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Middle Miocene freshwater mollusks from Lake Sinj
(Dinaride Lake System, SE Croatia; Langhian)

Tromas A. NEuBAUER!, OLEG MANDIC? & MATHIAS HARZHAUSER®

Abstract

This study provides the first assemblage-based taxonomic revision of the mollusk fauna of the
Middle Miocene Dinaride Lake System (DLS). The assemblage, consisting of more than 13.000
specimens, was sampled from a 100-m-thick Lower Langhian interval of the Lucane section in the
Sinj Basin (Croatia). 18 gastropod species and 3 bivalve species are detected from the succession.
All are endemic to the Dinaride Lake System. Within that system, the described fauna of Lake Sinj
displays strong similarities with the coeval and geographically close fauna of Lake Drnis. Reduced
faunistic relations to other lakes of the DLS are discussed to result from slightly different strati-
graphic ages and deviating paleoecologic settings. Many melanopsid and prososthenid gastropod
taxa in the literature are considered to be mere morphotypes of few polymorphic species resulting
in nomenclatorial rectifications.

Melanopsis lucanensis Neueauer n. sp. and Belgrandia klietmanni NEuBAUER n. sp. are intro-
duced as new species.

Key words: Miocene, freshwater, gastropods, bivalves, taxonomy, new species, variability.

Kurzfassung

Diese Arbeit présentiert die erste taxonomische Revision der mittelmiozdnen Molluskenfauna
des Dinariden-Seen-Systems (DLS) basierend auf der quantitativen Analyse einer distinkten Ver-
gesellschaftung. Die Vergesellschaftung aus mehr als 13.000 Individuen stammt aus einem 100 m
machtigen Intervall des unteren Langhiums des Lucane Profils im Sinj Becken (Kroatien). 18 Ga-
stropoden- und 3 Bivalvenarten wurden in der Abfolge nachgewiesen. Alle davon sind endemisch
fiir das DLS. Innerhalb des Seen-Systems zeigt die beschriebene Fauna groBe Ubereinstimmungen
mit der des gleich alten und geographisch nahe gelegenen Drnis-Sees. Deutlich geringere faunisti-
sche Beziehungen zu anderen Seen des DLS diirften auf etwas unterschiedliche stratigraphische
Alter und unterschiedliche paldodkologische Bedingungen zuriickzufiihren sein. Viele Melanop-
siden- und Prososthenien-Taxa der Literatur werden lediglich als Morphotypen einiger weniger
polymorpher Arten betrachtet, was zu zahlreichen nomenklatorischen Berichtigungen fiihrt.

Melanopsis lucanensis Neusauer n. sp. und Belgrandia klietmanni NEUBAUER n. sp. werden als
neue Arten eingefiihrt.

Schlusselworter: Miozin, Siilwasser, Gastropoden, Bivalven, Taxonomie, neue Arten, Varia-
bilitt.
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Introduction

During the Early and Middle Miocene Southeastern
Europe accommodated a series of long-lived freshwater
lakes, termed the Dinaride Lake System (DLS; Fig. 1;
Krsti¢ et al. 2003, HARzHAUSER & ManDIc 2008). This
system comprised a series of more or less interconnected
individual lakes which are usually termed according
to the geological basin in which the related sediments
are preserved. Due to erosion, the connections between
these basins are unknown and it cannot be categorically
excluded that the DLS existed as huge lake, covering
c. 75,000 km? during short episodes (HARZHAUSER &
Manbic 2008). The different stratigraphic ages of several
basins, however, point to a succession of lakes in time of
very variable extension spanning the time between ~18

and ~13 Ma. The stratigraphic data are available from
Lake Gacko (Manpic et al. 2011a), Southern Pannonian
Basin (Manpic et al. 2011b), Lake Pag (JIMENEZ-MORENO
et al. 2009), Lake Livno (De LEeuw et al. 2011) and Lake
Sinj (De Leeuw et al. 2010). Lake Drni§ (NEUMAYR 1869,
BrusiNa 1874, 1897) and Lake Kupres (Brusina 1902,
KocHansky-DEVIDE & Stiskovic 1981) provide further
mollusk-rich faunas which are still poorly dated.

Aside from new stratigraphic data only the taxonomic
analysis gives hints to the connectivity and faunistic
similarities between these basins. The Sinj Basin, which
was covered by Lake Sinj, represents a classic area of re-
search on Miocene mollusks. The taxonomic frame was
established already by the end of the 19" century in nu-
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merous extensive monographic studies (NEUMAYR 1869,
Brusina 1870, 1874, 1876, 1881, 1882, 1884, 1892,
1897, 1902 and 1907). Subsequently, Oruiic (1936, 1999)
tried to describe evolutionary lineages of prososthenid
and melanopsid gastropods. More recent investigations
dealt with the taxonomy and regional distribution of
Dreissenidae (KocHANsky-DEevIDE & Sriskovi¢ 1978,
HARzHAUSER & Manpic 2010), Unionidae (ZAGAR-SAKAC
1981, 1986, 1987, 1990, ZAGAR-SAKAC & SAKAC 1984),
Neritidae (JuriSic-PoLsak 1979) and certain Fossarulus
species (JurisSic-PoLsak 1984). A synthesis of the litera-
ture data on the gastropod fauna of the DLS is provided
by HArRzHAUSER & Manpic (2008) and an analysis of the
stable isotope patterns of several mollusk species from
the DLS is presented by HArRzHAUSER et al. (2011).

Geological setting

The studied Lucane section is located in Dalmatia, SE
Croatia (Fig. 1) and displays the upper part of the infill of
the Sinj Basin. This basin is a NW-SE elongated tectonic
depression within the External Dinarides, measuring
38 x 9 km (MaNDIC et al. 2009). Calculated from ESRI®
ArcGis® 9 data the lake sediments today preserved cover
an area of 132 km? within a karst region made up of
Mesozoic to Paleogene platform carbonates (KorBAR
2009). The sedimentary succession has been studied
by KERNER (1905 and 1916a, b), SUSNIARA & SCAVNICAR
(1974) and Susniara & Sakac (1988). Recently, MANDIC
et al. (2009) and De Leeuw et al. (2010) provided a de-
tailed sedimentological analysis and an age model, which
is based on Ar/Ar dating of volcanic ashes and magneto-
stratigraphy. According to these papers, the thickness of
the basinal infill in the studied region reaches more than
500 m. This investigation deals with its topmost interval
consisting of c. 100-m-thick coal-bearing limestones

(Fig. 2) which were deposited between 15.4 and 15.0
Ma (Early Langhian); the base of the section 39.5 m is
marked by a 40-cm-thick tephra layer, dated at 15.43 +
0.1 Ma (De Leeuw et al. 2010). The pollen record with
high abundances of thermophilous and xeric plants in-
dicates a generally subtropical climate (JIMENEZ-MORENO
et al. 2008). Recurrent changes between dry and humid
phases have been related to astronomical cycles (MANDIC
et al. 2009). The overall warm climate corresponds to
the conditions expected for the Middle Miocene Cli-
matic Optimum. Latest isotope analyses of mollusks
shells yielded a mean surface water temperature around
19-21°C (HARzHAUSER et al. 2011). Moreover, isotope
values were similar to those from coeval layers from the
Drnis§ Basin. This, and a high number of co-occurring
taxa (e.g., BRusiNAa 1874, 1882, 1897; NeumAYR 1869),
might indicate hydrological interconnection between
both lakes, whereas a possible influence of the proximate
proto-Mediterranean Sea can be excluded (HARZHAUSER
etal. 2011).

Material and methods

28 samples were treated by diluted H,0, and after-
wards sieved through a set of three sieves (250 um, 125
um and 63 pm). During this procedure a variable amount
of sediment was washed, reaching from about 150 g
to over 5 kg. In some cases, complete specimens were
picked out before sieving to prevent the fragile mollusks
from damage while washing. Only the residues of the
coarse fraction (250 um) were determined and counted.
In most gastropods the part bearing the protoconch was
counted, but in melanopsids and neritids the abapical
part with the aperture was used showing more character-
istic features. In bivalves for each species the number of
the most abundant valve was counted.

Systematics

The systematic order follows largely BoucHET & Ro-
crol (2005, 2010). For planorbid phylogeny insights of
recent studies on molecular data were adopted (ALBRE-
cHT et al. 2007). All specimens are stored in the collec-
tion of the Natural History Museum Vienna under the
prefix NHMW 2010/0042. Type materials from Brusina
(1874, 1876, 1882 and 1897), NEUMAYR (1869 and 1880)
and Orui¢ (1999) and material from the collection of the
NHMW have been studied.

Class Gastropoda Cuvier 1797
Subclass Neritimorpha GoLikov & StaroBoGATOV 1975

Superfamily Neritoidea RAFINESQUE 1815

Family Neritidae RAFINESQUE 1815
Subfamily Neritininaec Poey 1852

Genus Theodoxus MonTFoRrT 1810

Type species: Theodoxus lutetianus MonTrForT 1810
(= Nerita fluviatilis LInnAEUS 1758), Recent, France.

Theodoxus sinjanus (Brusina 1876)

PL 5, Figs. 5-7
1869 Neritina Grateloupana [sic] FERussac — NEUMAYR: 365,
pl. 12, figs. 16-17 (partim) [non Neritina Grateloupi-
ana Ferussac 1823].
1876  Neritina sinjana Brusina: 113.
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1884  Neritodonta sinjana BrRusINA — BRUSINA: 82.

1897  Neritodonta sinjana Brus. — BrusINA: 28, pl. 15, figs.
10-21.

1929  Theodoxus (Calvertia) sinjanus (BrusiNna) — WENz:
2980.

1974  Theodoxus (Calvertia) sinjanus (BrusiNa) — MiILAN et
al.: 110.

1979 Theodoxus (Neritaea) sinjanus (BrusiNa) — JURISIC-

Porsak: 19, pl. 3, figs. 4-11.

Material: 486 specimens from samples 20, 25, 26, 32,
33,37,42/41,43, 44,45, v1,v,y, B, Z, Y, V, T1, M2, L.

Dimensions: Height: up to 6 mm, diameter: up
to 8 mm.

Description: Protoconch flat and immersed,
smooth, consisting of c. 1 whorl. Spire short and bulky,
consisting of up to 4 whorls. The last whorl forms a
weak shoulder with a more or less straight ramp and
convex flanks. The aperture is semicircular; the inner lip
is nearly straight and the outer lip strongly convex. The
broad columellar plate is moderately dentated with the
maximum sculpture in its middle part. Coloring is highly
variable, including dense striation, zigzag lines or mot-
tled patterns. Usually, this pattern covers the entire shell;
in some cases it is limited to regular bands.

Remarks: It is separated from the DLS species T.
semidentatus (SANDBERGER 1875) by the distinctly lower
spire and it lacks the slight concavity within the adapical
third of the whorls. Theodoxus crenulatus (KLein 1853)
is widespread in coeval deposits of the freshwater sys-
tems fringing the Paratethys Sea (~15-12 Ma; Zwiefal-
tendorf/Germany, Soceni/Romania and the Vienna Basin;
HarzHAUSER & ManDic 2008). A main difference between
T. crenulatus and T. sinjanus is that in the latter the wrinkles
and folds of the columellar pad are most prominent in its
middle part and reach there far to the base, thus covering
a more or less trigonal area of the pad. The Early Miocene
Theodoxus grateloupianus (FErussac 1823) sensu Lozouet
et al. (2001) develops a deep suture between last whorl and
spire and its callus pad is well demarcated from the base.

Distribution: Endemic species of the Dinaride
Lake System (DLS), known from Lake Sinj and Lake Drnis§
(Brusina 1884, 1897, 1907; Jurisic-PoLsAk 1979; JURISic-
PoLsak et al. 2000). It is recorded from the localities Sinj
(Zupica potok / type locality, Novi bunar), Lu¢ane (41.5—
129.5 m), Brnaze (well NB-1), Crveni klanac and Mio¢ic.

Subclass Caenogastropoda Cox 1959
Order Cerithiimorpha GoLikov & STaroBoGATOV 1975
Superfamily Cerithioidea FLEMING 1822
Family Melanopsidae H. & A. Abawms 1854

Genus Melanopsis FErussac 1807

Type species: Buccinum praemorsum LinnaEUS 1758,
Recent, Spain.

Melanopsis lanzaeana Brusina 1874
PL 1, Figs. 13-21

1869  Melanopsis pygmaea “PartscH” — NEUMAYR: 356, pl.
12, fig. 1 [non Melanopsis pygmaea HornEs 1856].

1874 Melanopsis Lanzaeana BrusinA: 34.

1884  Melanopsis Trstenjaki BrRusina: 55.

1897 Melanopsis Lanzaeana Brus. — BrusINA: 12, pl. 5, figs.
7-8.

1897 Melanopsis Lanzaeana rugosa Brusina: 12, pl. 5, fig. 9
[non Melanopsis rugosa HANDMANN 1887].

1897  Melanopsis Trstenjaki Brus. — BrusiNA: 15, pl. 4, fig.
9.

1929 Melanopsis lanzaeana lanzaeana BRrusiNA — WENZ:
2770.

1929  Melanopsis lanzaeana rugosa Brusina — Wenz: 2771.

1999 Melanopsis lanzae lanzae (Brusina) — Orunc: 21, 49,

pl. 2, figs. 13-14, 21.

Melanopsis lanzae rugosa (Brusina) — Oruiic: 21, 49,
pl. 2, figs. 15-18, 22-24, pl. 3, fig. 25.

Melanopsis lanzae costata Ovunc: 21, 49, pl. 2, figs.
19-20, pl. 3, figs. 26-28 [non Melanopsis costata (OL-
vier 1804), non Melanopsis costata NEuMAYR 1869].
Melanopsis trstenjaki Brusina — Orunc: 21, 50, pl. 3,
fig. 29.

Melanopsis lanzae senilis Orunc: 22, 50, pl. 3, figs.
30-32, 34.

1999

1999

1999

1999

Material: 847 specimens from samples 25, 32, 33, 37,
43,44,7,Y,V, T1, M2, L, J, A.

Dimensions: Height: 5-10 mm, diameter: 3—5
mm, spire angle: 50-70°.

Description: Protoconch conical and smooth,
consisting of about 1 whorl. Spire conical and compact,
consisting of up to 8 straight to slightly convex-sided
whorls. The strongly adpressed whorls form a coeloco-
noid outline. Only few specimens develop sculpture of
opisthocline axial ribs on early teleoconch whorls (=
costata-morphotype in Oruii¢ 1999). These are of highly
variable number and strength. Nodes occur on the ribs
close to the upper suture on the last 2—4 whorls, being
arranged into a more or less prominent spiral row. The
nodes may form well defined knobs, pointing towards
the apex, or indistinct, strongly axially elongate swell-
ings. Both sculpture elements, nodes and ribs, may even
be largely reduced (= rugosa Brusina 1897) or are com-
pletely missing (= lanzaeana BRusINA 1874 s.str.). The
suture below the row of nodes is only weakly incised.
The axial ribs grade into sigmoidal ribs which fade out
on the base towards the siphonal canal. The last whorl
develops a distinct shoulder and attains about 50-60%
of the total height. The aperture is ovoid, elongate with
narrow posterior angulation and wide convex posterior
margin, with short siphonal canal and convex outer lip.
The inner lip is thickened, reaches to the base and shows
a very prominent callus pad. The columella may rarely
develop a weak convexity in the middle part of the ap-
erture. This can result in an indistinct swelling without
forming a fold. Rarely, the original coloring is preserved
as brown to yellow zigzag lines.
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Remarks: Melanopsis lanzaeana is a morphologi-
cally very variable species with numerous morphotypes.
Although their stratigraphic ranges may overlap, most of
the morphotypes tend to be confined largely to certain
stratigraphic levels. Three morphotypes are especially
distinct:

1. Melanopsis lanzaeana (s.str.) morphotype A is charac-
terized by a lack of sculpture and represents the M. lanzaeana
as defined by BrusiNa (1874). It appears within the samples
25,32,33,37,43,44,7,Y, T1, M2 with 486 specimens.

2. Melanopsis lanzaeana morphotype B develops
weak sculpture consisting of weak ribs and nodes, which
may cause large swellings. It is represented in samples
44,7,Y,V, J with 129 specimens. This morphotype was
described as Melanopsis lanzaeana rugosa by BRusINA
(1897). According to ICZN 53.3 this name, however, is
unavailable as a primary homonym of Melanopsis ru-
gosa Hanpmann 1887 which was established for a Late
Miocene species from the Vienna Basin.

3. Melanopsis lanzaeana morphotype C bears a large
number of prominent axial ribs and small distinct knobs.
It occurs in samples Z, V, T1, L, J, A with 232 speci-
mens. Orun¢ (1999) introduced the name Melanopsis
lanzae costata for this morphotype. According to ICZN
53.3 this name is unavailable as a primary homonym of
Melanopsis costata Neumayr 1869 (= Melanopsis cos-
manni PaLLary 1916) which is an Early Pliocene species
from Slavonia. Moreover, it is a secondary homonym of
Melania costata OLivier 1804, which is an extant species
in the Eastern Mediterranean region.

Apart from these 3 morphotypes, OLun¢ (1999) con-
sidered two other taxa from stratigraphically younger
deposits as members of the lanzaeana-lineage: M. trsten-
jaki Brusina 1884 and M. lanzae senilis Orunc¢ 1999.
M. trstenjaki from Potravlje (Sinj Basin), is similar to
M. lanzaeana morph C but has more wide-spaced ribs
and the nodes are more spiny and pointing upwards. M.
. senilis has a strongly reduced sculpture with traces of
both axial ribs and a single row of nodes. These two taxa
indeed seem to represent morphological entities within
the phylogenetic lineage of M. lanzaeana and should be
treated as morphotypes D and E.

Melanopsis lanzaeana differs from Melanopsis lyr-
ata in its more compact habitus, the prominent callus
pad, the mostly missing or weakly expressed colum-
ellar fold and by having just one row of nodes (in sculp-
tured specimens). NEUMAYR (1869) misidentified this
species as Melanopsis pygmaea Hornes 1856, which is
a much younger species from Lake Pannon (Parp 1953,
HaRrRzHAUSER & ManDpic 2008). Aside from the huge
stratigraphic gap between both species, Melanopsis pyg-
maea differs in its much more slender and higher conical
shell from M. lanzaeana.

Distribution: Melanopsis lanzaeana is an en-
demic DLS species known exclusively from Lake Sinj
(Lucane section, 48—137 m, Ribari¢ section, BRUSINA
1874, 1897).
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Melanopsis lucanensis NEUBAUER n. sp.
Pl. 1, Figs. 10-12

Material: 9 specimens from samples 43, 44.

Holotype: NHMW Inv. 2010/0042/0001, height: 13 mm,
diameter: 5 mm, spire angle: 35°; illustrated on pl. 1, figs.
10-12. — Paratype 1: NHMW Inv. 2010/0042/0002, height: 28
mm, diameter: 13 mm, spire angle: 35°; from sample 43 (68.5
m); Paratype 2: NHMW Inv. 2010/0042/0035, height: 10 mm,
diameter: 4 mm, spire angle: 30°; from type stratum; Paratype
3: NHMW Inv. 2010/0042/0036, height: 16 mm, diameter: 6
mm, spire angle: 35°; from sample 43 (68.5 m).

Derivatio nominis: Named after the section.

Locus typicus: Sinj, Luane Section.

Stratum typicum: Within lacustrine limestone-
lignite interbeddings at the Lucane Section at 69.5 m
(sample 44).

A ge: Early Langhian, Middle Miocene.

Diagnosis: A slender, high conical melanopsid
with elevated spire, relatively short last whorl and a sub-
sutural swelling.

Description: Protoconch conical, consisting of
about 1 whorl. Spire high conical, consisting of about 8
straight to slightly convex sided whorls. Sutures weakly
incised, resulting in profile in a more or less straight
outline. Whorls become continuously larger, with a
last whorl making up about 30% of the total height.
Sculpture starts within the last 3—5 whorls, expressed by
weak to prominent swellings below the sutures. Aperture
ovoid, elongate and narrow, with convex outer and in-
ner lip. The latter is very weakly developed and lacks a
callus pad. The columella shows about 5 weak fasciolar
bands that start in the middle of the aperture and become
stronger towards the neck. The species displays a high
variability in size. One specimen appears to be about two
to three times larger than the other type attaining c. 35
mm in height and 15 mm in diameter. The holotype, be-
ing the most complete specimen, is a subadult specimen
as suggested by the relatively long siphonal canal (~% of
total height).

Remarks: Melanopsis lucanensis differs from
other morphologically similar species (M. visianiana
Brusina 1874, M. friedeli Brusina 1885, M. astathmeta
BrusiNa 1897, M. filifera NEumayRr 1880) mostly by the
presence of the subsutural swelling or by the strength of
that feature (M. sinjana Brusina 1874). Due to the high
spire, the last whorl is much smaller in M. lucanensis
than in M. hranilovici BRusiNa 1897, M. sinjana BRusiNA
1874, M. visianiana BRusINA 1874, M. astathmeta Brusi-
NA 1897 and M. filifera Neumayr 1880. Furthermore,
most of these species occur in quite different regions: M.
hranilovici BRusINA 1897 is known from Sarajevo region
(BrusINA 1897), M. friedeli Brusina 1885 is described
from Podvornica (Brusina 1897), M. acicularis FErus-
sac 1823 from Repusnica, Western Slavonia (NEUMAYR
1869) and M. astathmeta Brusina 1897 occurs in Ma-
lino, Slavonia (Brusina 1897). Hence, all species except
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M. hranilovici are Pliocene in age; the latter one is Mi-
ocene in age.

Melanopsis enodata BrusiNa 1897 is slightly reminis-
cent species of the new species. It was originally intro-
duced as subspecies of Melanopsis geniculata BRusINA
1874 from Zupica potok (Sinj Basin). It corresponds to
M. lucanensis in its rather slender shape and the delicate
swelling below the sutures but is smaller and has an el-
liptical outline. In addition, it bears conspicuous bulges
beneath the swellings and remnants of weak axial ribs on
the last whorl.

Distribution: Known so far only from Lake Sinj
(Lucane section, 68.5-69.5 m).

Melanopsis lyrata NEumAYr 1869
PIL 1, Figs. 1-9,2

1869 Melanopsis (Canthidomus) lyrata Neumayr: 358, pl.
11, figs. 8a-b.

1874  Melanopsis lyrata NEUMAYR — BRUsINA: 4445,

1874  Melanopsis lyrata var. cylindracea Brusina: 45.

1874  Melanopsis lyrata var. misera BrusiNa: 45.

1876  Melanopsis cylindracea Brusina — BrRusINA: 115.

1897 Melanopsis lyrata Neumayr — Brusina: 10, pl., 4, figs.
6-7.

1897 Melanopsis misera Brus. — Brusina: 10, pl. 4, fig. 8.

1929  Melanopsis cylindracea Brusina — WENZ: 2698.

1999 Melanoptychia lyrata glabra Orunc: 20, 48, pl. 1, figs.
la—b [non Melanopsis glabra Brusina 1874].

1999 Melanoptychia lyrata semicostata Orunc: 20, 48, pl. 1,
figs. 2-4.

1999 Melanoptychia lyrata costata Orusic: 20, 48, pl. 1, figs.
5-12 [non Melanopsis costata (Orivier 1804), non
Melanopsis costata NEumAYR 1869].

1999 Melanopsis lyrata lyrata Neumayr — Orusic: 20, 48, pl.

1, figs. 7-10.

Material: 1210 specimens from samples 20, 25, 26, 32,
33,37,42/41,43,44,45,7,V, T1,L, J.

Dimensions: Height: 8-14 mm, diameter: 3-5
mm, spire angle: 40—-60°.

Description: Protoconch smooth and conical,
consisting of about 1 whorl. Spire high conical, consist-
ing of up to 8 slightly convex sided whorls. In profile the
whorls are sub-parallel or may form a conical outline.
In sculptured morphotypes early teleoconch whorls may
bear prominent opisthocline axial ribs of highly vari-
able number. They are equal in width or narrower than
the interspaces between the ribs. On the last 2—4 whorls
nodes occur on the ribs close to the upper suture, being
arranged into two more or less prominent spiral rows.
These nodes may form well defined knobs (costata-mor-
photype in Orus¢ 1999) or strongly axially elongate
swellings (semicostata-morphotype in Orusi¢c 1999).
Both sculpture elements, nodes and ribs, may even be
largely reduced (glabra-morphotype in Orun¢ 1999). If
present, the two rows of nodes are separated by a slight
concavity. The suture below the lower row of nodes is

typically incised. The two rows of nodes persist on the
last whorl which is nearly cylindrical in its upper half
and then passes gradually into the convex base. The axial
ribs grade into sigmoidal ribs which fade out on the base
towards the siphonal canal. The height of the last whorl
attains about 50-60% of the total height. The aperture
is ovoid, elongate with narrow posterior angulation and
wide concave posterior margin, with short siphonal canal
and convex outer lip. The canal is delimited by a narrow
but well defined fold. The inner lip is weakly thickened,
often weakly separated from the base and lacks a callus
pad. The columella develops a pronounced convexity in
the middle part of the aperture. This convexity may form
an indistinct swelling or may near a very strong colum-
ellar fold perpendicular to the axis. A single but well de-
veloped fasciole appears on the base. Rarely, the original
coloring is preserved as brown to yellow zigzag lines.

Remarks: Melanopsis lyrata is a quite variable
species. Whilst the holotype of NEumaYR (1869) is a
very slender shell with prominent nodes, Orusn¢ (1999)
illustrates much more bulky shells with predominant
axial sculpture. Orun¢ (1999) introduced several new
infraspecific names in the Melanopsis lyrata complex,
referred to in text as forms and therefore not representing
available subspecies names (ICZN 1999: Article 15.2).
Oruii¢ (1999) classified shells with columellar fold with-
in the genus Melanoptychia Neumayr 1880. Therefore,
all the newly established ‘subspecies’ of M. lyrata were
defined as belonging to Melanoptychia, while the nomi-
nal form M. lyrata s.str. was classified as Melanopsis.
Apart from this being an invalid and taxonomically non-
sensical procedure, the taxonomic validity of Melanop-
tychia is doubtful. Already JexeLius (1944) recognized
that all Melanoptychia species in the Late Miocene Lake
Pannon have counterparts within Melanopsis. The ab-
sence or presence of a columellar fold may thus be a
mere intraspecific variation or influenced by hybridiza-
tion (BanpeL 2000). If placed into Melanopsis (as we
do), the names costata and glabra are preoccupied by M.
costata NEUMAYR 1869 (= M. cosmanni PALLARY 1916),
Melanopsis costata (OLivier 1804) and Melanopsis gla-
bra Brusina 1874. Furthermore, OLuiic¢ (1999) did not
define holotypes, either. In conclusion, the new species
group names introduced by Oruinc¢ (1999) are neither
taxonomically nor nomenclaturally valid.

Despite those problems, the various morphotypes of
Melanopsis lyrata do not co-occur randomly but appear
in distinct stratigraphic layers. Based on this evidence 4
morphotypes can be defined, marking them with letters
A to D for more clear expression of their nomenclatural
status:

1. Melanopsis lyrata morphotype A is characterized
by reduced sculpture (glabra-morph in Orui¢ 1999)
—no ribs or nodes — and occurs in samples 20, 25, 26, 32,
33,37,42/41, 43, 45 with 746 specimens.

2. Melanopsis lyrata morphotype B comprises mor-
phologies with few and blunt ribs (semicostata-morph in
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Oruii¢ 1999) that occur only on the last 2-3 whorls. It is
represented in samples 43, 44, Z with 399 specimens.

3. The comparatively more stout and spiny shells of
Melanopsis lyrata morphotype C, referred to as “cos-
tata” by Oruinc 1999, occur in sample Z with 17 speci-
mens. Sculpture appears only on the last 2—3 whorls.

4. Melanopsis lyrata morphotype D is the more deli-
cate morphotype, with numerous axial ribs and nodes
starting even at the first few whorls, representing the
typical M. lyrata. It appears in samples Z, V, T1, L, J
with 48 specimens.

Melanopsis lyrata differs from Melanopsis lanzaeana
BrusiNa 1874 in its cylindrical last whorl, the elongate
shape, the lack of a callus pad and by having two rows of
nodes (in sculptured specimens). Generally, Melanopsis
lanzaeana seems to develop only very rarely Melanopty-
chia-morphs with weak columellar fold. BrusiNa (1874)
describes a variety of this species, called Melanopsis
lyrata var. cylindracea. Subsequently, it was elevated
to species level (BrRusina 1876) without illustration. It
is more cylindrical and much larger (about 20 mm in
height), but with regard to intraspecific variation it can-
not be sufficiently separated from the nominal species.
Likewise, Melanopsis misera Brusina 1874, original-
ly treated as variety of M. lyrata, was later treated as
distinct species by BourGUIGNAT (1880) and BRusIiNA
(1884). It is smaller, more conical and bears axial ribs
with two distinct rows of spiny nodes. Herein, we con-
sider tentatively this taxon as another morphotype of M.
lyrata, following the original concept of BRUSINA (1874).
Similarly, the validity of Melanopsis panciciana BrRusiNa
1874 and Melanopsis kispatici BRusINA 1897 appears to
be rather doubtful regarding the similarity of shape and
sculpture with M. lyrata.

Distribution: Melanopsis lyrata is an endemic
DLS species known from Lake Drni§ (Mioc€i¢, BRusINA
1874, 1897), Lake Sinj (Ribari¢, NEUMAYR 1869, Lucane
section, 41.5-130.5 m) and Lake Gacko (Unit D in Vr-
bica and Gracanica opencast coalmines, MANDIC et al.
2011a).

Order Littorinimorpha GoLikov & STArRoBOGATOV 1975
Superfamily Rissooidea GrRay 1847
Family Hydrobiidae Stimpson 1865
Subfamily Pyrgulinae Brusina 1881

Genus Prososthenia Neumayr 1869

Type species: Prososthenia schwartzi NEUMAYR
1969, Miocene, Dalmatia/SE Croatia.

Prososthenia bicarinata Oruic¢ 1999
Pl. 4, Fig. 7

1999 Prososthenia bicarinata Orunc: 28, 56, pl. 7, figs.
84-89.

Material: 1 specimen from sample Z.

Dimensions: Due to fragmentation no measure-
ments can be taken, but the height is estimated to range
around 6—7 mm.

Description: Only the last whorl lacking the ap-
erture is preserved. The identification of the fragment is
based on the sculpture consisting of two keels. The first
one is situated below the suture, the second one around
the middle of the whorl, forming a concave interspace.

Remarks: According to the type material de-
scribed by Orunc¢ (1999) this species is extremely bulky
and irregularly shaped, which allows a clear separation
from all other representatives of the genus.

Distribution: An endemic DLS species known
so far only from Lake Sinj (Orlov kuk section, Orus¢
1999, Lucane section, 110 m).

Prososthenia cincta NEumayr 1869
PL 3, Figs. 7-14, P1. 4, Figs. 1-2, 5

1869  Prososthenia cincta nov. sp. NEUMAYR: 361, pl. 12, fig.
5 [plate legend gives erroneously Fig. 5 as P. Schwartzi,
and Fig. 6 as P. cincta. See HereicH & NEumMAYR (1875:
422) for correction].

1874  Prososthenia Schwarzi [sic] var. cingulata BRusINA:
50.

1897 Prososthenia cincta ecostata Brusina: 18, pl. 8, fig.
26.

1926  Prososthenia cincta ecostata Brusina — WENZ: 1989.

1926  Prososthenia cincta cincta Neumavr — WENz: 1989.

1999  Prososthenia cetinae Ovuinc: 23, 51, pl. 4, fig. 51 [par-
tim].

1999 Prososthenia cetinae eminens Oruic: 24, 52, pl. 4, fig.
51.

1999  Prososthenia cincta primaeva OrLunc: 25, 53, pl. 5,
figs. 5255 [partim].

1999 Prososthenia cincta ecostata Brusina — Oruiic: 25, 53,
pl. 5, figs. 56, 64, pl. 6, fig. 75.

1999  Prososthenia cincta semievoluta OLunc¢: 25, 53, pl. 5,
figs. 57-61, 65, pl. 6, fig. 69.

1999 Prososthenia cincta cincta NEumAYR — Oruiic: 25, 53,
pl. 5, figs. 62, 6667, pl. 6, figs. 70-71.

1999 Prososthenia sutinae Oruiic: 26, 53, pl. 6, figs. 76-79.

1999 Prososthenia sutinae lateralis Orunc: 26, 54, pl. 6, fig.
76.

1999 Prososthenia sutinae electa Orusic: 26, 54, pl. 6, figs.
77-78.

1999 Prososthenia sutinae pretiosa Orusic: 26, 54, pl. 6, fig.
79.

Material: 869 specimens from samples 44, 45, v1, v, vy,
Z,Y,V,T1,0, M2, Lx, L, J.

Dimensions: Height: 2.5-5.5 mm, diameter: 1-2
mm, spire angle: 30—45°.

Description: Protoconch slightly granular, con-
sisting of about 1 broad trochiform whorl. Spire coni-
cal, from slender to very bulky, consisting of up to 6
straight-sided to convex whorls with strongly incised
sutures. The first 1-2 whorls are always smooth. After-
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wards, in some morphotypes, weak to prominent axial
ribs may occur. These are first perpendicular to the axis
but become prosocyrt on the last whorl. Each of the last
2-3 whorls bears a more or less prominent subsutural
swelling. If present, the ribs start below that swelling
and reach to the lower suture. The last whorl sometimes
appears to be very bulky and makes up about 40-60% of
the total height. Aperture is ovoid, with convex outer lip
and slightly convex inner lip.

Remarks: The morphological plasticity resulted in
the description of numerous taxa which we consider as
synonyms of Prososthenia cincta. Generally, four mor-
photypes occur:

1. Prososthenia cincta morphotype A is small, smooth
except from the subsutural swelling and in most cases
very bulky with a large last whorl. It was introduced
as “primaeva” in Orunc (1999) and occurs in samples
44, 45, v1, v with 36 specimens. Prososthenia sutinae
lateralis Orusc¢ 1999 falls also within the range of this
morphotype. Even Oruin¢ (1999) mentioned that it is
very close to his “primaeva”.

2. Prososthenia cincta morphotype B includes also
smooth, but large forms. This morphotype was treated as
subspecies ecostata by Brusina (1897). This rare mor-
photype was not detected again.

3. Prososthenia cincta morphotype C comprises all
weakly ribbed shells with subsutural swelling (“semievo-
luta” in Orunc¢ 1999), including Prososthenia sutinae
electa Orunc¢ 1999. It appears in samples 45, v, Z, Y, V,
T1, O, M2, Lx, L with 155 specimens.

4. Prososthenia cincta morphotype D is the typical
P. cincta as defined by Neumayr (1869), with prominent
axial ribs and subsutural swelling, often bulky and ir-
regularly shaped. Also Prososthenia sutinae pretiosa
Orunc¢ 1999 and Prososthenia cetinae eminens OLui¢
1999 range within this morphotype. It occurs in samples
Z,Y,V,Tl,0,M2, Lx, L, J with 678 specimens.

P. cincta differs from P. schwartzi especially in the
subsutural swelling and the usually more bulky shape.
Some specimens treated by OLusc¢ (1999) as Prososthe-
nia cincta morph primaeva do not show the significant
swelling and should be treated as Prososthenia schwartzi
NEUMAYR 1869.

Distribution: Prososthenia cincta is an endemic
DLS species known from Lake Sinj (Lucane section,
69.5-130.5 m and Ribari¢ section, NEUMAYR 1869) and
Lake Kupres (Jurisi¢c-PoLsak & Sriskovic 1988).

Prososthenia neutra Brusina 1897
Pl. 4, Figs. 34, 6, 12

Prososthenia? neutra Brusina: 19, pl. 9, figs. 3-4.
?Prososthenia neutra Brusina — WENZ: 1994,
Prososthenia superstes Oruic: 28, 56, pl. 7, figs. 82-83.

1897
1926
1999

1999  Prososthenia superstes praevia OLuinc: 28, 56, pl. 7,
fig. 82.

1999 Prososthenia superstes intermedia Orunc: 28, 56, pl. 7,
fig. 83.

Material: 45 specimens from samples J, A.

Dimensions: Height: 34 mm, diameter: 1.5-2
mm, spire angle: 40-50°.

Description: Protoconch broad trochiform, with
granular surface and made up of about 1.25 whorls.
Spire conical, slender and smooth, consisting of up to
6 convex-sided whorls with incised sutures. In profile
they form a cyrtoconoid outline. It has a very constant
morphology with whorls becoming regularly larger to-
wards the last whorl which comprises about 50% of the
total height. The aperture is ovoid to elliptically with a
slightly convex inner lip and a prominent, strongly con-
vex outer lip.

Remarks: In Orunc¢ (1999) this species was erro-
neously introduced as new taxon Prososthenia superstes,
including the two morphs P. superstes praevia and P.
superstes intermedia.

This species can be separated from both Prososthenia
schwartzi and Prososthenia cincta by their mainly bulky
shape and sometimes irregular formed whorls. Another
similar species described from this region is Prososthe-
nia eburnea Brusina 1884, which was not detected in
this section. It is even more slender and usually consists
of about 7 nearly straight-sided whorls.

Distribution: Endemic species of the Dinaride
Lake System, occurs in Lake Drni§ (Mioci¢, BRusINA
1897), Lake Sinj (Lucane section, 130.5-137 m) and in
Lake Gacko (Unit A and D in Gracanica opencast coal-
mine and Unit D in Vrbica opencast coalmine, MANDIC
etal. 2011a).

Prososthenia schwartzi Neumayr 1869
PL 2, Figs. 1-15, P1. 3, Figs. 1-6

1869  Prososthenia Schwartzi Neumayr: 360, pl. 12, fig. 4, 6
[plate legend gives erroneously Fig. 5 as P. Schwartzi,
and Fig. 6 as P. cincta. See HersicH & NEumAYR (1875:

422) for correction].

1874  Prososthenia Schwarzi [sic] apleura Brusina: 50, pl. 3,
fig. 10.

1897  Prososthenia Schwarzi [sic] NEum. — BRusiNa: 17, pl. 8,
figs. 24-25.

1926  Prososthenia schwartzi apleura Brusina — WENZ: 1998.

1926  Prososthenia schwartzi schwartzi Neumayr — WeNz: 1996.

1999  Prososthenia cetinae Orunc: 23, 51, pl. 4, figs. 48-50
[partim].

1999 Prososthenia cetinae increscens Oruic: 24, 52, pl. 4,
fig. 48.

1999  Prososthenia cetinae amplificata OLuinc: 24, 52, pl. 4,
fig. 49.

1999  Prososthenia cetinae elegans Orunc: 24, 52, pl. 4, fig. 50.

1999  Prososthenia cincta primaeva OLuic: 25, 53, pl. 5, figs.

7274 [partim; non Prososthenia cincta NEumayr 1869].
Prososthenia schwartzi transitans Orusic: 23, 51, pl. 4,
figs. 36-37.

1999

1999 Prososthenia schwartzi apleura BrusiNA — Oruiic¢: 23,
51, pl. 4, figs. 38—40.
1999 Prososthenia schwartzi semicostata Ovunc: 23, 51, pl.

4, figs. 41-43.
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1999  Prososthenia schwartzi schwartzi NeumAYrR — OLUIIC:
23,51, pl. 4, figs. 44-45.

Material: 1935 specimens from samples 20, 25, 32, 33,
37,43,44,45,v,B,7Z,Y,V,T1,0, M2, Lx, L, A.

Dimensions: Height: 3-5.5 mm, diameter: 1-2
mm, spire angle: 30—45°.

Description: Protoconch weakly granular, con-
sisting of about 1 low trochiform whorl. Spire high coni-
cal to cyrtoconoid, consisting of up to 7 strongly con-
vex whorls with strongly incised sutures. The first 2-3
whorls are always smooth; afterwards, sculpture of weak
to prominent axial ribs may be developed in some mor-
photypes. These may reach from one suture to the other
or may be restricted to the middle part of the whorls
— but never form a subsutural swelling. In both cases
the ribs are most prominent in the middle of each whorl.
In some specimens they seem to be straight, in some
others more or less opisthocyrt. The last whorl attains
about 40-50% of the total height. Aperture is ovoid, with
slightly convex inner lip and sometimes very prominent
convex outer lip.

Remarks: Here again the problem of validity of
the many proposed taxa arises. These are probably mere
morpho-phenotypes. Moreover, the available species
name Prososthenia cetinae Orus¢ 1999 (including 4
morphotypes) represents a synonym of partly P. schwart-
zi and P. cincta. The simultaneously introduced “forma”
names are unavailable. Four morphotypes predominate:

1. Prososthenia schwartzi morphotype A is a small
and smooth form, rather ovoid than conical and is re-
ferred to as “transitans” in Orun¢ 1999. Prososthenia
cetinae increscens Oruic¢ 1999 is a further variety. It
appears within the samples 20, 25, 32, 33, 37, 44 with
198 specimens.

2. Prososthenia schwartzi morphotype B comprises
another smooth but larger and more conical morphotype
(= apleura in Brusina 1897 and Prososthenia cetinae
amplificata Orunc 1999). It is represented in samples 33,
43, 44, 45, Z with 150 specimens.

3. Prososthenia schwartzi morphotype C is character-
ized by the development of weak axial ribs on the last
2-3 teleoconch whorls (“semicostata” in Orusc¢ 1999
and Prososthenia cetinae elegans Oruinc¢ 1999), but is
otherwise identical in habitus with morphotype B. It oc-
curs in samples B, Z, Y, V, T1, O, M2, Lx, L, A with 185
specimens.

4. Prososthenia schwartzi morphotype D represents
the typical P. schwartzi as defined by NEumAYR (1869). It
comprises sculptured shells with prominent axial ribs on
the last 2—3 whorls and occurs in samples v, B, Z, Y, V,
T1, O, M2, Lx, L, J, A with 1402 specimens.

P. schwartzi differs from Prososthenia cincta Neu-
MAYR 1869 mainly in the absence of the subsutural swell-
ing. NEUMAYR (1969) separated P. cincta from this spe-
cies by its distinct keel below the sutures whilst in P.
schwartzi there is only a thin band, if developed at all. To

avoid confusions, a more definite taxonomic concept is
followed herein, separating both taxa by the presence of
such sutural band or keel.

Distribution: Endemic DLS species, known so
far from Lake Sinj (Lucane section, 41.5—137 m, Ribaric,
NEumAYR 1869) and Lake Kupres (Jurisic-PoLsak &
Stiskovic 1988).

Subfamily Belgrandiinae be Sterani 1877
Genus Belgrandia BourguIiGNAT 1869

Belgrandia klietmanni NEUBAUER n. sp.
PL 5, Figs. 1-2, 8, 10

Type species: Cyclostoma gibbum DraparRNAUD
1805, by subsequent designation (KoBeLT 1878), Recent,
Southern France.

Material: 2315 specimens from samples 20, 32, 33,
37, 42/41, 43, 44, v, Z, Y, V, T1, J; voucher specimens SMF
337002.

Holotype: NHMW Inv. 2010/0042/0003, height: 2.0 mm,
diameter: 0.9 mm, spire angle: 15°; illustrated on pl. 5, figs. 1-
2, 8, 10. — Paratype 1: NHMW Inv. 2010/0042/0004, height:
2.5 mm, diameter: 0.9 mm, spire angle: 20°; from type stratum;
Paratype 2: NHMW Inv. 2010/0042/0037, height: 2.2 mm, dia-
meter: 1.0 mm, spire angle: 20°; from type stratum; Paratype
3: NHMW Inv. 2010/0042/0038, height: 2.4 mm, diameter: 1.0
mm, spire angle: 15°; from type stratum.

Derivatio nominis: Named after Johannes Kli-
etmann (Department of Paleontology, University of Vi-
enna).

Locus typicus: Sinj, Luane Section.

Stratum typicum: Lacustrine limestone-lignite
interbeddings at the Lucane Section at 69.5 m (sample
44).

A ge: Early Langhian, Middle Miocene.

Diagnosis: A very small, smooth and slender form
with wrinkled protoconch, incised sutures and slightly
detached aperture.

Description: The protoconch is broad and low
trochiform, comprising 1 whorl. It is densely covered
with distinct wrinkles. This ornamentation is strongest at
the apex, then becomes gradually weaker and is almost
smooth towards the transition to the teleoconch. The pro-
toconch is clearly separated from the teleoconch.

The shell is slender elongate with whorls only slightly
increasing in diameter towards the aperture. The spire is
covered with faint spiral grooves and distinct prosocline
growth lines and consists of about 5—6 whorls, each con-
vex in profile and with moderately incised sutures. The
last whorl takes up to 50% of the total height and ends
up in a steep and fairly straight base. The aperture is el-
liptical, inclined with an angle of about 30° to the axis
and in most cases slightly detached. The lips are equally
thickened. In some specimens there is a very weak swell-
ing below the umbilicus.
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Remarks: The generic affiliation of this species
is still problematic. The wrinkled protoconch surface is
common in many species among the Hydrobiidae (e.g.
HEeRrsHLER & PoNDER 1998). It is found in several species
of the Belgrandiinae, e.g. Belgrandia BourcuigNAT 1869,
Microprososthenia KapoLsky & Piecnocki 2000, and
Belgrandiella WacnNer 1928. Also the similarity with
the Pseudamnicola protoconch is striking (see P. tor-
barianus, pl. 4, figs. 11, 13, and P. hoeckae HARzHAUSER
& BinDER 2004). However, such a slender shape is un-
known from Pseudamnicola.

Belgrandia corresponds in the slender shape, the
strong convexity of the whorls and the detached aperture.
Though, the typical distinct bulge behind the peristome
is missing in B. klietmanni. Another genus that is remi-
niscent of the new species regarding its shape is Martini-
etta ScHLickum 1974. Its protoconch, however, shows a
slightly granular surface, but lacks the distinct wrinkles.

Maybe the generic affiliation will have to be recon-
sidered in a more fundamental taxonomic revision by
integrating more information from other hydrobiid taxa.

This species strongly reminds of “Litorinella™ candid-
ula NEumAYR 1869, which is similar in size and number
of whorls. However, it is rather drop-shaped and never
develops a detached aperture.

Distribution: Endemic DLS species, known so
far from Lake Sinj (Lucane section 41.5-130.5 m).

Subfamily Pseudamnicolinae RAbomaN 1977

Genus Pseudamnicola PauLucct 1878

Type species: Bythinia lucensis IsseL 1866, Recent,
Tuscany, Italy.

Pseudamnicola torbarianus (Brusina 1874)
PL 4, Figs. 8-11, 13

1874  Amnicola Torbariana BrusiNA: 66, pl. 5, figs. 15-16.

1902  Pseudoamnicola? Torbariana Brus. — BRusINA: pl. 10,
figs. 14-17.

1926  Amnicola (Amnicola) torbariana Brusina — WENZ:
2083.

Material: 155 specimens from samples 25, 32, 33, 37,
42/41,43,44,45,v,7,Y, T1, M2.

Dimensions: Height: 1-3 mm, diameter: 1-1.5
mm, spire angle: 60—80°.

Description: Protoconch low trochiform with
slightly inflated initial part, comprising 1 whorl fully
covered with distinct wrinkles; it is clearly separated
from the teleoconch. Shell ovoid, stocky and smooth,
with up to 4 whorls, beginning very small but rapidly
increasing in diameter. The whorls are convex with the
maximum close to the incised adapical suture, resulting
in a somewhat stepped outline; no ramp is developed.
The last whorl obtains about 50-70% of the total height.

Aperture is ovoid and sometimes thickened, with convex
outer lip and rounded anterior tip. The inner lip forms a
distinct posterior notch. The umbilicus is very small and
nearly covered by the inner lip; some specimens show
traces of a funicular ridge.

Remarks: The typical protoconch ornamentation
is also observed in Pseudamnicola hoeckae HAaRzHAUSER
& BINDER 2004 from the Vienna Basin (Upper Miocene),
confirming the generic affiliation. WeNz (1920) described
one of his specimens from the Late Miocene of the Vi-
enna Basin as ‘Pseudamnicola cf. torbariana’, which
differed from the type species in its less flattened sutural
part of the whorls. This Lake Pannon species should be
treated as Pseudamnicola hoeckae HARzHAUSER & Binper
2004. Pseudamnicola stosicianus Brusina 1884 from
Dalmatia is characterized by its relatively broad last
whorl but otherwise more slender shape.

Concerning the gender of Pseudamnicola, which is
currently under discussion, we follow FALKNER et al.
(2002) who suggested the grammatical gender of Pseu-
damnicola to be masculine.

Distribution: Endemic DLS species, recorded
from Lake Sinj (Lucane section, 48—128 m) and Lake
Drni$ (Mioci¢, BRusINA 1874).

Family Emmericiidae Brusina 1870
Genus Fossarulus Neumayr 1869

Type species: Fossarulus stachei NEumAyr 1869,
Miocene, Dalmatia/SE Croatia.

Fossarulus cf. armillatus BrusiNna 1876
PL 5, Figs. 11-12, 14

1876  Fossarulus armillatus Brusina: 112.

1897 Fossarulus armillatus Brus. — Brusina: 21, pl. 8, figs.
1-2.

1926  Fossarulus armillatus Brusina — WENz: 2201.

Material: 28 specimens from sample A.

Dimensions: No exact measurements can be
performed due to the fragmentary preservation. After
BRrusiNa (1897) size is around 7 mm in height and 5 mm
in diameter; spire angle: 40-50°.

Description: Low trochiform protoconch with
immersed initial part, consisting of c. 1.2 entirely smooth
whorls. Teleoconch conical and bulky. Whorls are con-
vex with maximum convexity in the adapical half and al-
most straight-sided towards the lower suture; no sutural
ramp is developed. Two to three thin and delicate keels
with equal interspaces appear on the earliest teleoconch
whorls. These keels become more prominent quickly
and are accompanied by about 6 spiral threads within
the interspaces and by c. 7 threads above the first keel.
The lower whorls and the aperture are not preserved due
to fragmentation. The illustrations in Brusina (1897)
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suggest that the last whorl makes up about 60% of the
total height and bears 3 strong and thin keels with very
weakly developed nodules. Below, 2-3 very weak keels
appear along the aperture. The aperture is ovoid with el-
evated posterior margin; outer lip strongly convex, inner
lip with distinct posterior notch; both can be extremely
thickened.

Remarks: No complete specimen is preserved.
Hence, the determination is based on the general shape
and the morphology of the keels. It differs from Fos-
sarulus tricarinatus Brusina 1870 and Fossarulus mon-
iliferus BrusiNa 1876 in its bulkier shape and the thinner
keels. Moreover, the keels appear not before the third
whorl in F. tricarinatus. The node-less keels of the third
whorl exclude identification as one of the stronger sculp-
tured species, such as Fossarulus fuchsi Brusina 1897.

The family status of Fossarulus is still controversial.
WEeNz (1939) placed Fossarulus within the Emmericiinae
among the Micromelaniidae. Due to the largely deviating
shape, the affiliation to this family is doubtful. BoucHeT
& Rocrol (2005) classified Fossarulus as Bithyniidae,
in isolated position from Emmericia. Comparable pro-
toconch and aperture morphologies indeed suggest a
strong relationship. Thus, the original classification from
Brusina (1870) is followed herein.

Distribution: Endemic DLS species recorded
from Lake Sinj (Lucane section, 137 m) and Lake Drni$
(Mioci¢, BRusINA 1897).

Fossarulus fuchsi Brusmna 1897
Pl. 5, Figs. 3-4, 9, 13

1882
1897

Fossarulus Fuchsi BRusINA: 38 [nomen nudum].
Fossarulus Fuchsi Brus. — Brusina: 21, pl. 7, figs.
27-28.

1926  Fossarulus fuchsi Brusina — WEeNz: 2203.

Material: 6 specimens from samples 32, 33, 37.

Dimensions: No complete specimen is pre-
served. Size ranges around 7 mm in height and 5 mm in
diameter (BrusiNa 1897); spire angle: 45-60°.

Description: Protoconch trochiform and smooth,
consisting of about 1.2 whorls. Teleoconch conical, bulky
with rich sculpture, consisting of up to 4 whorls. Whorls
are convex with maximum convexity in the adapical part
and nearly straight towards the lower suture. The first
whorls are almost smooth except for very weak traces of
2-3 keels. These start thin and delicate but become more
prominent and increase in number towards the aperture;
up to 6 appear on the last whorl. A concave furrow sepa-
rates the keels and a narrow sutural ramp is developed
above the upper keel. Furthermore, nodes appear on the
keels very soon. They are small, round, prominent, and
numerous. On the last whorl, which makes up about
two thirds of the total height, the first two keels (with
nodes) below the suture are most prominent. The others
— towards the aperture — become indistinct and the low-

ermost keels do not bear nodes any more. The aperture
is not preserved. According to the drawings of BRUSINA
(1897) it is ovoid and has a strongly convex and thick-
ened outer lip. The inner lip is nearly straight to slightly
convex; a weak posterior angulation may be developed.

Remarks: This species is difficult to distinguish
from similar ones, such as F. stachei NEUMAYR 1869,
F. hoernesi Brusina 1897 and F. auritus BrusiNna 1897
without the aperture preserved. Therefore, size and the
development of keels and nodes, especially on the first
few whorls are chosen as main criteria for the identi-
fication. F. hoernesi and F. auritus are much larger; F.
stachei is more bulky in shape and develops two distinct
keels without nodes on the second whorl. All four spe-
cies (including F. fuchsi) might represent phenotypes of
a single polymorphic species. Our material, however,
does not allow a clarification.

Distribution: Endemic DLS species of Lake
Sinj (Potravlje, BRusiNA 1897, Lucane, 60—65 m) and
Lake Gacko (Unit D in Vrbica opencast coalmine, MAN-
pic et al. 2011a).

Subclass Pulmonata Cuvier in BLAINVILLE 1814
Supraorder Basommatophora KErFERSTEIN 1864
Order Hygrophila FErussac 1822
Suborder Branchiopulmonata MorToN 1955
Superfamily Lymnaeoidea RAFINESQUE 1815
Family Lymnaeidae RAFINESQUE 1815

Genus Lymnaea Lamarck 1799

Type species: Helix stagnalis Linnvarus 1758,
Recent, Europe.

“Lymnaea” sp.
Pl. 6, Figs. 1-2, 12

Material: 12 specimens from samples 32, 33,7, T1, J, A.

Dimensions: No complete specimen is pre-
served; height of spire fragments: up to 5 mm, diameter:
up to 3.5 mm.

Description: Protoconch smooth, with erect
tip; transition to the teleoconch indistinct. Spire smooth
and high conical; the number of whorls cannot be de-
termined, because no complete specimen exists. The
whorls increase rapidly in diameter and are rhomboidal
in profile. Sutures moderately incised. No aperture is
preserved.

Remarks: There are just two Lymnaea species de-
scribed from this region: Lymnaea klaici Brusina 1884
exposes a high conical spire and conspicuous inner lip;
Lymnaea korlevici BRusINA 1884 is broader and shows
fewer whorls, whereas the last one is very prominent
making up to 80% of the total height. The poor preserva-
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tion does not allow any clear identification, but the rather
broad shape is reminiscent of L. korlevici.

Distribution: Recorded from Lake Sinj (Lucane
section, 60—132 m).

Superfamily Planorboidea RAFINESQUE 1815
Family Planorbidac RAFINESQUE 1815
Subfamily Planorbinae RAFINESQUE 1815

Genus Gyraulus CHARPENTIER 1837

Type species: Planorbis albus MULLER 1774,
Recent, Europe.

Gyraulus geminus (BRrusINA 1897)
Pl 6, Figs. 34, 11

1897  Planorbis geminus BrusiNa: 5, pl. 2, figs. 11-16.
1923  Gyraulus (Gyraulus) geminus (Brusina) — WENZ:
1554.

Material: 15 specimens from samples V, A.

Dimensions: Height: c. 0.5 mm, diameter: c. 2
mm (up to 4 mm).

Description: Protoconch consists of about 1.25
whorls and shows the typical striae for the genus Gy-
raulus (RiepeL 1993). Teleoconch thick-walled, discoi-
dal, smooth, consisting of up to 5 whorls. Whorls are
planispiral, strongly rounded to slightly flattened in pro-
file and increase rapidly in diameter; each whorl covers
about 20% of the preceding one and is about twice as
large in height. Last whorl attains about 25-35% of the
total diameter. No distinct keel appears, but the strong-
est curvature is in the middle of the whorl. The aperture
is not preserved. The outer lip is elevated in the middle
resulting in a more or less triangular shape; margins are
convex. Surface is smooth, apart from weak prosocline
growth lines.

Remarks: G.geminus can be easily distinguished
from Gyraulus dalmaticus (Brusina 1884) by the keel
and the relatively larger last whorl of the latter species.
Another similar species is Gyraulus pulici (BrRusina
1897), which is larger and relatively broader and known
so far only from Bosnia and Herzegovina.

Distribution: Endemic DLS species recorded
from Lake Sinj (Gorucica, BRusINa 1897, Lucane section,
115.5-137 m) and Lake Drnis (Mioci¢, Brusina 1897).

Genus Orygoceras Brusmva 1882
Type species: Orygoceras dentaliforme Brusina
1882, Miocene, Dalmatia/SE Croatia.

Orygoceras cornucopiae Brusina 1882
Pl. 6, Fig. 7

1882  Orygoceras cornucopiae Brusina: 45, pl. 11, figs. 1-3.

1897  Orygoceras cornucopiae Brus. — BrusiNa: 2, pl. 1, figs.
7-9.

1902  Orygoceras cornucopiae Brus. — BrusiNA: pl. 2, figs.
15-16.

1928 Orygoceras cornucopiae Brusina — WENZ: 2485.

Material: 4 specimens from samples 32, 33, 37, J.

Dimensions: Due to the fragmentary preserva-
tion no measurements can be taken; according to Brusi-
NA (1882) the height reaches up to 7.8 mm and the dia-
meter up to 1.4 mm.

Description: The protoconch consists of about
0.75 whorls. The teleoconch is uncoiled, dentaliform
and long, attaining its largest diameter close to the ap-
erture. Early teleoconch smooth except for growth lines.
Soon, prominent, narrow-situated ribs are intercalated
separated by concave interspaces. These ribs may grade
into sharp rings and become more prominent and slightly
crowded towards the aperture and are usually oblique to
the axis. The shell is elliptical in cross-section. Aperture
is not preserved.

Remarks: Differs from O. stenonemus Brusina
1882 by the densely spaced ribs. The protoconch sculp-
ture is very poorly preserved and even hardly detectable
in SEM pictures but indicates the presence of striae as
typical for many planorbids (RIEDEL 1993).

Distribution: Endemic species of the DLS. It
is recorded from Lake Sinj (Lucane, 60—130.5 m) and
Lake Drnis (Parci¢, Coll. NHM Vienna, Mioci¢, BRUSINA
1882, 1897). It seems to re-appear also in the Late Mi-
ocene Lake Livno and Lake Tomislavgrad (= Duvno, =
Zupanjac) (Jurisic-PoLsak & Sviskovic 1988; De LEeuw
etal. 2011).

Orygoceras dentaliforme Brusina 1882

Pl. 6, Fig. 5
1882  Orygoceras dentaliforme Brusina: 42, pl. 11, figs. 14—
15 [partim].
1897 Orygoceras dentaliforme Brus. — Brusina: 2, pl. 1,
figs. 13-14.
1928  Orygoceras dentaliforme BrusiNa — WENz: 2485.

Material: 372 specimens from samples 22, 25, 32, 33,
37,43,44,45,v,7,Y,V, T1,M2, Lx, L, J.

Dimensions: Due to the fragmentary preserva-
tion no measurements can be taken; according to Brusi-
NA (1882) the height reaches up to 7 mm and the diame-
ter up to 1.5 mm. The collected specimens fit within this
range.

Description: The protoconch comprises ca. 0.75
whorls and bears faint spiral striae. The teleoconch is
uncoiled, dentaliform and long, attaining its largest dia-
meter close to the aperture, which is not preserved. In
cross-section the teleoconch has an elliptical shape. The
shell is usually smooth except for delicate growth lines.
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Remarks: BrusiNa (1882) united a broad range of
morphologically quite variable specimens reaching from
completely smooth and straight shells to sparsely ribbed
and curved specimens. Herein we treat only straight and
smooth specimens as Orygoceras dentaliforme. It differs
from O. stenonemus Brusina 1882 and O. cornucopiae
Brusina 1882 in the strongly reduced sculpture.

Orygoceras fuchsi (Kitte 1886) from the Late Mi-
ocene of Lake Pannon is reminiscent of O. dentaliforme
but the teleoconch is much more curved and the striae
on the protoconch are more distinct (HARZHAUSER et al.
2002).

Distribution: Anendemic DLS species which is
recorded from Lake Sinj (Lu¢ane, 45-130.5 m, Zupiéa
potok, Ribari¢, Brusina 1882, 1897), Lake Drnis (Parci¢,
Coll. NHM Vienna), and Lake Gacko (Unit D in Vrbica
opencast coalmine, MANDIC et al. 2011a).

Orygoceras stenonemus Brusina 1882
Pl 6, Figs. 6, 10

1882
1897

Orygoceras stenonemus Brusina: 43, pl. 11, figs. 4-8.
Orygoceras stenonemus Brus. — BrusiNA: 2, pl. 1, figs.
10-12.

1928 Orygoceras stenonema BrusiNA — WENZ: 2490.

Material: 43 specimens from samples 32, 33, 37, 42/41,
43,44,8,T1,Lx, L, J.

Dimensions: Due to fragmentary preservation no
measurements can be performed; after BRusina (1882)
the height ranges around 5 mm and the diameter attains
c. 1 mm. The newly collected specimens fit well within
that range.

Description: The protoconch consists of about
0.75 whorls and bears very weak spiral striae (pl. 6, fig.
10). The teleoconch is uncoiled, dentaliform and long,
attaining its largest diameter close to the aperture. Early
teleoconch smooth except for delicate growth lines. Soon
after, wide-spaced narrow ribs with convex interspaces
are intercalated. These ribs are only slightly oblique and
become more prominent towards the aperture. The teleo-
conch is elliptical to slightly semilunar in cross-section.

Remarks: Differs from O. cornucopiae by the
wider interspaces between the ribs. These are narrower
and less oblique relative to the axis of the shell. Nev-
ertheless, both species have the same geographic and
stratigraphic distribution and it might turn out that both
taxa are only morphotypes of a single species.

The species name Stenonemus is a latinized Greek
compound noun meaning “narrow thread” and is of mas-
culine gender.

Distribution: Endemic DLS species which is
recorded from Lake Sinj (Ludane, 60—130.5 m, Zupiéa
potok, Ribari¢, Brusina 1882, 1897) and Lake Drnis
(Parci¢, Coll. NHM Vienna). Jurisic-PoLsak & Siskovi¢
(1988) mentioned it also from Lake Kupres.
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Subfamily Ancylinae RAFINESQUE 1815

Genus Ferrissia WALKER 1903

Type species: Ancylus rivularis Say 1817, Re-
cent, Eastern North America.

Ferrissia illyrica (NEumAYR 1880)
P1. 6, Figs. 8-9, 13

1880
1902
1907
1923

Ancylus Illyricus Neumavr: 486, pl. 7, fig. 16.
Ancylus illyricus Neum. — BrusinA: pl. 1, figs. 20-21.
Ancylus illyricus Neum. 1880 — BrusinA: 195.
Pseudancylus illyricus (NEumaYr) — WENZ: 1698.

Material: 1 specimen from sample 44.

Dimensions: Height: 2.8 mm, diameter: 1.5 mm,
convexity: 1 mm.

Description: Protoconch cap-like, convex, rang-
ing around 400 um. The smooth cap bears a small pit in
its center and is fringed by numerous and narrow spaced,
thin radial threads. The teleoconch is ovoid and slightly
broader in the anterior part, with an apex pointing slight-
ly towards right. It is smooth apart from concentrical
growth lines on the outer surface, whereas the radial
threads extend almost to the shell margins along the in-
ner shell surface.

Remarks: The shell is reminiscent of Ferrissia
wittmanni (ScHrickum 1964) from the Early Miocene
of the Western Paratethys (KowaLKE & REICHENBACHER
2005) and to a Ferrissia species from the Sarmatian of
the Central Paratethys (HARzHAUSER & KowaLke 2002),
which shows nearly the same protoconch features, but
differs conspicuously in their strong radial ribs on the
outer shell surface reaching to the shell margins. ScHic-
KuM (1976) erroneously mentioned Ferrissia illyrica also
from the Late Miocene.

Current investigations on planorbid phylogeny in-
ferred from molecular data (ALBRECHT et al. 2007) indi-
cate a strong of relationship of Ferrissia with Ancylus
MULLER 1774 and rejected earlier studies based on mor-
phological characters which placed Ferrissia within the
Bulininae (BoucHeT & Rocrol 2005).

Distribution: Endemic DLS species, recorded
from Lake Gacko (Unit B in Gracanica opencast coal-
mine and Unit D in Vrbica opencast coalmine at Avtovac
(= Haptovac) near Gacko (= Metokija), MaNDIC et al.
2011a), Lake Sinj (Lucane section, 69.5 m) and from
Lake Drnis§ (Par¢i¢, Coll. NHM Vienna, Mio¢€i¢, BRUSINA
1902).

Class Bivalvia LiNnaEUS 1758
Superorder Heterodonta NEumMAYR 1883
Order Venerida Gray 1854
Family Dreissenidae GRAY in TurToN 1840
Genus Mytilopsis Conrabp 1857
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Type species: Mytilus leucophaeatus ConrAD
1831, Recent, Eastern USA.

Mytilopsis aletici (BrusiNna 1907)

Pl. 7, Fig. 8
1905  Congeria Aleti¢i BRusINA: 35 [nomen nudum].
1907  Congeria Aleti¢i BRUSINA: 206.
1978 Congeria aletici n. sp. [sic] — KocHANSkY-DEVIDE in

KocHaNsky-DEVIDE & Sriskovic: 61-63, 94, pl. 11,
figs. 10-15, pl. 12, figs. 1-2.

Material: 21 specimens from samples 45, y, B.

Dimensions: Length, height, convexity of some
specimens: 57 x 57 x 6 mm, 50 X 42 x 6 mm, 52 x 52 x
6 mm.

Description: Shell circular, large and flat, with
straight dorsal margins and strongly convex anterior
margin. Shell wall is thin. Furthermore, the shell bears
prominent growth lines and a delicate but sharp and
short keel, starting at the umbo and stretching across
about one third of the shell. Inner features are not pre-
served or covered with sediment.

Remarks: Differs from both Mytilopsis frici
(BrusiNa 1904) and M. drvarensis (TouLa 1913) by its
umbonal angle, which attains in both species c. 90°,
whereas in M. aletici it measures c. 180°. Moreover, it
differs from M. drvarensis in its surface sculpture: M.
aletici has a shorter keel, no radial ribs and is larger
and flatter. Because Brusina (1907) added no illustra-
tion to his description, KocHANsKY-DEVIDE & SLiskovi¢
(1978) considered its original description by BRUSINA as
invalid species-designation and redescribed it again. The
description of Brusmna (1907), however, is clearly valid
(ICZN, 1999: Article 12).

Distribution: Endemic species of the DLS, known
so far only from Lake Sinj (Lucane section, 70.5-107.5
m, Kalina/Kosute, Brnaze/Sinj, Grab, Brusina 1907, Ko-
CHANSKY-DEVIDE & Stiskovie 1978), Lake Kupres (Fatelj
hill, KocHaNnsky-Devipe & Stiskovic 1981) and Lake Ho-
dovo (Hodovo, KocHansky-DEeviDE & Stiskovic 1981).

Mytilopsis jadrovi (BrusiNna 1892)
PL 7, Figs. 1-2,9

1892  Congeria Jadrovi BRusiNA: 195.

1897  Congeria Jadrovi Brus. — BrRusINA: 30, pl. 17, figs.
12-14.

1902  Congeria Jadrovi Brus. — BRusINA: pl. 21, figs. 2-5.

1978  Congeria jadrovi BrusiNa 1897 — KocHaNsky-DEevIDE

& Suiskovic: 37-38, 87, pl. 1, figs. 26-39.

Material: 690 specimens from samples 20, 22, 25, 26,
32,33,37,42/41,43,44,45,vl, v, n, v, B, Z, Y, V, T1, O, Lx,
L, 1 A.

Dimensions: Length, height, convexity of some
specimens: 4.5 x 7.5 x 2 mm, 2 X 3.5 x | mm, 4 x 5.5 x
2 mm.

Description: Shell subtriangular, elongated,
with two equally sized valves, measuring up to 8 mm in
height and up to 5 mm in length. Umbo is pointed with
an angle ranging from 40 to 75°. Dorsal posterior margin
slightly convex to nearly straight. From this point, the
margin bends strongly and becomes convex towards the
ventral end. This is pointed but slightly rounded. Ante-
rior margin is in most cases more or less straight with
indication of a byssal notch. A prominent broad keel
is present, slightly bent to nearly straight, reaching the
ventral margin. In dorsoventral profile it forms a convex
crest, most curved at about one third of the height. Di-
vided by the keel two main fields can be distinguished:
both the posterior and the anterior field appear to be
nearly straight to slightly convex in profile; the anterior
field is far more inclined than the posterior field. The
shell exterior surface is smooth.

The hinge comprises an elongated posterior internal
ligament band and a distinct apophysis, situated pos-
terior from the pointed umbo, ranging from small to
prominent and is of triangular shape, with an angle of
about 90-130°. It bears an anterior byssal retractor mus-
cle imprint that is positioned at the ventral part of the
hinge plate and appears to be semilunar in shape. The
anterior adductor muscle lies in the center of the hinge
plate and forms a slightly curved incision, reaching from
the posterior margin of the hinge plate to the apophysis.
The shape of the posterior muscle imprints could not be
determined, being either very indistinctly or rarely pre-
served. The pallial line has no sinus.

Remarks: Mytilopsis nitida (KocHANskY-DEVIDE in
KocHansky-DEevIDE & Stiskovie 1978) develops a straight
and blunt keel resulting in a reduction of the anterior ex-
ternal surface field; moreover it is more convex in shape.

Another morphological similar species is M. neu-
mayri (Anprusov 1897), which is larger and has a lower
keel. Furthermore, the anterior external surface field is
strongly reduced. M. neumayri occurs also in the Pan-
nonian Basin System, from the Karpatian to the Upper
Pannonian.

Distribution: Anendemic DLS species recorded
from Lake Sinj (Lucane section, 41.5-137 m, Trnovaca
and Zupica potok in Sinj, St. Kata, Bila glavica near Trilj),
Lake Drni$ (Mio¢i¢, Bioc¢i¢, Kadina glavica), Lake Livno
(Eminovo Selo), Lake Sarajevo (Cajdras and Blazuj)
and Lake Konjic (Celebi¢i). Further it is known from the
Southern Pannonian Basin (Mt. Psunj, Rogoljica; Karlo-
vac subdepression, Utinja; Prijedor basin, Marini, Mala/
Velika Zuljevica) (BrusiNa 1897, KocHANskY-DEVIDE &
Stiskovie 1978, Manbic et al. 2011a).

Superorder Palaeoheterodonta NeweLL 1965
Order Unionida Gray 1854
Family Unionidae RAFINESQUE 1820

Genus Unio PHiLipssoN 1788



216 NEuBAUER, T. A., MaNDIC, O. & HARzHAUSER, M.: Middle Miocene freshwater mollusks from Lake Sinj

Type species: Mya pictorum Linnagus 1758, Recent,
Europe.

Unio rackianus Brusina 1874
Pl. 7, Fig. 3-7

1874  Unio Rackianus BRrRusINA: 115, pl. 5, figs. 9-10.

1907  Unio Rackianus Brus. 1874 — BrusiNA: 208.

1974  Unio rackianus BRusINA — MILAN et al.: 54.

1981  Unio rackianus BRUSINA — ZAGAR-SAKAC: 16.

1987  Unio rackianus rackianus BRUSINA — ZAGAR-SAKAC: 72,
pl. 1, figs. 1-2, pl. 2, figs. 1-2, pl. 3, figs. 1-2, pl. 9, fig.
C.

1987  Unio rackianus simplex n. ssp. ZAGAR-SAKAC: 76, pl. 4,
figs. 1-3, pl. 9, fig. A.

1987  Unio rackianus intermedius n. ssp. ZAGAR-SAKAC: 77,

pl. 5, figs. 1-3, pl. 9, fig. B.

Material: 3 adult specimens from samples 43, 44, 1
juvenile from sample 44.

Dimensions: Estimated dimensions (length x
height x convexity) of adult specimen illustrated on fig. 3:
32 x 24 x 9 mm, umbonal angle: about 125°, and juvenile
specimen illustrated on figs. 4-7: 2.8 x 1.9 x 0.8 mm.

Description: Shell of illustrated adult specimen
elliptically in shape, strongly convex, especially towards
the middle of the shell height. On both sides of the umbo
a slight depression occurs. The second individual is only
partially preserved. Though damaged both shells show
intentions of two posterior radial keels. Weak growth
lines appear. Umbo and inner features are covered by
sediment or are not preserved.

The juvenile specimen is almost complete and el-
liptical to sub-rectangular shaped. The prodissoconch
is raised, slightly acuminate and cap-like; it bears the
embryonic shell that measures about 200 um. The outer
surface bears weak growth lines and a posterior field
which is demarcated by a slight keel. The hinge consists

of extremely prominent cardinal and elongated posterior
teeth. Especially the cardinal tooth of the right valve is
strongly broadened and extended. On both valves the
hinge plate between cardinal and posterior teeth has an
angle of about 150°. Muscle scars are small and rounded
to ovoid, the pallial line is integripalliat.

Remarks: ZAGAR-SakacC (1987, 1990) proposed a
phylogenetic lineage from Unio rackianus simplex via U.
r. intermedius to U. r. rackianus, coinciding with a trend
towards more complex umbonal ornamentation. Herein,
we treat Unio rackianus as a rather polymorphic species
and consider the subspecies as mere morphotypes. Based
on the development of two radial keels, the small size
and the rounded shape the specimens range within the
intermedius morphotype. The nominal morphotype is
larger and more elongate, whereas the simplex morpho-
type of ZAGAR-SAKAC (1987) is more compact and lacks
the strong keels. The single juvenile right valve is attrib-
uted only tentatively to Unio rackianus.

Unio cubranovici BRusiNa 1902 might represent an
independent phylogenetic lineage which developed at c.
16 Ma and is restricted to the Glina subdepression of the
Southern Pannonian Basin System (Manbic et al. 2011b).
The separation of Unio katzeri Brusina 1904 from Lake
Sipovo is less distinct. It was discussed to be a predeces-
sor of Unio rackianus by ZAGAR-SAKAC & SAKAC (1984).
Nevertheless, it co-occurs in Lake Sinj at several locali-
ties together with U. rackianus, whilst U. rackianus ap-
pears in Lake Gacko in distinctly older strata where U.
katzeri is absent (MANDIC et al. 2011a). Maybe, both taxa
are also only variations of a single species. In this case,
the name Unio rackianus would gain priority.

Distribution: Endemic species of the DLS. It
is recorded from Lake Sinj (Lucane section, 68.5-69.5
m, Musa/Sinj polje, Panj/Hrvace, Novi Bunar/Sinj, Ko-
ljane, Ribari¢) and Lake Drni§ (Mioci¢) (Brusina 1907,
ZAGAR-SAKAC 1987).

Discussion

The counting of the samples yielded a total amount
of 13,180 individuals comprising at least 18 gastropod
species of 10 genera and 3 bivalve species of 2 genera,
all of which are typical freshwater taxa (Tab. 1). This
is confirmed by isotope data, which characterize Lake
Sinj as pure freshwater setting (HARZHAUSER et al. 2011).
Bivalves comprise about 10% of all counted individu-
als, almost exclusively represented by minute Mytilopsis
Jadrovi. M. aletici, the large-sized producer of monospe-
cific shell accumulations, and the thick walled, massive
Unio rackianus are extremely rare. Hence, the section
is predominated by gastropods, in number of species
and individuals. This trend was also noted by MANDIC

et al. (2009), who stated that gastropods prevail within
shallow paleoenvironments (e.g. coal layers) whereas
bivalves are more abundant in the massive limestones
which formed during lake high-stands.

The average size of the species is small, reaching from
the minute Belgrandia klietmanni with about 2-3 mm in
height to Melanopsis lyrata with about 8—14 mm; just
the dimensionally highly variable but rare M. lucanensis
attains in some cases nearly 3 cm in height. Larger taxa
are only represented by the bivalves Mytilopsis aletici
and Unio rackianus attaining c. 6 cm in length. Gener-
ally, the section is characterized by the dominance of
Melanopsis lyrata, Melanopsis lanzaeana, Prososthenia
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schwartzi and Prososthenia cincta, each developing 34
morphotypes. In this study we refer to these forms as
morphotypes rather than chronosubspecies. The forms
are suggested to represent morphological varieties of the
single species, probably a dependence of morphology
and environment. Introducing chronosubspecies would
imply a beginning speciation which is not considered
herein.

For the lowermost part of the section smooth morphs
are typical, whereas the upper part is dominated by half-
ribbed and ribbed forms. Basically, Mytilopsis jadrovi,
Theodoxus sinjanus, Orygoceras dentaliforme, Pseudam-
nicola torbarianus and Belgrandia klietmanni appear al-
most throughout the section. The lower section interval
comprises high abundances of M. jadrovi and T. sinja-
nus, indicating at least intermediate water-energy (PFLEGER
1984, PLaziat & Younis 2005). Within the interval be-
tween 60—70 m these are accompanied by Fossarulus
fuchsi and sculptured species of Orygoceras. Unio, Fer-
rissia and Melanopsis lucanensis occur here as well. Espe-
cially the appearance of unionids indicates enhanced flu-
vial input (PFLEGER 1984). The middle part of the section,
comprising about 40 m of more or less pure limestones,
yields only few poorly preserved samples with poorly pre-
served shells. There, Mytilopsis aletici is the only common
element, reflecting probably a deeper eulittoral to sublit-
toral environment (Manpic et al. 2009). The uppermost
part of the section bears Prososthenia neutra, Fossarulus
cf. armillatus and pulmonate snails such as Gyraulus and
Lymnaea. As air-breathing gastropods, pulmonates are
mostly restricted to the upper parts of the littoral zone, thus
implying shallow water conditions. Thick coal seams at
the section top, representing high-lying mires, support this
interpretation. Finally, this resulted in an emersion phase
for the first time of the 2-Ma-long depositional history of
Lake Sinj (ManDic et al. 2009, De Leeuw et al. 2010).

Based on the literature survey given in HARZHAUSER
& Manbic (2008), the entire gastropod fauna of Lake
Sinj comprises 80 species-level taxa whilst 110 taxa
are recorded from the entire DLS fauna. The quantita-
tive samples from the Lucane section revealed only 18
gastropod species. This suggests a comparatively high
contribution of rare species in the total Lake Sinj fauna.
Moreover, this relatively low number of species might

point to a restricted spectrum of paleoenvironments that
has been covered by our samples or might be an effect
of the narrow time-window covered by the section com-
prising only 400 kyr.

The mollusk fauna of Lake Sinj and the DLS in gen-
eral experienced major radiation events of certain mol-
lusk taxa. The high endemicity of c. 98% of the gas-
tropod fauna of the DLS is clearly linked to these local
radiations (HARzHAUSER & Manbic 2008). These rapid
radiations are mirrored by the difficulties to apply clear
taxonomic concepts to the very polymorphic melanop-
sids and prososthenids. These problems are also evident
in the Late Miocene faunas of Lake Pannon (HARzHAUS-
ER et al. 2002, GEARY et al. 2002). Hence, the number of
species-level data in the literature is probably strongly
inflated due to the outdated taxonomic concept of early
workers. This inflation of names is obvious from the
synonymy lists in the systematic chapter. Thus, a total
revision of the fauna would probably reduce the species
number significantly.

About 55% of described taxa including Theodoxus
sinjanus, Melanopsis lyrata, Prososthenia neutra, Pseu-
damnicola torbarianus, Fossarulus armillatus, Ory-
goceras cornucopiae, O. dentaliforme, O. stenonemus,
Ferrissia illyrica, Mytilopsis jadrovi and Unio rackianus
are also known from the geographically very close Lake
Drnis. The absence of some species, such as Prososthe-
nia schwartzi and Mytilopsis aletici from Lake Drni§
might be related to its only slightly older age.

Lake Gacko was situated in a distance of ¢. 150 km, and
its mollusk fauna is slightly older (15.2-15.8 Ma (Man-
pic et al. 2011a). Nevertheless, it displays also surprising-
ly high species-level congruence (35%) with Lake Sinj.
Species which occur in both lakes are: Melanopsis lyrata,
Prososthenia neutra, Fossarulus fuchsi, Orygoceras den-
taliforme, Ferrissia illyrica, Mytilopsis jadrovi, and Unio
rackianus. All these species, except for F. fuchsi, are present
also in the Lake Drnis deposits. Thus, these taxa are either
very mobile and widespread in the DLS and/or are charac-
terized by longer stratigraphic life-spans. The poor faunistic
relations with Lake Pag (BuLic & Jurisic-Porsak 2009)
are clearly linked to the much older age of its mollusk as-
semblage which developed during 17.2-16.7 Ma (JIMENEZ-
Moreno et al. 2009).

Conclusion

This is the first quantified analysis of a section- and
sample-based mollusk assemblage from the Miocene Di-
naride Lake System. All taxa derive from a single section
representing the sedimentary infill of Lake Sinj, which
was one of numerous lakes of the DLS. Most of the spe-
cies have not been illustrated since the 19" century and

modern systematic revisions are largely missing. The mol-
lusk fauna is indicative of a freshwater system, which was
predominated by melanopsid and hydrobiid gastropods in
shallow water settings and by dreissenid bivalves in “off-
shore” settings concerning individual numbers. Fluvio-
lacustrine taxa, such as Ferrissia and Unio are rare and
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confined to few layers. The literature-based biodiversity
is strongly overestimated due to the numerous superfluous
taxa, which have been introduced for mere morphotypes.

The high faunistic similarities with the coeval or
slightly older and geographically close-by Lake Drni$
but also with the more distanced Lake Gacko suggest
either direct aquatic connections or very good faunistic
exchange. The taxonomic similarities with other DLS
lakes, such as Lake Pag are distinctly lower. This is evi-
dent due to different stratigraphic ages of the faunas.

The DLS faunas are still poorly resolved concern-
ing stratigraphic ages of individual assemblages and in
respect to their occurrence in certain lakes of the DLS.
This contribution is thus the first step to resolve the tax-
onomy, biogeography and stratigraphy of one of the most
diverse Miocene freshwater systems of Europe.

Acknowledgements

We would like to express our thanks to Davor Paveli¢ and
Alan Vranjkovi¢ (University of Zagreb) and Jeronim Buli¢
(Croatian Natural History Museum) for their help with the field
work and extensive discussions on regional geological settings.
Thanks go also to Felix F. Marx (University of Otago), Franz
Topka and Alice Schumacher (both Natural History Museum
Vienna) for technical support. We are greatly indebted to Dan-
iela Esu (University of Rome), Ulrich BéBneck (University of
Giessen) and Frank Riedel (University of Berlin) for sharing
taxonomic ideas. Finally, we are grateful to Dietrich Kadolsky
and an anonymous reviewer for their constructive and detailed
comments. This study is part of the grant by the Austrian Sci-
ence Fund (FWF) No. P18519-B17: “Mollusc Evolution of the
Neogene Dinaride Lake System*.

References

ALBReCHT, C., KunN, K. & STreIT, B. (2007): A molecular phy-
logeny of Planorboidea (Gastropoda, Pulmonata): in-
sights from enhanced taxon sampling. — Zoologica
Scripta, 36: 27-39.

AnpRusov, N. (1897): Fossile und lebende Dreissenidae Eur-
asiens. Erstes Supplement. — Travaux de la Société
des Naturalistes de St. Pétersbourg, 29: 59—-132.

BanDEL, K. (2000): Speciation among the Melanopsidae (Cae-
nogastropoda). Special emphasis to the Melanopsi-
dae of the Pannonian Lake at Pontian time (Late Mi-
ocene) and the Pleistocene and Recent of Jordan. —
Mitteilungen aus dem Geologisch-Paldontologischen
Instituts der Universitdt Hamburg, 84: 131-208.

BoucHerT, P. & Rocrol, J.-P. (2005): Classification and Nomen-
clator of Gastropod Families. — Malacologia, 47
(1-2): 1-397.

— —— (2010): Nomenclator of Bivalve Families; with a
classification of bivalve families by R. BIELER, J.
G. CARTER & E. V. CoaN. — Malacologia, 52 (2):
1-184.

BouraGUIGNAT, J. R. (1869): Catalogue des mollusques terrestres
et fluviatiles des environs de Paris a I'Epoche Quater-
naire. Annexe de l'ouvrage ages antéhistoriques. —
1-33; Paris.

— — — (1880): Etude sur les fossiles tertiaires et quarter-
naires de la vallée de la Cettina en Dalmatie. — 1—
55; Saint Germain.

BrusiNa, S. (1870): Monographie der Gattungen Emmericia
und Fossarulus. — Verhandlungen der kaiserlichen
und koniglichen zoologisch-botanischen Gesellschaft
in Wien: 925-938.

— — — (1874): Fossile Binnen-Molluscen aus Dalmatien,
Kroatien und Slavonien nebst einem Anhange. — 1—
138; Agram (Actienbuchdruckerei).

— — — (1876): Description d’especes nouvelles, provenant
des terrains tertiaires de Dalmatie. — Journal de
Conchyliologie, 24: 109-116, Paris.

— — — (1881): Le Pyrgulinae dell’Europa orientale. — Bol-
lettino della Societa Malacologica Italiana, 7 (13—
19): 229-292.

— — — (1882): Orygoceras. Eine neue Gasteropodengattung
der Melanopsiden-Mergel Dalmatiens. — Beitrige
zur Paldontologie Osterreich-Ungarns und des Ori-
ents, 2: 33-46, Wien.

— — — (1884): Die Neritodonta Dalmatiens und Slavoni-
ens nebst allerlei malakologischen Bemerkungen. —
Jahrbiicher der Deutschen Malakozoologischen Ge-
sellschaft, 11: 17-120.

— —— (1885): Bemerkungen iiber ruméinische Palu-
dinenschichten mit Bezug auf Prof. Cobalce-
scus Werk “Studii geologice si paleontologice
asuprd unor Téramuri Tertiare din unile Parti ale
Romaniei“. (Mem. Geol. ale Scolei militare din Iasi,
Mem. I, Bucuresci 1883). — Verhandlungen der
geologischen Reichsanstalt, 6: 157-163, Wien.

— —— (1892): Fauna fossile terziaria di Markusevec in
Croazia. Con un elenco delle Dreissensidae della
Dalmazia, Croazia e Slavonia. — Glasnik hrvatskog
naravoslovnog drusta, 7: 113-210, Zagreb.

— —— (1897): Gragja za neogensku malakolosku faunu Dal-
macije, Hrvatske i Slavonije uz neke vrste iz Bosne i
Hercegovine i Srbije. — Djela Jugoslavenske akadem-
ije znanosti i umjetnosti, 18: 1-43, Zagreb.

— — — (1902): Iconographia Molluscorum Fossilium in tel-
lure tertiaria Hungariae, Croatiae, Slavoniae, Dalma-
tiae, Bosniae, Herzegovinae, Serbiac and Bulgariae
inventorum. — 30 plates; Agram (Officina Soc. Ty-
pographicae).



220 NEuBAUER, T. A., MaNDIC, O. & HARzHAUSER, M.: Middle Miocene freshwater mollusks from Lake Sinj

— — — (1904): Sipovo i njegova tercijarna fauna. — Glas-
nik Zemaljskog muzeja Bosne i Hercegovine, 16:
493-498, Sarajevo.

— — — (1905): Naravoslovne crtice sa sjevero-isto¢ne obale
Jadranskoga mora. Dio tre¢i. Putopis. - Rad Jugo-
slavenske akademije znanosti i umjetnosti, 163: 1-
40, Zagreb.

— — — (1907): Naravoslovne crtice sa sjeveroiztocne obale
Jadranskoga mora. Dio Cetvrti i posljednji Speci-
jalna. — Rad Jugoslavenske akademije znanosti i
umjetnosti, 169: 195-251, Zagreb.

Butic, J., & Jurisic-Porsak, Z. (2009): The lacustrine Mi-
ocene deposits at Crnika beach on the island of Pag
(Croatia). — Geologia Croatica, 62: 135-156.

ConrAD, T. A. (1831): Description of fifteen new species of Re-
cent and three of Fossil shells, chiefly from the coast
of the United States. — Journal of the Academy of
Natural Sciences of Philadelphia, 6: 256-268.

DEe Leeuw, A., Manbic, O., VRANIKOVIC, A., PaveLi¢, D.,
HARzHAUSER, M., KrugsmMaN, W. & Kuiper, K. F.
(2010): Chronology and integrated stratigraphy of
the Miocene Sinj Basin (Dinaride Lake System,
Croatia). — Palaeogeography, Palaeoclimatology,
Palaeoecology, 292: 155-167.

De Leeuw, A., Manpic, O., Krugsman, W., Kuirer, K. F. &
Hrvatovi¢, H. (2011): A chronostratigraphy for the
Dinaride Lake System deposits of the Livno-Tomis-
lavgrad Basin: the rise and fall of a long-lived lacus-
trine environment. — Stratigraphy, 8 (1): 29-43.

DrapaRNAUD, J. P. R. (1805): Histoire naturelle des Mollusques
terrestres et fluviatiles de la France. — 1-134; Paris
(Colas).

FALKNER, G., RipkeN, T. E. J. & FaLkner, M. (2002): Mol-
lusques continentaux de France. Liste de référence
annotée et bibliographie. — Patrimoines naturels,
52:1-350, Paris.

FErussac, A. E. J. P. J. F. p’A. de (1823): Monographie des
espéces vivantes et fossiles du genre mélanopside,
Melanopsis, et observations géologiques a leur su-
jet.— Mémoires de la Société d’Histoire Naturelle
de Paris, 1: 132-164.

GEARY, D. H., STALEY, A. W., MULLER, P. & MAGYAR, 1. (2002):
Iterative changes in Lake Pannon Melanopsis reflect
a recurrent theme in gastropod morphological evolu-
tion. — Paleobiology, 28 (2): 208-221.

Harpeman, S. S. (1840): A monograph of the Limniades and
other freshwater univalve shells of Northern Ameri-
ca. — 1-16; Philadelphia (J. Dobson).

Hanomann, R. (1887): Die fossile Conchylienfauna von
Leobersdorf im Tertidrbecken von Wien. — 1-47,
Miinster-Aschendorff.

HarzHAUSER, M. & BINDER, H. (2004): Synopsis of the Late
Miocene mollusc fauna of the classical sections Ri-
chardhof and Eichkogel in the Vienna Basin (Aus-
tria, Pannonian, MN9-MN11). — Archiv fiir Mol-
luskenkunde, 133 (1/2): 1-57, Frankfurt am Main.

HARzHAUSER, M. & KowaLKE, T. (2002): Sarmatian (Late Mid-
dle Miocene) Gastropod Assemblages of the Central
Paratethys. — Facies, 46: 57-82.

HARzHAUSER, M., KowaLkg, T. & Manpic, O. (2002): Late Mi-
ocene (Pannonian) Gastropods of Lake Pannon with
Special Emphasis on Early Ontogenetic Develop-
ment. — Annalen des Naturhistorischen Museums in
Wien, 103A: 75-141, Wien.

HARZHAUSER, M., & Manbic, O. (2008): Neogene lake systems
of Central and South-Eastern Europe: Faunal diversi-
ty, gradients and interrelations. — Palaeogeography,
Palaeoclimatology, Palacoecology, 260: 417-434.

— & — (2010): Neogene dreissenids in Central Europe: evo-
lutionary shifts and diversity changes. — In: VAN DER
VELDE, G., RajaGoraL, S., Bl DE Vaare, A. (Eds.) The
Zebra Mussel in Europe, Chapter 2: 11-29 (555 p.);
Weikersheim (Backhuys Publishers, Leiden/Margraf
Publishers).

HARzHAUSER, M., ManDic, O., LataL, C. & Kern, A. (2011):
Stable isotope composition of the Miocene Dinar-
ide Lake System deduced from its endemic mollusc
fauna. — Hydrobiologia, doi: 10.1007/s10750-011-
0618-3 (online published first).

HEersHLER, R. & Ponper, W. F. (1998): A Review of Morpho-
logical Characters of Hydrobioid Snails. — Smith-
sonian Contributions to Zoology, 600: 1-55, Wash-
ington, D.C.

Hornes, M. (1856): Die fossilen Molluscen des Tertidr-Beck-
ens von Wien. I. Band. Univalven. — Abhandlungen
der Geologischen Reichsanstalt, 3 (10. Lieferung):
461-736; Wien.

ICZN (1999): International Code of Zoological Nomencla-
ture. — 1-306; 4th ed., London (International Trust
for Zoological Nomenclature).

IsseL, A. (1866): Dei molluschi raccolti nella provincia di
Pisa. — Memorie della Societa Italiana di Scienze
Naturali, Milano, 2 (1): 1-38.

JIMENEZ-MORENO, G., MaNDIC, O., HARZHAUSER, M., PAvELIC, D.
& VRANJKOVIC, A. (2008): Vegetation and climate dy-
namics during the early Middle Miocene from Lake
Sinj (Dinaride Lake System, SE Croatia). — Review
of Palaeobotany and Palynology, 152: 237-245.

JiMENEZ-MoREeNoO, G., De Leeuw, A., Manpic, O., HARZHAUSER,
M., PaveLi¢, D., Kriugsman, W. & VRANIKOVIC, A.
(2009): Integrated stratigraphy of the early Miocene
lacustrine deposits of Pag Island (SW Croatia): Pal-
aeovegetation and environmental changes in the Di-
naride Lake System. — Palacogeography, Palaeocli-
matology, Palacoecology, 280: 193-206.

Jurisic-Porsak, Z. (1979): Miocenske i pliocenske neritide u
Hrvatskoj. — Palaeontologia Jugoslavica, 22: 1-50,
Zagreb.

— —— (1984): Novi fosarulusi u slatkovodnom neogenu Dal-
macije (juzna Hrvatska). — Rad Jugoslaveske akadem-
ije znanosti i umjetnosti, 411: 197-208, Zagreb.

Juridic-Poriak, Z. & Suiskovi¢, T. (1988): Slatkovodni gas-
tropodi neogenskih naslaga jugozapadne Bosne. —



NEuBAUER, T. A., ManDIc, O. & HARzHAUSER, M.: Middle Miocene freshwater mollusks from Lake Sinj 221

Zbornik referata nau¢nog skupa "Minerali, stijene,
izumrli i zivi svijet BIH", Zemaljski Muzej Bosne i
Hercegovine, Sarajevo, 7.—8. oktobar 1988.

Jurisie-PoLsak, Z., Buri¢, J. & PosiLovi¢, H. (2000): Pojava
visokospecijaliziranih oblika nekih gastropoda u
miocenskim slatkovodnim naslagama Crvenog
Klanca, Sinjsko polje, Hrvatska. — Proceedings of
the Second Croatian Geological Congress, Cavtat
Dubrovnik: 231-237, Zagreb.

Kaporsky, D. & PiecHocki, A. (2000): Freshwater Rissooidea
from the Miocene of Betchatow, Poland (Gastropo-
da Prosobranchia: Hydrobiidae, Pomatiopsidae). —
Archiv fiir Molluskenkunde, 128 (1/2): 217-236,
Frankfurt am Main.

KERNER, F. (1905): Gliederung der Sinjaner Neogenformati-
on. — Verhandlungen der Geologischen Reichsan-
stalt, 6: 127-165, Wien.

— —— (1916a): Sinj und Spalato 1:75.000, neu aufgenom-
men und bearbeitet in den Jahren 1902—-1909. —
Geologische Reichsanstalt, Wien, Geologische Spe-
cialkarte, Blatt 6557.

— — — (1916b): Erlduterungen zur Geologischen Karte der
Osterr.-Ungar. Monarchie 1:75.000, Sinj und Spala-
to. — Geologische Reichsanstalt, Wien.

KLElW, A. (1853): 3. Conchylien der Siisswasserkalkformation
Wiirttembergs. — Jahreshefte des Vereins fiir vater-
landische Naturkunde in Wiirttemberg, 9: 203-223,
Stuttgart.

Kirre, E. (1886): Uber die miocenen Pteropoden von Oster-
reich-Ungarn. — Annalen des naturhistorischen Mu-
seums in Wien, 1: 47-74, Wien.

KogeLt, W. (1876—1881): Illustriertes Conchylienbuch. — 2
vol., xvi + 391; Niirnburg (Bauer und Raspe).

KocHansky-DEevIDE, V. & Stiskovic, T. (1978): Miocenske
kongerije Hrvatske, Bosne i Hercegovine. — Palae-
ontologia jugoslavica, 19: 1-98.

(1981): Mlade miocenske kongerije Livanjskog, Du-
vanjskog i Kupreskog polja u jugozapadnoj Bosni
i Hodova u Hercegovini. — Palaeontologia jugo-
slavica, 25: 1-25, Zagreb.

KorBar, T. (2009): Orogenic evolution of the External Dinar-
ides in the NE Adriatic region: a model constrained
by tectonostratigraphy of Upper Cretaceous to Pale-
ogene carbonates. — Earth-Science Reviews, 96:
296-312.

KowaLkE, T. & REICHENBACHER, B. (2005): Early Miocene (Ot-
tnangian) Mollusca of the Western Paratethys — on-
togenetic strategies and palaco-environments. — Ge-
obios, 38: 609-635.

Krstic, N., Savic, L., Jovanovi¢, G. & Bopor, E. (2003):
Lower Miocene lakes of the Balkan Land. — Acta
Geologica Hungarica, 46: 291-299.

LimNakus, C. (1758): Systema naturae per regna tria naturae, se-
cundum classes, ordines, genera, species, cum charac-
teribus, differentiis, synonymis locis. Tomus 1. — I-
IIT + 1-824; 10th ed., Holmiae (Laurentius Salvius).

Lozoukr, P., LesporT, J.-F. & RENARD, P. (2001): Révision des
Gastropoda (Mollusca) du Stratotype de 1’ Aquitanien
(Mioceéne inf.): site de Saucats “Lariey”, Gironde,
France. — Cossmanniana, special issue 3: 1-189.

Manpic, O., Paveri¢, D., HARZHAUSER, M., ZUPANIC, J., RE-
ISCHENBACHER, D., SACHSENHOFER, R. F., TADE), N. &
VRANJKOVIC, A. (2009): Depositional history of the
Miocene Lake Sinj (Dinaride Lake System, Croatia):
a long-lived hard-water lake in a pull-apart tectonic
setting. — Journal of Paleolimnology, 41: 431-452.

Manpic, O., DE Leeuw, A., Vukovic, B., Kriigsman, W.,
HarzHAUSER, M., KuiPER, K. F. (2011a): Palacoenvi-
ronmental evolution of Lake Gacko (Southern Bos-
nia and Herzegovina): impact of the Middle Miocene
Climatic Optimum on the Dinaride Lake System. —
Palacogeography, Palacoclimatology, Palacoecology,
299: 475-492.

Manbic, O., DE Leeuw, A., BuLic, J., Krugsman, W., KUIPER,
K. F. & Juridi¢-PoLsak, Z. (2011b): Paleogeographic
evolution of the Southern Pannonian Basin: “°Ar/*°Ar
age constraints on the Miocene continental series of
northern Croatia. — International Journal of Earth
Sciences, doi: 10.1007/s00531-011-0695-6 (online
published first).

MILAN, A., SAKAC, K. & ZAGAR-SAKAC, A. (1974): Katalog
originala tipova vrsta pohranjenih u Geolosko-
paleontoloskom muzeju u Zagrebu. — 1-186; Za-
greb (Geolosko-paleontoloski muzej u Zagrebu).

MontrorT, P. D. (1810): Conchyliologie systématique et classi-
fication méthodique de Coquilles 2. — 1-676; Paris
(Haussmann & d’Hautel).

MULLER, O. F. (1774): Vermium terrestrium et fluviatilium his-
toria, seu animalium Infusoriorum, Helminthicorum
et Testaceorum non marinorum succincta historia
II. — 1-199.

NEuUMAYR, M. (1869): 1I. Beitrdge zur Kenntniss fossiler Bin-
nenfaunen. — Jahrbuch der kaiserlichen und konigli-
chen geologischen Reichsanstalt, 19: 355-382,
Wien.

— —— (1880): V. Tertidre Binnenmolluscen aus Bosnien
und der Hercegovina. — Jahrbuch der kaiserlichen
und koéniglichen geologischen Reichsanstalt, 30 (2):
463-486, Wien.

Ourivier, G. A. (1804): Voyage dans I’Empire Ottoman.
L’Egypte et la Perse, fait par ordre du gouvernement
pendant les six premiéres années de la république.
Tome second. — 1-466; Paris (Agasse).

Oruii¢, J. (1936): Ueber die geschlossenen, progressiven
Entwicklungsreihen der Schalen der pontischen
Prososthenien (Vorldufige Mitteilung). — Archiv fiir
Molluskenkunde, 68: 118—120, Frankfurt am Main.

— —— (1999): O razvojnim nizovima nekoliko melanop-
sida i prozostenida iz sarmatskih naslaga okolice
Sinja (Dalmacija, Hrvatska). — In: Juri$ic-PoL3ak,
Z. (ed.): Dr. Josip Oluji¢. O razvojnim nizovima
nekoliko melanopsida i prozostenida iz sarmatskih
naslaga okolice Sinja (Dalmacija, Hrvatska): 7-32



222 NEuBAUER, T. A., MaNDIC, O. & HARzHAUSER, M.: Middle Miocene freshwater mollusks from Lake Sinj

+ 33-60; (Hrvatski prirodoslovni muzej) Zagreb
and (Provincijalat Franjevacke provincije presvetog
Otkupitelja) Sinj.

PaLLARY, P. (1916): Observations relatives a la nomenclature
des Melanopsis fossiles. — Bulletin de la Société
d’Histoire Naturelle de 1I’Afrique du Nord, 7 (3):
70-87.

Parp, A. (1953): Die Molluscenfauna des Pannon des Wiener
Beckens. — Mitteilungen der geologischen Gesells-
chaft in Wien, 44 (1951): 85-222.

PrLEGER, V. (1984): Schnecken und Muscheln Europas.
Land- und StBwasserarten. — 1-192; Stuttgart
(Franckh’sche Verlagshandlung).

Praziat, J.-C. & Younis, W. R. (2005): The modern environ-
ments of Molluscs in southern Mesopotamia, Iraq: A
guide to paleogeographical reconstructions of Qua-
ternary fluvial, palustrine and marine deposits. —
Carnets de Géologie / Notebooks on Geology, Brest,
Article 2005/01 (CG2005_AO01).

RiepeL, F. (1993): Early ontogenetic shell formation in some
freshwater gastropods and taxonomic implications
of the protoconch. — Limnologica, 23 (4): 349-368.

SANDBERGER, F. (1875): Die Land- und Siilwasser-Conchylien
der Vorwelt. — Livr. 11: 353-616; livr. 12: 617—
1000; Wiesbaden (Kreidel).

Say, T. (1817): Descriptions of seven species of American
fresh water and land shells, not noticed in the sys-
tems. — Journal of the Academy of Natural Sciences
of Philadelphia, 1 (1-2): 13-16, 17-18.

ScHrickum, W. R. (1964): Die Molluskenfauna der Siissbrack-
wassermolasse Niederbayerns. — Archiv fiir Mol-
luskenkunde, 93: 1-68, Frankfurt am Main.

— — — (1974): Zur miozanen Siilwassergastropodenfauna
der Rhon. — Archiv fiir Molluskenkunde, 104 (1-3):
69-71, Frankfurt am Main.

— —— (1976): Die in der pleistozénen Gemeindekiesgrube
von Zwiefaltendorf a. d. Donau abgelagerte Mol-
luskenfauna der Silvanaschichten. — Archiv fiir Mol-
luskenkunde, 107 (1/3): 1-31, Frankfurt am Main.

Stimpson, W. (1865): Researches upon the Hydrobiinae and
allied forms: chiefly made from materials in the Mu-
seum of the Smithsonian Institution. — Smithsonian
Miscellaneous Collections, 7: 1-59.

Susniara, A & Sakac, K. (1988): Miocenski slatkovodni sedi-
menti podru¢ja Sinja u srednjoj Dalmaciji (Miocene

freshwater sediments of the Sinj area — Middle Dal-
matia). — Geoloski vjesnik, 41: 51-74, Zagreb.

Susniara, A. & S¢avNICAR, B. (1974): Tufovi u neogenskim
naslagama srednje Dalmacije (juzna Hrvatska). —
Geoloski vjesnik, 27: 239-253, Zagreb.

TouLa, F. (1913): Geologisch-paldontologische Beobachtungen
aus der Gegend von Drvar, Peci und Duler in West-
bosnien. — Jahrbuch der geologischen Reichsanstalt,
63 (4): 621-694, Wien.

WaGNER, A. J. (1928): Studien zur Molluskenfauna der Bal-
kanhalbinsel mit besonderer Beriicksichtigung Bul-
gariens und Thraziens, nebst monographischer Bear-
beitung einzelner Gruppen. — Annales Zoologici
Musei Polonici Historiae Naturalis, 6 (4): 263-399,
Warsaw.

WEeNz, W. (1920): Zur Fauna der pontischen Schichten von
Leobersdorf. I. — Senckenbergiana, 3: 23-33.

— —— (1923-1930): Fossilium Catalogus I: Animalia.
Gastropoda extramarina tertiaria. — V: 1421-1734
(1923), VII: 1863-2230 (1926), VIII: 2231-2502
(1928), IX: 2503-2886 (1929), X: 2887-3014
(1929); Berlin (W. Junk).

— — — (1938-1944): Gastropoda. Teil 1: Allgemeiner Teil
und Prosobranchia. — In: ScHinbewoLF, O. H. (Ed.):
Handbuch der Paldozoologie, Band 6: 1-1639; Ber-
lin (Verlag Gebriider Borntréger).

ZAGAR-SAKAC, A. (1981): Uber die neogenen Unionazeen-
Arten S. Brusina’s. — Palaeontologia jugoslavica,
27: 1-26, Zagreb.

— — — (1986): Unio katzeri Brusina iz miocenskih slatko-
vodnih naslaga Dalmacije (juzna Hrvatska). — Rad
Jugoslavenske Akademije znanosti i umjetnosti, 424:
167189, Zagreb.

— — — (1987): O unionacejskoj fauni miocenskih slatkovod-
nih naslaga srednje Dalmacije. — Rad Jugoslaven-
ske Akademije znanosti i umjetnosti, 431: 69-91,
Zagreb.

— —— (1990): O vrsti Unio cubranovici BRUSINA iz miocen-
skih slatkovodnih naslaga Lov¢e u Baniji, SrediSnja
Hrvatska. — Rad Jugoslavenske Akademije znanosti
i umjetnosti, 449: 251-260, Zagreb.

ZAGAR-SAKAC, A. & Sakac, K. (1984): Nalazista unionacejske
faune neogenskih (miocenskih) naslaga Dalmacije
(juzna Hrvatska). — Rad Jugoslovenske akademije
znanosti i umjetnosti, 411: 209-230, Zagreb.

Manuscript submitted: 24.11.2010
Revised manuscript accepted: 04.07.2011



NEuBAUER, T. A., ManDIc, O. & HARzHAUSER, M.: Middle Miocene freshwater mollusks from Lake Sinj 223

Plates



224 NEuBAUER, T. A., MaNDIC, O. & HARzHAUSER, M.: Middle Miocene freshwater mollusks from Lake Sinj

Plate 1
All figures by T. NEuBauer, NHMW.

Figs. 1-3. Melanopsis lyrata Neumavr 1869 (morphotype B).
NHMW Inv. 2010/0042/0011; scale bar corresponds to 5 mm;
sample 44.

Figs. 4-6. Melanopsis lyrata Neumavr 1869 (morphotype C).
NHMW Inv. 2010/0042/0012; scale bar corresponds to 5 mm;
sample Z.

Figs. 7-9. Melanopsis lyrata Neumayr 1869 (morphotype D).
NHMW Inv. 2010/0042/0013; scale bar corresponds to 5 mm;
sample V.

Figs. 10-12.  Melanopsis lucanensis NEUBAUER n. sp.
Holotype NHMW Inv. 2010/0042/0001; scale bar corresponds to
10 mm; sample 44.

Figs. 13-15.  Melanopsis lanzaeana Brusina 1874 (morphotype A).
NHMW Inv. 2010/0042/0007; scale bar corresponds to 5 mm;
sample 44.

Figs. 16-18.  Melanopsis lanzaeana Brusina 1874 (morphotype B).
NHMW Inv. 2010/0042/0008; scale bar corresponds to 1 mm;
sample Z.

Figs. 19-21.  Melanopsis lanzaeana Brusina 1874 (morphotype C).
NHMW Inv. 2010/0042/0009; scale bar corresponds to 5 mm;
sample A.

Fig. 22. Melanopsis lyrata Neumavr 1869 (morphotype A).
NHMW Inv. 2010/0042/0010; scale bar corresponds to 5 mm;
sample 33.
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Plate 2
All figures by T. NEuBauER, NHMW, scale bar corresponds to 1 mm.

Figs. 1-8. Prososthenia schwartzi NeumaYr 1869 (morphotype A).
Figs. 1-3, 7: Fig. 7 shows protoconch of Fig. 1; sample 44,
NHMW Inv. 2010/0042/0014.
Figs. 4-6, 8: another specimen; Fig. 8 shows protoconch of Fig.
5; sample 44, NHMW Inv. 2010/0042/0014.

Figs. 9-15. Prososthenia schwartzi NeumaYr 1869 (morphotype C).
Figs. 9-10, 13: sample Z, Figs. 11-12, 14—15: another specimen;
Fig. 15 shows protoconch of Fig. 11; sample Z, NHMW Inv.
2010/0042/0016.
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Plate 3
All figures by T. NEusauer, NHMW, scale bar corresponds to 1 mm.

Figs. 1-2,5.  Prososthenia schwartzi NEumayr 1869 (morphotype B).
NHMW Inv. 2010/0042/0015; sample 44.

Figs. 3-4,6.  Prososthenia schwartzi NEumaYr 1869 (morphotype D).
NHMW Inv. 2010/0042/0017; sample V.

Figs. 7-9. Prososthenia cincta NEumAaYr 1869 (morphotype A).
NHMW Inv. 2010/0042/0018; sample 44.

Figs. 10-14.  Prososthenia cincta NEumAYR 1869 (morphotype C).
Figs. 10, 13—14: sample Z, NHMW Inv. 2010/0042/0019.
Figs. 11-12: another specimen; sample Z, NHMW Inv.
2010/0042/0019.
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Plate 4
All figures by T. NEuBAUER, NHMW.

Figs. 1-2, 5. Prososthenia cincta NEumAYr 1869 (morphotype D).
NHMW Inv. 2010/0042/0020; scale bar corresponds to 1 mm;
sample Z.

Figs. 34, 6, 12. Prososthenia neutra Brusina 1897.
NHMW Inv. 2010/0042/0021; scale bar corresponds to 1 mm;
Fig. 12 shows protoconch of Fig. 3; sample A.

Fig. 7. Prososthenia bicarinata Orusc¢ 1999.
NHMW Inv. 2010/0042/0022; scale bar corresponds to 1 mm;
sample Z.

Figs. 8-11, 13. Pseudamnicola torbarianus (Brusina 1874).
Figs. 8, 13: scale bar in Fig. 8 corresponds to 0.2 mm; Fig. 13
shows detail of Fig. 8; sample 44 NHMW Inv. 2010/0042/0023.
Figs. 9—11: another specimen; scale bar in Figs. 9-10
corresponds to 1 mm; Fig. 11 shows detail of Fig. 9; sample 44
NHMW Inv. 2010/0042/0023.
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Plate 5
All figures by T. NEuBauer, NHMW.

Figs. 1-2, 8, 10. Belgrandia klietmanni NEUBAUER n. sp.
Holotype NHMW Inv. 2010/0042/0003.
Figs. 1-2: scale bar corresponds to 1 mm; Fig. 8 scale bar
corresponds to 0.5 mm; Fig. 10 shows protoconch of Fig. 1;
sample 44.

Figs. 3-4, 9, 13. Fossarulus fuchsi BrRusina 1882.
NHMW Inv. 2010/0042/0024; scale bar corresponds to 1 mm,;
Fig. 13 shows protoconch of Fig. 3; sample 33.

Figs. 5-7. Theodoxus sinjanus (Brusina 1876).
NHMW Inv. 2010/0042/0026; scale bar corresponds to 1 mm;
sample 44.

Figs. 11-12, 14. Fossarulus cf. armillatus BrusiNa 1876.
NHMW Inv. 2010/0042/0025; scale bar corresponds to 1 mm;
Fig. 14 shows protoconch of Fig. 11; sample A.






234 NEuBAUER, T. A., MaNDIC, O. & HARzHAUSER, M.: Middle Miocene freshwater mollusks from Lake Sinj

Plate 6
All figures by T. NEuBauer, NHMW.

Figs. 1-2, 12.  Lymnaea sp.
NHMW Inv. 2010/0042/0027; scale bar corresponds to 1 mm;
Fig. 12 shows protoconch of Fig. 1; sample A.

Figs. 3-4, 11.  Gyraulus geminus (BrusiNA 1897).
NHMW Inv. 2010/0042/0028; scale bar corresponds to 1 mm;
Fig. 11 shows protoconch of Fig. 4; sample A.

Fig. 5. Orygoceras dentaliforme Brusina 1882.
NHMW Inv. 2010/0042/0029; scale bar corresponds to 1 mm;
sample J.

Figs. 6, 10. Orygoceras stenonemus BrusinA 1882.

NHMW Inv. 2010/0042/0031; Fig. 6, scale bar corresponds to 1
mm; sample J.
Fig. 10: protoconch of a second specimen; sample 44.

Fig. 7. Orygoceras cornucopiae Brusina 1882.
NHMW Inv. 2010/0042/0030; scale bar corresponds to 1 mm;
sample J.

Figs. 8-9, 13.  Ferrissia illyrica (NEumayr 1880).
NHMW Inv. 2010/0042/0032; scale bar corresponds to 1 mm;
Fig. 13 shows protoconch of Fig. 8; sample 44.
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Plate 7
All figures by T. NEuBauer and A. SCHUMACHER, NHMW.

Figs. 1-2,9.  Mpytilopsis jadrovi (BRUSINA 1892).
NHMW Inv. 2010/0042/0033, RV; scale bar corresponds to 1
mm; Fig. 9 shows hinge of Fig. 1; sample 44.

Fig. 3-7. Unio rackianus Brusina 1874.
NHMW Inv. 2010/0042/0034; Fig. 3: LV; scale bar corresponds
to 1 cm; sample 44.
Figs. 4-7: juvenile specimen; Figs. 4, 6: LV; Figs. 5, 7: RV; scale
bar corresponds to 1 mm; sample 44.

Fig. 8. Mytilopsis aletici (BRusiNA 1907).
Left specimen: RV.
Right specimen: articulated shell with fragmented LV on top;
scale bar corresponds to 1 cm; Sutina, Sinj Basin (Coll. NHMW).









