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Abstract

The turnover from the Sarmatian Paratethys Sea into Lake Pannon around 11.6 Ma seriously impacted 
aquatic biota like ostracods and triggered their adaptation to the changed environments. One survivor 
of this ecological switch is certainly the genus Cyprideis, which is well known for its radiation in Lake 
Pannon. A high-resolution micropalaeontological investigation of a transgressive–regressive sedimentary 
cycle just above the Middle/Late Miocene boundary focused on the taxonomy of the found Cyprideis 
species. Species-diagnostic characters were evaluated applying qualitative as well as linear and geometric 
morphometric analyses. These examinations led to the introduction of two new ostracod species (Cyprideis 
kapfensteinensis Gross n. sp. and Cyprideis mataschensis Gross n. sp.), which diverge only indistinctly in 
outline, but are undoubtedly separated by their size and hinge structure along with considerable differ-
ences in number of posteroventral spines. We conclude that these co-occurring species were two sympatric 
species, which were probably adapted to different microhabitats. C. kapfensteinensis is only recognised in 
the interval at the peak of the transgression, which corresponds to the maximum deepening of the lake in 
this area and with meso-/polyhaline conditions. In contrast, C. mataschensis seems to be a more euryplastic 
species because it appears well before this event and is also recorded in the regressive prodelta sediments 
up section.
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Introduction

The aquatic environment of the Central Paratethys (a palaeo-
geographic unit ranging from Eastern Bavaria to the Carpath-
ians) experienced a dramatic re-arrangement during the onset 
of the Late Miocene (c. 11.6 Ma), heavily affecting aquatic 
biota too. In continuation of the limited marine seaways of 
the late Middle Miocene Sarmatian Sea (12.7–11.6 Ma) the 
Central Paratethys became restricted to the Pannonian Basin 
system by pronounced uplift of the Carpathian mountain 
loop. This gave birth to Lake Pannon, a vast, brackish to suc-
cessively freshening lake, enclosed by the Alps, Dinarides and 
Carpathians. Due to its existence for a period of approximately 
6 Ma it is called an ancient Palaeo-Lake (see compilations by 

e.g. Kázmér 1990: 171, Magyar et al. 1999: 151, Rögl 1999: 
348, Popov et al. 2004: 32).

Lake Pannon is well known for its amazingly radiating 
endemic mollusc fauna, stimulating the introduction of the 
regional stratigraphical stage “Pannonian” and the palaeobio-
geographical “Balatonian Province” as well (Papp 1985: 21, 
Harzhauser & Piller 2007: 26). Beside tectonically induced 
palaeogeographic changes (e.g. Kováč et al. 2000: 77, Cloet-
ingh et al. 2005: 3, Csato et al. 2007: 131), astronomically 
forced climate fluctuations are discussed to modulate not only 
the sedimentary sequences and ecosystems (e.g. Juhász et al. 
1997: 274, Kováč et al. 2004: 207, Harzhauser et al. 2004: 
14, Jiménez-Moreno et al. 2005: 89, Bruch et al. 2006: 277, 
Gross et al. 2007a: 29, Magyar et al. 2007: 287) but also 
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trigger the evolution of lake biota (Harzhauser et al. 2007: 
347).

However, not only the macrofauna underwent remarkable 
rapid speciation, the microfauna reacts profoundly to the es-
tablishment of an isolated lake as well. Foraminifers disappear 
completely at the base of the Pannonian (Korecz-Laky 1985: 
265). Among ostracods, genera from the marine stock, like 
cytherids, hemicytherids, loxoconchids and leptocytherids, 
passed through this ecological bottleneck and started to radi-
ate enormously. Others, like candonids and herpetocyprids, 
maybe emigrated from surrounding freshwater settings and 
adapted to life in Lake Pannon. Some continued living in ad-
jacent wetlands (e.g. darwinulids, ilyocyprinids; Jiříček 1974: 
435, 1985a: 380 pp., Cernjasek 1974: 460, Rundić 2006: 
96).

Danielopol et al. (2008) point out that first reports of 
these unique ostracod fauna date back to the mid of the 19th 
century (Reuss 1850) and in the 1960–70’s there was a bloom 
in Lake Pannon ostracod research (e.g. by R. Jiříček, K. Koll-
mann, N. Krstić, R. Olteanu, V. Pokorný, A. Sokač, M. 
Stančeva). Nevertheless, a careful reinvestigation of these os-
tracod taxa is our next challenge. Successively improved high-
resolution stratigraphy and data from neontological research 
will offer new insights on evolutionary pathways of ancient 
Lake Pannon ostracod fauna and a better understanding of 
these benthic communities. The present study focuses on taxo-
nomic investigations with a bundle of qualitative and quan-
titative analyses on the example of Cyprideis species from the 
Styrian Basin at the section of Mataschen.

Geological and palaeoecological setting of  
the section

The Styrian Basin is the westernmost part of the Pannonian 
back-arc Basin (Text-fig. 1). The up to 4000 m thick Neogene 
basin filling mainly consists of marine and terrestrial sediments 
and volcanic rocks, ranging from Early Miocene (Ottnangian) 
to Late Pliocene. A few hundred metres thick, mixed siliciclas-
tic-carbonate sequence of late Middle Miocene age (Sarma-
tian) and limnic-fluvial, Upper Miocene (Pannonian) deposits 
form the bulk of exposed sediments in the Eastern Styrian Ba-
sin (Kollmann 1965: 479, Ebner & Sachsenhofer 1991: 
55, Gross 2003: 11, Gross et al. 2007b: 117).

An extensive hiatus between the sediments of the Sarmatian 
Paratethys Sea and Lake Pannon is supposed to be related with 
the global sea level fall at the Serravallian/Tortonian bound-
ary (Kováč et al. 1998: 447, 2004: 2008, Sacchi & Horváth 
2002: 83, Kosi et al. 2003: 82, Harzhauser & Piller 2004: 
82, Harzhauser et al. 2004: 12; Text-fig. 2).

The	section	Mataschen

The clay pit Mataschen is doubtless the best-studied section of 
Lower Pannonian sediments (Mytilopsis ornithopsis Zone) in 
the Styrian Basin. Results of an earlier multidisciplinary re-
search campaign (Gross 2004a: 5 pp.) have been shown that 
the c. 30 m thick succession displays a complete transgressive–

regressive sedimentary cycle above the erosive Sarmatian/Pan-
nonian boundary (Gross 2004b: 52; Text-fig. 3).

The basal, more than 1.5 m thick sandy to silty deposits of 
the section are interpreted as deposits in a freshwater (at the 
most oligohaline), fluvial to marginal lacustrine setting based 
on rare ostracod records (cyclocyprinids) and lithological fea-
tures.

0.2–0.3 m thick pelitic, coaly layers with abundant plant 
remains (leaves, seeds, pollen), some vertebrates and up to 4 
m high, autochthonous taxodiacean tree trunks document a 
rising lake level and the development of a swampy facies in 
an almost subtropical, mainly frost-free climate. These layers 
lack ostracod remains probably due to dissolution in an acidic 
environment (Daxner-Höck 2004: 30, Gross 2004b: 106, 
2004c: 142, Kovar-Eder 2004: 171, Meller & Hofmann 
2004: 195, Tempfer 2004: 263).

Up section follows a 0.3–0.4 m thick pelitic horizon with 
mass accumulations of Mytilopsis neumayri, which most prob-
ably lived attached to the tree stumps during proceeding flood-
ing of the swamp (Harzhauser 2004: 157). Up to a first con-
cretionary layer this dreissenid bivalve becomes successively 
rare. The scarce ostracod faunas with darwinulids, candonids, 
cyprinotids and ilyocyprinids point to littoral, limnic environ-
ments. Scattered leaf remains, swept into a shallow, freshwa-
ter–oligohaline lake, document the close by lake margin.

Above this concretionary layer the occurrence of calcare-
ous nannoplankton, dinoflagellates, molluscs (e.g. the index 
fossil Mytilopsis ornithopsis), vertebrates and geochemical data 
signify the maximum flooding and deepening of the lake en-

Text-fig. 1. Position of the Styrian Basin at the western margin of the 
Pannonian Basin and location of the investigated clay pit Mataschen 
(44 km SE of Graz).
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vironment. Also ostracod faunas are rich and diverse and are 
dominated by Cyprideis, Hemicytheria and Loxoconcha, accom-
panied by some candonids, herpetocyprids, leptocytherids and 
cytherurids. Salinity might have reached up to meso-/poly-
haline conditions in this basal lake deposits (Ćorić & Gross 
2004: 15, Gross 2004b: 106, Meller & Hofmann 2004: 
200, Schultz 2004: 231).

First turbiditic fine sand layers, intercalated near the top 
of this pelitic unit mark the transition to a prodeltaic setting. 
Ostracod diversity and quantity decreases markedly. Cyprideis 
and some candonids dominate; Hemicytheria and Loxoconcha 
are nearly absent.

Pelite/fine sand-alternations above, with a general coars-
ening upward trend, are topped by large-scale cross-bedded 
sands. This reflects a pronounced terrigenous influx and the 
shift from prodeltaic to delta front environment. Samples from 
the upper part of the section yielded no ostracods (Text-fig. 
3).

Integrating litho-, bio- and sequence stratigraphical cor-
relations and unpublished palaeomagnetic data (personnel 
comment, R. Scholger, Leoben) the whole section comprises 
an age from c. 11.6 to 11.3 Ma (Text-fig. 2). For a detailed 
taxonomy of ostracods, as well as paleoecological and biostrati-
graphical discussion see Gross (2004b: 49).

Methods

Sampling	and	preparation

Two different sampling strategies were applied to the section 
of the clay pit Mataschen. First, bulk samples (approximately 
700 g of wet sediment) were taken throughout the whole sec-
tion for an overview of its microfossil content (Gross 2004b: 
55 and additional samples; Text-fig. 3). Afterwards borings 
were undertaken for an additional high-resolution micropal-
aeontological study in the lower part of the profile where the 

richest occurrence of ostracods was proofed 
by the bulk samples. Ten sediment cores of 
c. half a metre length each and 100 mm in 
diameter were gained using a percussion-
drill. Three of these cores were cut in the 
middle and one half of each core was sam-
pled in evenly spaced intervals of 5 mm (= 
20 cm3 sediment).

Both, bulk and core samples were 
dried and washed using diluted hydrogen 
superoxide for disintegration and standard 
sieves (63/125/250/500 µm). Residuals 
≥250 µm were picked out totally (cores) 
or were split in a few cases (bulks; see ap-
pendix). Smaller fractions (63 µm and 
125 µm) contained predominantly broken 
and/or early ostracod instars. These frac-
tions were only briefly scanned and not 
used for quantitative calculations.

Morphometrics	and	statistics

Valves, which are subjected to statistical comparisons (Text-fig. 
4), were photographed in external view (light microscope and 
SEM). Valve length (= l), height (= h) and posterior height at 
80 % of the valve length (= h80%) are measured as shown in fig-
ure 4b. The length of spines is not incorporated in these mea-
surements. The ratio of h80% / h is expressed as percentages. Ba-
sic statistics like minimum and maximum values (= min, max), 
arithmetic mean (= mean), and standard deviation (= SD) are 
calculated and plotted (box plots) with the statistic software 
package PAST 1.72 (Hammer et al. 2001).

For morphometric analyses the TPS-dig software 1.37 
(Rohlf 2003) was used for digitising valve outlines. Geomet-
ric morphometric analyses of the outlines were performed with 
the software MORPHOMATICA 1.6 applying the Linhart’s 
B-spline algorithm, which allows the evaluation of area de-
viation between two superimposed outlines (Brauneis et al. 
2006). Differences between valve sizes can be eliminated by 
computation of the outline approximations to an equal area 
(“normalised for area”) or not (“not normalised for area”). Vir-
tual mean outlines (derived from shapes obtained in the “not 
normalised for area”-mode) were determined from individual 
outlines for each species and were used for comparisons of 
mean outlines between species. The matrix of pair-wise dis-
similarities acquired in MORPHOMATICA was used for 
non-metric multidimensional scaling (nMDS) and analysis of 
similarities (One-way ANOSIM) in order to test the morpho-
logical disparity of the valve outlines. For this purpose we used 
the software package PRIMER 6 (Clarke & Gorley 2006). 
For details of this geometric morphometric approach see Bal-
tanás et al. (2003: 103), Brauneis et al. (2006), Iepure et al. 
(2007: 162) and Minati et al. (2008).

Comparative	material

For comparisons the original and/or topotypical material of 
A.E. Reuss and K. Kollmann was studied in the collection of 
the Natural History Museum Vienna (Kollmann 1960: 98). 

Text-fig. 2. Stratigraphical position of the clay pit Mataschen (after 
Gross et al. 2007c: 206).
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Text-fig. 3. The clay pit Mataschen.
a) Section, sample location and facies interpretation.
b) Distribution of Cyprideis kapfensteinensis and Cyprideis mataschensis in the bulk samples (standardised to 300 g of dry sediment).
c) Number of valves of Cyprideis kapfensteinensis and Cyprideis mataschensis in cores 7–9 (sample interval = 5 mm)
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Additionally, two samples from the classical locality of Po-
korný (1952: 230, Jiříček 1985a: 201) at Hodonín (Slovakia) 
were processed as given above and investigated subsequently.

The Cyprideis species of Mataschen – an 
attempt for an integrated taxonomy of Lake 

Pannon ostracods

Background

Cyprideis species, based on data from Cyprideis torosa (Jones, 
1850), are holoeuryhaline (0.4-150 PSU) with an optimum 
in oligo- and mesohaline (brackish) waters, but it is also re-
corded in aberrant water chemistries like sodium lakes. C. 
torosa is a eurythermal, bisexually reproducing animal with 
internal brood-care, which makes it susceptible to withstand 
unstable conditions and to passive dispersal (e.g. birds). Mass 
occurrences are recorded on organic-rich muddy substrate. As 
they are microphage detritus feeders their abundance depends 
on the amount of bacterially induced decay of organic mat-
ter, which is related in seasonal climates to warm periods. Also 
the development of larvae depends on increasing temperatures 
(above 15 °C) as well (Heip 1976: 240, 241, Vesper 1972a: 
68, further references in Gramann 2000: 49 and Meisch 
2000: 463). Cyprideis is able to resist low temperatures (4 °C) 
in torpor, even for several months (De Deckker et al. 1999: 
106). Corbari et al. (2004: 4418) observed C. torosa in situ 
at the bottom of their aquarium, mainly crowding between 
sediment particles and were able to regulate their oxygenation 
status by migration through the O2 gradient of the sediment. 
An exposure of 24 hours under anoxic conditions was lethal 
for all studied animals, but all individuals tolerated a hypoxic 
environment for 72 hours.

Recent Cyprideis species (e.g. C. torosa), are known to dis-
play a high intraspecific variability concerning size, outline, 
ornamentation and nodes, development of marginal spines, 
sieve pores, etc. Various environmental factors, like salinity/
ion-concentration, food, substrate, hydrodynamic conditions, 
etc. are discussed to force these phenotypic reactions of the 
animal (Sandberg 1964: 508, Vesper 1972a: 70, 1972b: 88, 
Van Harten 1975: 42, Keen 1982: 384, Gramann 2000: 52, 
Meisch 2000: 462). Recently, Keyser (2005: 95) reviewed 
the largely discussed hollow tubercles or nodes on the shell 
of C. torosa, which were recorded earlier mainly at salinities 
below 5 PSU (e.g. Vesper 1972b: 88, Frenzel 1991: 165). He 
showed that noding is caused by individual failures in adjust-
ing to lowered osmotic pressure and/or a lower amount of cal-
cium ions, which reduce the flexibility of cell-to-cell contacts 
and muscles. During moulting connections between inner and 
outer epidermal cells can be destroyed, leading to nodes in the 
outer cuticle and later on in the calcified shell. Hence, develop-
ment of nodes is a phenotypic character and a useful proxy for 
low salinity and/or low calcium content of the environment.

A large number of fossil Cyprideis species has been described 
based on size, ornamentation, outline and spine development, 
especially from the circa-Mediterranean and Paratethyan realm 
and Lake Pannon respectively (e.g. Reuss 1850: 56, 59, Méhes 

1908: 619, 621, Kollmann 1960: 160, Molinari 1962: 250, 
Decima 1964: 108 pp, Krstić 1968a: 107 pp., 1968b: 153, 
Sokač 1972: 81, Carbonnel 1978a: 112, Bassiouni 1979: 
72, Jiříček 1974: 439, 1985b: 397, 399, Van Harten 1990: 
193). However, their validity and the validity of their diagnos-
tic characters is still an eminent problem.

In Mataschen three morphotypes of Cyprideis are found 
together, not only within bulk samples, but also within 5 mm-
samples of the cores. The co-occurrence of these Cyprideis spe-
cies stimulates a re-evaluation of species-diagnostic characters 
based on an integrated approach comprising qualitative char-
acters, linear and geometric morphometrics.

Results

One of the Mataschen-Cyprideis species (Cyprideis ex gr. pan-
nonica (Méhes, 1908) differs noticeably from the other two 
by its smaller size, the nearly smooth surface and its outline 
(Text-figs. 4-5, Pls. 1-2, Tab. 1). Due to its rather scarce record 
(56 specimens) and diverging morphology it is not largely dis-
cussed here (see chapter systematic palaeontology).

The two other Cyprideis species are much more abundant 
(8905 specimens) and are introduced herein as new species: 
Cyprideis kapfensteinensis Gross n. sp. and Cyprideis mataschen-
sis Gross n. sp. (see chapter systematic palaeontology). They 
diverge only indistinctly in outline from each other, but can 
be differentiated due to their size, number of posteroventral 
spines and hinge structure. Both are recorded with females, 
males and instars even within the 5 mm-samples (appendix, 
Tab. 2-3). One of them appears suddenly in the record and is 
restricted to a short interval in the section (Text-fig. 3).

Outlines and size

The difference of outlines in lateral view of C. mataschensis and 
C. kapfensteinensis is inconspicuous as visible under the bin-
ocular or in the SEM. Right valves of C. mataschensis diverge 
by a fairly more sloping hinge margin, but this inclination is 
more variable than in C. kapfensteinensis (Pls. 1-2).

The h80-index, which reflects the sloping of the dorsal mar-
gin, yielded a similar result: there is some disparity in mean 
values, but min-max values overlap and the range of the h80-
index is somewhat larger in C. mataschensis than in C. kapfen-
steinensis (Text-fig. 4b).

Applying the geometric morphometric and statistical analy-
sis packages MORPHOMATICA and PRIMER in the “nor-
malised for area”-mode – which avoids differences in valve size 
– we obtain some kind of differentiation in the nMDS plots 
(Text-fig. 5a, Tab. 4).

But, disparity of “pure” outlines is not distinct enough for 
a clear separation of C. mataschensis and C. kapfensteinensis. 
Only specimens of C. ex gr. pannonica can be discriminated 
in this nMDS plot from the other two. However, if we plot 
the “not normalised for area” data matrix, we achieve a perfect 
separation, which is evidently influenced by their not overlap-
ping size-range (Text-figs. 5b, e, Tab. 4). Not only the adults of 
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C. mataschensis and C. kapfensteinensis can be distinguished in 
this way, but also their juveniles (Text-figs. 5c-d).

A comparison of calculated mean outlines (normalised for 
area; Text-figs. 5g-h) displays again that C. kapfensteinensis and 
C. mataschensis are quite similar. C. mataschensis differs only 
slightly from C. kapfensteinensis by its more pronounced slop-
ing of the posterior dorsal margin and a better-developed ven-
tral concavity. C. ex gr. pannonica obviously diverge from these 
two species by its less convex anterodorsal margin and its more 
inflated posteroventral margin (Text-fig. 5f ).

Posteroventral spines and hinges

The posteroventral spines were investigated under light micro-
scope and SEM. However, due to the state of preservation in 
some cases it is impossible to decide if spines are broken off 
or not and some uncertainty will remain in counting. Never-
theless, C. mataschensis (adult and juveniles) carries generally 
3 spines in the right valves (77%) and 1–2 spines in the left 
valves (87%). Regularly C. kapfensteinensis (adult and juve-
niles) has 1 spine (89%) in the right and no spine (100 %) in 
the left valves (Text-figs. 4c-d, Tab. 1). Despite some kind of 
overlap and variability, the number of posteroventral spines is 

supposed to be a valuable feature for species discrimination, 
contrasting the opinion of Wouters (2002: 132).

Additionally, the hinge structure of adult valves of C. ma-
taschensis (Pl. 3, fig. l) and C. kapfensteinensis (Pl. 3, fig. j) is 
unambiguous dissimilar. The difference is best expressed in the 
anterior sockets of left valves, which are much wider and have 
a thick ventral rim in C. mataschensis.

Systematic palaeontology

All specimens are housed in the collection of the Landes-
museum Joanneum, Department of Geology & Palaeontology, 
Graz (Inv.No. 201117, 204300–204306). Suprageneric clas-
sification follows Wouters & Martens (2001: 112).

Subclass Ostracoda Latreille, 1806
Order Podocopida Müller, 1894

Suborder Podocopina Müller, 1894
Superfamily Cytheroidea  Baird, 1850

Family Cyther ide idae  Sars, 1925
Subfamily Cyther ide inae  Sars, 1925

Text-fig. 4. Comparison of valve length, posterior height at 80 % of valve length and development of posteroventral spines.
a) Box plots of the length of left (Lv) and right (Rv) female and juvenile (stages A-1 and A-2) valves of Cyprideis kapfensteinensis (C. k.), Cyprideis 
mataschensis (C. m.) and Cyprideis ex gr. pannonica (C. p.; for the data set see Tab. 1).
b) Box plots of the h80% / h-index of right female vales (Rf ) and statistical parameters (h = height, l = length, h80% = posterior height at 80 % of 
valve length).
c, d) Percentages of observed posteroventral spines in left (Lv) and right (Rv) valves of Cyprideis kapfensteinensis and Cyprideis mataschensis (adult 
and juvenile); for the data set see Tab. 1).
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Text-fig. 5. Non-metric multidimensional scaling (nMDS) plots in 2D morphological space (a and c: normalised for area; b and d: not normalised 
for area), clusters of computed (e) and mean outlines (f–h).
a, b) Plot of right female valves (Rf ) of Cyprideis kapfensteinensis, Cyprideis mataschensis and Cyprideis ex gr. pannonica.
c, d) Plot of right female and juvenile (stages A-1 and A-2) valves of Cyprideis kapfensteinensis and Cyprideis mataschensis.
e) Cluster of outlines of right female valves (not normalised for area).
f–h) Calculated mean outline of right female valves of Cyprideis ex gr. pannonica (f ), Cyprideis kapfensteinensis (g) and Cyprideis mataschensis (h; 
all not normalised for area).
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Genus Cyprideis Jones, 1857

Cyprideis kapfensteinensis Gross n. sp.
Pl. 1, figs. a – d, Pl. 2, figs. a – b, g-j, Pl. 3, figs. a – d, j

2004 b Cyprideis macrostigma Kollmann, 1960 – Gross: 81 – 83, 
Pl. 9, figs. 1 – 14, Pl. 11, figs. 1-6, 11.

Holotype: Right female valve shown on Pl. 1, fig. b, sample M10, 
Inv.No. 204300.
Paratypes : 3 juvenile and 7 adult specimens additionally shown on 
Pls. 1 – 3, sample M10, Inv.No. 204301.
Addit ional  mater ia l : 2122 juvenile and 573 adult valves (appen-
dix, Tab. 2 – 3, Inv.No. 20117, 204302).

Type loca l i ty :  Clay pit Mataschen near Kapfenstein (Styria, Aus-
tria), 15°57'33"E/46°54'18"N.
Type hor izon:  Basal part of the clay pit Mataschen (Feldbach For-
mation, Eisengraben Member (Gross 2003: 17, 23, 2004b: 55); bulk 
sample M10 and samples of core number 7 and 8 (Text-fig. 3, Tab. 
2 – 3).
Der ivat ion of  name:  Kapfenstein (village 2.3 km SE of Ma-
taschen, 10 km SE of Feldbach, Styria, Austria).

Diagnos i s :  A large-sized Cyprideis species with subovat (fe-
male) to subovat-elongate (male) shaped outline in lateral view 
and pitted surface; carries usually one posteroventral spine in 
the right and no posteroventral spine in the left valves; ante-
rior hinge element of the left valve with a smooth ventral rim, 
a short anteromedian bar with fused toothlets, a crenulated 
posteromedian element and a posterior element with a smooth 
ventral rim.

Descr ipt ion:  Outline in lateral view: subovat (female) to 
subovat-elongate (male); dorsal margin straight to slightly 
convex, gently sloping towards the posterior end, at left valves 
slightly concave in the middle; anterior margin slightly asym-
metrically rounded; ventral margin slightly concave at the 
middle of the length or somewhat behind; posterior margin 
convex, more steeply inclined in female valves. Outline in dor-
sal view: wedge-shaped (females) or lens-shaped with moder-
ately pointed anterior ends. Surface pitted; pits are arranged to 
1–3 concentrically rows at the anterior, ventral and postero-
ventral margin; weakly developed sulcus. 6–7 anterior spines 
(more weakly developed in left valves); usually one posteroven-
tral spine in the right and no posteroventral spine in the left 
valves. Normal pores of sieve type, hardly visible due to the or-
nament in external view. Inner lamella moderately broad; the 
robust selvage of the right valve fits into a contact-groove (with 
several lists) of the left valve; numerous simple and straight 
marginal pore canals. Hinge: amphidont-archidont; left valve: 
anterior element elongate with around 10–12 toothlets and a 
smooth ventral rim, short anteromedian bar with 4–5 fused 
toothlets, posteromedian element crenulated, posterior ele-
ment loculate with 4–5 toothlets and a smooth ventral rim; 
elements of the right valve complementary. Central muscle 
scars consist of four adductor scars, one V-shaped frontal and 
one elongated mandibular scar; fulcral spot prominent. Sexual 
dimorphism distinct: males less high posteriorly, dorsal margin 
slightly more inclined towards the posterior end; females wider 

in the posterior third of the valve length. Juveniles are more 
triangular in lateral view; inner lamella and hinge are weakly 
developed; one posteroventral spine in the right and none in 
the left valves. For measurements and counting’s see Tab. 1.

Remarks :  The differences to C. mataschensis are discussed 
above (chapter results).

C. kapfensteinensis resembles Cyprideis macrostigma Koll-
mann, 1960 (length, females: 1.05–1.09 mm, males: 1.02–
1.08 mm; one “blunt” posteroventral spine in the right valve) 
in size, ornamentation and development of posteroventral 
spines. But based on the investigation of the original material 
of K. Kollmann C. macrostigma differs by its more prominent 
dorsocentral sulcus (female left valves), its more distinct ven-
tral concavity, situated just behind the middle of the length 
and its more coarsely pitted surface (Kollmann 1960: 166, 
Gross 2004b: 82). C. macrostigma mentioned in Krstić 
(1968b: 124) and Rundić (1990: 308, 1993: 77) are not con-
specific with the type material (Bassiouni 1979: 76, Gross 
2004b: 82).

Cyprideis sublittoralis Pokorný, 1952 from the Middle 
Pannonian (Congeria partschi and Congeria subglobosa Zone) of 
the Vienna Basin is very similar and most probably a descen-
dent of this new species. Founded on the descriptions given 
by Pokorný (1952: 278), Kollmann (1960: 167), Bassiou-
ni (1979: 171), Jiříček (1983: 234, 1985b: 399) and own 
comparative material from the type location Hodonín it can 
be distinguished by its larger size (length, female right valves: 
1.06–1.14 mm), the slightly less sloping posterodorsal margin 
and its straight ventral margin (Text-fig. 6, Pl. 3, fig. m, Tab. 
4). Additionally, the anterior hinge element (Pl. 3, fig. i) is 
longer with a weakly developed ventral rim, which is divided 
by toothlets. In C. kapfensteinensis this ventral rim is smooth 
and not divided by the toothlets (Pl. 3, fig. j).

Cyprideis tuberculata (Méhes, 1908) is smaller, its pits 
are denser and deeper, its posterior margin is less high, the 
posterodorsal angle is less prominent and especially the hinge 
margin of left female valves is more rounded. Right valves carry 
only a weakly developed posteroventral spine (length, females: 
0.88–0.99 mm, males: 0.95–1.05 mm; Méhes 1908: 621, 
Kollmann 1960: 162, Bassiouni 1979: 156, Jiříček 1983: 
233, 1985b: 397, Zelenka 1992: 213). Records beyond the 
Central Paratethys need a re-evaluation (Jiříček 1985b: 397, 
Mostafawi 1989: 191).

Cyprideis ventricosa Kollmann, 1960 is larger, more 
roughly textured, the dorsocentral sulcus is better developed, 
the posterior margin is not vertical and the ventral concavity 
is more pronounced (length, females: 1.15–1.19 mm, males: 
1.02; Kollmann 1960: 167, Jiříček 1983: 233, 1985b: 
402).

Plate 1.
Figs. a-d: Cyprideis kapfensteinensis Gross n. sp.
 a: left female, b: right female (holotype), c: left male,  
 d: right male.
Figs. e-h: Cyprideis mataschensis Gross n. sp.
 e: left female, f: right female (holotype), g: left male,  
 h: right male.
Figs. i-j: Cyprideis ex gr. pannonica (Méhes, 1908)
 i: left male (sample MA1b), j: right female  
 (core 7/sample 34).
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Cyprideis major Kollmann, 1960 is slightly smaller, has 
somewhat finer and denser pits and two spines in the right 
valves (length, females: 0.97–1.00 mm, males: 1.08–1.10; 
Kollmann 1960: 168, Zelenka 1992: 213).

Cyprideis obesa (Reuss, 1850) is somewhat smaller, more 
oblong with a more evenly rounded dorsal margin (see remarks 
to C. mataschensis) and the posteroventral corner is armed with 
three to four spines instead of only one at the present speci-
mens (Reuss 1850: 56, Kollmann 1960: 171, Jiříček 1985b: 
400, Zelenka 1992: 213, Pipík & Holec 1998: Pl. 2, figs 
3 – 4 [sic!]).

Text-fig. 6. Non-metric multidimensional scaling (nMDS) plots in 2D morphological space (a and c: normalised for area; b and d: not normalised 
for area) and comparison of mean outlines (e–f; not normalised for area).
a, b) Plot of right female valves of Cyprideis sublittoralis and Cyprideis kapfensteinensis.
c, d) Plot of right female valves (Rf ) of Cyprideis obesa and Cyprideis mataschensis.
e–f ) Calculated mean outline of right female valves of Cyprideis sublittoralis and Cyprideis kapfensteinensis (e) and Cyprideis obesa and Cyprideis 
mataschensis (f ).

Plate 2. 
Figs. a – b, g – j: Cyprideis kapfensteinensis Gross n. sp.
 a: left female (internal view), b: right female (internal view), 
 g: left juvenile (A-1), h: juvenile (A-1), i: central muscle 
 scars (detail of fig. b), j: left juvenile (A-2).
Figs. c – d, k-n: Cyprideis mataschensis Gross n. sp.
 c: left female (internal view), d: right female (internal view), 
 k: right juvenile (A-1), l: central muscle scars (right female),  
 m: left juvenile (A-1), n: right juvenile (A-2).
Figs. e – f, o: Cyprideis ex gr. pannonica (Méhes, 1908)
 e: left female (internal view, core 7/sample 37.5), f: right 
 female (internal view, sample M10), o: central muscle scars
 (left female).
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Further species like Cyprideis heterostigma (Reuss, 1850), 
Cyprideis seminulum (Reuss, 1850), Cyprideis alberti Koll-
mann, 1960, Cyprideis clavis Krstić, 1968a, Cyprideis carus 
Krstić, 1968a can be distinguished by their size, ornamenta-
tion, outline and higher number of posteroventral spines (Re-
uss 1850: 56, 59, Kollmann 1960: 174, Krstić 1968a: 114, 
117, 1985: 133, Jiříček 1985b: 396, 400, Zelenka 1992: 
213, Pipík & Holec 1998: 190).

Cyprideis mataschensis Gross n. sp.
Pl. 1, figs. e – h, Pl. 2, figs c – d, k-n, Pl. 3, figs e – h, l

2004 b Cyprideis cf. obesa (Reuss, 1850) – Gross: 83-84, Pl. 10, 
figs. 1 – 15, Pl. 11, figs. 7 – 10, 12.

Holotype: Right female valve shown on Pl. 1, fig. f, sample M10, 
Inv.No. 204303.
Paratypes : 3 juvenile and 6 adult specimens additionally shown on 
Pls. 1-3, sample M10 and core 7/sample 1.5 (Pl. 3, fig. l), Inv.No. 
204304.
Addit ional  mater ia l : 5089 juvenile and 1101 adult valves (ap-
pendix, Tab. 2 – 3, Inv.No. 20117, 204302).

Type loca l i ty :  Clay pit Mataschen near Kapfenstein (Styria, Aus-
tria), 15°57'33"E/46°54'18"N.
Type hor izon:  Lower part of the clay pit Mataschen (Feldbach For-
mation, Eisengraben and Sieglegg Member (Gross 2003: 17, 23, 25, 
2004b: 55); bulk samples M9, MA1b, M10, MA2, MA3, M11, M13, 
MA4, MA5, MA8 and samples of core number 7, 8 and 9 (Text-fig. 
3, Tab. 2 – 3).
Der ivat ion of  name:  Mataschen (region 2.3 km NW of Kapfen-
stein, 7.7 km SE of Feldbach, Styria, Austria).

Diagnos i s :  A medium-sized Cyprideis species with subovat 
(female) to subovat-elongate (male) shaped outline in lateral 
view and pitted surface; carries usually 3 posteroventral spines 
in the right and 1–2 posteroventral spines in the left valves; 
anterior hinge element of the left valve very wide, with a thick 
and smooth ventral rim, a short anteromedian bar composed 
of nearly completely fused toothlets, a coarsely crenulated pos-
teromedian element and a posterior element with a smooth, 
wide ventral rim.

Descr ipt ion:  Outline in lateral view: subovat (female) to 
subovat-elongate (male); dorsal margin convex to slightly 
convex, sloping towards the posterior end, at left valves some-
times slightly concave in the middle; anterior margin slightly 
asymmetrically rounded; ventral margin slightly concave at the 
middle of the length; posterior margin convex, more steeply 
inclined in female valves. Outline in dorsal view: analogous 
to C. kapfensteinensis. Surface pitted, similar to C. kapfen-
steinensis but pits are indistinctly coarser. 6–8 anterior spines 
(more weakly developed in left valves); usually 3 posteroventral 
spines in the right and 1–2 posteroventral spines in the left 
valves. Normal pores, inner lamella, muscle scars and sexual 
dimorphism analogous to C. kapfensteinensis. Hinge: amphi-
dont-archidont; left valve: anterior element elongate, very 
wide, with around 10–12 toothlets and a thick and smooth 
ventral rim, short anteromedian bar with 4–5 nearly complete-
ly fused toothlets, posteromedian element coarsely crenulated, 

posterior element loculate with 4–5 toothlets and a smooth, 
wide ventral rim; elements of the right valve complementary. 
Juveniles are more triangular in lateral view; inner lamella and 
hinge are weakly developed; usually 3 posteroventral spines in 
the right and 1–2 in the left valves. For measurements and 
counting’s see Tab. 1.

Remarks :  The differences to C. kapfensteinensis are mentioned 
above (chapter results).

C. obesa is similar to this new species. But, it is larger, more 
oblong with the greatest height in the middle of the length 
(Text-fig. 6, Pl. 3, figs. k, n, Tab. 4), has no spines in the left 
valves and the anterior hinge element lacks the smooth area 
between the socket and the ventral rim (Reuss 1850: 56, 
Pokorný 1945: 4, Kollmann 1960: 171, Küpper 1968: Pl. 
6, fig. 3, Sokač 1972: 81, Jiříček 1983: 234, 1985b: 400, 
Zelenka 1992: 213, Pipík & Holec 1998: 190, Pl. 2, fig. 3 – 4 
[sic!] and comparative material of the A.E. Reuss-collection; 
length, female right valves: 0.94–1.05 mm; Pl. 3, fig. n).

Cyprideis spinosa Sokač, 1972 is much larger, the pits on 
the valve surface are denser and both valves bear three spines 
(Sokač 1972: 83; length, female right valves: 1.10–1.12 mm; 
Jiříček 1985b: 401).

C. sublittoralis is larger and displays usually only one pos-
teroventral spine in the right valves and none in the left valves 
(for references see remarks to C. kapfensteinensis).

C. tuberculata is slightly smaller (length, females: 0.88–
0.99 mm) ornamented with more dense and deeper pits; the 
hinge margin is more rounded; right valves with only one fee-
bly developed posteroventral spine (for references see remarks 
to C. kapfensteinensis).

Cyprideis hungarica Zalányi, 1944 (syn. Cyprideis koll-
manni Krstić, 1968a) differs mainly by its larger size (length, 
female right valves: 0.97–1.03 mm) and one only occasionally 
developed spine (males lack it completely) in the left female 
valves (Krstić 1968a: 120, 1971: 396).

C. major, Cyprideis longa Krstić, 1968a, Cyprideis steva-
novici Krstić, 1968a, Cyprideis brevis Krstić, 1968b, Cyprideis 
brevissima Krstić, 1968b, Cyprideis triebeli Krstić, 1968b are 
larger, display some differences in outline and ornamentation 
and possess more posteroventral spines (Kollmann 1960: 
168, Krstić 1968a: 121, 122, 1968b: 157 – 159, 1985: 132, 
Rundić 1993: 77).

Plate 3.
Figs. a – b, c – d, j: Cyprideis kapfensteinensis Gross n. sp.
 a: left female (= Pl. 1, fig. a, dorsal view), b: right female  
 (= Pl. 2, fig. b, dorsal view), c: left male (dorsal view),  
 d: right male (dorsal view), j: left female (= Pl. 2, fig. a, 
 hinge).
Figs. e – h, l: Cyprideis mataschensis Gross n. sp.
 e: left female (= Pl. 2, fig. c, dorsal view), f: right female  
 (= Pl. 2, fig. d, dorsal view), g: left male (= Pl. 1, fig. g,  
 dorsal view), h: right male (= Pl. 1, fig. h, dorsal view),  
 l: left female (= Pl. 1, fig. e, hinge).
Figs. i, m: Cyprideis sublittoralis Pokorný, 1952
 i: left female (hinge), m: right female (both specimens from 
 Hodonín/Slovakia, Inv.No. 204305).
Figs. k, n: Cyprideis obesa (Reuss, 1850)
 k: left female (hinge), n: right female (both specimens from 
 Brunn/Austria, Inv.No. 204306).
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Cyprideis ex	gr.	pannonica (Méhes, 1908)
Pl. 1, figs. i – j, Pl. 2, figs. e – f, o

Mater ia l :  56 adult valves (bulk sample MA1b and samples 
of core number 7, 8 and 9, appendix, Tab. 2 – 3, Inv.No. 
204302).

Descr ipt ion:  Outline in lateral view: subovat (female) to 
subovat-elongate (male); surface nearly smooth except the 
widely spaced depressions of normal pores and more or less 
concentrically arranged pits at the anterior, ventral and pos-
teroventral margin; feebly developed anterior spines (both 
valves) and occasionally one week posterior spine in the right 
valve; inner lamella, pores, hinge and muscle scars Cyprideis-
like. For measurements and counting’s see Tab. 1.

Remarks :  C. pannonica is a widely used collective name for 
rather small and nearly smooth shelled members of the ge-
nus found in Upper Sarmatian and Lower Pannonian sedi-
ments of the Central Paratethys. Evidently the specimens from 
Mataschen belong to this group but we observed noticeable 
variability in outline and size in the original material of the 
K. Kollmann-collection. Due to the loss of the type speci-
mens of Méhes (1908: 619, Kollmann 1960: 99), further 
reinvestigations of the Kollmann-material have to clarify 
the identity of C. pannonica and later on the conformity to 
other documentations (e.g. Kollmann 1960: 163, Cernjasek 
1974: 473, Jiříček 1983: 226 = Jiříček & Riha 1991: 441, 
Jiříček 1985b: 396, Zelenka 1990: 265, Zelenka 1992: 
205, Fordinál & Zlinská 1998: 141, Kováč et al. 1998: 
449). Records of C. pannonica beyond the Central Paratethys 
should be critically re-evaluated too before using them for pa-
laeobiogeographical considerations (Krstić 1968b: 154, Car-
bonnel 1978b: 93, Jiříček 1985b: 396, Mostafawi 1989: 
191, Gliozzi 1999: 203).

Discussion

Discrimination	of	Cyprideis	species	and	validity		
of	diagnostic	characters

We recorded two similar shaped Cyprideis with females, males 
and juveniles. Both are clearly separated by their size and dif-
fer considerably in development of posteroventral spines and 
hinge structure as well. That means, we are dealing with two 
co-occurring, genetically separated, sexually reproducing pop-
ulations, and thus with two sympatric species.

Both must have shared more or less the same habitat (or-
ganic rich, muddy lake bottom), but were probably adapted to 
some kind of different microhabitat (e.g. vertical distribution 
in substrate) and/or trophical specialisation. The co-occurrence 
of these similar species may be the result of character displace-
ment (enhancement of characters due to partial overlap of 
ecological niches) and ecological separation respectively para-
patric speciation. A similar situation has been described e.g. 
by Maddocks (1977: 147) and Keen (1982: 383). Krstić 
(1968a: 107 pp., 1968b: 153 pp) and Van Harten (1990: 
193) mentioned the synchronous co-occurrence of different 
Cyprideis species in Lake Pannon earlier.

Due to the variability of Recent C. torosa valves one could 
argue that differences in their morphology (size, ornament, 
outline, posteroventral spines, etc.) are not suitable characters 
for species discrimination. Nevertheless, in ancient Lake Tan-
ganyika, with its extensive radiation of Recent Cyprideis spe-
cies, Wouters & Martens (2001: 122) recorded a new species 
not distinguishable by its appendages but delineated on valve 
structures only. These authors speculate about a recent para-
patric speciation, which is expressed better by its faster evolv-
ing valve features (Wouters & Martens 2001: 126).

The combination of qualitative and morphometric valve 
attributes allows differentiating three distinct Cyprideis species 
in Mataschen. In this case size, posteroventral spines, hinge 
structure and ornamentation (supported by differences in out-
line) are appropriate diagnostic characters to define sympatric, 
synchronous species in the sense of a multidimensional species 
concept (Sbordoni 1993: 42). Further, this implies that these 
characters are valid features to define Cyprideis populations in 
Lake Pannon as segments of evolutionary lineages and thus 
phylogenetic species (De Queiroz 1998: 60). However, slight 
overlaps in some characters refer to the “fuzziness of species” 
(Baum 1998: 648).

For this reason the high number of Cyprideis taxa in Lake 
Pannon seems not to be an effect of taxonomical over split-
ting but rather the result of adaptive radiation, well known for 
example from the aquatic mollusc fauna (e.g. Papp 1951: 99 
pp., 1953: 85 pp., Müller et al. 1999: 47 pp.). Maybe simi-
lar to Lake Tanganyika and the Late Miocene Amazon Neo-
gene Basin (Muñoz-Torres et al. 1998: 89 pp., Wesselingh 
2007: 275) the number of ostracod taxa in this long-lived lake 
is probably much higher than previously thought – and re-
corded.

Diversification	triggered	by	environmental		
changes

Another interesting facet is the occurrence of C. kapfensteinen-
sis in a rather short interval of the section, whereas C. ma-
taschensis has a longer range (Text-fig. 3). C. kapfensteinensis 
is documented exclusively in the interval of the highest bio-
diversity, not only of ostracods but also of calcareous nanno-
plankton, dinoflagellates, molluscs and fishes (Gross 2004a: 
5 pp.), which corresponds to the maximum flooding event in 
this transgressive–regressive sedimentary cycle. Thus, C. ma-
taschensis seems to be a more euryplastic species and C. kap-
fensteinensis is restricted to optimal environmental conditions. 
The remarkable low quantity of C. ex gr. pannonica clearly 
reflects its diverging palaeoecological demands, given that it 
mainly occurs in the littoral, “psammite” facies of Lake Pan-
non (Krstić 1971: 394, 1985: 103).

Further investigations are needed to clarify if C. kapfenstei-
nensis originates right here or if – what seems at the moment 
more plausible for us – it already exists in more open lake set-
tings and entered for the short time of the maximum trans-
gression an appropriate habitat without competing against C. 
mataschensis.

Among all recorded Cyprideis valves (n = 8961), none was 
found with nodes, neither at the beginning of its record nor at 
its last occurrence in this section. This indicates that salinity 
never dropped down below approximately 5 PSU and Ca-con-
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tent of waters was high enough for flexible inner/outer epi-
dermal junctions and muscles in the part of the section where 
Cyprideis was found. Thus, salinity was not the prime limiting 
factor for the occurrence of Cyprideis. However, the climax of 
Cyprideis species corresponds to the acme of hemicytherids 
and loxoconchids and some scarce records of leptocytherids, 
which may point to an elevated salinity at the peak of flooding, 
maybe up to the meso-/polyhaline boundary around 18 PSU 
(Rundić 2006: 97).

The disappearance of Cyprideis in Mataschen (up section) 
seems not intimately related with an overall decrease of salin-
ity. More probably pronounced influx of terrigenous material 
and increasing sedimentation rates caused by the prograding 
delta front prohibited the establishment of flourishing Cypr-
ideis populations, and of ostracods at all (Gross 2004b: 108). 
However, dissolution of carbonates (Rantitsch et al. 2004: 
223), and hence of ostracod valves, may play an important 
role for the preservation of ostracod valves. The coarsening up-
ward trend in grain size might have amplified the migration of 
pore-fluids. Geochemical analyses are in progress to investigate 
possible diagenetic effects.

Evolutionary	pathways	of	Cyprideis from		
the	Sarmatian	Paratethys	Sea	to	Lake	Pannon

Cyprideis is most probably a heritage of the marine to hypersa-
line Sarmatian carbonate oversaturated, alkaline Paratethys Sea 
(Piller & Harzhauser 2005: 454), although it is recorded 
only with a few species.

First evidence in the Paratethys Sea comes from Upper Sar-
matian sediments with C. pannonica and its probably younger 
synonym Cyprideis ventroundulata Krstić, 1968a (Bassiouni 
1979: 85), with Cyprideis pokornyi Jiříček, 1974, Cyprideis 
sarmatica Krstić, 1968a and three subspecies of C. tubercu-
lata (Kollmann 1960: 119, Krstić 1968a: 112, 118, Jiříček 
1974: 439, 447). Due to its ability to cope with highly fluctu-
ating salinities and aberrant water chemistries it survived the 
isolation of the Sarmatian Sea and its turnover into the brack-
ish, alkaline Lake Pannon (Harzhauser et al. 2007: 344). Af-
ter the regression at the Sarmatian/Pannonian boundary Cypr-
ideis followed the transgrading lake level, invaded for example 
this area (Mataschen) and started to radiate.

There are some similarities of C. mataschensis and C. kap-
fensteinensis with C. pokornyi, which might be the ancestor of 
this phylogenetic lineage.

As a preliminary hypothesis, founded on investigations of 
the A.E. Reuss- and K. Kollmann-collections, we suppose 
the existence of three phylogenetic lineages emerging from the 
Sarmatian Cyprideis stock:
a) The “pokornyi-lineage” (medium to large sized, ornament-

ed with pits, right valves with well developed posteroven-
tral spine(s), no or some posteroventral spine(s) in the 
left valves) with e.g. the Sarmatian C. pokornyi, the Early 
Pannonian C. mataschensis and C. kapfensteinensis and the 
Middle Pannonian C. obesa and C. sublittoralis.

b) The “sarmatica-lineage” (rather small and nearly smooth 
valves, missing or only one weakly developed postero-
ventral spine in right valves) with e.g. the Sarmatian C. 
sarmatica, the Late Sarmatian to Early Pannonian C. pan-

nonica s.l. (including C. ventroundulata), the Middle Pan-
nonian C. alberti and the Late Pannonian C. seminulum.

c) The “tuberculata-lineage” (medium to large sized, well 
ornamented valves with a prominent sulcus, one feebly 
developed posteroventral spine in right valves) with e.g. 
the Sarmatian subspecies of C. tuberculata mentioned by 
Jiříček (1974: 439), the Early Pannonian C. tuberculata 
and the Early/Middle Pannonian C. macrostigma and C. 
ventricosa.
However, these thoughts need a very careful reinvestiga-

tion of the type materials of the “major players” of ostracod 
taxonomy of Lake Pannon mentioned in the introduction.

Conclusions

The Central Paratethys became restricted to the Pannonian Ba-
sin during the onset of the Late Miocene at around 11.6 Ma 
and turned from the Sarmatian Sea into Lake Pannon. Similar 
to the famous radiation of the molluscs, the ostracod faunas 
react intensely to this environmental shift as well. Some taxa of 
marine origin like cytherids, hemicytherids and loxoconchids 
survived, others e.g. candonids and herpetocyprids emigrated 
from surrounding freshwater settings and started to diversify 
in Lake Pannon.

In this study a complete transgressive–regressive sedimen-
tary cycle just above the erosive Sarmatian/Pannonian bound-
ary was investigated at the clay pit Mataschen, located in the 
Styrian Basin. Special emphasis was placed on the taxonomy 
of the genus Cyprideis. Our study is based on 27 bulk samples, 
which cover the whole section of about 30 m thickness and 
on 285 high-resolution core samples (one sample each 5 mm; 
Text-fig. 3, Tab. 2-3).

After the regression at the Sarmatian/Pannonian boundary 
the area of Mataschen became successively flooded in Early 
Pannonian times. At the beginning a taxodiacean swamp de-
veloped, which drowned and turned into a shallow, freshwa-
ter–oligohaline lake soon afterwards. With the ongoing rise of 
the lake level two species of Cyprideis appeared: the very abun-
dant C. mataschensis and the scarce C. ex gr. pannonica.

At the maximum flooding interval with an increase of 
salinity up to meso-/polyhaline conditions a third Cyprideis 
species is registered. This C. kapfensteinensis diverge only indis-
tinctly in outline from C. mataschensis. But it is larger, differs 
in its hinge structure and the number of posteroventral spines. 
Females, males and juveniles are found together even within 
the 5 mm-samples. Taking into account the high degree of in-
traspecific variability of Recent Cyprideis species we evaluated 
species-diagnostic characters based on a bundle of qualitative 
and statistical analyses. These examinations document that 
both are clearly separated by their size and differ considerably 
in development of posteroventral spines and hinge structure as 
well. We conclude that C. kapfensteinensis and C. mataschensis 
are two sympatric species.

C. kapfensteinensis occurs only in the interval of the highest 
diversity in the section, which corresponds to the maximum 
deepening of the lake, while C. mataschensis is also recorded in 
the prograding prodelta sediments above. The scarce number 
of C. ex gr. pannonica refers to its preference of more mar-
ginal lake environments. No noded Cyprideis valve was found 
throughout the section, which points out that salinity might 
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have never dropped below 5 PSU. Hence, the disappearance 
of Cyprideis in Mataschen (up section) is probably not linked 
with a remarkable decline of salinity. Perhaps intensified in-
flux of terrigenous material due to the prograding delta made 
the environment unsuitable for Cyprideis and/or, more simply, 
diagenetic processes caused dissolution of the carbonatic os-
tracods valves.

Cyprideis is almost certainly a relict from the Sarmatian 
Sea. We hypothesize about relations of C. kapfensteinensis and 
C. mataschensis to the Sarmatian C. pokornyi and of C. ex gr. 
pannonica to C. sarmatica, which are supposed to be two dif-
ferent phylogenetic lineages.

Tab. 1. Data set of length, height and number/percentages of posteroventral spines for Cyprideis kapfensteinensis, Cyprideis mataschensis 
and Cyprideis ex gr. pannonica (Rf = right female, Rm = right male, R-A-1 = right juvenile/stage A-1, R-A-2 = right juvenile/stage A-2, 
Lf = left female, Lm = left male, L-A-1 = left juvenile/stage A-1, L-A-2 = left juvenile/stage A-2, n = number of specimens, min/max = 
minimum and maximum values, mean = arithmetic mean, SD = standard deviation).

Tables 1–4
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Tab. 2. Number (n) and number of extrapolated (e) valves (standardised 
to 300 g of dry sediment) in the bulk samples M1–MA14 (weight: 
weight of dry sediment, picked: portion of investigated sieve residual, 
m: Cyprideis mataschensis, k: Cyprideis kapfensteinensis, p: Cyprideis ex 
gr. pannonica).

Tab. 3. Sample number (s) and counted speci-
mens in the cores. Co-occurrence of Cyprideis 
mataschensis (m) and Cyprideis kapfensteinensis (k) 
and occurrence of Cyprideis ex gr. pannonica (p) 
marked with grey colour.
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