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Abstract — Taxonomic composition and palacoccological features (life habit, feeding type,
preferred substrate, depth range) of the Early Badenian bivalves of Szob were examined. The fauna
is quite diverse at higher taxonomic levels, but at the same time very poor at lower taxonomic le-
vels. The taxonomic composition of the fauna (Heterodonta subclass: 76%: Pteriomorpha subclass:
23%) corresponds to the taxonomic structure ol other faunas of the Miocene sandy facies. The bi-
valve fauna connected with a seagrass community and dominated by suspension feeder infaunal
elements (mostly corbulids). Seagrass is generally advantageous for byssally attached species but
on the other hand the movement of vagile infaunal clements is hampered by the roots of seagrass.
Bivalves refer to infralittoral depth in the photic zone. The soft, mixed, sandy-muddy bottom was
fixed by the roots of seagrass. The bottom sediment was very poor in organic matter because it was
rapidly decayed due to the high oxygen content of the sea-water inside the seagrass meadows,
Some species indicate the Early Badenian age of the fauna. With 10 figures.

INTRODUCTION

Hungary and the Carpathian Basin belonged to the Central Paratethys during the
Middle Miocene, therefore a significant part of the basin contains marine Miocene for-
mations. There are many localities in Hungary, where rich Miocene mollusc faunas can
be found. One of the most famous of them is Szob in the Borzsony Mts (Fig. 1).

The Borzsony Mts are situated at the northern border of Hungary. This is the west-
ernmost part of the so-called “Inner Carpathian Volcanic Arc”. The main mass of the
mountains consists of volcanic rocks and sedimentary formations are present only at the
margins of the mountains. The andesite — which is 1000 m thick at some places — de-
veloped in the Early Badenian during a relatively short time (BALDI & KOKAY 1970).
The andesite is overlain by also Early Badenian Leitha Limestone and some other sedi-
mentary rocks, including the examined sand from Szob.

This locality is situated at the SW slopes of the Borzsony Mts. The old sandpit is
NW of Szob on the left bank of the Ipoly River. The fossils of the yellowish-grey sand
were already studied from the mid 19th century, owing to its rich mollusc fauna.
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Fig. 1. Sketch map showing the location of the studied sand pit

Several Austrian and Hungarian geologists dealt with molluscs. For example 73 gas-
tropod and 20 bivalve species were mentioned from here in HORNES's famous works
(1856, 1870). STACHE (1866) listed 214 molluse species, then HOERNES & AUINGER
(1879) described 2 new forms trom Szob. Among Hungarian geologists KRENNER (1865)
listed 29 gastropod and 5 bivalve species, while HALAVATS (1881) mentioned 14 Conus
species from the locality. Some rare species and 30 species of pleurotomes were de-
scribed by CSEPREGHY-MEZNERICS (1952, 1953).

After these smaller papers the mollusc fauna was examined monographically by
CSEPREGHY-MEZNERICS (1956). A total of 267 gastropod and 74 bivalve species were
listed in her work and 143 of them were described briefly. However, this monograph
dealt only with taxonomic questions and the age of the fauna.

MATERIAL

In the framework of the research project on the Middle Miocene molluse fauna of
the Borzsony Mts, a palacoecological work was made on the described material, which
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can be found in the Hungarian Natural History Museum, Budapest. As this material was
collected by several workers during a century between 1848 and 1952, the composition
of this collection may be not very representative for the locality. For this reason a new
collection was made by the author. This second material is derived by washing from the
coarse fraction of 10-12 kg sand collected from the locality. Further on only the bivalves
will be discussed here and the taxonomic compositions and the ecological characters of
the two collections are compared.

Since the classification of bivalves is significantly changed soon after the CSEP-
REGHY-MEZNERICS (1956) monograph, the detailed systematic position of the species is
given below based on the adequate volumes of “Treatise on Invertebrate Palacontology™
(MOORE 1969). Palacoecological characters and distributions are also given for all
species. In some cases the referred literature deals only with the palacoecological fea-
tures of the genus or another species of the genus, it is indicated by the words “genus” or
“other species”.

Abbreviations: a: abundance in the museum collection (number of specimens); b: dominance in the
museum collection (percentage of specimens); ¢: abundance in the washed material; d: dominance
in the washed material.

Class Bivalvia LINNE, 1758

Subclass Palacotaxodonta KOROBKOV, 1954
Order Nuculoida DaLL, 1889
Superfamily Nuculacea Gray, 1824
Family Nuculidae Gray. 1824
Genus Nucula LAMARCK, 1799

Nucula (Nucula) nucleus (LINNE, 1758) — a: 6, b: 0.37, ¢: 7, d: 0.16. — Palagoccological char-
acters (BERNASCONI & RonBA 1993): — life habit: vagile infauna; feeding type: detritus feeder;
preferred substrate: mixed bottom; depth range: infralittoral-circalittoral. — Distribution: Early
Miocene — Recent (STUDENCKA 1986)

Superfamily Nuculanacea ADAMS et ADAMS, 1858
Family Nuculanidae ADAMS et ADAMS, 1858
Genus Nuculana LINK, 1807
Subgenus Saccella WOODRING, 1925

Nuculana (Saccella) fragilis (CHEMNITZ, 1784) — a: 10, b: 0.61, ¢: 3, d: 0.07. = Palacoeco-
logical characters (DAVITASHVILI & MERKLIN 1966; genus): — life habit: vagile infauna: feeding
type: detritus feeder; preferred substrate: mixed bottom. — Distribution: Early Miocene — Recent
(STUDENCKA 1986).

Nuculana cf. emarginata (LAMARCK. 1819) — az 1. b: 0.06. ¢: —. d: —. — Palacoecological
characters (DAVITASHVILI & MERKLIN 1966: genus): — life habit: vagile infauna; feeding type: de-
tritus feeder; preferred substrate: mixed bottom. — Distribution: Early Miocene — Pliocene (BOHN-
HAvAS 1973).
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Subclass Pteriomorpha BEURLEN, 1944
Order Arcoida STOLICZKA, 1871
Superfamily Arcacea LAMARCK, 1809
Family Arcidae LAMARCK, 1809
Subfamily Arcinac LAMARCK, 1809
Genus Barbatia Gray, 1842

Barbatia (Barbatia) barbata (LINNE, 1758) —a: 5, b: 0.31, ¢: 47, d: 1.05. — Palacoecological
characters (FRENEIX et al. 1987a): — life habit: attached epifauna; feeding type: suspension lecder;
preferred substrate: hard bottom; depth range: infralittoral — abyssal. — Distribution: Early Miocene
— Recent (STUDENCKA 1986).

Subfamily Anadarinae REINHART, 1935
Genus Anadara GRAY, 1847

Anadara (Anadara) diluvii (LAMARCK, 1805) — a: 100, b: 6.14, ¢: 20, d: 0.45. — Palacoeco-
logical characters (BERNASCONI & ROBBA 1993): life habit: free-lying semiinfauna; feeding type:
suspension feeder; preferred substrate: muddy bottom: depth range: infralittoral — circalittoral. -
Distribution: Late Oligocene — Recent (STUDENCKA 1986),

Anadara (Anadara) turoniensis (DUIARDIN, 1837) —a: 2, b: (L12. ¢t —, d: — — Palaeoeco-
logical characters (STANLEY 1970; genus): life habit: free-lying semiinfauna; feeding type: suspen-
sion feeder; preferred substrate: sandy bottom. — Distribution: Early Miocene — Middle Miocene
(BOHN-HAVAS 1973),

Family Noetiidae STEWART, 1930
Subfamily Striarcinae MACNEIL, 1938
Genus Striarca CONRAD, 1862

Striarca lactea (LINNE, 1758) —a: 2, b: 0.12, ¢: —, d: —. — Palacoecological characters (Fre-
NEIX ef al. 1987a): life habit: attached epifauna; feeding type: suspension feeder; preferred sub-
strate: hard bottom: depth range: infralittoral — abyssal. — Distribution: Early Miocene — Recent
(STUDENCKA 1986).

Genus Arcopsis KOENEN, 1885

Arcopsis (Arcopsis) papillifera HORNES, 1874 — a: 1, b: 0.06, ¢: —, d: — — Palacoecological
characters (STANLEY 1970; genus): life habit: attached epifauna; feeding type: suspension leeder:
preferred substrate: hard bottom. — Distribution: Early Miocene — Middle Miocene (KOJIUMDGIEVA
& STRACHIMIROV 1960),

Superfamily Limopsacea DaLL, 1895
Family Limopsidae DALL, 1895
Genus Limopsis SASSL, 1827

Limopsis (Limopsis) anomala (EicHwWALD, 1830) — a: 3. b: 018, ¢: 4. d: 0.09. - Palacoeco-
logical characters (D1 GERONIMO er al. 1982): life habit: free-lying infauna; feeding type: suspen-
sion feeder; preferred substrate: sandy bottom. — Distribution: Early Miocene — Recent (BALDI
1973).
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Family Glycymerididae NEWTON, 1922
Subfamily Glycymeridinae NEWTON, 1922
Genus Glycymeris Da CosTa, 1778

Glycymeris (Glycymeris) obtusata (PARTSCH in HORNES, 1870) —a: 5, b: 0.31, ¢: 2, d: 0.04.
— Palaeoecological characters (FRENEIX et al. 1987a; other species): life habit: free-lying infauna;
feeding type: suspension feeder: preferred substrate: sandy bottom. — Distribution: Early Miocene —
Middle Miocene (BALDI 1962).

Glycymeris (Glycymeris) pilosa deshayesi (MAYER, 1868) —a: 11, b: 0.68, ¢: 8, d: 0.18. -
Palaeoecological characters (FRENEIX ef al, 1987a): life habit: free-lying infauna; feeding type: sus-
pension feeder: preferred substrate: sandy bottom; depth range: infralittoral. — Distribution: Early
Miocene — Middle Miocene (BALDI 1962).

Superfamily Pinnacea LEACH, 1819
Family Pinnidae LEACH, 1819
Genus Pinna LINNE, 1758

Pinna (Pinna) tetragona BROCCHL, 1814 — a: 4, b: 0.25, ¢: —, d: - - Palacoecological charac-
ters (STANLEY 1970; other species): life habit: attached semiinfauna; feeding type: suspension
feeder; preferred substrate: sandy bottom. — Distribution: Early Miocene — Middle Miocene (CsEP-
REGHY-MEZNERICS 1950)).

Order Pterioida NEWELL, 1965
Suborder Pteriina NEWELL, 1965
Superfamily Pectinacea RAFINESQUE, 1815
Family Pectinidac RAFINESQUE, 1815
Genus Amusium RODING, 1798

Amusium cristatum badense (FONTANNES, 1879) —a: 12, b: 0.74, ¢: 8, d: (.18, — Palacocco-
logical characters (BERNASCONI & RoBBA 1993): life habit: vagile epifauna; feeding type: suspen-
sion feeder; preferred substrate: muddy bottom; depth range: infralittoral — circalittoral, — Distribu-
tion: (Early Miocene ?) — Middle Miocene [(Ottnangian ?) — Late Karpatian — Badenian] (STEIN-
INGER et al. 1978).

Genus Chlamys RODING, 1798
Subgenus Aeguipecten FISCHER. 1886

Chlamys (Aequipecten) angelonii (DE STEFANI et PANTANELLL, 1878) — a: 1, b: 0.06, ¢: —,
d: — — Palaeoecological characters (BENIGNI & Ronsa 1990): life habit: vagile epifauna: feeding
type: suspension feeder: preferred substrate: sandy bottom: depth range: infralittoral — circalittoral.
— Distribution: Early Miocene — Pleistocene (STUDENCKA & STUDENCKI 1988).

Chlamys (Aequipecten) elegans (ANDRZEIOWSKY, 1830) —a: 10, b: 0.61, ¢: 2, d: 0.04, — Pa-
lacoecological characters (DAVITASHVILI & MERKLIN 1966; genus): life habit: vagile epifauna;
feeding type: suspension feeder; preferred substrate: sandy bottom. — Distribution: Middle Miocene
(Badenian) (STEININGER ¢t al. 1978).

Chlamys (Aequipecten) malvinae (Dupots, 1831) —a: 1. b: 0.06. ¢: —, d: — — Palacoecologi-
cal characters (BERNASCONI & RoBBA 1993): life habit: vagile epifauna; feeding type: suspension
feeder; preferred substrate: sandy bottom: depth range: infralittoral, — Distribution: Early Miocene
— Middle Miocene (STUDENCKA 1986).
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Chlamys (Aequipecten) scabrella (LAMARCK, 1819) —a: 177, b: 10.87, ¢: 87, d: 1.94. — Pa-
lacoecological characters (BENIGNI & RoBBA 1990): life habit: vagile epifauna; feeding type: sus-
pension feeder; preferred substrate: sandy bottom; depth range: infralittoral — circalittoral. — Dis-
tribution: Early Miocene — Pliocene (STUDENCKA 1986).

Subgenus Macrochlamis SACCO, 1897

Chlamys (Macrochlamis) tournali (DE SERRES, 1829) — a: 1, b: 0.06, ¢: —, d: —. — Palacocco-
logical characters (BERNASCONI & RoBBA 1993): life habit: vagile epifauna; feeding type: suspen-
sion feeder; preferred substrate: sandy bottom; depth range: infralittoral — circalittoral. — Distribu-
tion: Middle Miocene [(Karpatian ?) — Badenian] (STEININGER et al. 1978).

Genus Pecten MULLER, 1776
Subgenus Flabellipecten Sacco, 1897

Pecten (Flabellipecten) besseri ANDRZEIOWSKY, 1830 —a: 2, b: 0.12, ¢: —, d: —. — Palacoeco-
logical characters (DAVITASHVILI & MERKLIN 1966: genus): life habit: vagile epifauna; feeding
type: suspension feeder; preferred substrate: sandy bottom. — Distribution: Middle Miocene (Bade-
nian) (STEININGER ef al. 1978).

Pecten (Flabellipecten) solarium (LAMARCK, [819) — a: 1, b: 0.06, ¢: -, d: —. — Palacoeco-
logical characters (DAVITASHVILI & MERKLIN 1966: genus): life habit: vagile epifauna; feeding
type: suspension feeder; preferred substrate: sandy bottom. — Distribution: Early Miocene — Middle
Miocene (STUDENCKA & STUDENCKI 1988).

Subgenus Oppenheimopecten VON TEPPNER, 1922

Pecten (Oppenheimopecten) revolutus MICHELOTTIL 1847 — a: 1, b: 0.06, ¢: —, d: —. — Pa-
laeoecological characters (DAVITASHVILI & MERKLIN 1966: genus): life habit: vagile epifauna;
feeding type: suspension feeder: preferred substrate: sandy bottom. — Distribution: Early Miocene —
Middle Miocene (STUDENCKA & STUDENCKI 1988).

Family Plicatulidae WATSON, 1930
Genus Plicatula LAMARCK, 1801

Plicatula (Plicatula) mytilina PHiLIPPI, 1836 —a: 1, b: 0.06, ¢: 1. d: 0.02. — Palacoecological
characters (STANLEY 1970; other species): life habit: attached epifauna; feeding type: suspension
feeder; preferred substrate: hard bottom. — Distribution: Early Miocene — Middle Pliocene (STU-
DENCKA & STUDENCKI 1988).

Superfamily Anomiacea RAFINESQUE, 1815
Family Anomiidae RAFINESQUE, 1815
Genus Anomia LINNE, 1758

Anomia (Anomia) ephippum rugulosostriata Brocchi, 1814 —a: 8, b: 0,49, ¢ 14, d: 0.31.
— Palaeoecological characters (BERNASCONI & RoBBA 1993): life habit: attached epifauna; feeding
type: suspension feeder: preferred substrate: hard bottom; depth range: infralittoral — circalittoral. —
Distribution: Early Oligocene — Recent (BALDI 1973).
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Suborder Ostreina FERUSSAC, 1822
Superfamily Ostreacea RAFINESQUE, 1815
Family Ostreidae RAFINESQUE, 1815
Subfamily Ostreinae RAFINESQUE, 1815

Genus Cubitostrea SACCo, 1897

Cubitostrea digitalina (EicHwALD, 1830) — a: 30, b: 1.84, ¢: 7, d: 0.16. — Palacoecological
characters (DAVITASHVILI & MERKLIN 1966: genus): life habit: auached epifauna; leeding type:
suspension feeder; preferred substrate: hard bottom. — Distribution: Middle Miocene — Late
Miocene (STUDENCKA 1986).

Subclass Heterodonta NEUMAYR, [ 884
Order Veneroida ADAMS et ADAMS, 1856
Superfamily Lucinacea FLEMING, 1828
Family Lucinidae FLEMING, 1828
Subfamily Lucininae FLEMING, 1828
Genus Linga DE GREGORIO, 1884

Linga (Linga) columbella (LAMARCK. 1818) —a: 12, b: 0.74, ¢: 2, d: 0.04. — Palacoccologi-
cal characters (STANLEY 1970; other species): lile habit: vagile infauna: feeding type: suspension
feeder: preferred substrate: muddy bottom. — Distribution: Late Oligocene — Recent (BALDI 1973).

Subgenus Bellucina DALL, 1901

Linga (Bellucina) agassizi (MICHELOTTI, 1839) —a: 1, b: 0.00, ¢: -, d: —. - Palacoecological
characters (STANLEY 1970: other species): life habit: vagile infauna: feeding type: suspension
feeder; preferred substrate: muddy bottom. — Distribution: Early Miocene — Late Miocene (BOHN—
HaAvas 1973).

Linga submichelotti (Sacco, 1901) — a: 2, b: 0.12, ¢: —, d: —. — Palaeoecological characters
(STANLEY 1970: other species): life habit: vagile infauna: feeding type: suspension fecder;
preferred substrate: muddy bottom. — Distribution: Late Oligocene — Middle Miocene (STEININGER
etal. 1971).

Genus Megaxinus BRUGNONE, 1880

Megaxinus (Megaxinus) bellardianus (MAYER, 1864) — a: 13, b: 0.80, ¢ —, d: — — Pa-
lacoecological characters (BERNASCONI & Ronsa 1993; other species): life habit: vagile infauna;
feeding type: suspension feeder: preferred substrate: sandy bottom. — Distribution: Late Oligocene
— Middle Miocene (STEININGER et al. 1971).

Megaxinus (Megaxinus) incrassatus (Dupois, 1831) —a: 1, b: 0.06, ¢: —, d: —. — Palacoeco-
logical characters (BERNASCONI & RoBBA 1993: other species): life habit: vagile infauna; feeding
Lype: suspension feeder; preferred substrate: sandy bottom. — Distribution: Late Oligocene — Middle
Miocene (TEIKAL et al. 1967).

Megaxinus (Megaxinus) subgibbosulus (D'OrBIGNY, 1841) —a: 3, b: 018, ¢: —, d: — — Pa-
laeoecological characters (BERNASCONI & Ropea 1993; other species): life habit: vagile infauna;
feeding type: suspension feeder: preferred substrate: sandy bottom. — Distribution: Miocene (CSEP-
REGHY-MEZNERICS 1956).
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Genus Parvilucina DALL, 1901
Subgenus Microloripes COSSMANN, 1910

Parvilucina (Microloripes) dentata (DEFRANCE, 1823) — a: 44, b: 2.70, ¢: 48, d: 1.07. — Pa-
laeoecological characters (BERNASCONI & Roppa 1993): life habit: vagile inlauna; feeding type:
suspension feeder; preferred substrate: sandy bottom: depth range: infralittoral. — Distribution:
Early Miocene — Late Pliocene (STUDENCKA 1980).

Subfamily Myrteinae CHAVAN, 1969
Genus Myrrea TURTON, 1822

Myrtea (Myrtea) spinifera (MONTAGU, 1803) —a: 5, b: 0.31, ¢: —, d: —. — Palacoecological
characters (BERNASCONI & RoBpA 1993): life habit: vagile infauna; feeding type: suspension
feeder: preferred substrate: mixed bottom; depth range: infralittoral — bathyal. — Distribution: Early
Miocene — Recent (STUDENCKA 1986).

Genus Lucinoma DALL, 1901

Lucinoma borealis (LINNE, [767) —a: 19, b: 1,17, ¢: 3, d: 0.07. - Palaeoecological characters
(BERNASCONI & ROBBA 1993): life habit: vagile infauna; feeding type: suspension feeder; preferred
substrate: sandy bottom; depth range: infralittoral — circalittoral. — Distribution: Early Oligocene —
Recent (STUDENCKA 1986).

Family Ungulinidae ADAMS et ADAMS, 1857
Genus Diplodonta BRONN, 1831

Diplodonta (Diplodonta) holubicensis FRIEDBERG, 1929 — a: 1, b: 0.06, ¢ —, d: — — Pa-
lacoecological characters (BERNASCONI & RoBBA 1993; other species): life habit: vagile infauna;
feeding type: suspension feeder; preferred substrate: muddy bottom. — Distribution: Miocene
(CSEPREGHY-MEZNERICS 1956).

Superfamily Chamacea LAMARCK, 1809
Family Chamidae LAMARCK, 1809
Genus Chama LINNE, 1758
Subgenus Psilopus PoLL, 1795

Chama (Psilopus) gryphoides LiNnG, 1758 — a: 1, b: 0.06, ¢: —, d: — - Palacoccological
characters (FRENEIX et al. 19875): life habit: attached epifauna; feeding type: suspension feeder,
preferred substrate: hard bottom. — Distribution: Early Miocene — Recent (STUDENCKA 1986).

Superfamily Carditacea FLEMING, 1820
Family Carditidae FLEMING, 1828
Subfamily Carditinae FLEMING, | 828
Genus Cardita BRUGUIERE, 1792

Cardita (Cardita) crassa vindobonensis (Sacco, 1899) — a: 1, b: 0.06, ¢: -, d: —. — Pa-
lacoecological characters (FRENEIX et al. 1987b): life habit: attached epifauna; feeding type: sus-
pension feeder; preferred substrate: small hard bottom. — Distribution: Middle Miocene (Late Kar-
patian — Early Badenian) (STEININGER et al. 1978).
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Subfamily Carditamerinae CHAVAN, 1969
Genus Cardiocardita ANTON, 1839

Cardiocardita (Cardiocardita) partschi (GoLpruss, 1840) —a: 12, b: 0.74, ¢: —, d: —. — Pa-
lacoecological characters (STANLEY 1970; other genus): life habit: vagile infauna; feeding type:
suspension feeder; preferred substrate: sandy bottom. — Distribution: Middle Miocene (Badenian)
(STEININGER et al. 1978).

Cardiocardita (Cardiocardita) schwabenaui (HORNES, 1870) — a: 1, b: 0.06, ¢ —, d: — -
Palacoecological characters (STANLEY 1970: other genus): life habit: vagile infauna; feeding type:
suspension feeder; preferred substrate: sandy bottom. — Distribution: Middle Miocene [(Karpatian
7) — Early Badenian — Middle Badenian)] (STEININGER ef al. 1978).

Genus Cyclocardia CONRAD, 1867
Subgenus Scalaricardita SAcco, 1899

Cyclocardia (Scalaricardita) scalaris (SOWERBY, 1825) — a2 6, b 0.37, ¢: -, d: — = Pa-
laeoecological characters (BERNASCONI & RospA 1993): life habit: vagile infauna: feeding type:
suspension feeder; preferred substrate: sandy bottom; depth range: infralittoral. — Distribution:
Early Miocene — Late Pliocene (STUDENCKA 1986).

Genus Glans MEGERLE, 1811

Glans rudista (LAMARCK, 1819) —a: 2, b: 0.12, ¢: 1, d: 0.02. — Palaeoecological characters
(BERNASCONI & RoBBA 1993; other species): life habit: vagile infauna; feeding type: suspension
feeder; preferred substrate: sandy bottom. — Distribution: Middle Miocene [(Karpatian ?) — Bade-
nian] (STEININGER ef al. 1978).

Subfamily Venericardiinac CHAVAN. 1969
Genus Megacardita SACCO, 1899

Megacardita jouanneti BASTEROT, 1825 —a: 5, b: 0.31, ¢: —, d: —. — Palaeoecological charac-
ters (BERNASCONI & RoBpa 1993): life habit: vagile infauna: feeding type: suspension feeder;
preferred substrate; sandy bottom: depth range: infralittoral. — Distribution: Middle Miocene (Bade-
nian) (STEININGER et al. 1978).

Superfamily Crassatellacea FERUSSAC, 1822
Family Crassatellidae FERUSSAC, 1822
Subfamily Scambulinae CHAVAN, 1952
Genus Crassinella Gupery, 1874

Crassinella moravica HORNES, 1870 —a: 8. b: 0.49, ¢: —. d: —. — Palacoecological characters

(BERNASCONI & RoOBBA 1993 other species): life habit: vagile infauna; feeding type: suspension
feeder. — Distribution: Early Miocene — Middle Miocene (BOHN-HAVAS 1973).
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Superfamily Cardiacea LAMARCK, 1809
Family Cardiidae LAMARCK, 1809
Subfamily Cardiinae LAMARCK, 1809
Genus Parvicardium MONTEROSATO, 1884

Parvicardium minimum (PHILIPPIL, 1836) — a: 1, b: 0.06, ¢: 30, d: 0.67. — Palacoecological
characters (SVAGROVSKY 1984): life habit: vagile infauna; feeding type: suspension feeder;
preferred substrate: mixed bottom. - Distribution: Middle Miocene — Recent (STUDENCKA 19806).

Subfamily Laevicardiinae KEEN, 1936
Genus Laevicardium SWAINSON, 184()

Laevicardium cyprium (Broccui, 1814) — a: 7, b: 0.43, ¢: —, d: —. — Palaeoecological char-
acters (STANLEY 1970: other species): life habit: vagile infauna; feeding type: suspension feeder;
preferred substrate: mixed bottom. — Distribution: Late Oligocene — Middle Miocene (STEININGER
etal 1978).

Laevicardium spondyloides (HAUER, 1847) — a: 2, b: 0,12, ¢: —, d: —. — Palacoccological
characters (STANLEY 1970; other species): life habit: vagile infauna; feeding type: suspension
feeder; preferred substrate: mixed bottom. — Distribution: Early Miocene — Middle Miocene (STEIN-
INGER et al. 1978).

Superfamily Mactracea LAMARCK, 1809
Family Mactridae LAMARCK, 1809
Subfamily Lutrariinae ADAMS el ADAMS, 1856
Genus Lutraria LAMARCK, 1799

Lutraria oblonga (CHEMNITZ, 1782) — a: 1, b: 0.06, ¢: —, d: — — Palacoecological characters
(BERNASCONI & ROBBA 1993): life habit: vagile infauna; feeding type: suspension leeder; preferred
substrate: sandy bottom; depth range: infralittoral. — Distribution: Early Miocene — Pliocene
(KOKAY 1966).

Family Mesodesmatidae GRAY, 1839
Subfamily Erviliinac DALL, 1895
Genus Ervilia TURTON, 1822

Ervilia miopusilla BoGScH, 1937 — a: 56, b: 3.44, ¢: 11, d: 0.25. — Palacoecological charac-
ters (DAVITASHVILI & MERKLIN 1966; genus): life habit: vagile infauna; feeding type: suspension
feeder; preferred substrate: sandy bottom. — Distribution: Middle Miocene (TEIKAL et al. 1967).

Superfamily Tellinacea DE BLAINVILLE, 1814
Family Tellinidae DE BLAINVILLE, 1814
Subfamily Tellininae DE BLAINVILLE, 1814
Genus Tellina LINNE, 1758
Subgenus Moerella FISCHER, 1887

Tellina (Moerella) donacina LINNE, 1758 —a: 1, b: 0.06, ¢: —, d: —. — Palacoecological char-

acters (SVAGROVSKY 1984): life habit: vagile infauna; feeding type: detritus feeder; preferred sub-
strate: sandy bottom. — Distribution: Early Miocene — Recent (STUDENCKA 1986).
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Subgenus Serratina PALLARY, 1922

Tellina (Serratina) serrata RENIER, 1804 —a: 1, b: 0.06, ¢: -, d: —. — Palacoecological char-
acters (SVAGROVSKY 1984; other species): life habit: vagile infauna; feeding type: detritus feeder:
preferred substrate: sandy bottom. — Distribution: Miocene — Recent (MOORE 1969).

Family Solecurtidae D'ORBIGNY, 1846
Subfamily Solecurtinae D'ORBIGNY, 1846
Genus Solecurius DE BLAINVILLE, 1824

Solecurtus candidus (RENIER, 1804) —a: 1. b: 0.06, ¢: 2, d: 0.04. - Palacoecological charac-
ters (BERNASCONI & ROBBA 1993; other species): life habit: vagile infauna: feeding type: suspen-

sion feeder; preferred substrate: sandy bottom. — Distribution: Middle Miocene — Recent (KAUTZKY
1925).

Superfamily Arcticacea NEWTON, 1891
Family Kelliellidae FISCHER, 1887
Genus Lutetia DESHAYES, 1860
Subgenus Spaniodontella ANDRUSSOV in GOLUBIATNIKOV, 1902

Lutetia (Spaniodontella) nitida REUSS, 1867 —a: 3, b: 0.18, ¢: 1. d: 0.02. — Palaeoecological
characters (HOFFMAN 1977; genus): life habit: vagile infauna: feeding type: suspension feeder | —
Distribution: Middle Miocene (Badenian) (SVAGROVSKY 1984),

Superfamily Corbiculacea Gray, 1847
Family Pisidiidae Gray, 1857
Genus Pisidium PFEIFFER, 1821

Pisidium (Pisidium) priscum EicHwALD, 1830 —a: 1, b: 0.06, ¢: —, d: - — Palacoecological
characters: fresh water species (MOORE 196Y), — Distribution: Miocene (CSEPREGHY-MEZNERICS
1956).

Superfamily Veneracea RAFINESQUE, 1815
Family Veneridae RAFINESQUE, 1815
Subfamily Venerinae RAFINESQUE, 1815
Genus Venus LINNE, 1758

Venus (Venus) tauroverrucosa SACCO, 1900 —a: 10, b: 0.61, ¢: 5, d: 0.11. - Palacoecologi-
cal characters (DAVITASHVILI & MERKLIN 1966; other species): life habit: vagile infauna; feeding
type: suspension feeder; preferred substrate: sandy bottom. — Distribution: Early Miocene — Middle
Miocene (KOJUMDGIEVA & STRACHIMIROV 1960).

Subgenus Ventricoloidea Sacco, 1900
Venus (Ventricoloidea) multilamella (LAMARCK, 1818) —a: 53, b: 3.26, ¢ 116, d: 2,59, —
Palaecoecological characters (BERNASCONI & RoBBea 1993): life habit: vagile infauna; feeding type:

suspension feeder; preferred substrate: muddy bottom; depth range: infralittoral — circalittoral. —
Distribution: Late Oligocene — Recent (STUDENCKA 1986).
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Genus Circomphalus MORCH, 1853

Circomphalus subplicatus (D'ORBIGNY, 1847) —a: 41, b: 2.52, c: 82, d: 1.83. — Palaeoeco-
logical characters (BERNASCONI & RoBBA 1993: other species): life habit: vagile infauna: feeding
type: suspension feeder; preferred substrate: sandy bottom. — Distribution: Early Miocene — Early
Pliocene (STUDENCKA 1986).

Circomphalus vindobonensis (MAYER, 1858) —a: 2, b: 0,12, ¢: —, d: —. — Palaeoecological
characters (BERNASCONI & RoBBa 1993; other species): life habit: vagile infauna; feeding type:
suspension feeder: preferred substrate: sandy bottom. — Distribution: Middle Miocene (Badenian)
(STEININGER et al. 1978).

Subfamily Circinae DaLL, 1896
Genus Gouldia ADAMS, 1847

Gouldia (Gouldia) minima (MONTAGU, 1803) — a: 26, b: 1.60, ¢: 28, d: 0.63. — Palacoeco-
logical characters (BOSENCE 1979): life habit: vagile infauna; feeding type: suspension feeder, —
Distribution: Early Miocene — Recent (STUDENCKA 1986),

Subfamily Pitarinac STEWART, 1930
Genus Callista Povl, 1791

Callista (Callista) italica (DEFRANCE, 1818) — a: 3, b: 0.18, ¢: —, d: —. — Palacoecological
characters (BERNASCONI & RoOBBA 1993): life habit: vagile infauna; feeding type: suspension
feeder; preferred substrate: sandy bottom: depth range: infralittoral. — Distribution: Early Miocene
— Late Pliocene (STUDENCKA 1986).

Genus Pelecyora DaLL, 1902
Subgenus Cordiopsis COSSMANN, 1910

Pelecyora (Cordiopsis) gigas (LAMARCK, 1818) —a: 2, b: 0.12, ¢ —, d: — — Palacoecological
characters (BERNASCONI & RoBBA 1993): life habit: vagile infauna; feeding type: suspension
feeder; preferred substrate: sandy bottom; depth range: infralittoral. — Distribution: Middle Miocene
(Badenian) (STEININGER ef al. 1978).

Pelecyora (Cordiopsis) islandicoides (LAMARCK, I818) — a: 14, b: 0.86, ¢: 2, d: 0.04. - Pa-
laeoecological characters (BERNASCONI & RoBBA 1993): life habit: vagile infauna; feeding type:
suspension feeder; preferred substrate: muddy bottom; depth range: infralittoral — circalittoral, —
Distribution: Early Miocene — Late Pliocene (STUDENCKA 1986).

Subfamily Tapetinae ADAMS et ADAMS, 1857
Genus Paphia Roding, 1798

Paphia waldmanni Kautzky, 1936 —a: 1, b: 0.06, ¢: -, d: —. — Palacoecological characters
(BERNASCONI & ROBBA 1993; other species): life habit: vagile infauna; feeding type: suspension
leeder; preferred substrate: sandy bottom. — Distribution: Early Miocene — Middle Miocene (STEIN-
INGER et al. 1978).
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Subfamily Chioninae FrRi1zzZEL, 1936
Genus Timoclea BROWN, 1827

Timoclea (Timoclea) ovata minor (DOLLFUS et DAUTZENBERG, 1903) — a: 1, b: 0.06, ¢: —,
d: — — Palaeoecological characters (DAVITASHVILI & MERKLIN 1966; other genus): life habit: vagile
infauna; feeding type: suspension feeder. — Distribution: Middle Miocene — Pliocene (BOHN-
Havas 1973).

Order Myoida SToLICZKA, 1870
Suborder Myina STOLICZKA, 1870
Superfamily Myacea LAMARCK, 1809
Family Corbulidae LAMARCK, 1818
Subfamily Corbulinae GRAY, 1823
Genus Corbula BRUGUIERE. 1797
Subgenus Varicorbula GRANT et GALE, 1931

Corbula (Varicorbula) carinata (DUIARDIN, 1837) — a: 253, b: 15.54, ¢: 1134, d: 25.32. —
Palacoecological characters (BERNASCONI & Roppa 1993; other species): life habit: attached infau-
na; feeding type: suspension feeder; preferred substrate: mixed bottom. — Distribution: Late Oli-
gocene — Middle Miocene (BOHN-HAVAS 1973).

Corbula (Varicorbula) gibba (OLivi, 1792) — a: 610, b: 37.47. ¢: 2651, d: 59.20. — Pa-
laeoecological characters (BERNASCONI & RoBBa 1993): life habit: attached infauna; feeding type:
suspension feeder; preferred substrate: mixed bottom; depth range: infralittoral — circalittoral. —
Distribution: Late Eocene — Recent (STUDENCKA 1986).

Corbula (Varicorbula) revoluta (BRoCCHI, 1814) —a: 6, b: 0.37, ¢: —, d: —. — Palaeoecologi-
cal characters (BERNASCONI & ROBBA 1993; other species): life habit: attached infauna; feeding
type: suspension feeder; preferred substrate: mixed bottom. — Distribution: Middle Miocene —
Pliocenc (BOHN-HAVAS 1973).

Suborder Pholadina ADAMS et ADAMS, 1858
Superfamily Pholadacea LAMARCK. 1809
Family Pholadidae LAMARCK, 1809
Subfamily Xylophagainae PURCHON, 1941
Genus Xylophaga TURTON, 1822

Xylophaga dorsalis (TurToN, 1819) — a: 1, b: 0.06, ¢: —, d: —. — Palacoecological characters
(DAVITASHVILI & MERKLIN 1966; genus): life habit: boring infauna; feeding type: suspension
feeder; preferred substrate: drift-wood. — Distribution: Early Miocene — Recent (MOORE 1969).

Subclass Anomalodesmata DALL, 1889
Order Pholadomyoida NEWELL, 1965
Superfamily Clavagellacea D'ORBIGNY, 1844
Family Clavagellidae D"ORBIGNY, 1843
Genus Clavagella LAMARCK, 1818
Subgenus Stirpulina STOLICZKA, 1870

Clavagella (Stirpulina) sp. indet. — a: —, b: —, ¢: [, d: 0.02. — Palacoecological characters (SA-

vazzl 1982): life habit: tube-dwelling; feeding type: suspension feeder: preferred substrate: soft
bottom
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TAXONOMIC COMPOSITION OF THE FAUNA

At the museum collection (Fig. 2a) gastropods are the most frequent (74%), bivalves
are important (23%) and the other groups are in insignificant minority. At the washed
material (Fig. 2b) bivalves are the most frequent (46%), gastropods are significant (26%),
but more than one-quarter of the fossils are composed of the other groups (worm tubes,
bryozoans, vertebrates, decapods, scaphopods).

The specimen number is nearly three times larger at the washed material, than at the
museum collection, but at the same time the species number is more than twice as much
at the museum collection. The difference in abundance continuously decreases between
the two collections at higher taxonomic levels (genus, family and superfamily) and the

washed material is more diverse at the level of
Table 1. Taxonomic composition of the  orders due to the small fragment of Clavagella
two collections (I: collection of the mu-  (Stirpulina) in the washed material (Table |)
seum; 2: washed material) (DULAL in prep.). The most frequent bivalves
are generally nearly equal in the two collections

1 2 .

or slightly more abundant at the museum col-
1628 specimens 4478 specimens lection, except the two most frequent species —
66 species 29 species Corbula gibba and Corbula carinata — at which
45 penera 25 genera the percentage of these species is much larger
o A at the washed material (Fig. 3). The amount of

26 families 18 families {2 Tl
o o these two species is about 84% in the washed
20superfamilies 16 superfamilies fauna, while only 53% in the museum collec-

5 orders 6 orders tion. At the other species there are no such sig-
nificant differences.

The taxonomic structure of the fauna is given in Table 2. The bivalve fauna is very

diverse at higher taxonomic levels but at the same time very poor at lower taxonomic le-

vels. 18 families contain only one genus each in the museum collection. Four families

Gastropoda Gast

other groups

Fig. 2. Taxonomic composition of the studied Szob material:
a = collection of the museum, b = washed material
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Table 2. Abundance of bivalve subclasses and families in the fauna of Szob (1: percentage in the
museum collection; 2: number of genera in the museum collection; 3: number of species in the mu-
seum collection; 4: percentage in washed material: 5: number of genera in washed material;
6: number of species in washed material)

1 2 3 4 5 6
Palaeotaxodonta
Nuculidae 0.37 1 1 0.16 1 I
Nuculanidae 0.67 | 2 0.07 1 1
1.04 2 3 0.23 2 2
Pteriomorpha
Arcidae 6.57 2 3 1.50 2 2
Noetiidae 0.18 2 2 - - -
Limopsidae 0.18 1 1 0.09 1 1
Glycymerididae 0.99 1 2 0.22 1 2
Pinnidae 0.25 1 I - - -
Pectinidae 12.58 3 9 2,16 2 3
Plicatulidae 0.06 1 | 0.02 1 |
Anomiidae 0.49 | | 0.31 1 1
Ostreidae 1.84 1 1 0.16 1 1
23.14 13 21 4.46 9 11
Heterodonta
Lucinidae 6.20 6 10 1.18 3 3
Chamidae 0.06 1 | - - -
Carditidae 1.66 5 6 0.02 1 1
Crassatellidae 0.49 1 | - - -
Cardiidae 0.61 2 3 0.67 1 1
Mactridae 0.06 I | - - -
Mesodermatidae 3.44 1 1 0.25 1 1
Tellinidae 0.12 | 2 - - -
Solecurtidae 0.06 | 1 0.04 1 1
Kelliellidae 0.18 | | 0.02 1 I
Pisididae 0.06 | 1 - - -
Veneridae 9.39 7 10 5.20 4 5
Corbulidae 53.38 | 3 84.52 1 2
Pholadidae 0.06 | | - - -
75.77 30 42 91.90 13 15
Anomalodesmata
Clavagellidae - - - 0.02 | 1
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Corbula gibba

Corbula carinata

Chlamys scabreila 3\
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Figs 3—4. 3 = Abundance of the most frequent bivalves: a = collection of the museum, b = washed
material. 4 = Taxonomic composition of bivalve faunas from Miocene sandy [acies: 1 = Palacotax-
odonta subclass. 2 = Pteriomorpha subclass, 3 = Heterodonta subclass, 4 = Anomalodesmata sub-
class. A = Kinberk (from STUDENCKA & STUDENCKI 1988). B = Niskowa (from STUDENCKA &
STUDENCKI 1988), C = Nawodzice and Rybnica (from STUDENCKA & STUDENCKI 1988), D = Szob
(this paper)
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have two or three genera (Arcidae, Noetiidae, Pectinidae and Cardiidae) and only three
families can be considered as diverse (Veneridae: 7 genera; Lucinidae: 6 genera; Carditi-
dae: 5 genera). 31 genera are represented by one species each and 9 genera are rep-
resented by two species each (Nuculana, Anadara, Glveymeris, Cardiocardita, Laevicar-
dium, Tellina, Venus, Circomphalus, Pelecyora). Five genera are more or less diverse
(Chlamys: 5 species; Pecten: 3 species; Linga: 3 species; Megaxinus: 3 species; Corbula:
3 species). These facts are more striking in the washed material: 18 families contain only
one genus each and only four families are represented by more genera (Veneridae: 4 gen-
era; Lucinidae: 3 genera; Arcidae: 2 genera; Pectinidae: 2 genera). 21 genera from 25 are
represented by only one species each and two species can be found at the others (Gly-
cymeris, Chlamys, Venus, Corbula).

The Palaeotaxodonta subclass is insignificant in both collections (1.04% and 0.23
%). The dominance is slightly larger in the museum collection, but the numbers of genera
and species are very similar. The Pteriomorpha subclass is much more important in the
museum collection (23.14%) than in the washed material (4.46%). At the same time the
number of genera is hardly different (13 and 9) and the difference of the number of
species is also not very significant between the two collections (21 and 11). The Hetero-
donta subclass is the most important in both collections (75.77% and 91.90%). However
the high dominance is derived from the high proportion of Corbulidae (84.52%) and only
7.38% is represented by the other seven families in the washed material while the high
proportion of Corbulidae and the relatively high diversity of the heterodont bivalves are
equally responsible for the dominance of the Heterodonta subclass in the museum collec-
tion (53.38% Corbulidae and 22.39% of the other 13 families). The Anomalodesmata
subclass is missing in the museum collection and represented by only a small fragment in
the washed material.

STUDENCKA & STUDENCKI (1988) compared the taxonomic structure of seven bi-
valve faunas and they found that the compositions of the faunas from sandy facies are
clearly different from the structures of the faunas from carbonate deposits. Bivalves in car-
bonate deposits are characterized by a high proportion of the Pteriomorpha subclass (37—
42%) and a relatively low proportion of the Heterodonta subclass (53%). On the contrary
in sandy facies the Pteriomorpha subclass is less important (30% ) however the Heterodon-
ta subclass is more abundant (67%). The taxonomic structure of the Szob fauna from
sandy facies confirms these conclusions because in the museum collection Heterodonta are
very significant (75.77%) and Pteriomorpha are less important (23.14%) (Fig. 4).

PALAEOECOLOGICAL FEATURES OF THE FAUNA

The palacoecological examination is based on the autecological data of bivalves fo-
cussing on life habit, feeding type, substrate preference and depth range. Life habit and
feeding type are interpreted at all species, but substrate preference and depth range are
not mentioned everywhere because a significant part of the fauna consists of extinct
species and their palacoecological features are not known. (Moreover sometimes these
characters are uncertain at the Recent species, 100).
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LIFE HABIT

The life habit is very varied at bivalves. Some groups of them are epibenthic, a big-
ger part of bivalves belong to the infauna and a few groups live at the interface of the
water and the sediment (semiinfauna). From the point of view of movement bivalves may
be attached, vagile or free-lying. At some groups the life habit is changing during the life.
The high variability of life habit of bivalves is clearly reflected in the Szob material. Sev-
eral life habit groups are represented by the following genera in the examined material:

— vagile infauna: Nucula, Nuculana, Linga, Megaxinus, Parvilucina, Myrtea, Lucino-
ma, Diplodonta, Cardiocardita, Cyclocardia, Glans, Megacardita, Crassinella, Par-
vicardium, Laevicardium, Lutraria, Ervilia, Tellina, Solecurtus, Venus, Circompha-
lus, Gouldia, Callista, Pelecyora, Paphia, Timoclea

— free-lying semiinfauna: Anadara

— free-lying infauna: Limopsis, Glycymeris

—  attached semiinfauna: Pinna

— attached infauna: Corbula

—  boring infauna: Xylophaga

— tube-dwelling infauna: Clavagella

— vagile epifauna: Amusium, Chlamys, Pecten

— attached epifauna: Barbatia, Striarca, Arcopsis, Plicatula, Anomia, Cubitostrea,
Chama, Cardita

At the life habit there is a characteristic difference between the two collections (Fig.
5). Namely, the percentage of the epifaunal elements is nearly three times smaller at the
washed material (15.58% in the museum collection and 6.03% in the washed material).
Life habit groups are also showed in Figure 6 but in more detail. In order to show a clear
picture the free-lying infauna and free-lying semiinfauna as well as attached infauna and
attached semiinfauna are figured as a single group. For the same reason the poorly re-
presented boring infauna and tube-dwelling fauna are missing in the figures. As it can be
seen not only the percentage of infaunal elements increased on the account of epifaunal
elements, but the rates changed among infaunal groups, too. In spite of the high diversity
of vagile infaunal elements, the infauna is dominated by attached corbulids.

The spatial distribution of vagile infaunal forms is very varied in the sediment,
therefore presumably the competition for space was moderate. Nucula, cardiids and Lute-
tia live very near to the sediment-water interface. Nuculana, Laevicardium and Ervilia
are shallow burrowers, Venus and Circomphalus can be found at intermediate depths,
while Linga, Lucinoma and Parvilucina are deep burrowers. Corbula gibba lives shal-
lowly buried in the sediment, attached to gravel or shell fragments with a single byssus
thread. Taking the eight most frequent species into consideration (Fig. 3) it can be seen
that Chlamys scabrella is epifaunal element (on the surface or in the water mass), Anacda-
ra diluvii lives at the sediment-water intertace, Corbula gibba, Corbula carinata and Er-
vilia miopusilla are shallow burrowers, Venus multilamella and Circomphalus subplica-
tus are intermediate burrowers, while Parvilucina dentata is deep burrower. In spite of
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Figs 5-8. 5 = Life habil groups of the bivalve fauna: a = collection of the museum, b = washed ma-
terial. 6 = Life habit groups of the bivalve fauna (in more detail): a = collection of the museum,
b = washed material. 7 = Feeding type groups of the bivalve fauna: a = collection of the museum,
b = washed material. 8 = Depth range of the bivalve fauna
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this spatial division corbulids are the predominant elements of the fauna. According to
LEWY & SAMTLEBEN (1979) Corbula gibba is a long- and wide-ranging species with re-
markable tolerance to environmental changes. It is associated with faunas of relative low-
energy environments.

FEEDING TYPE

The classification and terminology of feeding types of benthic invertebrates for pa-
lacoecological analysis is given by WALKER & BAMBACH (1974). All bivalves are he-
terotrophic organisms and belong to suspension feeders and deposit feeders. Suspension
feeders remove food from suspension in the water mass, while deposit feeders obtain
food from sediment either selectively or nonselectively.

At the feeding type practically there is no difference between the two collections
(Fig. 7) because deposit feeders (Nucula, Nuculana, Tellina) belong to the rare elements
of the fauna, which are nearly equally represented in the two collections. The extremely
low rate of deposit feeders refer to the fact that the bottom sediment was very poor in or-
ganic matter.

Predominant part of the fauna is suspension feeder and the two most frequent
species also belong to this group. Epifaunal elements (for example Anomia and Pectinids)
acquire their food high in the water mass, while at infaunal elements (for example Ana-
dara, Limopsis, Glycymeris, Loripes, cardiids, Venus, Lutetia. Corbula) the location of
the food acquisition is low in the water mass.

WATER DEPTH

The preferred water depth is not known at each species, because data about depth
preference are rare in the literature. It is frequent that different species of the same genus
live at different depth, therefore in the case of depth range only those species were inter-
preted which have found in the literature. In this way 21 species in the museum collec-
tion and 12 species in the washed material were taken into consideration. In both cases
the interpreted species represent approximately two-third of the fauna (66.65% and
67.24%). So in spite of the small number of interpreted species, the obtained data prob-
ably give realistic results. Some species point to a wide depth range (Fig. 8) (infralittoral
— abyssal: Barbatia barbata. Striarca lactea; infralittoral — bathyal: Myrtea spinifera).
Several species point to the infra- and circalittoral depth-range (Nucula nucleus, Anadara
dituvii, Amusium cristatum badense, Chlamys angelonii, Chlamys scabrella, Chlamys
tournali, Anomia ephippum, Lucinoma borealis, Venus multilamella, Pelecyora islandi-
coides, Corbula gibba). Some species point to only the infralittoral environment (Gly-
cymeris pilosa deshayesi, Chlamys malvinae, Parvilucina dentata, Cyclocardia scalaris,
Megacardita jouanneti, Lutraria oblonga, Callisia iralica, Pelecyora gigas). So, the
examined sand probably deposited at infralittoral depth.
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SUBSTRATUM

In the respect of the substratum, approximately 95% of the fauna was interpreted. At
certain species the preferred substrate is not known, but data for near relatives can be
found in the literature. Some bivalves prefer the muddy bottom (Anadara diluvii, Amu-
sium cristatum badense, Venus multilamella, Pelecyora islandicoides). More species
refer to sandy bottom (Glycymeris obtusata, Glycymeris pilosa deshayesi, Chlamys
angelonii, Chlamys malvinae, Chlamys scabrella, Chlamys tournali, Parvilucina dentata,
Lucinoma borealis, Cardiocardita partschi, Cyclocardia scalaris, Megacardita jouanne-
ti, Lutraria oblonga, Tellina donacina, Callista italica, Pelecyora gigas). Some species
prefer the mixed, sandy-muddy bottom (Nucula nucleus, Nuculana fragilis, Myrtea spi-
nifera, Parvicardium minimum, Corbula gibba).

The majority of the fauna belongs to the infauna therefore the upper layers of the
sediment must have been unconsolidated. As it was mentioned above at life habits, vagile
infaunal elements inhabited different depths of the substratum, some of them were deep
burrowers. The great number of corbulids confirms the idea that the Szob fauna lived on
mixed, soft bottom.

The attached epifaunal elements of the fauna (Barbatia barbata, Striarca lactea, Ar-
copsis papillifera, Plicatula mytilina, Anomia ephippum rugulosostriata, Chama gry-
phoides, Cubitostrea digitalina, Cardita crassa vindobonensis) point to some amount of
hard substratum on the essentially soft sand. Cubitostrea digitalina specimens are gen-
erally very small and fragmentary but a very nice specimen in the museum collection
shows a nest of 7-8 specimens grown on the surface of a large fragment of bivalve shell.

The presence of tube-dwelling Clavagella also fits to the idea of soft bottom. Xylo-
phaga dorsalis refers to some drift-wood on the surface of the water, and the fresh water
Pisidium priscum can travel also in this way to the marine environment. Some volcanic
islands probably existed in the neighbourhood of the locality, but drift-wood can drift
through long distances, too.

The two collections are quite different from the viewpoint of substratum (Fig. 9).
More than half of the fauna prefers the mixed bottom in the museum collection (55.34%)
but a significant part of the fauna prefers purely sandy (27%) or muddy (11.98%) sub-
strate. The hard substrate preference is negligible (3.06%). On the contrary the species
preferring mixed bottom are dominant in washed material (85.44%) and all the other
groups are insignificant (sandy: 5.59%; muddy: 3.3%:; hard: 1.54%).

AGE OF THE FAUNA

The age of the Szob material was determined as Tortonian by CSEPREGHY-MEZNE-
RICS (1956) using the old and deficient nomenclature, which was derived from the false
correlation between Italian “tortoniano™ and Paratethyan Middle Miocene. New regional
stages were initiated in the last few decades including the Badenian, which more or less
correspond to the former Tortonian of Paratethys (Papp er al. 1978).
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Most bivalve species have very long range in the Szob material (Fig. 10). The most
frequent Corbula gibba appeared in the earliest (Late Eocene — Recent). Several species
live from the Oligocene or Miocene up to now (Early Oligocene — Recent: 2 species;
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Figs 9-10. 9 = Preferred substrate of the bivalve fauna: a = collection of the museum, b = washed
material. 10 = Distribution of the bivalve species: M1 = Early Miocene, M2 = Middle Miocene,
M3 = Late Miocene, PL = Pliocene, Q = Quaternary
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Late Oligocene — Recent: 3 species; Early Miocene — Recent: 11 species; Middle
Miocene — Recent: 2 species). Similarly, a lot of extinct bivalve species have long range
(Early Oligocene — Late Miocene: | species; Late Oligocene — Middle Miocene: 4
species; Early Miocene — Pleistocene: | species; Early Miocene — Late Pliocene: 7
species: Early Miocene — Middle Pliocene: | species: Early Miocene — Early Pliocene: 1
species; Early Miocene — Late Miocene: 2 species; Early Miocene — Middle Miocene: 12
species; Middle Miocene — Late Pliocene: 2 species; Middle Miocene — Late Miocene: |
species; Middle Miocene: 4 species).

Eight species indicate Badenian age (Chlamys elegans, Chlamys tournali, Pecten
besseri, Cardiocardita partschi, Glans rudista, Megacardita jouanneti, Circomphalus
vindobonensis, Pelecyora gigas). Cardita crassa vindobonensis have been found in Late
Karpatian and Early Badenian, while Cardiocardita schwabenaui in Early Badenian and
Middle Badenian. These two latter species prove the Early Badenian age of the Szob bi-
valve fauna. This age was suggested by NAGYMAROSY (1980), who, based on nanno-
plankton examinations, determined the upper part of the Early Badenian (NN 6) from the
locality.

CONCLUSIONS

The Early Badenian bivalve fauna of Szob is very diverse at higher taxonomic le-
vels, but at the same time very poor at lower taxonomic levels (more diverse families:
Veneridae, Lucinidae, Carditidae). The taxonomic composition of the fauna well corre-
sponds to the taxonomic structure of other taunas of sandy facies (Heterodonta subclass:
76%, Pteriomorpha subclass: 23%).

On the basis of the palaecoecological examinations (life habit, feeding type, preferred
substrate, depth range) the bivalve fauna of Szob is interpreted as member of a seagrass
community (this statement is confirmed by gastropods: large number of browsers, great
abundance of small gastropods). The bivalve fauna is dominated by infaunal elements.
The competition for space below the sediment-water interface probably was not too in-
tensive, because the dominant infaunal bivalves lived at different depths in the sediment.
But in spite of the varied spatial distribution the fauna is highly dominated by corbulids.
Supposing that the fauna is part of a seagrass community these dominance relations can
be explained in the following way. Corbulids fixed themselves by a single byssus thread
to a gravel or shell fragment in the sediment but the roots of seagrass also can be used for
fixation, in this way the roots help the attachment of corbulids. The turbulence of water is
strongly decrease inside the seagrass meadows, what is also advantageous for corbulids,
which usually associate with faunas of low energy environments (LEWY & SAMTLEBEN
1979). On the contrary, movement of vagile infaunal elements is hampered by the roots
of seagrass therefore large populations of vagile infaunal species were not able to de-
velop. only some tolerant groups are frequent (for example lucinoids, pinnids, BRASIER
1975). Epifaunal elements can use the leaves of seagrass as a firm substrate (for example
Barbatia, BRASIER 1975). The swimmer pectinids are represented only by small forms
because smaller specimens can move easier in the dense seagrass meadows.
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The fauna is highly dominated by suspension feeders because the organic matter is
very rapidly decayed due to the high oxygen content of the sea-water inside the seagrass
meadows, therefore the bottom sediment was very poor in organic matter (HOFFMAN er
al. 1978). Bivalves refer to infralittoral depth in the photic zone. The soft, mixed, sandy-
muddy bottom was fixed by the roots of seagrass.

The old museum collection contains more species, but the proportion of the species
is anomalous at the most frequent bivalves, because the collectors keep in view only the
diversity of the fauna and not the frequency of certain species. For this reason the mu-
seum collection is very good for the examination of palacodiversity or taxonomy, but the
above bias must be kept in mind in the case of palacoecological studies based on the mu-
seum collections.

E

Acknowledgments —This study was supported by the Hungarian Scientific Research
Fund (OTKA F 13975). Many thanks are due to Dr MARGIT BOHN-HAVAS for the useful discus-
sions on molluses. | thank Dr ATTILA VOROS for his advice and reviewing the first version of my

paper.

REFERENCES

BALpl, T. (1962): Glycymeris s, str. des europiischen Oligoziing und Mioziins., — Annls hist.-nar. Mus. natn.
fung. 54: 85-153.

BALpL T. (1973): Molluse fauna of the Hungarian Upper Oligocene (Egerian). — Akadémiai Kiado. Budapest,
501 pp.

BArpl, T. & Kokay, 1. (1970): A kismarosi tfit faundja ¢s a borzsiinyi andezitvulkanossag kora. (Die Tulfit-
fauna von Kismaros and das Alter des Birzsonyer Andesitvulkanismus). — Faldr. Kazl. 100: 274284,

Benigni, C. & Rosea, E. (1990): A Pliocene Micromorph Brachiopod-Pectinid Community. — In: Rossa, E.
(ed.): Proc. 4th Symp. Ecol. Palaeoecol. Benthic Communities, Mus. Reg. Sci. Nat. Torino, pp. 341-356.

BErNASCONIL, M. P. & RosBa, E. (1993): Molluscan palacoccology and sedimentological features: an integrated
approach from the Miocene Meduna section, northern lWaly. — Palacogeogr. Palaeoclimatol. Pa-
laevecol. TO0: 267-290,

Bonn-Havas, M. (1973): A Keleti-Mecsek torton Mollusca faundja. (Tortonische Molluskenfauna des Ost-
lichen Mecsek-Gebirges), — Ann. Inst. Geol, Publ, Hung. 53 (4); 945-1140,

Bosence, D. W, 1. (1979): Live and dead faunas from coralline algal gravels, Co. Galway. — Palaeontology 22
(2): 449-478.

Brasier, M. D. (1975): An outline of seagrass communitics. — Palaeoniology 18 (4): 681-702.

CsepREGHY-MEZNERICS, 1. (1950): A hidasi (Baranya m.) tortonai fauna. (Die Tortonische Fauna von Hidas
(Kom. Baranya, Ungarn)). — Ann. Inst. Geol. Publ. Hung. 39 (2): 1-115.

CSEPREGHY-MEZNERICS, 1, (1952): Paliiontologische Seltenheiten in der Fauna von Szob. — Anndy hist.-nat. Mus.
nam, hung. (s.n.) 2: 225-231.

CsEPREGHY-MEZNERICS, 1. (1953): Mitelmiozine Pleurotomen aus Ungarn. — Annls hist.-nar. Mus, namn. hung.
fs.n.)4: 5-22.

CsEPREGHY-MEZNERICS, 1. (1956): A szobi és letkési puhatesti fauna. (Die Molluskenfauna von Szob und Lel-
kés). — Ann. Inst. Geol. Publ. Hung. 45 (2); 361-448.

Davirasavies L. S, & MerkLIN, R. L. (1966): Spravocnik po ckologii morskih dvustvorok. — Nauka, Moskow,
352 pp.

Annls hist.-nat. Mus. natn. hung. 88, 1996



Taxonomy and paleoecology of Early Badenian bivalves 55

Di GeEroNIMO, L, L1 Gror, R. & Sciacea, V. (1982): La fauna pleistocenica dell’abbeveratoio Conzo (Grimmi-
chele, Catania). — Geol. Rom. 21: 577-601.

Dural, A. (in prep.): Anterior fringe fragment of Clavagella (Bivalvia) from the Middle Miocene (Badenian)
sandy deposits of Szob (Barzsony Mts., Hungary).

FRENEIX, S., SAINT MARTIN, J.-P. & Maisserte, P. (1987q): Bivalves Ptériomorphes du Messinien d'Oranie
(Algérie occidentale), — Bull. Mus. nam. Hist, nar. Paris, de sér. 9 C (1): 3-61.

FRENEIX, S., SAINT MARTIN, J.-P. & MoisseTTE, P. (1987h): Bivalves Hétérodontes du Messinien d’Oranie (Al-
gérie occidentale). — Bull. Mus. natn. Hist. nar. Paris, de sér, 9 C (4): 415-453.

HaLAVATS. Gy. (1881): A magyarhoni mediterrin rétegekben el6fordulé conusokrél, (Uber die Verbreitung der
in den Mediterran-Schichten von Ungarn vorkommenden Conus-Formen,) — Filde, Kzl 11 1-6,
56-58.

HoerNEs, R, & AUINGER, M., (1879): Die Gasteropoden der Meeres-ablagerungen der ersten und zweiten Mio-
ziinen Mediterran-stufe. — Abl. Geol. Reichsanst. 12: 1-382.

Horrman, A. (1977): Synecology of macrobenthic assemblages of the Korytnica Clays (Middle Miocene; Holy
Cross Mountains, Poland). - Acta Geol. Polonica 27 (2): 227-280).

Horrman, AL, Pisera, A. & Stupenckl, W. (1978): Reconstruction of a Miocene kelp-associated macrobenthic
ccosystem. — Acta Geol, Polonica 28 (3): 377-387.

Hornes, M. (1856): Die fossilen Mollusken des Tertidir-Becken von Wien. [ Univalven. — Abh. Geol. Reichi-
sanst. 3: 1-736.

Hornes, M. (1870): Die fossilen Mollusken des Tertidir-Becken von Wien, 1. Bivalven. — Abh. Geol. Reich-
sanst. 4: 1-479.

KauTzky, F. (1925): Das Mioziin von Hemmoor und Basbeck-Osten. — Abli. preuss. geol. Landesanst. (N. F.)
97: 1-255.

KowMpGIEva, E. & STRacHIMIROV, B. (1960): Les fossiles de Bulgarie. V1. Tortonien. — Akademie des Scien-
ces de Bulgarie, Sofia, 317 pp.

KOkay. J. (1966): A herend-mirkoi barnakoszénterdilet foldtani és dslénytani vizsgalata. (Geologische und Pa-
liontologische untersuchung des Braunkohlengebietes von Herend-Marko (Bakony-Gebirge, Ungarn), —
Geol. Hung., Ser. Pal. 36: 1-149.

KRENNER, ). (1865): Die Tertidir-Formation von Szob, — Inaugural-Dissertation, Tiibingen, 7 pp.

LEWY, Z. & SAMTLEBEN, C. (1979): Functional morphology and palacontological significance of the conchiolin
layers in corbulid pelecypods. — Lethaia 12: 341-351.

Moore, R. C. (ed.) (1969): Treatise on invertebrate palacontology. Mollusca 6, Bivalvia. — Geol. Soc. Amer.
and Univ. Kansas Press, Lawrence. 1: 1-489; 2: 492-952,

NaGymarosy, Ao (1980): A magyarorszigi badenian korreldcioja nannoplankton alapjin. (Correlation of the
Badenian in Hungary on the basis of the nannoplankton). — Fiildr. Kizl. 110: 206-245,

Papp, A, CicHA, L, SENES, J. & STEININGER, F. (eds) (1978): Chronostratigraphie und Neostratorypen. Mioziin
der Zentralen Paratethys. My Badenien. — Slowakische Akademie der Wissenschafien, Bratislava,
594 pp.

Savazz, E. (1982): Clavagellacea (Bivalvia) from the Tertiary of the Venetian region, NE Italy, — Acta Geol.
Pelonica 32 (1-2); 83-92,

Stacugk, G. (1866): Dic geologischen Verhiiltnisse der umgebung von Waitzen in Ungarn, — Jahrb. Geol, Reich-
sanst. 16: 277-328.

STANLEY, 5. M. (1970): Relation of shell form to life habits in the Bivalvia (Mollusca). — Geol. Soc. Am. Mem.
125: 1-296.

STEININGER, F., CTYROKY, P., ONDRENCKOVA, A, & SENES, J. (1971): Die Mollusken der Eggenburgen Schich-
fengruppe. — In: STEININGER, F. & SENES, J. (eds): Chronostratigraphie und Neostratotypen. M Eggen-
burgien. Slowakische Akademie der Wissenschaften, Bratislava, pp. 356-591.

STEININGER, F., ScHuLTz, O. & Stasaseal, F. (1978): Die Malluskenfauna des Badenien. — In: Papp, A, CiCHA,
1., SENES, ). & STEININGER, F. (eds): Chronostratigraphie und Neostratotypen. My Badenien. Slowaki-
sche Akademie der Wissenschaften, Bratislava, pp. 327-403,

STUDENCKA, B. (1986): Bivalves from the Badenian (Middle Miocene) marine sandy facies of southern Poland.
— Palaeoniol. Polon. 47: 3—128.

STUDENCKA, B. & Stupenckl, W. (1988): Middle Miocene (Badenian) bivalves from the carbonate deposits of
the Wijcza-Pinczow Range (southern slopes of the Holy Cross Mountains, Central Poland). — Acta
Geol. Polonica 38: 1-44.

Annls hist-nat. Mus. natn, hung. 88, 1996



56 A. Dulai

Svacrovsky, J. (1984): Bivalvia des Oberen Badeniens (Miozin) von Borsky Mikulis (NO-Teil des Wiener
Beckens) und ihr Lebensmiliew. — Geol. Zborn. Geol. Carp. 32 (4): 387-426.

TEIKAL, J., ONDREJEKOVA, A, & CSEPREGHY-MEZNERICS, 1. (1967): Die Mollusken der Karpatischen Serie, — In:
CicHA, L. SENES, ). & TeKAL, ). (eds): Chronostratigraphie und Neostratotypen. M Karpatien. Slowaki-
sche Akademie der Wissenschaften, Bratislava, pp. 149-212.

WaLKer, K. R, & Bampacn, R. K. (1974): Feeding by benthic invertebrates: Classification and terminology for
paleoecological analysis. — Lethaia 7: 67-78.

Annls hist.-nat, Mus. natn. hung. 88, 1996



