Anistratenko 2001

Jujubinus vexans

Nadrichne

this study

not specified

Anistratenko and Anistratenko 2001
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Species

Locality

Most important references and this paper

Bilozirka, Kalaharivka, Korostova,
Lidykhiv, Vanzhuliv, Yaseniv, Zalistsi

this study

Faschivka, Holubytsia

Friedberg 1928

Hotdy

Friedberg 1928, 1938

Kabarivtsi, Vyshnivets’

Friedberg 1938

Ohryzkivtsi Kowalewski 1937
Jujubinus zukowcensis Oles’ko, Pidhirtsi, Staryi Pochaiv Friedberg 1928, 1938; this study
Rydomyl’ Kowalewski 1936b; this study
Sataniv Amitrov 1961
Shushkivtsi Friedberg 1928, 1938; Kowalewski 1937
Zalistsi — Zhabiak ravine Friedberg 1938; this study
Zhukivtsi Andrzejowski 1833; Friedberg 1938; this study
not specified Kulichenko and Sorochan 1968; Anistratenko and Anistratenko 2001
Bilka Eichwald 1830, 1851a, 1853
Bilozirka von Buch 1830; Kowalewski 1937; this study

Paroxystele orientalis

Chepeli, Dzvyniacha, Kalaharivka,
Lidykhiv, Nadrichne, Staryi Pochaiv,
Vanzhuliv, Varivtsi, Vyshhorodok

this study

Hotdy, Holubytsia, Velyki Birky,

Friedberg 1928, 1938

Zboriv
Korostova Kowalewski 1937; Friedberg 1938; this study
Kreminna Eichwald 1830, 1853

Leworda Friedberg 1928
Ohryzkivtsi Kowalewski 1937; this study

Oles’ko, Pidhirtsi, Yaseniv, Zalistsi —
Zhabiak ravine

Friedberg 1928, 1938; this study

Calliostoma trigonum

Rydomy!’ Kowalewski 1936b; this study
Shushkivtsi du Bois de Montper;:;.zcwlﬁzi;sll;:ilcl}lgvgil;dt ;iiﬁ;g;wdberg 1928, 1938;
Tarnoruda Eichwald 1853; Friedberg 1928, 1938
Zalistsi Eichwald 1830, 1853; this study
Zhukivtsi von Buch 1830; Eichwald 1830, 1853; Friedberg 1928, 1938; this study
not specified Kulichenko and Sorochan 1968; Anistratenko and Anistratenko 2001
Bilka Eichwald 1830, 1851a, 1853

Bilozirka, Nadrichne, Varivtsi, Zalistsi

this study

Hotdy, Zboriv

Friedberg 1928, 1938

Holubytsia Friedberg 1928
Medzhybizh Eichwald 1830
Oles’ko Friedberg 1928, 1938; this study
Rydomyl!’ Kowalewski 1936b; this study
Shushkivisi du Bois de Montpereux 1831; Eichwald 1853; Kowalewski 1937; this

study

Staryi Pochaiv

Friedberg 1938

Zalistsi — Zhabiak ravine

Friedberg 1938; this study

Zhukivtsi

Pusch 1837; Eichwald 1851a, 1853; Friedberg 1938

not specified

Kulichenko and Sorochan 1968; Anistratenko and Anistratenko 2001
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Palacogeographic and stratigraphic distribution of the species identified in the Badenian western Ukrainian tro-
choidean assemblages. * — Paratethys in the Sarmatian (= late Serravallian) as in Palcu et al. (2015, text-fig. 11b).
Chronostratigraphic units: A — Aquitanian, Bu — Burdigalian, L — Langhian, Se — Serravallian, To — Tortonian,
P — Pleistocene, E — Eggenburgian, Ka — Karpatian, B — Badenian, T — Tarkhanian, K — Konkian, S — Sarmatian
= upper Serravallian, M — stage not specified, ? — record unsure.

Central Paratethys

Northeas.tern (Proto-) Mediterranean Sea Western Fore-CarPathian E;:;?:n Para-
Atlantic Paratethys Basin tethys*
Species Poland | Ukraine tethys
Miocene Miocene Pleisto- | Miocene Miocene Miocene Miocene | Miocene
middle | upper | lower |middle| upper | cene lower |lower | middle middle middle | middle
C. (C.) krachi B B
C. (C.) robustus B B S
C. (C.) tuberculatus B B B
G. affinis Bu ?2To B B B T, K
G. biangulata M To Bu To Bu ?7Bu B B B
G. dzieduszyckii B B
G. miocaenica M Bu B B
G. novemcincta B B B
G. podhorcensis L 7B B B
G. puschii Bu Se Ka B B B T, K S
G. teisseyrei B
G. zboroviensis B B S
Gibbula sp. B
J. celinae 7Ka B B B
J. planatus B B B
J. puber Se B B B
J. turricula Se Se To P B B B
J. vexans B B B
J. zukowcensis B B
P, orientalis A Se E B B B T, K S
C. trigonum B B B




