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The world-famous collection of Naturalis Biodiversity Center in Leiden contains abundant fossil ma-
terial, including brachiopods from the Central Paratethys (nine collecting sites from Poland, and one 
locality each from Hungary and Romania). More than 1400 (partly fragmentary) brachiopod speci-
mens represent nine species of eight genera: Lingula cf. dregeri Andreae, Discinisca leopolitana (Fried-
berg), Discradisca polonica (Radwańska & Radwański), Cryptopora nysti (Davidson), Gryphus cf. miocae-
nicus (Michelotti), Argyrotheca cuneata (Risso), A. bitnerae Dulai, Joania cordata (Risso) and Megerlia sp. 
Most of the identified species are already known from the Central Paratethys, but the Leiden collec-
tion contains a new Argyrotheca species (A. bitnerae), which was described recently in a separate paper 
(on the basis of more material, but including also Naturalis specimens). Most of the studied brachio-
pods confirm earlier records known from the literature, but in some cases important new information 
is available on the distribution of the identified taxa within the Central Paratethys. These are, respec-
tively, the first record of Discinisca leopolitana from Rybnica and Monastyrz, the genus Gryphus from 
Rybnica and from the Miocene of Poland, Argyrotheca bitnerae from Karsy, and Joania cordata from 
Várpalota. This is the first identification of Argyrotheca cuneata from Korytnica and Lăpugiu de Sus 
(earlier this form was mentioned under different names from these localities). One of the studied Dis-
cradisca polonica specimens was attacked by a predatory gastropod; this is the first record of predatory 
drill holes on phosphatic-shelled brachiopods in the Central Paratethys.

Contents

Introduction ...........................................................................................................................................................  185
Geological setting and previous research on Central Paratethyan brachiopods  .......  186
Material  ....................................................................................................................................................................  187
Systematic palaeontology  .............................................................................................................................  190
Discussion  ..............................................................................................................................................................  198
Acknowledgements  ..........................................................................................................................................  199
References  ...............................................................................................................................................................  199

Introduction

 The studied brachiopods are part of the Cainozoic Mollusca Collection of the 
Naturalis Biodiversity Center (Naturalis) in Leiden, the Netherlands. Arie W. Janssen, 
former curator of this famous Paleogene and Neogene collection has undertaken ex-
tensive fieldwork not only in the Netherlands, but also in numerous foreign countries 
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in Europe. He spent some weeks in Central Europe in September-October 1979 and 
collected Middle Miocene (Badenian) samples mainly in Poland, but also in Hungary. 
The main goal was the enhancement of the mollusc collection, but all the other fossil 
groups were also separated from the washed residues. Molluscs are generally identi-
fied in the collection according to different species, while other groups, including bra-
chiopods, can be found in separate boxes, organised according to the different locali-
ties. A smaller sample from Lăpugiu de Sus (Romania) was collected by Marc Grigis in 
August 2002.
 The author spent two weeks in Leiden within the framework of a European Union 
Synthesys project studying the Neogene brachiopods in Naturalis (NL-TAF-3270). Be-
sides checking the Fossil Brachiopoda Collection, most time was spent in the Caino-
zoic Mollusca Collection searching for brachiopods within the mollusc faunas. With 
the help of the present curator, Frank Wesselingh, this project was successful and thou-
sands of unpublished brachiopods were found from different ages and palaeogeo-
graphic realms. These are mainly small-sized, so-called micromorphic forms, for ex-
ample, from Kattendijkian of Belgium, Redonian of France, Oligo-Miocene of Malta 
and Middle Miocene of the Central Paratethys. These smaller and larger brachiopod 
faunas have or will be published as separate papers. A small fauna from the Upper 
Miocene of Borelli (Piemonte, northern Italy) is already published (Dulai, 2010). An-
other paper on the description of a new Argyrotheca species from the Central Paratethys 
was partly based also on material of Naturalis (Dulai & Stachacz, 2011). A paper on the 
Miocene brachiopods of Naturalis is recently published (Dulai, 2013), while some other 
papers are in preparation (Oligo-Miocene brachiopods from Malta; Redonian brachio-
pods from France; Pliocene brachiopods from Belgium; other Pliocene brachiopods). 
The present part of this series deals with the Badenian (Middle Miocene) brachiopods 
from the Central Paratethys.

Geological setting and previous research on Central Paratethyan brachiopods

 The Paratethys was an epicontinental sea that appeared in the Early Oligocene, and 
was intermittently connected to the Mediterranean and the Indo-Pacific (Rögl, 1998). 
The area from present-day Austria to Poland, Ukraine, Romania, Bulgaria, Serbia and 
Slovenia is called the Central Paratethys. The Badenian (16.4 to 13.0 Ma) is a regional 
stage used in the Central Paratethys for part of the Middle Miocene (Langhian to Mid-
dle Serravallian) (Papp et al., 1978). The marine fauna of the Central Paratethys refers to 
a stable connection with the Mediterranean during the entire Badenian, most probably 
in the present-day Slovenia (Kókay, 1985; Rögl, 1998).
 The Badenian has a three-fold subdivision (Moravian, Wieliczian, Kosovian) that is 
defined by stratotypes and boundary stratotypes (Papp et al., 1978). This subdivision 
correlates with global climatic and eustatic changes. The Early Badenian witnessed a 
climatic peak with the widest distribution of coral reefs in the Neogene (up to southern 
Poland; Pisera, 1996). The Middle Badenian corresponds to a global eustatic lowstand, 
with the formation of some evaporates in Poland and Romania (Cendón et al., 2004). 
The Late Badenian demonstrates again a climatic optimum with coral patch reefs in 
Hungary (Saint Martin et al., 2000). However, in contrast to the very diverse Early Bad-
enian assemblages, the Late Badenian patch reefs are impoverished due to the less 
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optimal climate and/or a slight change in salinity (e.g., bryozoans in Moissette et al., 
2007). The Central Paratethyan shallow-water deposits are generally devoid of plank-
tonic fossils hence their precise age is difficult to determine. Therefore, it is generally 
easier to use a twofold subdivision (Early and Late Badenian; see, e.g., Pisera, 1996; 
Moissette et al., 2006, 2007). Thick marine deposits accumulated in the Central Para-
tethys during the Badenian, and the sedimentation was of mixed siliciclastics and car-
bonates (Kováč et al., 2007).
 Coralline algae and various invertebrates (e.g., molluscs, echinoids, corals, forami-
niferans, ostracods and bryozoans) are abundant and diverse in Central Paratethyan 
Badenian sedimentary rocks, but brachiopods are generally rarer. With the exception 
of the large-sized terebratulides and some rhynchonellides, their representatives are 
mainly small-sized, so-called micromorphic species. Previous brachiopod research 
will be summarized only for the three countries, which are represented in the studied 
Naturalis collection. Within the Central Paratethys, Middle Miocene brachiopods are 
best known and most extensively studied in Poland. Barczyk & Popiel-Barczyk (1977) 
published a relatively diverse brachiopod fauna from the Korytnica Basin (several lo-
calities near Korytnica and Karsy). Later, a new Discinisca species was described by 
Radwańska & Radwański (1984) from the same area. A diverse Middle Miocene assem-
blage is known from the southern slopes of the Holy Cross Mountains (Popiel-Barczyk 
& Barczyk, 1990). Several localities in the Roztocze Hills (including Węglin) were stud-
ied by Bitner (1990), while Popiel-Barczyk (1977, 1980) described the genus Cryptopora 
from the southeastern part of the region (including Monastyrz). The Miocene brachio-
pod fauna of Poland was summarised by Popiel-Barczyk (1996). Later, some smaller 
faunas were described by Bitner & Pisera (2000) from southeastern Poland (Niechobrz) 
and by Bitner & Kaim (2004) from the intra-Carpathian Nowy Sącz Basin. The Central 
Paratethyan Lingula was revised on the basis of Polish material by Emig & Bitner (2005). 
A new Argyrotheca species was recently described from several Polish localities by 
Dulai in Dulai & Stachacz (2011).
 In the Hungarian part of the Central Paratethys, Matyasovszky (1880) and Majer 
(1915) described some new brachiopod species. Later, Meznerics (1944) summarised 
the Tertiary brachiopod fauna of the Carpathian Basin in a small monograph. Bitner & 
Dulai (2004) revised the Miocene brachiopods of the Hungarian Natural History Mu-
seum, with special reference to the Meznerics collection. Dulai (2007) described a low 
diversity Badenian fauna from the Bakony Mountains (Bánd and Devecser, near to 
Várpalota). Middle Miocene brachiopods have been mentioned by several authors 
from Romanian localities, including Lăpugiu de Sus (e.g., Boettger, 1901; Zilch, 1934; 
Meznerics, 1944; Bitner & Dulai, 2004). Miocene brachiopods from several localities 
from Romania were summarised by Bărbulescu & Rado (1984).

Material

 Most of the studied localities are situated at the northern margin of the Central 
Paratethys, in the Polish part of the fore-Carpathian Basin (Korytnica, Karsy, Rybnica, 
Węglin, Monastyrz; Poland). Very limited brachiopod material is available from the cen-
tral part of the Central Paratethys (Pannonian Basin, Várpalota; Hungary) and from the 
eastern part of the Central Paratethys (Banat Basin, Lăpugiu de Sus; Romania) (Fig. 1).
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 The identified Middle Miocene brachiopod fauna is as follows (locality information 
according to the Naturalis labels of specimens and personal comments by Ronald 
Pouwer, collection manager of Naturalis). Abbreviations: fr – fragment; C – complete 
specimen; V – ventral valve; D – dorsal valve.

 Korytnica (Poland, Kielce), surface material in fields NE and E of village (coordi-
nates: c. 50.6620° N, 20.5170-20.5290° E). Miocene, Early Badenian, Heterostegina Sands; 
collected by A.W. Janssen, 2-3 October 1979.
 Lingula cf. dregeri Andreae, 1893 (RGM 793.699) (13 fr).

 Korytnica 1 (Poland, Kielce), exposure on the northern slope of Lysa Góra Hill, 
(coordinates: c. 50.6620° N, 20.5290° E). Miocene, Early Badenian, Korytnica Clay, Oyster 
Bed; collected by A.W. Janssen, 2-3 October 1979.
 Discradisca polonica (Radwańska & Radwański, 1984) (RGM 793.695-696) (104 fr).
 Argyrotheca cf. cuneata (Risso, 1826) (RGM 793.698) (7 fr).
 Joania cf. cordata (Risso, 1826) (RGM 793.697) (25 fr).
 Megerlia sp. (RGM 793.694) (1 fr).

 Korytnica 3 (Poland, Kielce), exposure on the northern slope of Lysa Góra Hill, 
(coordinates: c. 50.6620° N, 20.5290° E). Miocene, Early Badenian, Korytnica Clay, c. 8 m 
below uppermost Lithophaga-zone; collected by A.W. Janssen, 2-3 October, 1979.
 Lingula cf. dregeri Andreae, 1893 (RGM 793.693) (1 fr).
 Discradisca polonica (Radwańska & Radwański, 1984) (RGM 793.686) (18 fr).
 Argyrotheca bitnerae Dulai in Dulai & Stachacz, 2011 (RGM 793.690-692) (2 C, 5 V, 12 D).
 Joania cordata (Risso, 1826) (RGM 793.685, RGM 793.687-689) (16 C, 25 V, 60 D).

 Korytnica 5 (Poland, Kielce), exposure on the northern slope of Lysa Góra Hill, 
(coordinates: c. 50.6620° N, 20.5290° E). Miocene, Early Badenian, Korytnica Clay, c. 6 m 
below uppermost Lithophaga-zone; collected by A.W. Janssen, 2-3 October, 1979.
 Lingula cf. dregeri Andreae, 1893 (RGM 793.671) (1 fr).
 Discradisca polonica (Radwańska & Radwański, 1984) (RGM 793.668-670) (72 fr).

Fig. 1. Location of the studied 
samples and brachiopod fau-
nas. Key: 1 = Korytnica; 2 = 
Karsy; 3 = Rybnica; 4 = Węglin; 
5 = Monastyrz; 6 = Várpalota; 7 
= Lăpugiu de Sus; A = land; B 
= sea. Although some of the 
localities are Late Badenian in 
age (Rybnica, Węglin, Monas-
tyrz), all localities are illustrat-
ed on a single (Early Badenian) 
map. Map modified after 
Moissette et al. (2007).
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 Argyrotheca bitnerae Dulai in Dulai & Stachacz, 2011 (RGM 607.738-741, RGM 793.675-
680) (12 C, 32 V, 50 D).
 Joania cordata (Risso, 1826) (RGM 793.667, RGM 793.672-674, RGM 793.682-684) (21 C, 
63 V, 119 D).
 Brachiopoda indet. (RGM 793.681) (8 fr).

 Karsy (Poland, Kielce), top of hill south of village (coordinates: c. 50.646° N, 20.555° 
E). Miocene, Early Badenian, sandy upper part of Korytnica Clay, Solecurtus level, 
above level with Lucinidae; collected by A.W. Janssen, 4-5 October 1979.
 Argyrotheca bitnerae Dulai in Dulai & Stachacz, 2011 (RGM 793.718) (1 D).

 Rybnica (Poland, Lublin), exposure in forest. Miocene, Late Badenian, level 4 (c. 4.5-
6 m from top of section); collected by A.W. Janssen, 30 September and 6 October 1979.
 Discinisca leopolitana (Friedberg, 1921) (RGM 793.715-716) (24 fr).
 Gryphus cf. miocaenicus (Michelotti, 1847) (RGM 793.717) (1 V).

	 Węglin (Poland, Lublin), small exposure on the road Węglin-Łychów (villages situ-
ated between Zaklikov and Krasnik). Miocene, Late Badenian, grey to yellowish grey 
fine-grained sands; collected by A.W. Janssen, 28 September 1979.
 Joania cordata (Risso, 1826) (RGM 793.700-704) (56 C, 574 V, 79 D).

 Monastyrz (Poland, Podkarpackie), exposure in hollow road near former monas-
try. Miocene, Late Badenian, from levels 18, 19 and 28 (see Jakubowski & Musiał, 1977); 
collected by A.W. Janssen, 24 September 1979.
 Lingula cf. dregeri Andreae, 1893 (RGM 793.713-714) (10 fr).
 Discinisca leopolitana (Friedberg, 1921) (RGM 793.711-712) (14 fr).
 Cryptopora nysti (Davidson, 1874) (RGM 793.705-710) (11 C, 30 V, 23 D).

	 Várpalota (Hungary, Veszprém county), abandoned Szabó sand pit. Miocene, Early 
Badenian, greyish-brown fossiliferous sands; collected by A.W. Janssen, 15 October 1979.
 Joania cordata (Risso, 1826) (RGM 793.719-720) (2 D).

	 Lăpugiu	de	Sus (Romania, Hunedoara), Valea Cosului (coordinates: 45.84595° N; 
22.471583° E). Miocene, Early Badenian, unnamed beds; collected by M. Grigis, August 
2002.
 Argyrotheca cuneata (Risso, 1826) (RGM 793.721-722) (5 D, 1 V).

 Korytnica and Karsy are typical Korytnica Clay localities in the Korytnica Basin 
and represent shallow marine environments (Bałuk & Radwański, 1977). The oyster 
bed sample from Korytnica is also derived from a very shallow and well-agitated lit-
toral sea. Badenian sandy deposits with diverse fossil assemblages are exposed at 
Rybnica, along the southern slopes of the Holy Cross Mts (Studencka, 1986). In the 
vicinity of Węglin, the most diverse brachiopod fauna was recorded from calcareous 
marls rich in red algal and bryozoan fragments (Bitner, 1990). Sandy deposits and 
their brachiopods at Monastyrz and Huta Lubycka were described by Jakubowski & 
Musiał (1979) and Popiel-Barczyk (1980). Várpalota is famous for its mollusc-rich sand 
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(e.g., Strausz, 1954), but brachiopods have never been mentioned from here. On the 
basis of its bryozoan fauna, Moissette et al. (2007) reconstructed a beach environment 
on a terrigenous platform, where skeletal remains from various depth intervals accu-
mulated. The main sediment types of Lăpugiu de Sus are grey clay and yellow sand. 
The extremely diverse fossil assemblage of this locality is derived from littoral to sub-
littoral environments with palaeodepths from 5 to 90 m (Petrescu et al., 1990).

Systematic palaeontology

Phylum Brachiopoda Duméril, 1806
Subphylum Linguliformea Williams, Carlson, Brunton, Holmer & Popov, 1996

Class Lingulata Gorjansky & Popov, 1985
Order Lingulida Waagen, 1885

Superfamily Linguloidea Menke, 1828
Family Lingulidae Menke, 1828
Genus Lingula Bruguière, 1791

 Type species – Lingula anatina Lamarck, 1801 (subsequent designation by Rowell, 
1964).

Lingula	cf.	dregeri Andreae, 1893
Pl. 1, figs. 1-4.

 Material – Korytnica (13 fr), Korytnica 3 (1 fr), Korytnica 5 (1 fr), Monastyrz (10 fr).

 Remarks – In spite of their low taphonomic potential (Emig, 1990), lingulides have 
been recorded several times from the Middle Miocene deposits of the Central Para-
tethys. These records were the following: Dreger (1889): Lingula Suessi n. sp. (= L. dregeri) 
from Loretto; Friedberg (1921): L. aff. dumortieri from Obertasów; Meznerics (1944) and 
Schmid et al. (2001): L. dregeri from St. Margarethen; Barczyk & Popiel-Barczyk (1977): 
L. dumortieri from Korytnica; Bărbulescu & Rado (1984): Lingula sp. from Lăpugiu de 
Sus; Popiel-Barczyk & Barczyk (1990): L. dregeri from Pinczów and Kików; and Bitner  
et al. (2012): L. dregeri from Budapest. As can be seen in the above list, two lingulide 
species were distinguished in the Badenian of the Central Paratethys: Lingula dregeri 
Andreae, 1893, and “Lingula” dumortieri Nyst, 1843, respectively.
 However, Emig & Bitner (2005) assigned all studied Polish lingulide specimens to 
L. dregeri, but none to Glottidia dumortieri. Septa of the ventral valve, which are charac-
teristic for G. dumortieri (Chuang, 1964; Dulai, 2013), could not be seen on any available 
Polish specimens. According to Emig & Bitner (2005), all lingulide specimens from the 
Miocene of Poland belong to L. dregeri. Therefore, although the studied lingulide spec-
imens from Korytnica and Monastyrz are very fragmentary in the Naturalis collection, 
they belong to Lingula and most probably to L. dregeri. In earlier papers Lingula was 
reported from both the Korytnica and Monastyrz localities (e.g., Barczyk & Popiel-
Barczyk, 1977; Popiel-Barczyk, 1977, 1980; Emig & Bitner, 2005).
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Superfamily Discinoidea Gray, 1840
Family Discinidae Gray, 1840
Genus Discinisca Dall, 1871

 Type species – Orbicula lamellosa Broderip, 1833 (by original designation).

Discinisca	leopolitana (Friedberg, 1921)
Pl. 2, figs. 1-4.

 Material – Monastyrz (14 fr), Rybnica (24 fr).

 Remarks – Although the organo-phosphatic shells of discinide brachiopods are rare 
in the Miocene, two species were recorded from the northern margin of the Central 
Paratethys, namely from Ukraine and Poland. Discinisca leopolitana was first noted by 
Łomnicki (1897) as Discina sp. (leopolitana), but without any illustrations or descrip-
tions. Therefore, as discussed by Radwańska & Radwański (1984, p. 260), this name 
was a nomen nudum until adequate description by Friedberg (1921). Later this species 
passed into oblivion, that is, it was not mentioned in key summary papers, such as the 
Atlas of Polish Neogene Fossils (Popiel-Barczyk, 1996) or in the catalogue of brachiopods 
stored in Muzeum Ziemi, Warsawa (Popiel-Barczyk, 1992). Popiel-Barczyk (1977, 1980) 
alluded to Discina sp. from Monastyrz and Huta Lubycka, but without specific identifi-
cation. Beyond the original description from Lwow, western Ukraine (Friedberg, 1921), 
this species was only recently recorded from other parts of the Central Paratethys: 
from St. Margarethen (Vienna Basin, Austria) by Schmid et al. (2001) and from Świniary 
(Holy Cross Mountains, Poland) by Radwański & Wysocka (2004). Some undetermina-
ble Discinisca fragments were reported from Szydłów (Holy Cross Mountains, Poland) 
by Dulai & Stachacz (2011).
 Most of the D. leopolitana specimens in Naturalis collection are small-sized (3-4 
mm) and only one of them attains 5.5 × 6.6 mm (Pl. 2, fig. 1). However, even this speci-
men is significantly smaller than Friedberg’s (1921) material from Western Ukraine (7 × 
9 mm). The outline of the dorsal valves is generally circular, but sometimes slightly 
rectangular (Pl. 2, fig. 4), while the shape of the shell is low conical. The 0.6 mm wide 
larval shell is smooth; later, the shell surface is ornamented by numerous, dense, more 
or less concentric, growth lines.
 Radwańska & Radwański (1984) described a new discinide species, Discinisca po-
lonica, from the Middle Miocene sediments of the Korytnica Basin, Poland. These two 
discinide species are easily distinguishable from each other, as only dense growth 
lines occur on the dorsal valve of D. leopolitana, whereas D. polonica is distinctly 
ribbed.

Genus Discradisca Stenzel, 1964

 Type species – Orbicula antillarum d’Orbigny, 1853 (by original designation).
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Discradisca	polonica (Radwańska & Radwański, 1984)
Pl. 1, figs. 5-10.

 Material – Korytnica 1 (104 fr), Korytnica 3 (18 fr), Korytnica 5 (72 fr).

 Remarks – This species was described from the littoral deposits of the Korytnica 
Basin, central Poland (Radwańska & Radwański, 1984) and only a few dozen small-
sized, low conical dorsal valves were available for study. There are nearly 200 frag-
ments of discinide dorsal valves from Korytnica samples in the Naturalis collection 
and most of them can be easily identified as D. polonica on the basis of the ribbed orna-
mentation of the outer shell surface. Several fragments are too small to identify confi-
dently, but they most probably also belong to this species because all the larger sized 
fragments are ribbed and, until now, smooth discinides have never been reported from 
the Korytnica localities.
 The studied specimens are too fragmentary to infer the shell outline or the exact 
position of apex. The 0.4 mm wide, circular larval shell is smooth, while the post-larval 
shell surface is densely ornamented by fine growth lines (Pl. 1, fig. 6). According to 
Radwańska & Radwański (1984), the radial ribs appear abruptly at a definite growth 
line (the margin of the post-larval shell), but in the Leiden material this is not always 
the case (e.g., Pl. 1, fig. 7). The cross-section of ribs is rounded and ribs are stronger to-
wards the valve margin. The ribs generally intersect with growth lines giving a beaded 
character to the outer surface. The ribs do not bifurcate, but sometimes new ribs appear 
as intercalations (Pl. 1, fig. 7). The interspaces are generally much wider than ribs. The 
interior of the dorsal valves and the arrangement of muscle scars are not clear on the 
very fragmentary specimens. Similarly, only the holotype has completely preserved 
muscle scars in Radwańska & Radwański’s (1984) material.
 Discradisca was introduced by Stenzel (1964) as a subgenus of Discinisca. When 
Stenzel described Danian (Paleocene) Discinisca (Discradisca) littigensis, he wished to 
distinguish those species having radial costae on the dorsal valve from those lacking 
costae. Later, Cooper (1977) elevated Discradisca to generic rank. The new, revised Trea-
tise (Holmer & Popov, 2000, p. 86) distinguished Discinisca and Discradisca on the basis 
of the ventral valve: “similar to Discinisca, but with wide, transversely suboval pedicle 
track”. Although the name Discradisca was introduced for a fossil species it is now 
widely used for Recent brachiopods and several living species were transferred to this 
genus (D. antillarum, D. cumingi, D. indica, D. sparselineata, D. stella, D. strigata; see, e.g., 
Emig, 1997; Bitner & Cahuzac, 2013); this genus name has not gained traction in palae-
ontological literature. One of the main reasons is the fact that the recently used defini-
tion of Discradisca concentrates on the characters of the ventral valve and fossil mate-
rial generally only contains dorsal valves. However, if we return to Stenzel’s original 
aim (to distinguish discinides with radial costae on the dorsal valve), several fossil 
discinide species should on this basis be transferred to Discradisca. One of these species 
is D. polonica, discussed herein. Similar systematic results were established recently 
regarding Discradisca multiradiata (de Morgan, 1915) by Bitner & Cahuzac (2013) and 
Dulai (2013) on the basis of Early and Middle Miocene material from France. Bitner & 
Cahuzac (2013) also listed several fossil species, including D. polonica, which should be 
transferred to Discradisca.
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 Discradisca polonica is similar to D. scutellum, described by Dreger (1889) from the 
contemporaneous Badenian sedimentary rocks of the Vienna Basin, Austria. However, 
this species is based on a single fragmentary dorsal valve without detectable muscle 
scars (see also in Kroh, 2003) and, therefore, it is not easy to compare with any other 
materials. Another finely ribbed Central Paratethyan discinide is D. carpathica, de-
scribed by Čtyroký & Fejfar (1963), but this species is much larger and its muscle scar 
pattern is slightly different. The Central Paratethyan discinide brachiopods were dis-
cussed in detail by Radwańska & Radwański (1989), including D. steiningeri from the 
Upper Oligocene (Egerian) of Austria.
 One of the Leiden specimens shows a very small (0.175 mm) drill hole indicating 
attack by a predatory gastropod (Pl. 1, fig. 10). Drilling predation has a long fossil re-
cord (Kowalewski et al., 1998), and has been intensely studied mainly in molluscs and 
partly in rhynchonelliform (“articulate”) brachiopods. Predatory drill holes of nonar-
ticulate brachiopods are rarely examined, and such studies focused mainly on fossil 
and Recent lingulides (e.g. Paine, 1963; Wiedman et al., 1988; Kowalewski & Flessa, 
1994; Bitner, 1996; Kowalewski et al., 1997). Among other nonarticulate brachiopods, 
drill holes have been identified in fossil acrotretides (Miller & Sundberg, 1984; Chat-
terton & Whitehead, 1987). Lee (1987) noted that dead shells of craniids are sometimes 
drilled by gastropods. This is the first definite record of predatory drill holes on phos-
phatic shelled brachiopods in the Central Paratethys. One of the D. steiningeri para-
types (Radwańska & Radwański, 1989; Pl. 2, fig. 1a) bears a hole, but it seems to be ir-
regular in outline and the authors did not mention any signs of predation in the text. 
Predation on discinide brachiopods elsewhere is also only sporadically mentioned. 
Lesport & Cahuzac (2005) illustrated a drilled discinide specimen without specific 
identification from the Lower Burdigalian of France. Recently, intense drilling preda-
tion was reported from the same area on the basis of a larger sample by Bitner & Cahu-
zac (2013); 12% of the Discradisca multiradiata specimens were attacked in the Early Mio-
cene assemblage of Martillac (Aquitaine Basin, France). An even higher rate of drilling 
predation was indicated on the same species by Dulai (2013), where eight out of 34 
specimens (23.5%) bear predatory drill holes in the Middle Miocene (Langhian) mate-
rial from Amberre (Loire Basin, France). These two papers indicate that the Atlantic D. 
multiradiata was a common prey of drilling predatory gastropods, contrary to the con-
temporaneous Central Paratethyan discinides.

Subphylum Rhynchonelliformea Williams, Carlson, Brunton,  
Holmer & Popov, 1996

Class Rhynchonellata Williams, Carlson, Brunton, Holmer & Popov, 1996
Order Rhynchonellida Kuhn, 1949

Superfamily Dimerelloidea Buckman, 1918
Family Cryptoporidae Muir-Wood, 1955

Genus Cryptopora Jeffreys, 1869

 Type species – Atretia gnomon Jeffreys, 1876 (by original designation).
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Cryptopora nysti (Davidson, 1874)
Pl. 3, figs. 1-10.

 Material – Monastyrz (11 C, 30 V, 23 D).

 Remarks – Cryptopora is rare in Central Paratethyan Miocene rhynchonellide faunas. 
The small and translucent shells are thin and fragile, and therefore easily overlooked 
in sedimentary rocks. The outline is very variable (subtriangular to oval). The beak is 
high and acute (Pl. 3, fig. 1) or low and obtuse (Pl. 3, fig. 8). Foramen large, triangular 
and hypothyrid. Ventral valve interior shows distinct divergent dental plates. Deltidial 
plates are simple, triangular, without wing-like auriculation, characteristic of Crypto-
pora lovisati. Dorsal valve interior has moderately long, but high median septum (ante-
rior end beyond the mid-length of the valve). Diverging (Pl. 3, fig. 4) or crescent-shaped 
(Pl. 3, fig. 9) adductor muscle scars at both sides of the median septum. Crura are part-
ly broken in all available specimens. Mosaic pattern of secondary layer fibres is clearly 
visible on the internal surface of the shell (Pl. 3, fig. 10).
 Popiel-Barczyk (1980) described three different Cryptopora species (C. lovisati, C. nys-
ti and C. discites, respectively) from the sandy deposits of the studied region (Monastyrz 
and Długi Goraj, Lublin Upland, eastern Poland). However, after detailed investigation 
of the original material in the Muzeum Ziemi (Museum of the Earth, Warsaw), Bitner & 
Cahuzac (2004) concluded that all these specimens represent only one species, namely 
C. nysti (Davidson, 1874). Their observation is confirmed here on the basis of the much 
smaller sample in Naturalis, which represents also the wide variability of this species.
 Some other records of Cryptopora are also known from the Miocene of the Central 
Paratethys: C. discites by Dreger (1889) from the Vienna Basin; C. lovisati by Popiel-
Barczyk & Barczyk (1990) from Pinczów area, central Poland; Cryptopora sp. from 
Roztocze Hills by Bitner (1990); and C. lovisati from the Moravian Foredeep by Bitner et 
al. (2013a). Hemithyris parvillima Sacco, 1902, was reported from the Miocene deposits of 
Hungary by Meznerics (1944); this species later was referred questionably to Crypto-
pora by Cooper (1959). However, on the basis of their shell microstructure the Hungar-
ian specimens belong not to Cryptopora, but the terebratulide genus Gryphus (Bitner & 
Dulai, 2004). Elsewhere, C. nysti is known from the Messinian of Spain (Llompart & 
Calzada, 1982). Toscano-Grande et al. (2010) illustrated Cryptopora sp. from the Miocene 
of the Guadalquivir Basin (SW Spain) and this specimen also appears identical with C. 
nysti. Recently, Dulai (2013) identified two fragmentary C. nysti specimens from the 
Miocene of Groß Pampau (Germany, North Sea Basin). Although not so common in the 
fossil record, C. nysti also seems to be widespread in the European Miocene.
 Davidson (1874), Thomson (1927) and later Cooper (1959) assigned this species to 
the genus Mannia; however, in the revised Treatise Mannia was regarded as junior syno-
nym of Cryptopora (Manceñido et al., 2002). Thomson (1927) identified it as a terebratu-
lide, but its rhynchonellide affinity was demonstrated by Cooper (1959).
 The small, pedunculate cryptoporides, living in sandy facies, attach to the sedi-
ment by a long, thin pedicle (Curry, 1983). Extant representatives of the family Crypto-
poridae live in shallow to very deep water (60-4000 m; Curry, 1983; Richardson, 1997; 
Bitner & Cahuzac, 2004). The Miocene basin of the Lublin Upland was estimated as 
100-200 m deep by Jakubowski & Musiał (1977).
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Order Terebratulida Waagen, 1883
Suborder Terebratulidina Waagen, 1883
Superfamily Terebratuloidea Gray, 1840

Family Terebratulidae Gray, 1840
Subfamily Gryphinae Sahni, 1929

Genus Gryphus Megerle von Mühlfeld, 1811

 Type species – Anomia vitrea Born, 1778 (by original designation).

Gryphus cf. miocaenicus (Michelotti, 1847)
Pl. 2, figs. 5-6.

 Material – Rybnica (1 V).

 Remarks – Although only one ventral valve is available in the Naturalis collection, its 
external characters are consistent with those described for genus Gryphus. The relatively 
small-sized shell is smooth, moderately convex and the anterior commissure is rectima-
rginate. The beak is curved and the pedicle foramen is very small. It can be easily distin-
guished from the more widespread Central Paratethyan large terebratulides (“Terebratu-
la” spp.), which have a much larger pedicle foramen and sulciplicate anterior commis-
sure. Gryphus is known from the Eocene (Bitner et al., 2011) and is especially common in 
the Pliocene of the Mediterranean (Gryphus minor; Gaetani & Saccà, 1985; Saccà, 1985), as 
well as in the present-day Mediterranean and Atlantic Ocean (Gryphus vitreus; Emig, 
1989). Gryphus was also mentioned from the Caribbean by Cooper (1977, 1979). This genus 
is not so common in the Miocene of the Central Paratethys, but Gryphus miocaenicus was 
recorded in the Badenian of Hungary (Meznerics, 1944; Bitner & Dulai, 2004). This spe-
cies was also recently identified in the Lower Sarmatian of the Central Paratethys in 
Slovakia (Bitner et al., 2014). However, this is the first record of Gryphus from the Miocene 
of Poland; Popel-Barczyk (1992) noted Gryphus only from the Eocene deposits of Poland. 
This specimen maybe also the first reliable record of Gryphus from the northern margin 
of the Central Paratethys; however, Friedberg’s (1921) material from Ukraine should be 
revised, as his Liothyrina punctatissima (Pl. 2, fig. 2) appears identical with Gryphus. On  
the basis of the previous records from the Central Paratethys, this ventral valve in the 
Naturalis collection can be identified as G. cf. miocaenicus.

Suborder Terebratellidina Muir-Wood, 1955
Superfamily Megathiridoidea Dall, 1870

Family Megathirididae Dall, 1870
Genus Argyrotheca Dall, 1900

 Type species – Terebratula cuneata Risso, 1826 (by original designation).

Argyrotheca	cuneata (Risso, 1826)
Pl. 4, figs. 10-11.

 Material – Korytnica 1 (7 fr), Lăpugiu de Sus (5 D, 1V). 
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 Remarks – Argyrotheca is reported as one of the most common micromorphic bra-
chiopod genera in the Middle Miocene sedimentary rocks of the Central Paratethys. 
Although it was widely distributed throughout the whole Central Paratethys, A. cune-
ata is less common in the fossil record than “A”. cordata. The recently described A. bit-
nerae is even less common and until now was recorded only from the northern margin 
of this sea. However, “Argyrotheca” cordata was recently assigned type species of a new 
genus, Joania, by Álvarez et al. (2008). Argyrotheca, thus, can no longer be considered the 
most common brachiopod in the Miocene of the Central Paratethys. It is widespread, 
but generally not a dominant element of the brachiopod fauna, although some excep-
tions are known, such as at Węglin and Łychów in Poland (Bitner, 1990) or at Bivolare 
in Bulgaria (Bitner, 1993). However, the family Megathirididae (including genera Meg-
athiris, Argyrotheca and Joania) is, without doubt, the most common constituent of Mio-
cene shallow-water brachiopod assemblages in the Central Paratethys.
 Argyrotheca cuneata is reported from several Badenian localities in Austria (Kroh, 
2003), Hungary (Matyasovszky, 1880, under the name Argiope hofmanni; Bitner & Dulai, 
2004; Dulai, 2007), Czech Republic (Bitner et al., 2013a; Pavézková et al., 2013), Poland 
(Bitner, 1990; Popiel-Barczyk & Barczyk, 1990; Bitner & Pisera, 2000; Bitner & Kaim, 
2004) and Bulgaria (Bitner, 1993). This species was recently also recorded from the Low-
er Sarmatian of the Central Paratethys (Bitner et al., 2014). It can be easily distinguished 
from Joania cordata by its ribbed outer shell surface, position of maximum width and 
mainly by the internal morphological characters.
 This species was described earlier from Korytnica by Popiel-Barczyk & Barczyk 
(1990) under the name A. costulata. Bărbulescu & Rado (1984) have illustrated A. squa-
mata from Lăpugiu de Sus, which appears identical with A. cuneata. The former species 
requires detailed revision, as discussed by Bitner (1990).

Argyrotheca bitnerae Dulai in Dulai & Stachacz, 2011
Pl. 4, figs. 6-9.

 Material – Korytnica 3 (2 C, 5 V, 12 D), Korytnica 5 (12 C, 32 V, 50 D), Karsy (1 D).

 Remarks – Some small-sized megathiridid specimens in the Naturalis collection rep-
resent a recently described new Argyrotheca species, superficially similar to Joania cordata. 
However, it differs from the latter species by its subtriangular outline, the very high 
beak, the absence of a median sulcus on the brachial valve and the lack of tubercles on 
the internal margin of the valves. This form had already been illustrated by Popiel-Barc-
zyk & Barczyk (1990) and Popiel-Barczyk (1996) from the Polish Badenian deposits. How-
ever, it was erroneously confused with the Recent Mediterranean Argyrotheca cistellula 
(see Dulai & Stachacz, 2011). Argyrotheca cistellula also lacks any tubercles on the internal 
margins; however, it is transversely subrectangular in outline with a short beak and 
straight hinge line (Logan, 1979). Although the limited Naturalis material clearly indi-
cated a new species, it was more practical to describe A. bitnerae on the basis of a more 
numerous and more representative assemblage collected from the Badenian sedimenta-
ry rocks of Szydłów (Poland) and supplemented by the revision of some collections in 
the Muzeum Ziemi (Warsaw), but including also Naturalis specimens (Dulai & Stachacz, 
2011). According to this original description, the palaeogeographic distribution of A.  
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bitnerae was limited to the northern part of the Central Paratethys (Poland); however, 
recently it was also recorded from four Upper Oligocene localities in the Aquitaine 
Basin, France (Bitner et al., 2013b).

Genus Joania Álvarez, Brunton & Long, 2008

 Type species – Terebratula cordata Risso, 1826 (by original designation).

Joania	cordata (Risso, 1826)
Pl. 4, figs. 1-5.

 Material – Korytnica 1 (25 fr), Korytnica 3 (16 C, 25 V, 60 D), Korytnica 5 (21 C, 63 V, 
119 D), Węglin (56 C, 574 V, 79 D), Várpalota (2 D).

 Remarks – Joania cordata is one of the most common brachiopod species in the Mio-
cene of the Central Paratethys. Among others it was recorded (sometimes under differ-
ent names) in Badenian deposits  from Austria (Dreger, 1889), Hungary (Matyasovszky, 
1880; Meznerics, 1944; Bitner & Dulai, 2004; Dulai, 2007), Romania (Boettger, 1901; Zilch, 
1934; Meznerics, 1944; Bărbulescu & Rado, 1984; Bitner & Dulai, 2004), Bulgaria (Bitner, 
1993), Ukraine (Friedberg, 1921), Poland (Barczyk & Popiel-Barczyk, 1977; Popiel-Barc-
zyk & Barczyk, 1990; Bitner, 1990; Bitner & Pisera, 2000; Bitner & Kaim, 2004) and the 
Czech Republic (Bitner et al., 2013a). This species was recently also recorded from the 
Lower Sarmatian of the Central Paratethys in Slovakia (Bitner et al., 2014). It is easily 
distinguishable from other Central Paratethyan Megathirididae species by the row of 
tubercles on the internal margins of both valves (Pl. 4, figs. 2, 3, 5). In some earlier papers 
it was reported under various names, but Bitner (1990) published a full synonymy list 
and defined its characteristics in detail. With reference to the localities in the Naturalis 
collections, this species was already recorded from Korytnica (e.g., Barczyk & Popiel-
Barczyk, 1977) and Węglin (e.g., Bitner, 1990). The Hungarian locality Várpalota is fa-
mous for its diverse and well-preserved mollusc fauna (e.g., Strausz, 1954), but this is the 
first record of any brachiopod from these Lower Badenian sandy deposits.

Superfamily Kraussinoidea Dall, 1870
Family Kraussinidae Dall, 1870

Genus Megerlia King, 1850

 Type species – Anomia truncata Linnaeus, 1767 (by original designation).

Megerlia sp.
Pl. 4, figs. 12-13.

 Material – Korytnica 1 (1 fr).

 Remarks – Megerlia is a well-documented genus in the Central Paratethyan Middle 
Miocene deposits, as well as in the Recent Mediterranean fauna. Its common species is 
Megerlia truncata which was recorded from the Central Paratethys by Dreger (1889), 
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Friedberg (1921), Meznerics (1944), Bărbulescu & Rado (1984), Bitner (1990), Popiel-Barc-
zyk & Barczyk (1990) and Bitner & Dulai (2004). Jakubowski & Musiał (1979) noted 
Megerlia sp. from Huta Różaniecka, but on the basis of their figure this identification is 
very uncertain. The only available specimen in the Naturalis collection is too fragmen-
tary to identify at species level, but the characteristic ornamentation of the internal 
surface of the shell support this generic identification. To date the only recorded 
Megerlia species was M. truncata in the Central Paratethys; most probably this fragment 
also represents this species.

Discussion

 Naturalis has a surprisingly diverse Middle Miocene (Badenian) brachiopod col-
lection from the Central Paratethys (1403 partly fragmentary specimens, representing 
nine species of eight genera). These brachiopods have been collected from Poland, 
Hungary and Romania. Most of the identified species are already known from the 
Central Paratethys, but the Leiden material contains a new Argyrotheca species. This 
was described recently on the basis of a more representative assemblage from the Pol-
ish Miocene, but included also the Naturalis specimens (Dulai & Stachacz, 2011).
 In accordance with the recent taxonomic study by Bitner & Cahuzac (2013) and 
Dulai (2013), this report suggests that the discinide species D. polonica should be trans-
ferred to the genus Discradisca. The limited Naturalis material confirms Bitner & Cahu-
zac’s (2004) earlier opinion that the available Polish Cryptopora specimens belong to 
only one species (C. nysti). Although not so common in the fossil record as C. lovisati, C. 
nysti is also widespread in the European Miocene.
 In most cases the Leiden specimens confirm earlier records. However, in some cases 
the collections have yielded new information on the distribution of these brachiopod 
species within the Central Paratethys. These new results are the following:
•  First record of Discinisca leopolitana from Monastyrz and Rybnica. Until now, it was 

recorded from the Central Paratethys only from Lwow (western Ukraine), St Marga-
rethen (Vienna Basin, Austria) and Świniary (Holy Cross Mountains, Poland).

•  First record of Gryphus from Rybnica, as well as from the Miocene of Poland and 
maybe the northern margin of the Central Paratethys. Friedberg’s (1921) Liothyrina 
punctatissima specimens require revision and they may belong to this genus.

•  First record of Argyrotheca bitnerae from Karsy.
•  First record of Joania cordata (and in fact, any brachiopod) from Várpalota.
•  First identification of Argyrotheca cuneata from Korytnica (earlier it was reported as A. 

costulata) and from Lăpugiu de Sus (earlier it was reported as A. squamata).

 One of the Discradisca polonica specimens shows a drill hole of a predatory gastro-
pod. Drilling predation has a very long history (see Kowalewski et al., 1998) and there 
are substantial data on brachiopod predation. However, this is the first definite record 
of predatory drill holes on phosphatic shelled brachiopods in the Central Paratethys. 
Bitner & Cahuzac (2013) and Dulai (2013) recently indicated that the Atlantic D. multi-
radiata was the common prey of drilling predatory gastropods (12% and 23.5%, respec-
tively). The contemporaneous Central Paratethyan discinides were apparently ‘luckier’ 
in this respect.
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Plate 1

Figs. 1-4. Lingula cf. dregeri Andreae, 1893, Monastyrz, Poland.
Fig. 1. RGM 793.713a, external view, × 20.
Fig. 2. RGM 793.713b, internal view, × 20.
Fig. 3. RGM 793.713c, external view, × 20.
Fig. 4. RGM 793.713d, internal view, × 20.

Figs. 5-10. Discradisca polonica (Radwańska & Radwański, 1984).
Fig. 5. RGM 793.668a, external view of dorsal valve, Korytnica 5, Poland, × 20.
Fig. 6. Detail of Fig. 5, showing the smooth embryonal part of the shell, × 33.
Fig. 7. RGM 793.695, external view of dorsal valve, Korytnica 1, Poland, × 20.
Fig. 8. Detail of Fig. 7, showing the fine ornamentation of the ribbed part of the shell, × 112.
Fig. 9. RGM 793.668b, external view of dorsal valve, Korytnica 5, Poland, × 20.
Fig. 10. RGM 793.668c, external view of a drilled dorsal valve, Korytnica 5, Poland, × 20.
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Plate 2

Figs. 1-4. Discinisca leopolitana (Friedberg, 1921).
Fig. 1. RGM 793.715a, external view of dorsal valve, Rybnica, Poland, × 15.
Fig. 2. RGM 793.711, external view of dorsal valve, Monastyrz, Poland, × 15.
Fig. 3. RGM 793.715b, external view of dorsal valve, Rybnica,Poland, × 15.
Fig. 4. RGM 793.715c, internal view of dorsal valve, Rybnica, Poland, × 15.

Figs. 5-6. Gryphus cf. miocaenicus (Michelotti, 1847), Rybnica, Poland.
Fig. 5. RGM 793.717, external view of ventral valve, × 5.
Fig. 6. RGM 793.717, internal view of ventral valve, × 5.
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Plate 3

Figs. 1-10. Cryptopora nysti (Davidson, 1874), Monastyrz, Poland.
Fig. 1. RGM 793.705a, dorsal view of fragmentary complete specimen, × 15.
Fig. 2. RGM 793.707a, internal view of ventral valve, × 15.
Fig. 3. detail of Fig. 2, showing the dental plate, × 65.
Fig. 4. RGM 793.706a, internal view of dorsal valve, × 15.
Fig. 5. RGM 793.705b, dorsal view of fragmentary complete specimen, × 15.
Fig. 6. RGM 793.705c, dorsal view of fragmentary complete specimen, × 15.
Fig. 7. RGM 793.707b, internal view of ventral valve, × 15.
Fig. 8. RGM 793.705d, dorsal view of fragmentary complete specimen, × 15.
Fig. 9. RGM 793.706b, internal view of dorsal valve, × 15.
Fig. 10. detail of Fig. 9, showing the shell structure and mosaic of secondary layer fibres, × 260.
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Plate 4

Figs. 1-5. Joania cordata (Risso, 1826).
Fig. 1. RGM 793.700a, dorsal view of complete specimen, Węglin, Poland, × 15.
Fig. 2. RGM 793.700b, internal view of ventral valve, Węglin, Poland, × 15.
Fig. 3. RGM 793.700c, internal view of dorsal valve, Węglin, Poland, × 15. 
Fig. 4. RGM 793.685, dorsal view of juvenile complete specimen, Korytnica 3, Poland, × 15.
Fig. 5. RGM 793.667, internal view of juvenile dorsal valve, Korytnica 5, Poland, × 15.

Figs. 6-9. Argyrotheca bitnerae Dulai in Dulai & Stachacz, 2011, Korytnica 5, Poland.
Fig. 6. RGM 607.739, dorsal view of complete specimen, × 15.
Fig. 7. RGM 607.738, dorsal view of complete specimen, × 15.
Fig. 8. RGM 607.740, ventral view of complete specimen, × 15.
Fig. 9. RGM 607.741, internal view of dorsal valve, × 15.

Figs. 10-11. Argyrotheca cuneata (Risso, 1826), Lăpugiu de Sus, Romania.
Fig. 10. RGM 793.721, external view of dorsal valve, × 15.
Fig. 11. RGM 793.722, internal view of ventral valve, × 15.

Figs. 12-13. Megerlia sp., Korytnica 1, Poland.
Fig. 12. internal view of a fragmentary valve, × 15.
Fig. 13. detail of Fig. 12, × 100.
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