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This is the first Paratethyan record of a minute scallop species Parvamussium fenestratum (Forbes, 1844). The species was found in Mid-
dle Miocene (Upper Badenian) clayey deposits in the Surzha borehole, the Ukrainian Carpathian Foredeep Basin. Examination of other
Parvamussium specimens stored in the Museum of the Earth in Warsaw and in the Hungarian Natural History Museum in Budapest re-
vealed further Paratethyan records of Parvamussium fenestratum. These specimens, previously referred to Parvamussium felsineum
(Foresti, 1893), were identified in the Middle Miocene faunas of Poland (Monastyrz and Dtugi Goraj, Roztocze Hills) and Hungary
(Makkoshotyka, Tokaj Mts.). In the Mediterranean Neogene this extremely rare species has been reported from the Lower Miocene (up-
permost Burdigalian) of Italy and from the Lower Pliocene (Zanclean) of Spain. Research on the Oligocene—Miocene succession in the
Paratethys has shown representatives of Parvamussium Sacco, 1897 to be moderately abundant in clayey facies in different basins and
the genus is regarded as biostratigraphically important. Data on the distribution of other Paratethyan and Neogene Mediterranean
Parvamussium species viz., Parvamussium bronni (Mayer, 1861), P. duodecimlamellatum (Bronn, 1831), P. felsineum (Foresti, 1893)
and P. miopliocenicum (Ruggieri, 1949) are reported. Finally, palacobiological and palaecobiogeographical characteristics on the genus
Parvamussium Sacco, 1897 the Early Cretaceous to Recent time span are described.
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INTRODUCTION

Bivalve fossil assemblages from the Upper Badenian de-
posits of the Volhynian—Podolian region were the first Ukrai-
nian Miocene faunas that attracted the attention of
palaeontologists at the beginning of the 19th century. Pio-
neering descriptions were made by Eichwald (1829, 1830,
1850, 1853), Andrzejowski (1830, 1833), du Bois de
Montpéreux (1831) and Pusch (1837). The bivalve content of
the Upper Badenian near-shore assemblages from the
siliciclastic (mainly sandy) facies of the shallow Foreland Ba-
sin over the Podolian Massif in Ukraine is well known through
descriptions by Hilber (1882), Niedzwiedzki (1889), Friedberg
(1932, 1934-1936, 1938), Kazakova (1952) and Nevesskaja et
al. (1993). Most of the hitherto described Ukrainian bivalves
were recently reviewed and listed by Studencka et al. (1998).
Much less emphasis was given to bivalves from the Upper
Badenian coralline algae-vermetid reefs, widespread in

Ukraine, with the notable exceptions of Teisseyre (1895),
Kudrin (1966), and Studencka and Jasionowski (2011).

In contrast to the attention focused on the Badenian bi-
valves from sandy and reefal carbonate facies in Ukraine,
knowledge of bivalves from offshore siliciclastic facies
(mainly clayey) of the Carpathian Foredeep Basin bordering
the Carpathian arch along its periphery is patchy and full of
gaps as regards systematic and taxonomic detail. Besides the
paper by Zhizhchenko (1953), a limited number of bivalve as-
semblages from the Upper Badenian have been described and
illustrated. Most probably, this is the consequence of the con-
siderable thickness of Sarmatian strata overlaying the Upper
Badenian. The thickness of the Sarmatian in the Ukrainian part
of the Carpathian Foredeep Basin ranges from a few hundred to
more than 5000 m (Andreyeva-Grigorovich et al., 1997;
Kurovets et al., 2004).

The present bivalve study has been performed on samples
from the Surzha borehole (Fig. 1) and provides the first fossil
record of Parvamussium fenestratum (Forbes, 1844) in the
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Fig. 1. Location of the borehole No 40 in Ukraine

A — map of Middle Miocene deposits in the Carpathian Foredeep Basin in Poland and Ukraine (reefal deposits solid shading);
B — map of Ukraine showing distribution of the Upper Badenian deposits during the maximum phase of transgression;
the asterisk marks location of the borehole No 40; modified after Maslov and Utrobin (1958)

Central Paratethys. The bivalve fauna detected in cores repre-
sents only a small and random part of the entire fossil commu-
nity, nevertheless, as information on the representatives of the
genus Parvamussium Sacco, 1897 from the Paratethys is
scarce, even a few specimens can provide important informa-
tion on the distribution and palaeogeographic occurrence of its
constitutive species.

GEOLOGICAL CONTEXT

The borehole No 40 located in the vicinity of the Surzha
village (10 km W of Kamianets Podilskyi) was drilled west of
the Medobory reefs in Ukraine (Fig. 1). It reached a depth of
93 m and ended in sedimentary rocks of Silurian age (Fig. 2).
The core was sampled in 1979 by Dr. V. 1. Didkowski for
foraminifers, by Dr. Y. B. Ljul’ev for ostracods, and by Dr.
S. A. Ljul’eva for calcareous nannoplankton (all results unpub-
lished). Evaluation of the sample material has been restricted to
internal reports of the Institute of Geological Sciences, Acad-
emy of Sciences of the USSR, Kiev. A brief summary of the
lithological description presented below has been abstracted
from these unpublished reports.

The Badenian—Sarmatian sequence is  Dbipartite:
coralline-algac marly limestones, 6 m thick, at the base, are
overlain by a thick (about 87 m), very homogeneous succes-
sion of fine-grained and mid-grained grey, grey-green and
grey-brown claystones to siltstones with sandy and sandy lime-
stone intercalations.

The base of the profile is constituted by the Ternopil Beds
unit. It is represented by a 6 m thick succession of coralline-al-
gae marly limestones which overlies the pre-Neogene base-
ment with a considerable hiatus. In the lower part of the lime-
stones two thin greyish-blue fine-grained sandy-silty intercala-
tions with a molluscan fauna have been observed. Deposition
of these limestones has been linked with the Late Badenian

transgression (cf. Gedl and Peryt, 2011) and the development
of the Medobory reefs located to the east (shorewards). The
overlying Upper Badenian Kosiv Formation (Prut Beds) con-
sists of 7 m of predominantly laminated grey-green or
grey-blue clayey silt with occasional sandy limestone units
containing a molluscan fauna.

The Prut Beds unit is followed by a succession about 80 m
thick, composed predominantly of green-greyish clays with an
admixture of sandstones, distinguished as the Sarmatian
Dashava Formation. The stratigraphic succession of the
Dashava Formation shows three distinct intervals. The lower
interval, Kuzhora Beds, about 37 m thick, consists at the base of
greyish-green laminated or massive clays intercalated with
sands containing unidentifiable macrofloral and molluscan re-
mains; the deposit changes upwards into green-grey laminated
clays interbedded with very thin tuffite and bentonite laminae
and sandy limestones with abundant marine bivalves. Some
clay layers observed in the middle part of this interval
(61.0-61.8 m) yielded shells of terrestrial snails. The next inter-
val, the Zbruch Beds, up to 28 m thick, is a monotonous succes-
sion of greyish-green or green finely laminated clays with very
thin tuffite laminae at the bottom and secondary gypsum at the
top of the succession. The upper interval, the Novomoskovs’k
Beds, about 15 m thick, is represented by green-grey laminated
clays (5.0-15.0 m) and lumpy clays at the top. The Dashava
Formation together with the clastic Upper Badenian succession
indicate progressively shallowing facies deposited in a basin
that was slowly desalted as reflected by a significant change in
molluscan fauna (Andreyeva-Grigorovich et al., 1997).

BIOSTRATIGRAPHY

The following data refer exclusively to important or
stratigraphically significant foraminifera and calcareous
nannoplankton recorded in the Surzha core.
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Fig. 2. Generalized sedimentological profile of Upper Badenian—Sarmatian deposits from the Surzha borehole
with the position of the level with Parvamussium fenestratum and samples for calcareous nannofossils

FORAMINIFERAL DATA

Only a few samples turned out to be useful for biostratigraphic
and/or palacobathymetric purposes. Benthic foraminifers in grey-
ish-blue fine-grained sandy-silty intercalations observed within
the Ternopil Beds (91.15-91.20 m; 90.6-90.8 m) are dominated
by taxa typical of the Bulimina—Bolivina Zone. They have also
been detected in the Prut Beds that allows established a Late
Badenian age for this unit.

The benthic foraminiferal assemblage in the middle part of the
Dashava Formation (Zbruch Beds) yielded Elphidium macellum
(Fichtel et Molle), E. aculeatum (d’Orbigny), Porosononion
martcobi Bogdanowicz, Quinqueloculina consobrina d’Orbigny
and Articulina problema Bogdanowicz suggesting the Early
Sarmatian. The occurrence of Quingeloculina problema Bogda-
nowicz, Q. consobrina (d’Orbigny), Q. reussi (Bogdanowicz), O.
voloschinovae Bogdanowicz and Bolivina sarmatica Didkowski
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in the uppermost part of the Badenian—Sarmatian succession
(5.0-15.0 m) suggests a Middle Sarmatian age (comp. Didkowski
etal., 1981).

CALCAREOUS NANNOPLANKTON DATA

Nannofossils were studied in 19 samples collected between
7.0 and 91.2 m. Calcareous nannoplankton assemblages of me-
dium diversity and abundance occurred in 17 samples. In total,

40 taxa have been determined (Table 1). Most abundantly rep-
resented are: Coccolithus pelagicus (Wallich), Reticulofenestra
haquii Backman, Calcidiscus ex gr. leptoporus (Murray et
Blackman), Helicosphaera carteri (Wallich), Sphenolithus
neoabies Bukry et Bramlette, and Rhabdosphaera pannonica
Baldi-Beke.

The genus Discoaster was found sporadically while a few
specimens of D. exilis Martini et Bramlette, D. adamanteus
Bramlette et Wilcoxon, D. braarudii Bukry, D. brouweri

Table 1

Distribution and abundance of autochthonous calcareous nannofossils in the Surzha borehole

Number of sample 174 [ 172 [ 171 [ 170 [ 169 [ 168 [ 167 | 166 [ 165 | 164 | 163 [ 162 [ 161 [ 160 [ 158 [ 157 | 156
. Depth [m]
Species
91.2|182.1|81.7|80.0|79.0|78.5|74.2|72.4|65.0|57.3|49.0|42.0(38.0|31.3|18.0(13.0| 7.0
Coccolithus pelagicus . . . . . . . . . . . . . + . . .
C. miopelagicus + + + + + + +
Reticulofenestra hagii . . . . . + . + + +
R. pseudoumbilica + + + + + + +
Calcidiscus premacintaryei + +
Ca. macintaryei . + + + + + .
Ca. leptoporus + + + + + . . .
Cyclicargolithus floridianus + + . . + . . + . . . + +
Coronocyclus nitescens + + +
Geminilithella rotula + + + + + +
Helicosphaera carteri . . . . . . . . . + + + + + + +
H. intermedia + + +
H. walbersdorfensis + + + + +
H. spp. + + + +
Sphenolithus abies + . + + + + + + + + + +
Sph. neoabies + + . . . + + + N
Sph. moriformis + + + + + + + + + +
Rhabdosphaera pannonica + + . + . + + + + +
Discotithina multipora . + + + + + + + + + +
Syracosphaera lunaria + + +
Braarudosphaera bigelowi . + + . + + + + + . . .
Holodiscolithus macroporus + + + + + + + +
Lithostromation perdurum + +
Thoracosphaera albatrosina + + + + + + + + + .
Th. heimi + + +
Scyphosphaera globulata +
Sc. recurvata +
Sc. amphora
Triquetrorhabdulus sp. . + +
Pseudotriquetrorhabdulus sp. + + + + +
Discoaster exilis + + + N N
D. variabilis + + + +
D. braarudii +
D. extensus + + + n
D. adamanteus + + + + +
D. cf. bollii + +
D. deflandrei + + + + + + +
D. brouweri + +
Scapholithus fossilis +
Perfocalcinella gr. fusiformis + + + + + + + + + + + + + + + + +

Relative abundance: * — rare; + — common
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(Tan), D. deflandrei Bramlette et Riedel, and D. variabilis
Martini et Bramlette have been detected in samples from both
the Upper Badenian and Sarmatian deposits. Occasional occur-
rences of Discoaster exilis along with the absence of
Sphenolithus hetromorphus Deflandre and Discoaster kugleri
Martini et Bramlette indicate that major part of the Sarmatian
Dashava Formation can be determined as the NN6 Zone (cf-
Andreyeva-Grigorovich et al., 1997; Peryt, 1999; Garecka and
Olszewska, 2011). In the samples studied Discoaster kugleri,
the index species for NN7 Zone, has not been identified but its
occurrence was documented within the Zbruch Beds in the
same region of Ukraine (Lyulyeva, 2009). In some samples, a
significant number of calcareous nannoplankton tests re-
worked from older deposits was observed, Cretaceous taxa be-
ing dominant. In samples 163-166, 168 and 171, however,
apart from Paleogene and Miocene reworked specimens of
Sphenolithus heteromorphus, index species for the NN5 Zone
are common.

MOLLUSCAN RECORD

Except for two thin greyish-blue fine-grained sandy-silty
intercalations (91.15-91.20 m; 90.6-90.8 m), the Ternopil
Beds practically lack fauna. Gastropods in these intercalations
are almost exclusively represented by Bittium cf. deforme
(Eichwald), naticids and small trochids. The bivalve faunas are
of low diversity and are dominated by two species:
Pseudamussium [illi (Pusch) and Parvamussium fenestratum
(Forbes), whereas Nucula (Nucula) nucleus (Linnacus),
Nuculana (Saccella) fragilis (Chemnitz), Anadara (Anadara)
cf. diluvii (Lamarck), Modiolus sp. and Parvicardium sp. are
rare. In addition, intermediate valves of the chiton species
Acanthochitona faluniensis (Rochebrunne) are found. The
scallop species Parvamussium fenestratum (Forbes, 1844), be-
ing the focus of this study, is described in the chapter “System-
atic description”. In sandy limestones of the Upper Badenian
Prut Beds (83.0-83.1 m) small trochids were documented. Of
great importance is the occurrence in the Prut Beds
(81.5-83.0 m) of representatives of the opportunistic bivalve
species Obsoletiforma cf. lithopodolica (du Bois), Abra
(Syndosmya) reflexa (Eichwald) and Ervilia podolica
(Eichawald) characteristic of the Early Sarmatian. These taxa
are recognized as indicators of a stressed environment with
fluctuating salinity (comp. Studencka and Jasionowski, 2011).

In sandy intercalations within the lowermost part of the
Lower Sarmatian Kuzhora Beds (77.1-77.5, 67.9-68.0 and
63.9-64.0 m) cerithid shells along with Ervilia podolica
(Eichwald) and Ervilia trigonula (Sokolov) are ubiquitous.
Some layers with coarse material and shell concentrations of
Ewrvilia podolica (Eichwald) and Obsoletiforma lithopodolica
(du Bois) were observed in the middle part of the Kuzhora
Beds (61.0-61.8 m). Thin clayey intercalations occurring
within this bivalve coquina contain either shells of the terres-
trial snails Pupilla sp., Gastrocopta fissidens (Sandberger),
Gastrocopta ex gr. serotina Lozek, Microstele sp., Oxychilus
sp. and Ceptaea sp., or bivalve shells of the marine species
Inaequicostata pia (Zhizhchenko) and Abra (Syndosmya)
reflexa (Eichwald).

In the Zbruch Beds (15.0-42.7 m) the molluscan fauna is al-
most exclusively represented by the bivalve genus Inaequi-
costata Kojumdgieva but locally scattered shells of Mactra
(Sarmatimactra) eichwaldi (Laskarew), Obsoletiforma lithopo-
dolica (du Bois) and Venerupis sp. occur. In the upper unit of the
Dashava Formation (5.0—15.0 m) imprints of shells of Obsoleti-
forma cf. obsoleta (Eichwald) only were documented.

SYSTEMATIC DESCRIPTION

Previous research on the Middle Miocene succession in the
Carpathian Foredeep Basin has shown the minute scallop ge-
nus Parvamussium Sacco to be rarely encountered (Zhizh-
chenko, 1953; Krach and Nowak, 1956; Krach, 1957; Jaku-
bowski and Musial, 1977). Among the rarest bivalves detected
in the core of the Surzha borehole is Parvamussium fene-
stratum (Forbes, 1844). This is the first Paratethyan record of
this species that justifies the need of its detailed taxonomic
study. The Ukrainian specimens of P. fenestratum documented
herein are deposited in the Polish Academy of Sciences Mu-
seum of the Earth in Warsaw (abbr. MZ), under the inventory
numbers MZ VIII MI-3863.

Systematic arrangement of Pectinoida is here adopted ac-
cording to Bieler et al. (2010).

Order PECTINOIDA Gray, 1854
Superfamily PECTINOIDEA Rafinesque, 1815
(with family-level content following Waller, 2006)
Family PROPEAMUSSIIDAE Abbott, 1954
Parvamussium Sacco, 1897
Type species: Pecten (Pleuronectes) duodecimlamellatus
Bronn, 1831 (by original designation)

Comments. — The species Pecten (Pleuronectes)
duodecimlamellatus was created by Bronn (1831, p. 116) on
the basis of material found at Tabbiano near Piacenza in the
Pliocene of Emilia-Romagna, Italy. The original description
was merely a short note without figures. The Italian specimens
were illustrated by Sacco (1897, pl. 14, figs. 2—6) but none of
them come from the type locality. Recently, the shell from
Tabbiano stored in the Naturhistorisches Museum in Basel,
Switzerland was illustrated by Loftler (1999, pl. 28, figs. 1-4).
The shell illustrated (height 16 mm) is oblong in outline (higher
than wider) and almost equivalved. Right valve with closely
spaced, regularly arrangement commarginal lamellae, weakly
expressed in the early growth stage. Left valve is smooth.
Hinge line straight. Internal surface has eleven prominent radial
ribs extending to the ventral margin.

The first brief description by Bronn (1831) was followed by
a more comprehensive description by Deperet and Roman
(1928, p. 180-182). They were the first who noted that the shape
of P. duodecimlamellatum changes with size. Small shells (up to
5-7 mm high) derived from Tortonian at Sant’Agata in
Piedmont, Italy, are almost circular in outline, with a larger apical
angle and internal riblets showing flabellate arrangement. By
contrast, larger shells from the same locality, more than 9 mm in
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height, are oblong in outline, with a smaller apical angle (ca.
85 degrees) and with straight internal riblets extending to the
ventral margin (Deperet and Roman, 1928, pl. 27, fig. 4, 4a). Fi-
nally, specimens of P. duodecimlamellatum (10 mm high) from
Sant’ Agata were illustrated by Robba (1968, pl. 37, figs. 4a—5b),
and a small specimen (6 mm high) from the collections of the
Claude Bernard University in Lyon, France, originally illustrated
by Deperet and Roman (1928, pl. 27, fig. 6a, b) was reproduced
by Hertlein (1969, N350, fig. C73. 2a, b).

For a specimen from Pliocene deposits at Ponticello in the
Val Savena near Bologna (19 mm high) Foresti (1893, p. 381)
proposed the variety name gigantea. The largest specimen, 30
mm high, was found at Bordighera in the Middle Pliocene of It-
aly (Sacco, 1897, pl. 14, fig. 4).

Parvamussium fenestratum (Forbes, 1844)
(Figs. 3-5)

1897 Variamussium cf. fenestratum (Forb.); Sacco, p. 50, pl. 14, fig. 24.

1939 Chlamys fenestrata Forbes; Roger, p. 220, 221.

part. 1960 Amussium felsineum Foresti; Csepreghy-Meznerics, p. 18, 19,
pl. 35, figs. 13-15.

1966 Amussium felsineum For.; Csepreghy-Meznerics, pl. 2, figs. 1, 2.

part. 1977 Propeamussium (Parvamussium) felsineum (Foresti, 1895);
Jakubowski, p. 91-92, pl. 5, figs. 11-13, pl. 6, figs. 1, 2.

1990 Propeamussium fenestratum (Forbes, 1844); Smriglio and Mariotti-
ni, p. 5, 6, pl. 1, fig. 4a—d.

1993 Propeamussium fenestratum (Forbes); Poppe and Goto, p. 70, pl. 10,
fig. 5.

1995 Propeamussium fenestratum (Forbes, 1844); Vera-Pelaez et al.,
p. 100.

1997 Parvamussium fenestratum (Forbes, 1844); Lozano-Francisco,
p- 315-317, pl. 33, figs. 1-11.

2002 Parvamussium fenestratum (Forbes, 1844); Dijkstra and Goud,
p. 36-38, figs. 5-12.

2004 Parvamussium fenestratum (Forbes, 1844); Dijkstra and Gofas, p.
39-42, figs. 4, 5.

Type material — The holotype was originally not
designed. Syntypes are stored in the National Museum of Scot-
land in Edinburgh, under the inventory numbers RSM
1976.5.31902, 3. Type locality not designed (see Dijkstra and
Gofas, 2004).

Stratigraphic range and geo-
graphic distribution — Early Miocene to Recent;
previous fossil records are restricted to the Mediterranean. This
extraordinarily rare species has been reported in the Lower
Miocene only from Burdigalian strata, at Sciolze, Italy (Sacco,
1897). Its occurrence in the Pliocene has been confirmed in the
Estapona Basin, Spain by Vera-Peldez et al (1995) and
Lozano-Francisco (1997, 1998). It is noteworthy that through
the Mediterranean the present-day P. fenestratum seems to be
scarce (Smriglio and Mariottini, 1990; Poppe and Goto, 1993).
Recently, living specimens have been found only in a few lo-
calities on the muddy bottoms around the scleractinian coral
banks at 530 m depth in the Ionian Sea off Apulia, Italy
(Mastrototaro et al., 2010) and its presence off Capo Corso in
the Corsica from 300 m depth was communicated to the senior
author by B. Dell’Angelo in 2011. On the other hand, modern
P. fenestratum is widespread throughout the northeastern At-
lantic and is distributed from Iceland along the British Isles, on

the Galician Bank, on the Lusitanian seamounts, south to Por-
tugal, the Azores, Madeira, Canary Islands and the Cape Verde
Islands (Poppe and Goto, 1993; Dijkstra and Goud, 2002;
Dijkstra and Gofas, 2004; Dijkstra et al., 2009).

M aterial —Fourright valves and fragments of two left
valves embedded in sediment (MZ VIII M1-3863; Table 2).

Other material examined. — Two right
valves and two left valves and numerous disc fragments (MZ
VIII M1-681) from Monastyrz (Roztocze Hills, Poland); two
right valves and ten disc fragments (MZ VIII MI1-682) from
Dtugi Goraj (Roztocze Hills, Poland); two right valves and two
left valves (M63/3026, M63/5155 and M65/1042) from
Makkoshotyka (Tokay Mts., Hungary) housed in the Hungar-
ian Natural History Museum in Budapest (abbr. HNHM); two
right valves and two left valves from Valerin-carretera near
Estapona (Spain) stored in the Faculty of Sciences, University
of Malaga (abbr. DGEM, L-F/1997).

Descriptionofthe Ukrainian speci-
m e n s. — Only two right valves from the Surzha borehole are
well-preserved. Shell thin, small, approximately 9 mm long,
nearly circular in outline, weakly inflated. The external sculp-
ture of the right and the left valve is different.

Right valve with unequal auricles: the anterior slightly
larger than the posterior one, separated from the disc by a
well-developed small byssal notch; no ctenolium. The small,
orthogyrate beak is slightly projected. Hinge line is straight,
weakly denticulate, its length approaching 85% of total disc
length. Umbonal angle ca. 95 degrees. Whole external surface
of the disc is covered by numerous, closely set, regularly ar-
ranged commarginal lamellae (11 lamellae per mm in the cen-
tral part of the disc). Grooves are as wide as lamellae. Growth
stages are invisible. Anterior auricle more prominently sculp-
tured than the posterior one, with commarginal lamellae and
distinct radial ribs. Internal surface with 18-20 radial ribs ter-
minating at some distance from the smooth ventral margin.

Left valves are partially fragmented and auricles are miss-
ing. External surface of the left disc sculptured with irregularly
spaced commarginal lamellae (less closely spaced than on the
disc of right valve) and radial lirae; delicate reticulate sculpture
is formed by their intersection. Growth stages are invisible. In-
terior surface of the left valve could not be observed.

Table 2
Measurements [mm]
Specimens No Length Height
RV, MZ VIII M1-3863/1 2.2 2.0
RV, MZ VIII M1-3863/2 6.0 5.2
RV, MZ VIII M1-3863/3 9.0 8.0
LV, MZ VIII MI1-681 6.5 6.0
RV, MZ VIII M1-682/1 8.1 7.0
RV, MZ VIII M1-682/2 6.8 6.0
RV, HNHM M63/3026 8.1 7.1
LV, HNHM M63/3026 7.7 7.5
RV, DGEM, L-F/1997/1 4.2 4.0
LV, DGEM, L-F/1997/2 6.8 6.0
LV, DGEM, L-F/1997/3 7.0 6.8
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Fig. 3. Parvamussium fenestratum (Forbes, 1844)

A-E — Surzha, Ukraine, Middle Miocene (Upper Badenian), F, G —Makkoshotyka in the Tokay Mts., Hungary, Middle Miocene (Upper
Badenian); A —imprint of left valve exterior (MZ VIII M1-3863/4); B — imprint of right valve exterior (MZ VIII M1-3863/5); C — imprint of
right valve exterior (MZ VIII MI1-3863/1); D — interior view of right valve (MZ VIII M1-3863/2); E — interior of right valve (MZ VIII
MI1-3863/3); F — imprint of right valve exterior (HNHM M63/3026); G —mould of interior left valve (HNHM M63/3026); scale bars 1 mm
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Fig. 4. Parvamussium fenestratum (Forbes, 1844) fromValerin-carretera near Estapona,
Spain, Lower Pliocene (Zenclean)

Al, A2 — exterior and interior views of left valve (DGEM, L-F/1997/3); B1, B2 — exterior and interior views of left
valve (DGEM, L-F/1997/2); C1, C2 — exterior and interior views of right valve (DGEM, L-F/1997/1); scale bars 1 mm

Fig. 5. Parvamussium fenestratum (Forbes, 1844) from the Roztocze Hills,
Poland, Middle Miocene (Upper Badenian)

Al, A2 — exterior and interior views of left valve, Monastyrz (MZ VIII M1-681); B1, B2 — exterior and interior
views of right valve, Dtugi Goraj (RV, MZ VIII M1-682/1); C1, C2 — exterior and interior views of right valve,
Dhugi Goraj (RV, MZ VIII M1-682/2); scale bars 1 mm
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Variation of ornamentation. — The spe-
cies discussed is characterized by different external sculptures
on two valves. As noted by Poppe and Goto (1993, p. 70),
Forbes (1844) used different names for the left and the right
valve, viz. Pecten fenestratum and Pecten concentricus, re-
spectively. The etymology of its younger synonyme, Pecten
inaequisculptum Tiberi, 1855, does adequate justice to these
morphological characters as well. In contrast to the generally
constant external sculpture of the right valve, the ornamenta-
tion of the left one is quite variable. As demonstrated by
Dijkstra and Goud (2002), and Dijkstra and Gofas (2004) mor-
phological variation of the left valve is expressed by the promi-
nence of radial lirae, and by the irregular development of sec-
ond and third order lirae which are sometimes absent. Most
specimens collected in the temperate to tropical eastern Atlan-
tic (between 50 to 14°N) are characterized by strongly clathrate
sculpture: a radial sculpture of 810 irregularly spaced, larger
radial lirae with intercalated smaller lirae of second and third
order, crossing commarginal lamellae (Dijkstra and Gofas,
2004, fig. 4D). Similar ornamentation of the left valve has been
observed on both Recent Mediterranean (Smriglio and
Mariottini, 1990, pl. 1, fig. 4a) and Middle Miocene (Late
Badenian) Paratethyan specimens (Csepreghy-Meznerics,
1966, pl. 2, fig. 1).

Some Atlantic specimens are, however, partially smooth:
the reticulate sculpture is absent on the central part of the disc,
or even on the major part of the left valve except anterior and
posterior margins (Dijkstra and Gofas, 2004, fig. 4E). Some-
times, reticulate sculpture is formed by unequal radial lirae (any
of second- and third-order lirae can be observed) crossed by
prominent commarginal lamellae. This kind of ornamentation,
present on specimens from the Cape Verde Islands (Dijkstra
and Goud, 2002, figs. 5-7), conforms very well to what is ob-
served on Mediterranean Pliocene (Lozano-Francisco, 1997,
pl. 33, figs. 2, 5, 9) and on Middle Miocene (Late Badenian)
Paratethyan specimens (Jakubowski and Musial, 1977, pl. 5,
fig. 11).

R e m a r k s. — The shape, the number of inner riblets, and
the ornamentation of the right valve of the Ukrainian speci-
mens investigated are indistinguishable from the Middle Mio-
cene Hungarian specimens found at Makkoshotyka in the
Tokaj Mountains, which Csepreghy-Meznerics (1960,
p. 18-19) assigned to Amussium felsineum Foresti, in spite of
distinct differences in number of internal riblets. The speci-
mens figured by Csepreghy-Meznerics (1960, pl. 35, fig. 15;
1966, pl. 2, fig. 2) have 16 and 18 riblets, respectively, while
the shell of P. felsineum bears 10 riblets extending to four-fifths
of the valve height. Hence, some of the Hungarian specimens
previously attributed to A. felsineum undoubtedly belong to P.
fenestratum. Consequently, the Hungarian specimens represent
also new records of P. fenestratum for the Middle Miocene of
Paratethys (Fig. 3F and G).

The Ukrainian material conforms well to the Early Pliocene
(Zanclean) specimens collected by Lozano-Francisco at
Parque Antena and Valerin, Spain (1997, pl. 33, figs. 1-5, 8, 9),
left valves of which are sculptured with rather regularly spaced
radial ribs making clathrate ornamentation with prominent
overrunning commarginal lamellae (Fig. 4). The Ukrainian
material is also indistinguishable from specimens assembled by

Jakubowski and Musiat (1977) from the Upper Badenian lime-
stones in Monastyrz and Dtugi Goraj (Roztocze Hills). Previ-
ously assigned to Propeamussium (Parvamussium) felsineum
(Foresti, 1893), these have now been properly identified as
P. fenestratum and represent a new record for the Middle Mio-
cene of Paratethys. These specimens are very fragile, partially
fragmented, their auricles are missing. The left valve with al-
most regularly reticulated sculpture is slightly more convex
than the right valve. Delicate commarginal lamellae ornament-
ing the left valve are more widely spaced than those on the right
disc (Fig. 5).

A ffinities.—Thespecies P. fenestratum is somewhat
similar to the type species, P. duodecimlamellatum (Bronn,
1831), known from the Early Miocene to the Pleistocene of the
Mediterranean (Deperet and Roman, 1928, p. 180-182, pl. 27,
figs. 24, 6; Erlinal-Erent6z, 1958, p. 162, pl. 28, figs. 3-5;
Robba, 1968, p. 488-489, pl. 37, figs. 4a—5b; Loffler, 1999,
pl. 28, figs. 1-4). The similarities refer to the lamellar sculpture
on the right valve but other characters differ strongly. Individu-
als of P. fenestratum have a shell almost circular in shape, ap-
proximately 8 mm in hight with a longer anterior auricle of the
right valve sculptured with more coarse radial ribs, and a prom-
inent clathrate sculpture on the left valve, while the shell of
P. duodecimlamellatum is more elongated (higher than wide,
especially in larger specimens), aproximatelly 30 mm in height,
with an entirely smooth and glossy left valve. Moreover, the
two species differ in the number of internal riblets. The internal
surface of P. duodecimlamellatum bears 10—12 riblets extend-
ing to the ventral margin whereas internal surface of
P. fenestratum is decorated with 14-20 or even 24 riblets (ob-
served on Spanish specimens), commencing in later growth
stages (specimens less than 3 mm in height lack internal riblets)
and terminating at some distance from the ventral margin
(comp. Dijkstra and Gofas, 2004, p. 39-42).

PARVAMUSSIUM SPECIES FROM THE PARATETHYS
AND NEOGENE OF THE MEDITERRANEAN
PROVINCE

Examination of the taxon Parvamussium Sacco, 1897 led
the senior author to the opinion that revision of its Paratethyan
representatives is urgently needed, but this is beyond the scope
of this paper. On the one hand, historical monographs suffer
from insufficient descriptions of species. In addition, Bronn’s
species duodecimlamellatum and Foresti’s species felsineum
are based on descriptions only. On the other hand, due to the in-
sufficient description and very poor illustrations the identifica-
tion of many Paratethyan specimens is unclear and they remain
to be investigated.

Research on the Oligocene—Miocene succession in the
Paratethys has shown the representatives of Parvamussium to
be moderately abundant in clayey facies in various basins and
the genus has been recognized as biostratigraphically impor-
tant. Based on extent literature (Hornes, 1867; Kautsky, 1928;
Meznerics, 1936; Zhizhchenko, 1953; Krach, 1957,
Csepreghy-Meznerics, 1960, 1966; Kojumdgieva, 1960, 1969;
Jakubowski and Musial, 1977; Baldi, 1986; Bohn-Havas et al.,
1987; Loffler, 1999; Schultz, 2001; Popov et al., 2009;
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Harzhauser et al., 2011), an overview of recent knowledge on
representatives of Parvamussium is given below.

At least five species occurred in both Western and Central
Paratethys since the Early Oligocene (early Kiscellian) up to
the Middle Miocene (Late Badenian) viz., Parvamussium
bronni (Mayer, 1861), P. duodecimlamellatum (Bronn, 1831),
P. felsineum (Foresti, 1893), P. fenestratum (Forbes, 1844),
and P. miopliocenicum (Ruggieri, 1949). So far no representa-
tives of Parvamussium have been detected in the Eastern
Paratethys (Nevesskaja et al., 1993; Popov et al., 1993). None
of the Paratethyan Parvamussium species survived the water
chemistry crisis that occurred in this area around the
Badenian/Sarmatian boundary.

In the Mediterranean Neogene Province Parvamussium
species are recorded from the Early Miocene (latest
Burdigalian) onwards, with the exception of bronni. Only one,
P. fenestratum, is still alive in the Mediterranean Sea.

PARVAMUSSIUM BRONNI (MAYER, 1861)

In the Paratethys Oligocene the genus Parvamussium is
represented by the species P. bronni reported from Austria, the
Czech Republic, Hungary and Ukraine. The species P. bronni
is distinguished from all other species of Paratethyan
Parvamussium by the absence of any radial sculpture and by
the presence of coarse commarginal lamellae on both left and
right valves (see Loffler, 1999, p. 121-123, pl. 27, figs. 1-5).
The main difference between P. bronni and P.
duodecimlamellatum, as pointed out by Mayer (1861 fide
Loffler, 1999), is the presence of commarginal lamellae on the
left valve and more distinct, always straight internal riblets in
the latter species. The earliest record of P. bronni is that from
the Zementmergel Formation at Bad Haring in Tyrol, Austria.
Based on its calcareous nannofloral content, indicative of the
NP22 Zone, the Zementmergel Formation is assigned to the
lower Kiscellian (Lower Oligocene; Loffler, 1999). The geo-
graphically closest occurrence of P. bronni was noted by
Oppenheim (1922, p. 20, pl. 3, figs. 14, 20) from Pouzdfany in
the Lower Oligocene of Moravia, Czech Republic.

The occurrence of P. bronni is well-documented in various
localities of the Kiscell Clay Formation in Hungary. By means
of an integrated study of planktic foraminifera and calcareous
nannofossils (lower part of the NP24 Zone), a late Kiscellian
(Late Oligocene) age is indicated for the Kiscell Clay Forma-
tion (Baldi, 1986). This essentially Paratethyan species was
also found in the Skyba Unit of the Ukrainian Carpathians. A
few poorly preserved specimens of P. bronni were derived
from the Middle Menilite Subformation exposed along the
Chechva River (Popov ef al., 2009). Dark micaceous argillite
shales cropping out at Spas yielded a calcareous
nannoplankton assemblage that indicates the Oligocene/Mio-
cene boundary (the boundary between the NP25/NN1 zones).

PARVAMUSSIUM DUODECIMLAMELLATUM (BRONN, 1831)

Amongst Parvamussium species recognized within the
Miocene Paratethyan fauna, P. duodecimlamellatum is rela-
tively common. According to Sacco (1897), it is certainly a di-
rect descendent of the Oligocene P. bronni. In the Paratethys its

oldest specimens come from the Puntok Schlier Formation in
Hungary and were regarded as biostratigraphically important.
Based on the calcareous nannofloral content, indicative of the
NN2 Zone, the Puntok Schlier Formation is assigned to the
Eggenburgian (Lower Miocene; Hamor et al., 1987). Follow-
ing Bohn-Havas et al. (1987) P. duodecimlamellatum and
Lentipecten denudatus (Reuss) are characteristic scallop spe-
cies in basin facies of the Eggenburgian within two pectinid
zones i.e. the Chlamys gigas assemblage Zone and Chlamys
palmata—Chlamys crestensis assemblage Zone.

It seems that Hungarian records are the oldest evidence of
this Miocene to Pleistocene species. Up to now
P. duodecimlamellatum was unknown from strata older than
the lower Eggenburgian (base of the Lower Miocene). In the
Mediterranean area it was reported from the uppermost
Burdigalian (uppermost Lower Miocene) of Italy (Sacco,
1897). Its presence in the Chattian (Upper Oligocene) in the
eastern Atlantic (Lusitanian Province) was only presumed: in
the opinion of Deperet and Roman (1928, p. 180, 181), speci-
mens from the French Atlantic coast illustrated and described
by Cossmann and Peyrot (1914, pl. 13, figs. 3-7, pl. 15, fig. 24)
as Variamussium cf. felsineum Foresti doubtlessly represent
duodecimlamellatum. This was also stated by Eriinal-Erentdz
(1958) and Robba (1968). An entirely different opinion was ex-
pressed by Kautsky (1928), Meznerics (1936), Krach (1957)
and Csepreghy-Meznerics (1960) who accepted the designa-
tion by Cossmann and Peyrot (1914). Thus, only re-study of the
French material may allow its reliable identification.

The species P. duodecimlamellatum is regarded to be char-
acteristic in the basin facies of the Lower Badenian (Baden
Clay Formation) in Hungary (Bohn-Havas et al., 1987). Its oc-
currence together with Costellamussium cristatus badense
(Fontannes) indicates the lower part of the Flabellipecten
besseri assemblage Zone. The available evidence suggests that
in other parts of the Central Paratethys P. duodecimlamellatum
is rarely encountered. No specimen was detected by
Kowalewski (1966) within bivalve material from more then
100 boreholes drilled through the Middle Miocene sequence in
the Carpathian Foredeep Basin in Poland. Individual speci-
mens of P. duodecimlamellatum are present in Lower
Badenian clays in northwestern Bulgaria (Kojumdgieva 1960,
p. 73, 74, pl. 25, figs. 9, 10).

Although Deperet and Roman (1928, p. 180—182) believed
that Bronn’s species is adequately defined, it has been fre-
quently misidentified with P. felsineum from which it differs in
its external ornamentaion of the left valve (see discussion in
Deperet and Roman, 1928; Kautsky, 1928; Meznerics, 1936;
Harzhauser et al., 2011). Kautsky’s (1928, p. 254) claim that
the majority of specimens from Baden and Steinebrunn in Aus-
tria as well as those from Lapugy in Romania ascribed by
Hornes (1867, p. 420, 421) to duodecimlamellatum represent
typical felsineum was accepted by Deperet and Roman (1928,
p. 183, pl. 27, figs. 12, 12a, 13, 13a) and more recently by
Schultz (2001, p. 162—164, pl. 15, figs. 10a, b, 11a, b) who con-
sidered specimens from the uppermost Lower Badenian at
Baden identical to Foresti’s species felsineum. Finally, due to
the insufficient description and very poor illustrations the iden-
tification of many Paratethyan specimens assigned to both
duodecimlamellatum (e.g., Nicorici, 1977, p. 130, 131) and to
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felsineum (e.g., Stancu et al., 1971, pl. 4, figs. 3, 4) is unclear
and they still remain to be investigated.

It is established that P. duodecimlamellatum inhabited the
Mediterranean Province at least since the late Burdigalian
(Early Miocene) and persisted up to the Early Pleistocene. So
far its oldest record throughout the Mediterranean is from the
upper Burdigalian at Sciolze in the Turin Hills (Sacco, 1897, p.
48, 49) whilst its youngest record is in the Lower Pleistocene
strata near Grammichele in Sicily (Malatesta, 1960, p. 238). Its
presence is well-documented in the central and eastern Medi-
terranean: in numerous, especially Pliocene outcrops in Italy
(Sacco, 1897; Deperet and Roman, 1928; Ruggieri, 1950,
1957; Malatesta, 1960; Glibert and Van de Poel, 1965; Robba,
1968; Caprotti, 1974; Ceregato et al., 2007), southern Turkey
(Eriinal-Erentdz, 1958), and in Syria (Roger, 1939). In con-
trast, there are scarce data about its presence in the western
Mediterranean, and its Pliocene occurrences in Spain and
France (Lozano-Francisco, 1997) need confirmation, the more
so as, as in the senior author's opinion, numerous Pliocene
specimens from both the Var Basin in southern France and the
Estapona Basin in Spain which are referred to as P. duodeci-
mlamellatum by Lozano-Francisco (1997, p. 313-315, pl. 32,
figs. 1-10) are actually closer to P. felsineum.

PARVAMUSSIUM FELSINEUM (FORESTIL, 1893)

Parvamussium shells from the Central Paratethys bearing ra-
dial sculpture on the left valve were formerly always identified
as P. felsineum. According to the number of internal riblets they
certainly belong to at least two species, viz., P. fenestratum
(14-24) and P. miopliocenicum (10-12) or P. felsineum
(10-12). The latter species was introduced by Foresti (1893,
p. 381, 382) on the basis of the Pliocene material found at Ponti-
cello in the Val Savena near Bologna. According to the original
description, the fragile shell (up to ca. 10 mm high) is oval in
outline (wider than high), with reticulate sculpture: very numer-
ous and easily visible thread-like radial riblets cutting less promi-
nent and more loose commarginal lamellae form elegant
reticulae, mainly near the beak. The internal surface bears ten to
twelve radial riblets, sometimes with a few rudimentary intersti-
tial ones, terminating at some distance from the ventral margin.
From the end of the internal riblets to the ventral margin, the
shell is very thin, transparent and finely striated. Unfortunately,
no type material of felsineum was figured by Foresti. Only infor-
mation that both ornamentation and arrangement of internal
riblets in felsineum is similar to that in Amussium cancellatum
Smith, 1885 may justify the presumption that reticulate sculpture
is present on the left valve whilst the right valve is ornamented
with closely spaced commarginal lamellae.

The species P. felsineum seems to be scarcely sparsely
within the Mediterranean area. It is reported from the Pliocene
of Italy (Foresti, 1893; Ruggieri, 1950). Its supposed occur-
rence in the eastern Middle Miocene Mediterranean is based on
Roger’s (1939) record from Syria. Unfortunately, no illustra-
tions of the Mediterranean felsineum were provided.

The occurrence of P. felsineum in the Oligocene of the
Paratethys was only presumed (Baldi, 1986). A well-docu-
mented record apparently begins with the Karpatian (Early
Miocene) of Slovenia and Slovakia (Meznerics, 1936;
Harzhauser ef al., 2011, respectively). The Paratethyan speci-

mens of P. felsineum appear to conform in many important re-
spects to the typical form described from the Pliocene of Italy;
although Paratethyan specimens are somewhat elongated and
slightly posteriorly oblique (the type specimens are almost cir-
cular in shape, somewhat wider than high). Their left valves
bear a reticulate sculpture produced by intersecting numerous
(about 30 at central disc portion) prominent radial ribs and deli-
cate commarginal growth lines in early to medium growth
stages, and with prominent commarginal sculpture in late
growth stages (while the type specimens show much weaker
but more regular reticulate sculpture). Interstitial riblets inside
left valves are not observed. Therefore, Meznerics (1936,
p. 124, 125) proposed the name Amussium (Variamussium)
felsineum Foresti var. styriaca for specimens with prominent
reticulate sculpture on the left valve.

In the Paratethys this morphotype of P. felsineum with
strongly radial sculpture is reported from the Lower Miocene
clayey deposits (Karpatian) of Slovenia and Slovakia, and from
the Middle Miocene (Lower Badenian) of Poland (Meznerics,
1936, pl. 1, figs. 1-6; Harzhauser et al., 2011, fig. 11.1-4;
Krach 1957, pl. 1, figs. 1, 18, respectively).

Moreover, the presence of P. felsineum is documented in
several outcrops of the Lower Badenian in the north-western
Bulgaria (Kojumdgieva, 1969, 86, pl. 2, figs. 3-11) and in the
Lower-Middle Miocene of the Vienna Basin in Austria
(Deperet and Roman, 1928, pl. 27, figs. 12, 12a, 13, 13a;
Schultz, 2001, 162-164, pl. 15, figs. 10, 10a, 11, 11a).

The considered morphotype styriaca resembles very close-
ly P. fallax (Korobkov, 1936) widespread in Upper Eocene
strata in Caucasus, Russia and Georgia (Korobkov, 1936, p. 70,
71, pl. 1, figs. 1-13, pl. 2, figs. 1-3; Korobkov, 1954, pl. 73,
figs. 3-5), westwards to Hungary (Baldi, 1986, pl. 1, fig. 1).
The two species are somewhat elongated and slightly posteri-
orly oblique in shape with similar reticulate sculpture visible on
the left valve. Moreover, they have the same shape and number
of internal riblets restricted to the proximal four-fifths of the
height and lack of interstitial riblets. In the opinion of the senior
author, these morphological shell features suggest that P.
felsineum might be a direct descendent of the Eocene P. fallax.

PARVAMUSSIUM FENESTRATUM (FORBES, 1844)

This species, extremely rare in the Neogene Mediterranean
Province has been reported from the Lower Miocene
(Burdigalian) in Italy (Sacco, 1897) and from the Lower Plio-
cene (Zanclean) in Spain (Vera-Peldez et al, 1995;
Lozano-Francisco, 1997, 1998). Recently it is also recorded as
sparsely distributed through the Mediterranean Sea (Smriglio
and Mariottini, 1990; Poppe and Goto, 1993; Dijkstra and
Gofas, 2004; Mastrototaro et. al., 2010). Its Paratethyan record
is apparently restricted to the Middle Miocene (Upper
Badenian) and the first record is presented in this paper.

PARVAMUSSIUM KOSLOVI (ZHIZHCHENKO, 1953)

Zhizhchenko (1953, p. 238, 239) erected the species koslovi
on the basis of Middle Miocene material derived from the
Lower Badenian deposits in the Bilche—Volytsia Zone of the
Carpathian Foredeep Basin in Ukraine. According to the origi-
nal description, Amussium (Variamussium) koslovi shares
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many features in common with P. bronni. The two species have
the left valve ornamented with numerous commarginal
lamellae and both have the same number of internal ribs. For an
unknown reason Zhizhchenko designed as a holotype a right
valve of which the external character was not known to him
(Zhizhchenko, 1953, pl. 2, fig. 1). The original figure of koslovi
(Zhizhchenko, 1953, pl. 2, figs. 1, 2) suggests that it may be
more appropriately attributed to P. duodecimlamellatum, with
which it shares the same shape and number of internal ribs
(Deperet and Roman, 1928, pl. 27, fig. 6a, b; Kojumdgieva,
1960, pl. 25, fig. 9b; Hertlein, 1969, N350, fig. C73. 2a, b).

Unfortunately, the type specimens of koslovi have not been
found and the character of the external right valve is not
known, and thus the validity of this species must remain uncer-
tain. No material apart from that described by Zhizhchenko is
known. Thus, a re-study of the type (apparently lost) or more
material is needed for a better founded interpretation of this
taxon. At present Parvamussium koslovi is considered as a
nomen nudum. It may possibly represent a distinct species, but
could also be regarded as conspecific with P. bronni or P.
duodecimlamellatum.

PARVAMUSSIUM MIOPLIOCENICUM (RUGGIERI, 1949)

Parvamussium miopliocenicum is a new name introduced
by Ruggieri for the Middle Pliocene (Piazenzian) specimens at-
tributed by Sacco (1897) and by Deperet and Roman (1928) to
P. felsineum. Undoubtedly, lack of illustrations of the
felsineum type specimens caused Sacco (1897, p. 49, pl. 14,
figs. 7-22) to assume incorrectly that Parvamussium speci-
mens from Bordighera were identical to Foresti’s species
felsineum. According to Ruggieri (1950, p. 79), the original de-
scription of felsineum by Foresti (1893, p. 381, 382) leaves no
doubt that Sacco’s figures of felsineum from Bordighera as
well as material illustrated by Deperet and Roman (1928,
p- 182,183, pl. 27, figs. 7-11) from Sant’ Agata and Bordighera
under the name Amussium felsineum have nothing in common
with Foresti’s species felsineum. They clearly represent differ-
ent species as recognized by the presence of reticulate sculpture
on the left valve and prominent but irregularly spaced radial
lirea on the right valve. For this species Ruggieri proposed the
name Amussium (Propeamussium) miopliocenicum, and des-
ignated as a holotype the specimen figured by Deperet and Ro-
man (1928, pl. 27, figs. 9, 9a). Ruggieri stated Bordighera in
Piedmont as the type locality of this species. This statement
was confirmed by Robba (1968, p. 489, 490), but unfortunately
it has been ignored by other authors.

The separation of miopliocenicum from felsineum is based
on the external sculpture of the right valve which in the latter
species bears only very closely spaced concentric lamellae
whereas in the former species distinctly finer and weaker, more
spaced concentric lamellae overrun irregularly spaced, delicate
(8 to 12) very narrow radial lirae, projecting scales at the inter-
section with lamellae (Deperet and Roman, 1928, pl. 27, figs. 9a,
10a; Robba, 1968, pl 37, figs. 6a, 7a). In several right valves
from Bordighera a set of commarginal lamellae closer to the
ventral margin have a ragged appearance due to projections at
their intersections with numerous, fine radial lines (Deperet and

Roman, 1929, pl. 27, fig. 7a). These specimens were reproduced
by Hertlein as left valves [sic!] of P. felsineum (1969, N350, fig.
C73. 2c).

So far, this Parvamussium species, highly variable in sculp-
ture, has been recorded from Upper Miocene (Tortonian) de-
posits in Piedmont (Deperet and Roman, 1928; Robba, 1968),
and from the Middle Pliocene of both Northern Italy (Sacco,
1897; Deperet and Roman, 1928; Ceregato et al., 2007) and
Calabria (Ruggieri, 1950).

In contrast, there are no data about its presence in the
Paratethys. But in respect to the taxonomic concept of Ruggieri
(1950) it is questionable whether all specimens deposited in
various museums, originally referred to felsineum, represent
this species. It seems likely that some of the Bulgarian speci-
mens sculptured with faint but distinct radial, 8 to 10 very nar-
row irregularly spaced ribs on the right valve (Kojumdgieva,
1969, p. 86) are actually closer to P. miopliocenicum.

ECOLOGICAL REQUIREMENTS
OF THE GENUS PARVAMUSSIUM

Modern Parvamussium is a diverse, cosmopolitan genus
including more than fifty species (del Rio et al., 2008 with ref-
erences; Dijkstra and Maestrati, 2008, 2010). The abundance
and diversity of Parvamussium reflects its preference for a tem-
perate and warm Pacific: researches by Dijkstra and Maestrati
(2008, 2010) have revealed 22 species of Parvamussium from
the South Pacific that are restricted to, or are most common in,
the bathyal zone.

Few data concerning environmental requirements are avail-
able for the fossil representatives of Parvamussium. Neverthe-
less, palaecontological findings suggest a similar geographical
preference to that in the present day. According to the records the
earliest occurrence of Parvamussium apparently begins in the
Early Cretaceous within circum-Pacific area (Sundberg, 1989
with references). At least six species are reported from the Lower
Cretaceous of Kyushu, Japan, Sarawak and Borneo (Tamura,
1973 fide Sundberg, 1989). Three other species are relatively
common in the Upper Cretaceous deeper water mudstones in
southern California, North America (Sundberg, 1989).

So far no species of Parvamussium is recorded from the
Upper Cretaceous of Southern Hemisphere but since the
Paleogene, Parvamussium has been noted from New Zealand,
southern Australia and southern South America (del Rio et al.,
2008). These findings should be complemented with at least six
species recorded from the Eocene deposits of the northern Cau-
casus (Korobkov, 1936). Contrary to Cretaceous records from
the Northern Hemisphere, the oldest palacontological data of
Parvamussium from the Southern Hemisphere seem to suggest
that at least during the Early Paleogene, Parvamussium inhab-
ited shallow environments (del Rio et al., 2008). Its occurrence
was detected in the shallow marine (littoral) carbonate se-
quence within Paleocene (Danian) formations in Patagonia,
Argentina. In the opinion of del Rio er al. (2008),
Parvamussium has drastically changed its ecological require-
ments during the Late Oligocene to Middle Miocene. Accord-
ing to Beu and Maxwell (1990), its occurrence in the Miocene
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of New Zealand was recognized within bathyal molluscan as-
sociations that seemed to have lived in the upper part of the
zone (ca. 200-800 m).

At present, only the family Propeamussiidae Abbott of the
subclass Pteriomorphia, increases its diversity with increasing
water depth (Beu and Maxwell, 1990). Very fragile,
thin-shelled, usually small (2 to 15 mm high) modern represen-
tatives of Parvamussium are mostly adapted to life in the
bathyal zone and they are infrequent in depths of less than
60 m. Previous studies suggest that only two species, viz.
P. scitulum (Smith, 1885) and P. pauciliratum (Smith, 1903)
inhabit littoral and sublittoral zones (Dijkstra, 1991). The latter
species was sampled from sublittoral depths (2745 m) in the
Indonesian Archipelago (Dijkstra, 1995) but subsequent re-
search documents its occurrence deeper than previously
known. It inhabits the bathyal zone (509—522 m) near the Solo-
mon Islands (Dijkstra and Maestrati, 2008).

Little bathymetric information is provided for the
Paratethyan Parvamussium species. The bivalve fauna recorded
by Baldi (1986) from the Oligocene Kiscell Clay Formation in
Hungary includes the “mud pecten” Parvamussium bronni
(Mayer) [originally identified as a subspecies of Propeamus-
siumi (Parvamussium) duodecimlamellatum], one of the most
common molluscs. The depositional environment is referred to
the upper part of the bathyal zone (depth 200—1000 m), which is
supported by the presence of the associated benthic foraminifera,
the barnacle genus Scalpellum Leach, the lobster genus
Thaumastocheles Bate and the nautiloid genus Afuria Bronn
(Baldi, 1986). A similar bathymetric requirement for P. bronni
was estimated by Loffler (1999).

Apart from P. bronni, the species P. felsineum (Foresti) is
known to occur in the upper part of the bathyal zone. Recently,
it was recognized within the Karpatian molluscan assemblages
from the Slovak Republic (Harzhauser et al., 2011). Along
with P. duodecimlamellatum (Bronn), it has also been reported

from Lower Badenian shallow clayey facies in northwestern
Bulgaria (Kojumdgieva, 1960, 1969).

The only species of the Paratethyan Parvamussium that is
extant is P. fenestratum (Forbes), characterized by a wide
bathymetric range, extending from 99 to 2600 m. It is one of
four Parvamussium species inhabiting the northeastern Atlan-
tic viz. P. fenestratum (Forbes, 1844), P. intuslaevis Dijkstra et
Gofas, 2004, P. permirum (Dautzenberg, 1925), and
P. propinguum (Smith, 1885) (Dijkstra and Gofas, 2004;
Olabarria, 2005). Out of these species only P. fenestratum
(Forbes, 1844) inhabits the Mediterranean Sea (Poppe and
Goto, 1993), living on muddy bottoms between scleractinian
coral banks at 300-530 m depth (Mastrototaro et al., 2010).
Thus, its scarceness in the Paratethys can be explained by the
absence of favourable environments. The species was de-
scribed from Upper Badenian sublittoral facies in the Roztocze
Hills, Poland represented by coralline-algal marly limestones
(Jakubowski and Musiat, 1977). Based on physical and
palacontological evidences Maslov and Utrobin (1958) postu-
lated that the Ternopil Beds (containing the P. fenestratum
shells) were deposited at a depth of a few tens of metres, below
fair-weather wave base.
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