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Sca pho pods from the lower Badenian (Mio cene) strata of the south west ern part of the Carpathian Foredeep in Moravia and
its de nu da tion rel ics on the Bo he mian Mas sif are de scribed, by means of field work and re-ex am i na tion of com par a tive ma te -
rial from the de pos i to ries of the Moravian Mu seum and the De part ment of Geo log i cal Sci ences, Fac ulty of Sci ence, MU Brno. 
In to tal, 8 spe cies be long ing to 6 gen era were found. Oc cur rences of Entalina tetragona, Gadila ventricosa, Omniglypta jani,
Fissidentalium badense, Antalis mutabilis, Antalis fossilis, and Paradentalium michelottii were con firmed and Omniglypta
emersoni was newly re corded. Both the molluscs and lithofacies prove that the spe cies in hab ited two en vi ron ments:
infralittoral – Gadila ventricosa, Antalis fossilis, Omniglypta jani and Omniglypta emersoni; and circalittoral – Entalina
tetragona and Antalis mutabilis. Fissidentalium badense was pres ent in both circalittoral and infralittoral lo cal i ties, so its
greater depth range can be pre sumed. Paradentalium michelotii only oc curred in the Boraè lo cal ity, where circalittoral and
infralittoral fau nas were mixed; due to their slight abra sion, these shells were prob a bly re de pos ited into the circalittoral en vi -
ron ment from shal lower (infralittoral) wa ters.
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INTRODUCTION

Molluscs are com mon as fos sils in the Mio cene strata of the
Carpathian Foredeep (CF) in Moravia (Czech Re pub lic). While
gas tro pods and bi valves are abun dant, sca pho pods are rel a -
tively rare, rep re sent ing only a sec ond ary fau nal com po nent
with small num bers of in di vid u als and spe cies. This is likely the
rea son they have been rarely stud ied, and of ten ig nored. They
were mar gin ally ex am ined, for ex am ple, by Hörnes (1856),
Procházka (1892), Dvoøák (1952), Seitl (1981), Harzhauser et
al. (2002), Pekaø and Lehotský (2015) and Turek (2018).

The most im por tant stud ies of Mio cene and Plio cene sca -
pho pods of the Med i ter ra nean re gion are Sacco (1897),
Caprotti (1979) and Pavia (1991), fo cus ing on the Piedmont-
Liguria re gion of north ern It aly. Ba³uk (1972) in ves ti gated sca -
pho pods from the Korytnica Ba sin in Po land; Harzhauser
(2002) stud ied the Korneuburg Ba sin; Jovanoviæ and Jovanoviæ 
(2021) re searched Ser bian sca pho pods and Vera Peláez et al.
(1993), Vera Peláez and Lozano-Francisko (2004) stud ied
Span ish Plio cene sca pho pods from the Malaga Prov ince.

Re search into new Mio cene lo cal i ties in the CF in Moravia
from 2018 to 2022 re vealed a rich as sem blage of molluscs, in -
clud ing a sig nif i cant num ber of scaphopod shells com ing from
the lower Badenian strata of the north ern part of the Boskovice
ba sin, at Boskovice, Velké Opatovice and Jevíèko, from the vi -
cin ity of Tišnov and from a brickyard in Šlapanice near Brno
(Fig. 1). These lo cal i ties rep re sent pre dom i nantly iso lated de -
nu da tion rel ics of Mio cene ma rine de pos its sit u ated out side the
pre served con tin u ous sed i men tary infill of the CF; they lie di -
rectly on the crys tal line base ment or on pre-Mio cene (Pa leo zoic 
and Me so zoic) bed rock, and are re lated to the pen e tra tions of
the sea along tec toni cally pre dis posed zones far into the fore -
land of the CF, on the Bo he mian Mas sif. Sedimentological and
palaeontological re search into these de pos its has been on go -
ing for over 150 years. Due to the unique ness and rich ness of
its fos sil fauna, the Boraè lo cal ity was des ig nated by Brzobo -
hatý and Cicha (1978) as a parastratotype of the lower
Badenian (or the Moravian substage of the re gional Badenian
stage), cor re spond ing to the lower Langhian in the stan dard
chronostratigraphy (Hohenegger et al., 2014).

Procházka (1893a, b) was the first to ex am ine the early
Badenian molluscs, cor als, foraminifers, and fish oto liths in the
north ern part of the Boskovice ba sin (i.e., the Knínice, Šebetov
and Sudice lo cal i ties), and also noted the finds of sca pho pods
in his pa pers. Augusta and Buday (1938) stud ied Mio cene
strata with molluscs and cor als be tween Sudice and Boskovice, 
where they also de scribed sca pho pods. Vašíèek (1941) stud ied 
the Mio cene sca pho pods from Úsobrno, and Dvoøák (1952)
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those from Èerná Hora. Later, how ever, there was lit tle at ten -
tion given to the sca pho pods from the north ern part of the
Boskovice ba sin, al though other fos sils (cor als, red al gae, fish
oto liths, etc.) were stud ied in de tail e.g., Augusta (1938),
Vašíèek (1941), Hladil (1976), Novák (1975), Zdražílková
(1985), Brzobohatý (1997), Brzobohatý and Nolf (2018).

Here, we ana lyse sca pho pods ob tained in new field re -
search and com pare them with older ma te rial housed in the
Moravian Mu seum and the In sti tute of Geo log i cal Sci ences of
the Fac ulty of Nat u ral Sci ence, Masaryk Uni ver sity in Brno,
which have ac cu mu lated over the past 150 years. Fur ther more, 
we sum ma rise knowl edge of scaphopod oc cur rences in the
lower Badenian of the CF in Moravia. The strati graphic im por -
tance of the spe cies stud ied is lim ited. Since their first oc cur -
rences in the Early Mio cene, they reached their great est di ver -
sity in the Mid dle Mio cene and sur vived gen er ally through out
the Late Mio cene and Plio cene (Fig. 2).

GEOLOGY OF THE STUDY AREA

The south west ern part of the CF in the Czech Re pub lic rep -
re sents the fore land of the tec toni cally ac tive Carpathian Moun -
tain chain. It formed as a pe riph eral fore land ba sin and de vel -

oped on the pas sive east ern mar gin of the Bo he mian Mas sif
due to the subsurface load ing of the Al pine-Carpathian
orogenic belt. The ba sin con tin ues south wards to the Al pine
Foredeep/Al pine Molasse Zone, and northeastwards to the Pol -
ish part of the CF (Oszczypko et al., 2006). The outer
autochthonous part of its sed i men tary infill di rectly over lies the
pre-Neo gene base ment, over ly ing the rock units of the Bo he -
mian Mas sif. The paraautochthonous in ner part is partly in cor -
po rated into the Outer Carpathian accretionary wedge
(Carpathian Flysch Belt). In the south west ern part of the CF,
sed i men ta tion started in the Egerian - early Eggenburgian (i.e.,
the Aquitanian to early Burdigalian) and con tin ued to the
Badenian (Langhian – early Serravallian; Brzobohatý and
Cicha, 1993; Nehyba and Šikula, 2007).

Dur ing the late Karpatian and early Badenian, the com pres -
sion of the Carpathian orogenic wedge changed to a NNE and
NE di rec tion, which caused geo met ri cal re or gani sa tion of the
CF. The ar eas with the max i mum sed i men tary thick ness are sit -
u ated along the axis of an al most sym met ri cal ba sin of
SSW-NNE ori en ta tion. The Badenian de pos its thus rep re sent a 
dis tinct pe riod of ba sin evo lu tion (Cicha et al., 1989; Nehyba et
al., 1995; Kováè, 2000, Kováè et al., 2003, 2007; Oszczypko et
al., 2006; Nehyba and Šikula, 2007; Rasser et al., 2008). In the
early Badenian (Langhian), the ma rine trans gres sion ex tended
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Fig. 1. Geo log i cal po si tion of the study area to gether with the ex tent ex pan sion of the lower Badenian strata
 in the Carpathian Foredeep

A – lo cal i ties in the study area near Tišnov (1 – Boraè; 2 – Doubravník-V propadlí); B – lo cal i ties in the study area near Boskovice (3 –
Sebranice; 4 – Knínice-Kováøovice; 5 – Knínice-South; 6 – Šebetov-Ètvrtì; 7 – Šebetov-North); C – Lo cal ity near Brno (8 – Šlapanice)
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Fig. 2. Strati graphic dis tri bu tion of the Scaphopoda stud ied



far into the fore land (Bo he mian Mas sif) along the tec toni cally
pre dis posed zones, and iso lated rel ics of lower Badenian de -
pos its can thus be found far to the west on crys tal line or
pre-Neo gene (Pa leo zoic and Cre ta ceous) bed rock (the Bo he -
mian-Moravian High lands, Boskovice ba sin etc.).

In the study area, blue-grey and brown ish-grey, un strati fied
cal car e ous clays (“tegels”) with a very rich mi cro- and
macrofauna pre dom i nate, ly ing di rectly on the pre-Neo gene
bed rock. De pend ing on their re lief, the clays con tain sub or di -
nate lay ers of sand and thin biostromal or bioclastic, mainly al -
gal, lime stones with a vari able amount of siliciclastic mat ter.
The lime stones are formed mainly of coralline al gae and bryo -
zoans, but other fos sils are also abun dant (e.g., bi valves, gas -
tro pods, cor als, echinoderms, ostracods, fish teeth and scales). 
The fi nal stages of the thrust ing of the orogenic wedge and flex -
ural up lift of the fore land largely led to the sub se quent ces sa tion 
of ma rine sed i men ta tion. From the mid dle Badenian (mid dle
Serravallian) on wards, the CF depocentres mi grated
northeastwards. Mid dle and up per Badenian de pos its are
known only in the Ostrava and Opava ar eas in the north, where
the CF of the Czech Re pub lic con tin ues into Po land (Cicha et
al., 1956; Cicha and Dorniè, 1959; Buday et al., 1961; Èech,
1988; Kováè and Plašienka, 2003; Rasser et al., 2008).

MATERIAL AND METHODS

The ma te ri als stud ied come mainly from the lower
Badenian de pos its of the north ern part of the Boskovice ba sin
be tween Boskovice and Velké Opatovice. Some lo cal i ties stud -
ied are com pletely new (e.g., Knínice-Kováøovice 1–7,
Šebetov-Ètvrtì and Šebetov-North), and some are al ready
pub lished (e.g., Sebranice 1 and 2 and Knínice-South). An other 
sam ple group (from the pub lished lo cal i ties) orig i nates in the vi -
cin ity of Tišnov (Boraè, Doubravník-V Propadlí) and from the
sur round ings of Brno (Šlapanice).

At in di vid ual lo cal i ties, sam ples were ob tained from
trenches dug to var i ous depths at Knínice-Kováøovice (50 cm),
Šebetov-Ètvrtì (80 cm), Boraè (80 cm). There are also sam -
ples from sur face col lec tions (e.g., Knínice-Kováøovice,
Šebetov – Ètvrtì, Šebetov-North, Sebranice 1 and 2,
Knínice-South, and Šlapanice), and some ex cep tion ally from
pro files (e.g., the Šlapanice clay pit). Fos sils oc curred most of -
ten in green ish-grey clays (tegels) in the Šebetov-North,
Knínice-South, Doubravník-V Propadlí, and Šlapanice lo cal i -
ties; and grey, sandy clays were found at the Knínice-
Kováøovice and Šebetov-Ètvrtì lo cal i ties. Red-al gal and sandy
lime stones with a rich macrofauna were dis cov ered in
Knínice-Kováøovice, Šebetov-North, and Sebranice 1 and 2.
The Boraè lo cal ity is spe cific for its pres ence of com pact grey
clays with a sig nif i cant ad mix ture of sands and in de ter min able
frag ments of cor als, brachi o pods and molluscs. All sed i ments
col lected were floated on sieves with a mesh size of 2 mm and
0.5 mm and then stud ied un der a bin oc u lar mag ni fier (Nikon
SMZ-1). Well-pre served in di vid ual spec i mens were de ter mined 
and, to gether with the most abun dant gas tro pods and bi valves,
are doc u mented in the ta ble (Ta ble 1). An in de ter min able por -
tion of the frag ments was not in cluded in the to tal num ber of
spec i mens found. For the de ter mi na tion, the pub li ca tions of
Ba³uk (1972), Caprotti (1979), Pavia (1991), Vera Peláez et al.
(1993) and other au thors cited later in the text were con sulted.
The pho to graphic doc u men ta tion was per formed us ing a mi -
cro scope with HIROX RH 2000 photo equip ment. The stud ied
ma te rial is de pos ited in the Moravian Mu seum un der the ac ces -
sion num ber 5/2025. Com par a tive ma te rial of the Mio cene sca -
pho pods from the col lec tions of the In sti tute of Geo log i cal Sci -

ences of Masaryk Uni ver sity in Brno and the Moravian Mu seum 
in Brno (from the Boraè, Lomnièka, Hrušovany nad Jevišovkou,
Èerná Hora, Rudice, Židlochovice, Olomuèany, Lažánky, and
Drnovice lo cal i ties) most of ten came from V.J. Procházka’s
orig i nal col lec tions.

RESULTS

SYSTEMATIC PART

Ab bre vi a tions: OC – own col lec tion, L – lit er a ture, MZM –
the de pos i tory of the Moravian Mu seum in Brno, ÚGV – the de -
pos i tory of the De part ment of Geo log i cal Sci ences, Fac ulty of
Sci ence, Masaryk Uni ver sity in Brno.

Class Scaphopoda Bronn, 1862
Or der Dentaliida da Costa, 1776

Fam ily Omniglyptidae Chistikov, 1975
Ge nus Omniglypta Kuroda, 1953
Omniglypta jani (Hörnes, 1856)

(Fig. 3, pl. 5a, b)

1856 Dentalium Jani – Hörnes, p. 657, pl. 50, fig. 37. 
1897 Fustiaria Jani (Hörn.) – Sacco, p. 112-113, pl. 10, figs.
25–27.
1897 Fustiaria Jani var. striatellulata Sacc. – Sacco, p. 113, pl.
10, figs. 28–33.
1897 Fustiaria incertula Sacc., p. 113, pl. 10. fig. 34.
1928 Fustiaria Jani Hörnes – Friedberg, p. 561, pl. 36, figs.
28–29. 
1947 Dentalium (Laevidentalium) jani Hoern. – Tauber, p. 301,
pl. 7, figs. 5–7.
1960 Fustiaria jani (Hörn.) – Báldi, p. 55, pl. 1, fig 4.
1960 Fustiaria jani (Hoernes, 1856) – Kojumdgieva and
Strachimirov, p. 226, pl. 52, fig. 21.
1962 Dentalium (Fustiaria) jani Hörn. – Caprotti, p. 95, pl. 16,
figs. 8.
1972 Fustiaria (Episiphon) jani (Hornes, 1856) – Ba³uk, p.
559–560, pl. 5, figs. 1–5.
1979 Fustiaria (Fustiaria) jani (Hörnes, 1856) – Caprotti, p. 240, 
pl. 11, figs. 1, 6-8.
1979 Fustiaria (Gadilina) incertula Sacco, 1897 – Caprotti, p.
242, pl. 12, figs. 6–8.
1984 Fustiaria incertula Sacco,1897 – Ferrero Mortara et al., p.
309, pl. 56, fig. 6.
1985 Fustiaria jani (Hoernes, 1856) – Atanackoviæ, p. 191-192,
pl. 42, figs. 18, 19.
1991 Gadilina jani (Hoernes, 1856) – Pavia, p. 128–130, pl. 6,
fig. 7–10, pl. 7, figs. 1–2.
1993 Fustiaria (Fustiaria) jani (Hörnes, 1856) – Vera Peláez et
al. p. 135-136, pl. 3, figs. 7, 8, 11.
1998 Fustiaria jani (M. Hoernes, 1856) – Jovanoviæ and
Jovanoviæ, p. 201–202.
2004 Fustiaria cf. jani (Hörnes, 1856) – Vera Peláez and
Lozano-Fran cisco, p. 82, pl. 4, fig. 15, 20; pl. 5, fig. 9.
2009 Omniglypta jani (Hörnes, 1856) – Caprotti, p. 33.
2011 Omniglypta jani (Hoernes, 1856) – Caprotti, p. 74.
2017 Gadilina jani (Hörnes, 1856) – Harzhauser et al., p.71, pl.
3, fig. 23.
2019 Omniglypta jani (Höernes, 1856) – Cardenas et al., p.
215, pl. 9, fig. g.
2020 Omniglypta jani (Hörnes, 1856) – Dominici et al., p.102.
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T a  b l e  1

Lo cal i ties with scaphopod find ings along with the most abun dant gas tro pod 
and bi valve spe cies

Ex pla na tion: num ber of spec i mens/ per cent age rep re sen ta tion
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Fig. 3.1a, b – Fissidentalium badense (Partsch in Hörnes, 1856), Sebranice 1; 2a, b – Antalis fossilis (Gmelin, 1791), Sebranice 2; 3a,
b – Antalis mutabilis (Hörnes, 1856), Šebetov – Ètvrtì; 4a, b – Paradentalium michelotti Hörnes, 1856, Boraè; 5a, b – Omniglypta jani 
(Hörnes, 1856), Sebranice 2; 6a, b – Omniglypta emersoni (Caprotti, 1979), Sebranice 2; 7a, b – Entalina tetragona (Brocchi, 1814),
Šebetov – North; 8a, b– Gadila ventricosa (Bronn, 1827), Sebranice 2, all scales are 1 cm



2021 Omniglypta jani (Hörnes, 1856) – Jovanoviæ and
Jovanoviæ, p. 32, pl. 2, figs. 3a, 3b.

D e s c r i p t i o n. – The shell is usu ally small with very thin 
walls. The cur va ture is barely no tice able. The in ter nal and ex -
ter nal cross-sec tions are cir cu lar to oval. Reg u lar rounded
trans verse rings are vis i ble on the sur face of the shells, cre at ing 
a char ac ter is tic sculp ture. The spaces be tween the growth lines 
are of sim i lar size, dis tin guish ing this spe cies from Omniglypta
emersoni (Caprotti, 1979).

D i s t r i b u t i o n. – This taxon is very abun dant in the
Mio cene de pos its of the Paratethys and Mio cene and Plio cene
de pos its of the Med i ter ra nean re gions. It has been found in up -
per Burdigalian de pos its in It aly (the Piedmont-Liguria re gion,
Báldi, 1960). The Badenian finds come from the Paratethys:
Aus tria, Czech Re pub lic, Slovakia, Hun gary, south ern Po land,
Bosnia, Ser bia, Ro ma nia and from the Mid dle Mio cene of the
Med i ter ra nean Sea of It aly (Piedmont-Liguria), France
(Aquitaine), and Al ge ria (Hörnes, 1856; Procházka, 1892;
Báldi, 1960; Ba³uk, 1972; Caprotti, 1979; Vera Peláez et al.,
1993; Jovanoviæ and Jovanoviæ, 2021). In the Late Mio cene,
this spe cies has been doc u mented in the Med i ter ra nean Sea,
i.e., San Ma rino, It aly (Piedmont-Liguria), and Al ge ria (Sacco,
1897; Báldi, 1960; Caprotti, 1979; Pavia, 1991; Vera Peláez
and Lozano-Fran cisco, 2004). In the Plio cene, it oc curs in the
Med i ter ra nean Sea of It aly (Piedmont-Liguria), Al ge ria, Mo -
rocco (Báldi, 1960), and Spain (in Estepona, Caprotti, 1979;
Pavia, 1991; Vera Peláez et al., 1993).

C a r p a t h i a n  F o r e d e e p  i n  M o r a v i a. –
Knínice-Kováøovice 2 (OC), Sebranice 2 (OC), Boraè (L –
Procházka, 1892), Rudoltice (L – Procházka, 1895), Lažánky (L 
– Procházka 1899), Olomuèany (MZM, L – Procházka, 1899),
Židlochovice (L – Šob, 1939), Drnovice (MZM – Procházka’s
col lec tion), and Sudice (ÚGV).

H a b i t a t. – Fine-grained sed i ments, and most of ten,
sands of deeper seas (Caprotti, 1979; Vera Peláez et al., 1993).

Omniglypta emersoni (Caprotti, 1979)
(Fig. 3, pl. 6a, b)

1897 Fustiaria cf. polita (L.) var. astensis – Sacco, p. 112, pl. 10, 
fig. 24. 
1979 Fustiaria (Fustiaria) emersoni – Caprotti, p. 240-241, pl.
11, figs. 2–5.
1993 Fustiaria (Fustiaria) emersoni Caprotti, 1979 – Vera
Peláez et al., p. 136, pl. 3, figs. 9, 10, 12
2004 Fustiaria cf. emersoni Caprotti, 1979 – Vera Peláez and
Lozano-Fran cisco, p. 83, pl. 4, fig. 16, pl. 5, figs. 7, 8.
2009 Omniglypta emersoni (Caprotti, 1979) – Caprotti 2009, p.
32.
2011 Omniglypta emersoni (Caprotti, 1979) – Caprotti, p. 74.
2021 OmnigIypta emersoni (Caprotti, 1979) – Jovanoviæ and
Jovanoviæ, p. 32–33, pl. 2, figs. 4a–c.

D e s c r i p t i o n. – The shell is usu ally small to me dium
with thin walls and cir cu lar in in ter nal and ex ter nal cross-sec -
tion. The cur va ture is not im me di ately vis i ble. The sur face of the 
shell is formed by ir reg u lar rings, which are mainly per pen dic u -
lar to the lon gi tu di nal axis of the shell but can also be var i ously
tilted and flat tened. It dif fers from the spe cies Omniglypta jani
(Hörnes) in the shape and growth of the rings, and the larger di -
men sions of the shell.

D i s t r i b u t i o n. – This taxon is as so ci ated with the
Badenian of the Paratethys and Mio cene and Plio cene of the
Med i ter ra nean re gions. In the Badenian, it oc curred in the
Pannonian Ba sin (Ser bia; Jovanoviæ and Jovanoviæ, 2021). An

ear lier re cord of this spe cies, noted by Caprotti (1979) from the
Badenian of Po land, re quires con fir ma tion. In the Med i ter ra -
nean it oc curred in It aly (Piedmont-Liguria re gions; Caprotti,
1979) and Spain (Málaga; Vera Peláez et al., 1993; Vera
Peláez and Lozano-Fran cisco, 2004).

C F  i n  M o r a v i a. – Sebranice 2 (OC), Drnovice (MZM
– Procházka’s col lec tion).

H a b i t a t. – Fine-grained sandy sed i ments of deeper
seas (Caprotti, 1979; Vera Peláez et al., 1993).

Fam ily Dentaliidae (Chil dren, 1834)
Ge nus Antalis H. Ad ams et A. Ad ams, 1854

Antalis fossilis (Gmelin, 1791)
(Fig. 3, pl. 2a, b)

1897 Antale fossile (Schröt.) – Sacco, p. 99–100, pl. 8, figs.
24-26.
1928 Dentalium fossile var. raricostata Sacco – Friedberg, p.
558–559, pl. 36, figs. 20–21.
1938 Dentalium fossile Gmelin – Stchepinsky, p. 50, pl. 5, figs.
12, 13.
1958 Dentalium (Antale) fossile Gmelin – Erünal-Erentöz, p.
134, pl. 21, figs. 26–28.
1959 Dentalium (Antale) fossile Gmelin – Fantinet, p. 43, pl. 5,
figs. 7–12; pl. 6, figs. 1–3. 
1972 Dentalium (Antalis) fossile Schroeter, 1783 – Ba³uk, p.
552–553, pl. 1, figs. 1–5.
1974 Dentalium (Antalis) fossile Gmelin – Malatesta, p. 3, pl. 1,
figs. 3 a, b.
1979 Dentalium (Antalis) fossile Gmelin, 1790 – Caprotti, p.
230–231, pl. 6, figs. 1, 2, 4, 5.
1988 Dentalium (Antalis) fossile Gmelin – Gómez-Alba, p. 158,
pl. 79, fig. 10.
1993 Dentalium (Antalis) fossile Gmelin in Linnaeus, 1789 –
Vera Peláez et al., p. 129–130, pl. 2, figs. 1, 2.
2004 Antalis fossile (Gmelin, 1790) – Vera Peláez and
Lozano-Fran cisco 2004, p. 69, pl. 3, figs. 1, 2.
2018 Dentalium (Antalis) fossile Schröter, 1784 – Büyükmeriç
et al., p. 139, pl. 4, fig. R1-2.
2022 Antalis fossile (Gmelin, 1790) – Benyoucef et al., p.
116–117, figs. 3M–O.

D e s c r i p t i o n. – The shell is of mod er ate size and
mod er ately thick, and it reaches a length of up to 3 cm. It is
slightly curved with vis i ble growth lines and 28–32 pri mary wide
and flat tened ax ial ribs very close to each other in adult shells
cre at ing a ser rated sur face. Both the in ter nal and ex ter nal
cross-sec tions are rounded.

D i s t r i b u t i o n. – This spe cies is de scribed from the
Badenian of the CF from Po land (Korytnica Ba sin), and
Moravia, from the Vi enna Ba sin (Aus tria; Augusta et Buday
1938; Sieber, 1959; Ba³uk 1972), and from the Mid dle
(Caprotti,1979) and Late Mio cene of the Mediteranean Sea
(Ital ian Piedmont-Liguria re gion (Sacco, 1897; Ferrero Mortara
et al., 1984). In the Plio cene, the spe cies in hab ited the Med i ter -
ra nean Sea and oc curs in Tur key, Syria, Tu ni sia, Mo rocco, Al -
ge ria (Fantinet, 1959; Malatesta, 1974; Benyoucef et al., 2022), 
Spain (Málaga and Guadalquivir), and It aly in the
Piedmont-Liguria re gions (Sacco, 1897; Ferrero Mortara et al.,
1984; Vera Peláez et al., 1993).

C F  i n  M o r a v i a. – Sebranice 2 (OC), Sudice (L –
Augusta et Buday 1938).

H a b i t a t. – This spe cies pre ferred clayey sandy fa cies
with de tri tus (Vera Peláez et al., 1993).
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Antalis mutabilis (Hörnes, 1856)
(Fig. 3, pl. 3a, b)

1856 Dentalium mutabile Hoernes, p. 654, pl. 50, fig. 32.
1897 Antalis novemcostatum var. – Sacco, p. 102–104, pl. 8,
fig. 59–70.
1928 Dentalium novemcostatum var. mutabilis Dod. –
Friedberg, p. 560, pl. 36, figs. 24–25.
1960 Dentalium novemcostatum mutabile Dod. – Báldi, p.
56-57, pl. 1, fig 3.
1972 Dentalium (Antalis) mutabile Hörnes – Ba³uk, p. 555-556,
text fig 4, pl. 3, figs. 4–9.
1979 Dentalium (Antalis) mutabile Doderlein in Hörnes, 1856 –
Caprotti, p. 232
1991 Fissidentalium mutabile (Hoernes, 1856, Doderlein, in
schedis) – Pavia, p. 124–126, pl. 3, figs. 9, 10, pl. 4, figs. 1–5, 8,
9.
2009 Antalis mutabile (Hörnes, 1856 ex Doderlein ms) –
Caprotti, p. 34
2018 Antalis cf. mutabilis (Hörnes, 1856) – Harzhauser et al., p. 
160, pl. 10, fig. V.
2019 Fissidentalium mutabilis (Höernes, 1856) – Cardenas et
al., p. 215, pl. 9, fig. e1–3.
2021 Antalis mutabilis (Hörnes, 1856 ex Doderlein ms) –
Jovanoviæ and Jovanoviæ, p. 29, pl. 1, figs. 3a, 3b.

D e s c r i p t i o n. – This spe cies is very vari able. The
shell is me dium-sized and mod er ately curved in the api cal part.
The in ter nal cross-sec tion is cir cu lar, while the ex ter nal one is
pre dom i nantly oc tag o nal with prom i nent pri mary ribs. These
cre ate a char ac ter is tic edge formed by 7–11 serrations (usu ally
8–9). The two pri mary ribs com monly oc cur on the con cave
side, and the re main ing ribs are ir reg u larly dis trib uted over the
other parts of the shell. Be tween the pri mary ribs, sec ond ary
ribs (usu ally only one sec ond ary rib be tween two pri mary ribs)
com monly oc cur. They are higher on the con cave side. On the
con vex side there are one to two low sec ond ary ribs, of ten
found though they may be ab sent.

D i s t r i b u t i o n. – This taxon oc curs from the Early Mio -
cene (Karpatian) to the Mid dle Mio cene (Badenian) in the
Paratethys, from the Early Mio cene (Burdigalian) to the Plio -
cene of the Med i ter ra nean and in the Mio cene of the North Sea
Ba sin. In the Karpatian, it oc curs widely in the Vi enna Ba sin (in
south ern Slovakia, Modrý Kamen). In the late Burdigalian, it oc -
curs in It aly (the Piedmont-Liguria re gion), France (the
Aquitaine Ba sin) and Tur key (Anatolia; Báldi,1960). Dur ing the
Badenian, this spe cies oc curred in the Vi enna Ba sin
(Steinabrunn; Pavia, 1991; Steiner and Kabat, 2004) and in
south ern Po land and Ro ma nia (Transylvania). In the Mid dle
Mio cene it oc curred in north ern Ger many (Báldi,1960) and in
Mid dle and Late Mio cene in It aly (Piedmont-Liguria; Pavia
1991). Ac cord ing to Caprotti (2009), Antalis mutabilis is the an -
ces tral form of the pres ent-day Antalis inaequicostatum known
from the Mediteranean Sea.

C F  i n  M o r a v i a. – Knínice – Kováøovice 2 (OC),
Sebranice 2 (OC), Šebetov-Ètvrtì (OC), Knínice-South (OC),
Boraè (L – Turek, 2018, MZM), Lomnièka (L – Procházka,
1892), Židlochovice (L – Procházka, 1893, MZM), Rudoltice (L
– Procházka, 1895), Lažánky (L – Procházka, 1899),
Olomuèany (L – Procházka, 1899, MZM – col lec tion), Èerná
Hora (L – Dvoøák, 1952), Sudice (L – Augusta-Buday, 1938),
Drnovice (MZM – Procházka’s col lec tion), Rudice (MZM).

H a b i t a t. – Ac cord ing to our find ings, this spe cies pre -
ferred mainly shal low wa ter and fine-grained sub strates.

Ge nus Paradentalium Cot ton et Godfrey, 1933
Paradentalium michelottii Hörnes, 1856

(Fig. 3, pl. 4a, b)

1856 Dentalium Michelottii – Hörnes, p. 654, pl. 50, fig. 33.
1897 Dentalium Michelottii var.– Sacco, p. 96-97, pl. 7, figs.
84-96. 
1906 Dentalium michelottii Hoernes var. costulatior – Boettger,
p. 208–209.
1928 Dentalium Michelottii Hoern. – Friedberg, p. 559, pl. 36,
figs. 22–23.
1954 Dentalium michelottii – Strausz, p. 39, pl. 9, fig. 171.
1959 Dentalium michelottii Hoernes – Fantinet, p. 38, pl. 4, figs.
1–5.
1966 Dentalium michelottii Hörnes – Kókay, p. 67.
1972 Dentalium (Dentalium) michelottii – Ba³uk, p. 549-550, pl.
6, fig. 1.
1974 Dentalium (Dentalium) michelottii Hörnes – Malatesta, p.
2, pl. 1, fig. 2.
1979 Dentalium (Dentalium) michelottii Hörnes, 1856 –
Caprotti, p. 220, pl. 2, figs. 1–4.
1984 Dentalium (Dentalium) michelottii Hörne – Ruggieri and
Davoli, p. 76, pl. 15, figs. 7 a–c, 8 a, b. 
1991 Dentalium (Dentalium) michelottii Hoernes, 1856 – Pavia,
p. 111–112, pl. 1, figs. 1–3.
1993 Dentilium (Dentilium) michelottii Hörnes, 1856 – Vera
Peláez et al., p. 127–128, pl. 1, figs. 14–18.
2004 Dentalium michelottii Hörnes, 1856 – Vera Peláez and
Lozano-Francisko, p. 64, pl. 1, figs. 9-11, 31.
2009 Paradentalium michelottii (Hörnes, 1856) – Caprotti, p.
41.
2021 Paradentalium michelottii (Hörnes, 1856) – Jovanoviæ and 
Jovanoviæ, p. 30–31, pl. 2, fig. 1.
2022 Paradentalium michelottii (Hörnes, 1856) – Benyoucef et
al., p. 115, figs. 3A, B.

D e s c r i p t i o n. – The shell is usu ally me dium-sized and 
slightly curved. The in ter nal cross-sec tion is cir cu lar along the
en tire length of the shell; the ex ter nal cross-sec tion is hex ag o -
nal and formed by 6 pri mary ribs on the shell sur face. In some
places, sec ond ary ribs form be tween the pri mary ribs, but they
weaken and dis ap pear to wards the top of the shell. The in ter -
cos tal space is wide and con cave. The sur face of the shell be -
tween the ribs seems to be quite smooth, but barely no tice able
growth lines ap pear.

D i s t r i b u t i o n. – The taxon oc curs from the Early Mio -
cene (Burdigalian) to the Early Pleis to cene in the Med i ter ra -
nean Sea and in the Mid dle Mio cene (Badenian) of the
Paratethys. It has been found in the Mio cene and Plio cene sed i -
ments of the Ital ian Piedmont-Liguria re gion (Sacco, 1897;
Pavia, 1991; Vera Peláez and Lozano-Fran cisco, 2004). In the
Mid dle Mio cene, it ex panded to the Vi enna Ba sin (Aus tria;
Hörnes 1856; Caprotti, 1979), and to the CF as far as Po land
(Hörnes, 1856; Ba³uk, 1972; Pavia, 1991; Vera Peláez and
Lozano-Fran cisco, 2004). In the Plio cene of the Med i ter ra nean
Sea, in ad di tion to It aly, it oc curred in south ern France (Sacco,
1897; Malatesta, 1974; Caprotti, 1979), Spain (Estepona and
Mijas), Tur key and Al ge ria (Chelif Ba sin; Fantinet, 1959; Vera
Peláez et al., 1993; Vera Peláez and Lozano-Fran cisco, 2004;
Büyükmeriç et al., 2018; Benyoucef et al. 2022). In the Early
Pleis to cene it oc curred in the Med i ter ra nean Sea (Malatesta,
1974; Pavia, 1991). Re cently, this spe cies may have been
found in the In dian Ocean (Boissevain, 1906; Steiner and Kabat 
2004), how ever, this find ing re quires con fir ma tion. 
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C F  i n  M o r a v i a. – Boraè (OC, L – Turek, 2018, MZM),
Lomnièka (L – Procházka, 1892), Židlochovice (L – Procházka,
1893), Rudoltice (L – Procházka, 1895), Lažánky (L –
Procházka, 1899), Sudice (L – Augusta and Buday, 1938),
Olomuèany (MZM).

H a b i t a t. – Mainly shal low coastal sands (Vera Peláez et 
al., 1993, Vera Peláez and Lozano-Fran cisco, 2004).

Ge nus Fissidentalium Fischer, 1885
Fissidentalium badense (Partsch in Hörnes, 1856)

(Fig. 3, pl. 1a, b)

1856 Dentalium Badense – Hörnes, p. 652, pl. 50, fig. 30.
1897 Entalis badensis var. – Sacco, p. 107–108, pl. 9, figs.
17–26, 28–30.
1925 Dentalium (Entalis) badense var. bo re alis Kautsky –
Kautsky, p. 53–54, pl. 5, fig. 12.
1928 Dentalium badense Partsch – Friedberg, p. 557–558, pl.
36, fig. 17–19.
1929 Dentalium badense (Partsch) – Šuklje, p. 52.
1947 Dentalium (Fissidentalium) badense Partsch – Tauber, p.
302, pl. 7, figs. 8–10, pl. 8, fig. 3.
1960 Dentalium (Entalis) badensis Partsch in Hoernes –
Kojumdgieva and Strachimirov, p. 225, pl. 52, figs. 19–20.
1960 Dentalium badense Partsch – Báldi, p. 57, pl. 1, fig. 5.
1972 Dentalium (Antalis) badense Partsch in Hörnes – Ba³uk,
p. 551, pl. 2, figs. 1–3. 
1979 Dentalium (Antalis) badense Partsch in Hörnes, 1856 –
Caprotti, p. 228. pl. 5, figs.1–2.
1991 Fissidentalium badense (Partsch in Hoernes, 1856) –
Pavia, p. 146–148, pl. 5, fig. 4; pl. 6, fig. 6. 
1998 Dentalium badense Partsch – Jovanoviæ and Jovanoviæ,
p. 201-202.
1998 Dentalium (Antalis) badense Partsch – Schultz, p. 76, pl.
31, fig. 12.
2009 Fissidentalium badense (Partsch in Hörnes, 1856) –
Caprotti, p. 41.
2011 Fissidentalium badense (Partsch in Hoernes, 1856) –
Harzhauser et al., p. 219, pl. 8. figs. 6–7.
2016 Fissidentalium badense (Partsch in Hörnes, 1856) –
Jovanoviæ and Bošnjak, p. 195–200, pl. 1, figs. 1–6.
2021 Fissidentalium badense (Partsch in Hörnes, 1856) –
Jovanoviæ and Jovanoviæ, p. 28, pl. 1, figs. 1 a–c.

D e s c r i p t i o n. – The shell is usu ally large, mas sive and 
slightly curved with a cir cu lar or slightly el lip ti cal cross-sec tion.
Ra dial ribs and growth lines are vis i ble on the shell. On the top
of the shell, there are 8–10 sharp pri mary ribs, low er ing and
wid en ing to wards the ap er ture. At dif fer ent dis tances and sec -
tions from the apex, sec ond ary ribs ap pear be tween the pri mary 
ones, and they reach a sim i lar size in their lower por tion; it is
there fore dif fi cult to dis tin guish them from the pri mary ones in
shell frag ments.

D i s t r i b u t i o n. – Fissidentalium badense is found on
many places in the Med i ter ra nean and Paratethyan re gions
(Lecointre, 1952), from the Early Mio cene (Burdigalian; Sacco,
1897) to the ear li est Late Mio cene (Cossman and Peyrot,
1917). In the Early Mio cene (Burdigalian), it oc curred in the
Med i ter ra nean Sea France (Saubrigues), It aly (Piedmont-Li -
guria), and in the Eggenburgian-Karpatian in the Paratethys
(the Vi enna Ba sin - south ern Slovakia; Báldi, 1960; Caprotti,
1979). Its main dis tri bu tion oc curred dur ing the Mid dle Mio cene
(Badenian; Robba, 1972), es pe cially in the Paratethys, where it
was a typ i cal part of the fauna (Pavia, 1991): the Pannonian Ba -

sin (Hun gary – Sopron, Letkés, Devecser, Várpalota), the Vi -
enna Ba sin (Aus tria and south ern Slovakia; Báldi, 1960), and
the CF (south ern Po land; Ba³uk, 1972). In the Late Mio cene it
has been doc u mented in north ern Ger many and in the Plio cene 
of It aly – Piedmont-Liguria (Báldi, 1960; Caprotti, 1979).

C F  i n  M o r a v i a. – Sebranice 1 (OC), Sebranice 2
(OC), Šlapanice (OC), Skalice nad Svitavou (OC), Boraè (L –
Turek, 2018, MZM), Lomnièka (L – Procházka, 1892, MZM),
Židlochovice (L – Procházka, 1893), Lažánky (L – Procházka,
1899, MZM), Jedovnice (L – Procházka, 1899, MZM),
Olomuèany (L – Procházka, 1899, MZM – Procházka’s col lec -
tion), Židlochovice (L – Šob, 1939), Èerná Hora (L – Dvoøák,
1952), Drnovice (MZM – Procházka col lec tion), Židlochovice
(MZM), Rudice (MZM), Lysice (MZM).

H a b i t a t. – Soft silty and muddy sub strates (Jovanoviæ
and Bošnjak, 2016).

Or der Gadilida Starobogatov, 1974
Suborder Gadilimorpha Steiner, 1992

Fam ily Gadilidae Stoliczka, 1868
Subfamily Gadilinae Stoliczka, 1868

Ge nus Gadila Gray, 1847
Gadila ventricosa (Bronn, 1827)

(Fig. 3, pl. 8a, b)

1897 Gadila gadus (Montg.) – Sacco, p. 116–117, pl. 10, fig.
79.
1897 Gadila gadus var. ventricosa (Bronn) – Sacco, p. 117, pl.
10, figs. 80–85.
1898 Cadulus olivii (Scacchi) – Locard, p. 134, pl. 7, figs. 8–15.

1950 Cadulus (Gadila) gadus (Montagu) – NicklÀs, p. 99, fig. 3.
1959 Gadila gadus (Montagu) var. ventricosa (Bronn) –
Fantinet, p. 53, pl. 9, fig. 1.
1979 Cadulus (Gadila) ventricosus (Bronn, 1827) – Caprotti, p.
249, pl. 14, figs. 1–4.
1988 Cadulus (Gadila) ventricosus (Bronn) – Gómez-Alba, p.
160, pl. 79, figs. 16, 17.
1991 Gadila ventricosa (Bronn, 1827) – Pavia, p. 139–144, pl.
8, figs. 9–14.
1993 Cadulus (Gadila) ventricosus (Bronn, 1827) – Vera
Peláez et al., p. 139–140, pl. 4, figs. 1. 2, 4, 5; pl. 5, fig. 7.
2004 Cadulus (Gadila) ventricosus (Bronn, 1827) – Vera
Peláez and Lozano-Francisko, p. 86–87, pl. 6, figs. 1–3, 9, 10.
2011 Gadila ventricosa (Bronn,1827) – Caprotti, p. 75.
2019 Gadila ventricosa (Bronn, 1827) – Cardenas et al., p. 215, 
pl. 9, fig. h.

D e s c r i p t i o n. – The shell is small, thin, and sig nif i -
cantly curved. Its sur face is smooth, with out sculp ture or growth 
lines, and white with a porcelaneous gloss. The cross-sec tion is 
cir cu lar to el lip ti cal (slightly flat tened) along the en tire length of
the shell. A dis tinct and char ac ter is tic fea ture of this spe cies is
the marked com pres sion and bulg ing in the an te rior quar ter of
the shell, as a re sult of which the great est di am e ter is not at the
ap er ture, but ~3/4 to 4/5 along the shell length.

Dis tri bu tion: This spe cies oc curs in the Badenian de pos its
of the Cen tral Paratethys (Vi enna Ba sin) and in the Mid dle and
Late Mio cene of the Med i ter ra nean re gion (It aly – Piedmont-Li -
guria; Pavia, 1991; Vera Peláez and Lozano-Fran cisco, 2004).
Dur ing the Plio cene, it was wide spread through out the Med i ter -
ra nean re gion, and it has been doc u mented in Is rael, It aly, Mo -
rocco, south ern France, and Spain (Málaga; Cossman and
Peyrot, 1917; Pavia, 1991; Vera Peláez et al., 1993; Vera
Peláez and Lozano-Fran cisco, 2004).
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C F  i n  M o r a v i a. – Knínice-Kováøovice 6 (OC),
Knínice-Kováøovice 2 (OC), Sebranice 2 (OC), Olomuèany (L –
Procházka, 1899, MZM – Procházka´s col lec tion), Sudice (L –
Augusta-Buday, 1938), Drnovice (MZM – Procházka’s col lec -
tion), Židlochovice (MZM), Lažánky (MZM), Rudice (MZM).

H a b i t a t. – Coastal sandy sed i ments (Vera Peláez et al., 
1993).

Suborder Entalimorpha Steiner, 1992
Fam ily Entalinidae Chistikov, 1979

Subfamily Entalininae Chistikov, 1979
Ge nus Entalina Monterosato, 1872
Entalina tetragona (Brocchi, 1814)

(Fig. 3, pl. 7a, b)

1856 Dentalium tetragonum Brocchi – Hörnes, p. 655, pl. 50,
fig. 34.
1897 Entalina tetragona (Br.) – Sacco, p. 114, pl. 10, figs.
47–53.
1897 Entalina tetragona var. paucistriata Sacc. – Sacco, p.
114, pl. 10, figs. 54–55.
1947 Entalina tetragona Brocc. – Tauber, p. 301, pl. 7, fig. 1–4.
1955 Dentalium (Dentalium) tetragonum (Brocchi) – Rossi
Ronchetti, p. 342, fig. 185.
1960 Entalina tetragona (Brocc.) – Báldi, p. 55, pl. 1, fig. 6.
1962 Entalina viallii – Caprotti, p. 97, pl. 16, figs. 1–3.
1970 Entalina tetragona (Brocchi) – Parenzan, p. 230, pl. 49,
fig. 954.
1972 Entalina tetragona (Brocchi, 1814) – Ba³uk, p. 561–562,
text fig. 8, pl. 5, fig. 6–8.

1979 Entalina quinquangularis (Forbes, 1843) – NicklÀs, p.
61–62, fig. 17.
1979 Entalina tetragona (Brocchi, 1814) – Caprotti, p. 251, pl.
13, figs. 4–8.
1991 Entalina tetragona (Brocchi, 1814) – Pavia, p. 132–133,
pl. 8, figs. 7, 8.
1992 Entalina tetragona (Brocchi, 1814) – Cossignani et al., p.
40, fig. 411.
1993 Entalina (Entalina) tetragona (Brocchi, 1814) – Vera
Peláez et al., p. 138–139, pl. 4, figs. 6–8.
1993 Entalina tetragona (Brocchi) – Poppe and Goto, p. 35, pl.
1, fig. 12.
1997 Entalina tetragona (Brocchi, 1814) – Steiner, p. 103, fig. 2, 
5A.
2004 Entalina tetragona (Brocchi, 1814) – Vera Peláez and
Lozano-Francisko, p. 92, pl. 7, figs. 2–5, 8, 9.
2011 Entalina tetragona (Brocchi,1814) – Caprotti, p. 75.
2019 Entalina tetragona (Brocchi, 1814) – Cardenas et al., p.
215, pl. 9, fig. f.

D e s c r i p t i o n. – The shell is small and thin-walled. The 
in ter nal and ex ter nal cross-sec tion of the apex is qua dran gu lar
due to the pri mary ribs on the shell edges. The dor sal side of the 
shell is con cave and there is one sig nif i cant rib in the cen tre (oc -
ca sion ally two sharp ribs). These ribs gives a pen tag o nal
cross-sec tion to the shell at its ap er ture. The num ber of sec -
ond ary ribs in creases with the size of the shell.

D i s t r i b u t i o n. – This spe cies oc curred from the Early
Mio cene to the Re cent. Dur ing the Early Mio cene, it was wide -
spread in the Med i ter ra nean Sea (Ital ian re gions of
Piedmont-Liguria and the Torino Hills; Pavia 1991), and in the
Paratethys – Hun gary (Szokolya; Báldi, 1960). Dur ing the
Badenian, it was known in the Cen tral Paratethys – CF (Po land
– Korytnica, Wieliczka etc.; Ba³uk, 1972), the Vi enna Ba sin
(Hörnes, 1856; Sieber, 1959) and the Pannonian Ba sin (Hun -

gary) and from the Med i ter ra nean Sea (It aly – Piedmont-Li -
guria; Caprotti, 1979; Pavia, 1991; Vera Peláez and Lozano-
 Fran cisco, 2004). It has been doc u mented in Plio cene de pos its
of the Med i ter ra nean Sea in Spain (Málaga-Cuenca de
Estepona; Báldi, 1960; Caprotti, 1979) and It aly (Piedmont-
 Liguria re gion; Vera Peláez et al., 1993). To day, it oc curs in the
Med i ter ra nean Sea, Adri atic Sea, the East At lan tic – the Bay of
Biscay, Nor way (Caprotti, 1979; Pavia, 1991; Cossignani et al.,
1992).

C F  i n  M o r a v i a. – Knínice-Kováøovice 2 (OC),
Knínice-Kováøovice 5 (OC), Doubravník-V Propadlí (OC),
Sebranice 2 (OC), Sebranice 1 (OC), Sebranice (MZM),
Šebetov-Ètvrtì (OC), Šebetov-South (OC), Šebetov-North
(OC), Boraè (OC, L – Turek, 2018, MZM), Lomnièka (L –
Procházka, 1892), Židlochovice (L – Procházka, 1893, MZM),
Lažánky (L – Procházka, 1899), Èerná Hora (L – Dvoøák,
1952).

H a b i t a t. – This ex tant spe cies has been re corded thriv -
ing at depths span ning from 68 to 2664 m. It pre fers mainly
fine-grained clayey-silty sub strates (Pavia 1991; Steiner and
Kabat 2004).

In ad di tion to the above-men tioned spe cies, Augusta and
Buday (1938) also noted Dentalium bouéi and Dentalium
entalis at the Sudice lo cal ity; how ever, these spec i mens are
nei ther il lus trated nor de scribed in their pub li ca tion, nor have
they been found in de pos i to ries or dur ing field re search. There -
fore, their oc cur rence in the CF in Moravia can not be un equiv o -
cally con firmed.

FOSSILS – STATES OF PRESERVATION

Based on anal y ses of the data ob tained, the state of pres er -
va tion of the fos sil sam ples ob tained from the dug trenches
does not dif fer sig nif i cantly from those ob tained from sur face
col lec tions. The smaller shells are mostly well-pre served and
can be de ter mined to spe cies level. The best state of pres er va -
tion was ob served among the shells of Entalina tetragona,
Gadila ventricosa, Omniglypta jani, and Omniglypta emersoni,
which are mostly rel a tively small in size. By con trast, the larger
shells, mainly Fissidentalium badense, but also Antalis muta -
bilis and Antalis fossilis, were of ten dam aged or bro ken. The
ma te rial from the de pos i to ries does not dif fer sig nif i cantly from
new sam ples; the de pos i to ries, how ever, house a higher pro -
por tion of com plete shells, as they were spe cif i cally se lected for
mu seum and ex hi bi tion pur poses. Par tic u larly at sites with a
large num ber of spec i mens (Šebetov-Ètvrtì, Sebranice 1,
Knínice-South), we found com mon pre da tion traces on shells,
likely caused by naticid (the spe cies Euspira helicina was found
at the sites), or muricid gas tro pods (ichnogenus Oichnus), and
deca pods (ichnogenus Caedichnus). Some pre da tion traces
had healed, which in di cates the in di vid ual’s sur vival. At the
Knínice-Kováøovice site, two shells of Antalis mutabilis and one
of Gadila ventricosa with prob a ble traces of the orig i nal sur face
colours were dis cov ered.

NOTES ON PALAEOECOLOGY

Sca pho pods are a cos mo pol i tan group of ma rine an i mals;
they are mostly stenohaline and live from the intertidal zone
down to a depth of 6000 m. They pre fer fine-grained sub strates
(mostly sandy or clayey) which they bur row into with their strong 
legs to the ex tent that only the apex of the shell pro trudes from
its sur face (Knudsen, 1964; Ba³uk, 1972; Lamprell and Healy,
1998). Fine-grained de pos its (sandy clays, cal car e ous clays)
were found at all the lo cal i ties we stud ied. These lo cal i ties can
be di vided into two groups based on the na ture of the sed i ment.
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In the first group, we ob served solid grey, cal car e ous clay
with min i mal ad mix tures of coarser par ti cles (Šebetov-Ètvrtì,
Šebetov-North, Sebranice 2, Knínice-South, Doubravník-V
Propadlí, and Šlapanice sites). These de pos its mostly cor re -
spond to calmer and of ten deeper en vi ron ments that lack sig nif -
i cant in put of clasts from the main land (circalittoral, ~100 m);
and they are in hab ited by Antalis mutabilis and Entalina
tetragona. Since these spe cies pre fer fine-grained sub strates,
the likely con clu sion is that this is their orig i nal hab i tat. The ex -
cep tion is the Boraè lo cal ity, which is also pri mar ily made up of
grey cal car e ous clay, but with abun dant ad mix tures of sand with 
clasts of gneiss, and in de ter min able frag ments of shells of
molluscs, cor als, and brachi o pods. This coarser-grained ma te -
rial was prob a bly de rived from a shal lower, or more dy namic,
en vi ron ment.

In ad di tion to sca pho pods, other molluscs pre fer ring fine-
 grained clay sub strates (the gas tro pods Euspira helicina and
Oligodia spirata, and bi valves Varicorbula gibba and Limo psis
anomala) were found at these lo cal i ties. Varicorbula gibba is an
op por tu nis tic spe cies that ap pears at most lo cal i ties, and larger
num bers of in di vid ual spec i mens may in di cate en vi ron men tal
stress or the first set tle ment of a new area (Dulai, 1996;
Hrs-Brenko, 2006; Schnei der, 2008).

At the lo cal i ties be long ing to the sec ond group
(Knínice-Kováøovice and Sebranice 1), the clay was yel low ish
and sandy, with fre quent boul ders of al gal and sandy lime -
stones and cal car e ous sand stones. This de posit cor re sponds
to a shal low lo cal coastal en vi ron ment with higher dy nam ics
(infralittoral, <50 m). This is de ter mined by the pres ence of
Gadila ventricosa, Antalis fossilis, Omniglypta jani and
Omniglypta emersoni, bound to the sandy or clayey-sandy sed i -
ments (Caprotti, 1979; Vera Peláez et al., 1993).

Along with sca pho pods, other molluscs also pre fer ring pre -
dom i nantly fine-grained, sandy-clayey sub strates were found at 
the Knínice-Kováøovice and Sebranice 1 lo cal i ties, such as the
gas tro pod spe cies Ptychidia vindobonensis and Euspira
helicina, and the bi valve Glycymeris deshayesi (Dulai, 1996;
Schnei der, 2008). Fissidentalium badense was found both in
circalittoral and infralittoral lo cal i ties, and it can there fore be as -
sumed that it had a greater depth dis tri bu tion (Riedi, 1986;
Steiner and Kabat, 2004; Jovanoviæ and Bošnjak, 2016).

The spe cies com po si tion of the sca pho pods from the
Moravian Mu seum col lec tions mostly matches the new finds
from the field re search, thus cor rob o rat ing the palaeo eco logi cal
in ter pre ta tions noted above. We can not ex clude, how ever, that
the ma te rial from some lo cal i ties could have been some how in -
flu enced (e.g., the pref er en tial col lec tion of larger spec i mens,
the se lec tion of better-pre served in di vid u als, or the reg is tra tion
of dif fer ent lo cal i ties from around the same vil lage un der the
same name); for this rea son, sam ples from the de pos i to ries
can not be used for more re li able palaeo eco logi cal anal y ses.

DISCUSSION

Most of the scaphopod spe cies found were pre vi ously doc u -
mented in the CF in Moravia, mainly thanks to the work of
Procházka (1892, 1893a, b, 1899). Procházka’s ma te rial is
stored in the Moravian Mu seum de pos i tory, and dur ing re-ex -
am i na tion, it was found that most of Procházka’s de ter mi na -
tions cor re spond to cur rent clas si fi ca tions. The only ex cep tion
is Omniglypta emersoni, a spe cies es tab lished by Caprotti
(1979) and dis tinct from the spe cies Omniglypta jani, to which
Procházka as signed all the spec i mens he found.

By com par i son with older pub li ca tions, we found cer tain
quan ti ta tive dif fer ences in the rep re sen ta tions of some scapho -
pod spe cies at in di vid ual lo cal i ties. For ex am ple, Šob (1939)
and Dvoøák (1952) most of ten men tion Fissidentalium
badense, which was also found in the larg est num ber of lo cal i -
ties in the MZM de pos i tory; how ever, dur ing our new field re -
search, this spe cies was only found at the Sebranice 1 and 2
and Šlapanice lo cal i ties. Con sid er ing that this is the larg est
scaphopod oc cur ring in Moravia, in the past, it was prob a bly
found more of ten than other, smaller spe cies that were more
fre quently over looked. Sim i larly, in the lit er a ture, men tions of
Paradentalium michelotti are more fre quent; but in the de pos i -
to ries, it was found only at the Olomuèany and Boraè lo cal i ties
(where we also dis cov ered it dur ing our field re search). This
spe cies was not de picted, how ever, in older pub li ca tions, so it
can not be ex cluded that it could have been con fused with the
sim i lar spe cies Antalis mutabilis. Con versely, Entalina tetra -
gona was found in the MZM de pos i tory only at a few lo ca tions,
while it is abun dant in the ma te rial we found. This may be due to 
the smaller size of its shells, or to the fact that it was bound to
deeper wa ter en vi ron ments, com monly with fewer fauna, which
ear lier col lec tors could have ig nored. Only Gadila ventricosa
and Antalis mutabilis are nu mer ous in both col lec tions and
among new sam ples from our field re search.

Antalis fossilis is the only spe cies that was not re corded in
the col lec tions and it is listed only in the ta ble of spe cies from
the Sudice lo cal ity (Augusta and Buday, 1938). We re cently
found it only at the Sebranice 2 lo cal ity, though there it was
abun dant. Since the Sudice and Sebranice 2 lo cal i ties are close 
to each other, it can not be ruled out that the oc cur rence of this
spe cies was lim ited to this area only (and to sim i lar fa cies of the
same age?).

Augusta and Buday (1938) also noted Dentalium bouéi and
Dentalium entalis but they did not pub lish de scrip tions or im -
ages of them; fur ther more, the de pos i to ries do not have sam -
ples of these spe cies, and they were not found in our new field
re search; thus, their pres ence in the CF in Moravia can not be
con firmed. The scaphopod spe cies re cov ered were wide -
spread dur ing the Badenian and are known from sev eral lo cal i -
ties in the Paratethys and Med i ter ra nean re gions (Sacco, 1897; 
Friedberg 1928; Ba³uk, 1972; Caprotti, 1979; Ferrero Mortara et 
al., 1984; Vera Peláez et al., 1993). Paradentalium michelottii
and Omniglypta jani are known in the Paratethys only from the
Badenian, and af ter wards their oc cur rence is lim ited to the
Med i ter ra nean re gion, where they dis ap peared dur ing the Plio -
cene. Their dis ap pear ance in the Paratethys may have been
caused by the loss of con nec tions to the open sea at the end of
the Badenian and the as so ci ated en vi ron men tal changes. The
most wide spread spe cies is Entalina tetragona, pre fer ring
greater depths with clayey-silty sub strates (Pavia, 1991). It also
spread to the east ern At lan tic and, to gether with the Med i ter ra -
nean re gion (in con trast to the Paratethys), it has been doc u -
mented at greater depths in Re cent. Gadila ventricosa and
Antalis fossilis are bound to mainly shal low wa ter en vi ron ments
(Vera Peláez et al., 1993), which our new re search also cor rob -
o rates. Ac cord ing to Caprotti (1979) and Vera Peláez et al.
(1993), Omniglypta jani and Omniglypta emersoni mainly lived
in the sandy sed i ments of deeper seas. Con sid er ing that we
found them only at lo cal i ties with shal low-wa ter molluscs and
cor als, it is likely that they in hab ited sandy sed i ments of shal -
lower depths in the CF in Moravia, un like at the Ital ian and
Span ish lo cal i ties.
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Paradentalium michelottii is an ex tinct spe cies that in hab -
ited shal low-wa ter coastal sands (Vera Peláez et al.,1993; Vera 
Peláez and Lozano-Fran cisco, 2004). It oc curs rel a tively rarely
in the CF in Moravia, be ing noted in the lit er a ture from sev eral
lo cal i ties with a shal low-wa ter fauna (Lomnièka, Židlochovice,
Rudoltice, Lažánky, Sudice); there is also an in di vid ual spec i -
men from Olomuèany in the col lec tions of the MZM. Dur ing our
new field re search, we re cov ered it only at Boraè, where the to -
tal num ber of in di vid u als was low and shells were bro ken or
abraded. Thus, it can be pre sumed that they were re de pos ited
here from their orig i nal shal low-wa ter en vi ron ments into deeper 
parts of this sed i men ta tion area. This cor re sponds with the in -
ter pre ta tion of a deep-wa ter palaeoenvironment at the Boraè
site. The rare oc cur rence of this spe cies at other lo cal i ties may
also be due to com pe ti tion from other scaphopod spe cies.

Com par a tive anal y sis of sca pho pods from var i ous Baden ian
lo cal i ties of the Cen tral Paratethys was not the sub ject of this
work, but it could un doubt edly pro vide in sights into their dis tri bu -
tion. For ex am ple, just a cur sory com par i son of our lo cal i ties with
the Badenian lo cal i ties of Višnjica near Bel grade (Ser bia,
Pannonian Ba sin) and Korytnica on the south ern slopes of the
Holy Cross Moun tains (Po land, CF) in di cates both cer tain sim i -
lar i ties and dif fer ences. In the CF in Moravia, 8 spe cies of sca -
pho pods were found. Ba³uk (1972) de scribed 13 spe cies from
Korytnica (Po land), 6 of which are also known from the Moravian
part of the CF. Entalina tetragona and Antalis fossilis are com -
mon spe cies for the CF. Jovanoviæ and Jovanoviæ (2021) note 10 
spe cies from Višnjica (Ser bia, Pannonian Ba sin), 5 of which are
iden ti cal with those de scribed by us. At the same time, four spe -
cies, namely Omniglypta jani, Antalis mutabilis, Paradentalium
michelottii, and Fissidentalium ba dense, oc cur in all three ar eas
(Po land, Czech Re pub lic, Ser bia). This may in di cate their dis tri -
bu tion through out the Paratethys re gion. The spe cies
OmnigIypta emersoni men tioned by Jovanoviæ and Jovanoviæ
(2021) was de scribed only in 1979, hence Ba³uk could not in -
clude it in his 1972 work, but its oc cur rence in the Pol ish part of
the CF seems highly prob a ble.

CONCLUSIONS

Our re search has shown that in the lower Badenian de pos -
its of the CF in Moravia, sca pho pods are more abun dant than
pre vi ously as sumed. In to tal, 6 gen era with 8 spe cies were
iden ti fied. The pres ence of Entalina tetragona, Gadila ventri -
cosa, Omniglypta jani, Fissidentalium badense, Antalis
mutabilis, Antalis fossilis and Paradentalium michelottii was
con firmed, and Omniglypta emersoni was newly doc u mented.
The ma te rial co mes from the Knínice-Kováøovice 1–7, Šebe -
tov- Ètvrtì, Šebetov-North, Sebranice 1 and 2, Knínice-South,
Boraè, Doubravník-V Propadlí, and Šlapanice lo cal i ties, of
which three (Knínice-Kováøovice 1–7, Šebetov-Ètvrtì and
Šebetov-North) are de scribed for the first time.

Small shells of Entalina tetragona, Gadila ventricosa,
Omniglypta jani, and Omniglypta emersoni were among the
best pre served. In turn, large shells of Fissidentalium badense,

Antalis mutabilis and Antalis fossilis were sig nif i cantly dam aged 
and of ten cracked. At the Šebetov-Ètvrtì, Sebranice 1,
Knínice-North lo cal i ties, some traces of at tacks from naticid or
muricid gas tro pods (Oichnus isp.) and deca pods (Caedichnus
isp.) were ob served on the shells. These pre da tion traces had
oc ca sion ally healed, in di cat ing the sur vival of some in di vid u als.
At the Knínice-Kováøovice lo cal ity, there were prob a ble traces
of the orig i nal shell colours found on two in di vid u als of Antalis
mutabilis and one spec i men of Gadila ventricosa.

Ac cord ing to the char ac ter of the sub strate, the stud ied lo -
cal i ties can be di vided into two groups. The first in cludes
Šebetov-Ètvrtì, Šebetov-North, Sebranice 2, Knínice-South,
Doubravník-V Propadlí, and Šlapanice. Here, the pres ence of
solid grey, cal car e ous clays with min i mal ad mix tures of coarser
par ti cles is com mon, which cor re sponds to a circalittoral en vi -
ron ment (~100 m); and is char ac ter ised by the pres ence of
Antalis mutabilis and Entalina tetragona. At the Boraè site, a
sig nif i cant ad mix ture of sand with gneiss clasts and
macrofauna, ap par ently re de pos ited from a shal lower or more
dy namic en vi ron ment, ap pears in the grey, cal car e ous clays.

The lo cal i ties of the sec ond group (Knínice-Kováøovice and
Sebranice 1) show yel low ish, sandy clay with fre quent boul ders
of al gal and sandy lime stone and cal car e ous sand stone, cor re -
spond ing to an infralittoral en vi ron ment (<50 m). This is char ac -
ter ised by the pres ence of Gadila ventricosa, Antalis fossilis, as
well as Omniglypta jani and Omniglypta emersoni, which are re -
ported at Span ish and Ital ian lo cal i ties from the circalittoral zone 
(Caprotti 1979; Vera Peláez et al. 1993). Fissidentalium
badense was found at lo cal i ties of both groups and there fore its
greater depth dis tri bu tion can be pre sumed (Riedl, 1986;
Steiner and Kabat, 2004; Jovanoviæ and Bošnjak, 2016).

Paradentalium michellotii, ac cord ing to Vera Peláez et al.
(1993) and Vera Peláez and Lozano-Fran cisco (2004), is con -
fined to a shal low-wa ter en vi ron ment and is known to oc cur in
the Moravian part of the CF mainly from the lit er a ture. We doc u -
mented its pres ence only at the Boraè lo cal ity, in ter preted as
circalittoral, but only through a smaller num ber of in di vid u als
with bro ken and abraded shells. There fore, it is likely that these
were trans ported from shal lower (infralittoral) wa ters.
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