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Abstract The upper Miocene – lower Pliocene sedimentary succession of the Denizli Basin (SW Anatolia) displays a 

unique record of undisturbed stratigraphy and provides an excellent opportunity to study long-term palaeoecological 

changes. This paper documents the ostracod assemblages of two sections of the Neogene Kolankaya Formation, re-

sulting in the following taxonomic, palaeobiogeographic and ecological interpretations. The ostracod assemblages 

from the two sections consist of a mixture of oligohaline to mesohaline tolerant taxa but expose fundamental differ-

ences in their composition. This is reflected by the fact that out of 32 determined species, both sections only have 3 in 

common. In the stratigraphic older succession, the diverse ostracod fauna resembles taxa known from the Paratethys. 

Faunal relations to the brackish lake habitats of the Euxinic and Pannonian basins are apparent and the palaeobiogeo-

graphic significance of the fauna is discussed. The ostracod association of the younger section indicates a low brack-

ish water habitat with fluctuating salinities, most likely in the oligohaline range. The ostracod assemblage of the    

Kolankaya Formation only permits a broad age assignment to the late Miocene – early Pliocene. 
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INTRODUCTION 

 

From the Eocene onwards the Paratethys, a large shallow 

sea that once covered broad parts of central Eurasia, un-

derwent periodical and continuous sea level fluctuations 

and subsequently subdivided into several, low salinity 

basins (e.g. Rögl, 1998; Popov et al., 2006; Krijgsman et 

al., 2019). These high-amplitude environmental changes 

encouraged the diversification of faunal assemblages (i.e., 

ostracods, molluscs, fishes, etc.) that are endemic to the 

region (e.g., Harzhauser et al., 2002; Wesselingh et al., 

2008; Cziczer et al., 2009; Stoica et al., 2013). Lake Pan-

non, a large long-lived lake occupying the Pannonian 

Basin (Central Paratethys) during the late Miocene, was 

the very cradle for the so-called Pontocaspian fauna that 

originated partly from restricted marine and partly fresh-

water taxa (e.g., Krstić, 1985; Olteanu, 2011). Species 

that evolved in the isolated realm of Lake Pannon suc-

cessfully migrated into the Dacian Basin, Euxinic Basin 

and Caspian Basin during the early Pontian flooding 

event (6.1 Ma) (Krijgsman et al., 2010; Stoica et al., 

2013, 2016), that re-connected the once separated basins 

of the Paratethys. This enabled the fauna to survive 

through the late Miocene, Pliocene, Pleistocene and re-

cent times within ecological analogues of Lake Pannon in 

nowadays Black Sea region (Razim-Sinoe lake complex, 

Romania) and the Caspian Sea (e.g., Grigorovich et al., 

2003; Yanina, 2012; Krijgsman et al., 2019; Velde and 

Jorissen, 2019). 

Ostracods, bivalved crustaceans that are often mistakenly 

overlooked due to their diminutive size, provide the 

means to study the biotic response to past palaeoecologi-

cal- and palaeogeographic changes (Whatley, 1988). 

They are perfectly adapted to life in the aquatic realm and 

are the most abundant calcareous microfossil, occurring 

in marginal marine and continental aquatic environments 

(Lister, 1988). They are remarkably sensitive to environ-

mental parameters such as water temperature, salinity and 

water depth, which is reflected in the shape and configu-

ration of their carapace (e.g., Danielopol et al., 1985; De 

Deckker and Forester, 1988; Holmes, 1992; Belis et al., 

1999). Moreover, they are easily preserved in the sedi-

mentary archives of Pontocaspian basins, allowing the 

reconstruction of the palaeoenvironment they once dwelt 

in. A number of studies have used ostracod assemblages 

to redraw limnological conditions in a large spectrum of 

lake environments (De Deckker and Forester, 1988; Mar-

tens, 1994; Boomer et al., 1996; Horne et al., 2002; De 

Deckker and Lord, 2017; Alivernini et al., 2018; Rausch 

and Stoica, 2019). 

The Denizli Basin in SW Anatolia (Turkey) (Fig. 1a-b), 

located in one of the most active extensional regions in 

the world (e.g., Alçiçek, 2010; Alçiçek et al., 2015) har-

boured a long-lived lake during the late Neogene (Wes-

selingh et al., 2008). Long-lived lake environments com-

monly host ecosystems that are almost or most of the 

time isolated from the “outside” world often containing 

endemic ecospecies, tied to specific local biotopes (Mar-

tens, 1994; Wesselingh, 2007; Hauffe et al., 2015). For 

these reasons, long-lived lakes have become model sys-

tems in understanding and correlating long-term natural 

biotic drivers behind the biotic response to perturbations 

(Martens and Schön, 1999; Belmecheri et al., 2009; Jo-

vanovska et al., 2016). However, it has been difficult 

testing faunal response in long-lived environments due to 

the lack of appropriate candidate lakes for these scenari-

os. One well-studied example is the long-lived lake 

Ohrid, located in south-eastern Europe (Albania/Macedo- 
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nia). It has been subjected to various studies, including 

research on the diversity and spatial distribution of ostra-

cod assemblages (Lorenschat et al., 2014) as well as their 

biogeographic origin. Based on morphological investiga-

tions, Namiotko et al. (2012) concluded that ostracods 

belonging to the family Leptocytheridae are allocated to 

the genus Amnicythere, indicating that they derived from 

Lake Pannon species or even pre-existed in Lake Pannon. 

The authors contemplate that the Leptocytheridae ostra-

cods colonised lakes in Southern Europe stepwise and 

subsequently adapted to life in freshwater habitats, offer-

ing a unique chance of comparative investigations of their 

evolutionary- and migrational pathways. The hypothesis 

that faunistic elements, which originated in Lake Pannon 

and spread through temporary connection during the Mi-

ocene and/or Pliocene,  is  also  worth  considering  when  

studying the  fossil  remains  inside  the  sedimentary lake 

 

 

deposits of the Denizli Basin. Previous taxonomic studies 

on the biota revealed the presence of Paratethyan faunas 

(molluscs and ostracods), indicating a close biogeograph-

ic affinity between SW Anatolia and the Paratethys, 

mainly Lake Pannon (Freels, 1980; Wesselingh et al., 

2008; Şafak, 2010; Sands et al., 2019). The role of Anato-

lian basins as a source/sink-area of Paratethyan-like os-

tracod taxa, however remains to be established still. 

Here, we present a comprehensive overview of the previ-

ously poorly investigated ostracod fauna from the late 

Miocene – early Pliocene succession of the Denizli Basin. 

We further discuss the origin and possible link between 

the geological and biological evolution of the faunal 

community and investigate the processes driving faunal 

turnovers by taxonomically describing the encountered 

assemblages.  

 

 
 
Fig. 1 a Tectonic map of the Aegean Sea and western Turkey showing the main tectonic structures; b Simplified geo-

logical map of southwestern Anatolia, Turkey (after Alçiçek, 2010, modified from Bozkurt, 2001 & Seyitoğlu et al., 

2004). 
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GEOLOGICAL HISTORY OF THE LATE            

MIOCENE IN THE DENIZLI BASIN 

 

The Denizli Basin is a WNW-ESE trending extensional 

depression (Figs. 1, 2) that is approximately 50 km wide 

and 70 km long (Sun, 1990; Alçiçek et al., 2007). It con-

tains a unique stratigraphic record, displaying a complex 

Miocene to Quaternary basin-fill that is reaching up to 

1300 m in thickness, consisting of alluvial-fan, fluvial 

and lacustrine deposits (Şimşek, 1984; Alçiçek et al., 

2007, 2015; Sun, 1990; Kaymakçı, 2006). The sedimen-

tary succession has developed on a pre-Neogene bedrock, 

that consists of Paleozoic-Mesozoic metamorphic rocks 

of the autochthonous Menderes Massif and the Lycian 

Nappes, which are mainly made of a ophiolitic melange 

with intercalated allochthonous units that are composed 

of carbonates of middle Eocene age (e.g., Şimşek, 1984; 

Bozkurt, 2001; Alçiçek et al., 2015). Neogene deposits 

are relatively well exposed and have been affected by an 

ongoing regional extension that started during the late 

early Miocene (Alçiçek et al., 2007, 2015). The basin- 

fill, referred to as Denizli Group (Sun, 1990), consists of 

siliciclastic deposits, associated with occasionally occur-

ring carbonates and evaporites (Alçiçek et al., 2007). The 

sediments unconformably overlie the metamorphic bed-

rock and are divided into four formations (Şimşek, 1984; 

Sun, 1990; Alçiçek et al., 2007): the Kızılburun For-

mation (early – early middle Miocene), the Sazak For-

mation (middle – early late Miocene), the Kolankaya 

Formation (late Miocene – late Pliocene), the Tosunlar 

Formation (early Pleistocene) and alluvial deposits of 

middle Pleistocene age. The ostracod fauna described 

herein is obtained from the Kolankaya Formation that can 

reach up to 500 m in thickness and is subdivided into four 

subunits following the classification of Wesselingh et al. 

(2008; Fig. 3): 

(1): a unit that is approximately 100 m thick and consists 

of laminated mudstones - siltsone and marls. It is inter-

preted to represent a shallow water and low energy envi-

ronment.  

(2): a unit 200 m thick, consisting of alternating marl, 

clay and sandstones, clayey limestone and black shales. 

Oxygen isotope measurements indicate the presence of an 

anomalohaline open lacustrine environment deposited 

under a gradually shallowing setting (Alçiçek et al., 

2007) which is further supported by the presence of a 

brackish water mollusc fauna of late Miocene age (Ne-

bert, 1958; Taner, 2001; Wesselingh et al., 2008). Based 

on mammal remains, the unit could be assigned to MN 

11-12 biozone (Late Tortonian: Sickenberg and Tobin, 

1971; Saraç, 2003).  

(3): a unit that consist of thinly bedded and well-sorted, 

coarse – to very fine-grained sandstones, that additionally 

shows ripple cross-lamination. The sandstones are over-

lain by planar crossed-stratified conglomerates and sand-

stones as well as ripple cross-laminated and massive fine 

– to coarse grained sandstones. In some layers an abun-

dant mollusc and ostracod fauna, suggesting a Pliocene 

age and fresh water conditions were found (Nebert, 1958; 

Taner, 1974a, b, 1975; Freels, 1980; Yalçınlar, 1983). 

Mammal remains, recovered from the upper part of the 

unit, suggest the presence of the Late Piacenzian – Early 

Gelasian biozone MN 17 (Yalçınlar, 1983; Kaymakçı, 

2006). The shoreface and foreshore deposits of this unit 

represent a wave-dominated freshwater lake. 

(4): a unit that is approximately 80 m thick and consists 

of alternating cross-stratified conglomerates, sandstones 

and mudstones with few mudstone dominated intercala-

tions. This unit is representing fluvial to alluvial fan de-

posits. 

 

METHODS 

 

The ostracod fauna reported herein is obtained from sev-

eral outcrops, all approximately 5-7 km northeast of Ba-

badağ village, ca. 15 km west of Denizli. Due to adverse 

outcrop conditions (steep slopes) the samples were col-

lected along a composite section formed of several verti-

cal profiles that can laterally be correlated. A well ex-

posed, approximately 85 m thick succession (section A; 

Fig. 4a-b; N37°50’43.70, E 28°52’54.68) has been logged 

and sampled for micropalaentology and palaeomagnetism 

during field campaigns in 2016 and 2018. For micropal-

aeontological investigations, a total of 21 stratigraphic 

levels (Fig. 5a) were sampled, in close proximity to the 

places where palaeomagnetic measurements were taken. 

The second sampled succession (section B; Fig. 4c; N 

37°51’47.15; E28°53’32.92), stratigraphically located 

above the previous one, is about 185 m thick and is ex-

posed on the north-western flank below Babadağ – 

Sarayköy road leading to Babadağ village, approximately 

1,9 km northwest of Acidere village. Micropalaeontolog-

ical samples and palaeomagnetic measurements were 

taken from fine grained intervals, yielding a total of 62 

samples (Fig. 5b). Between the two mentioned sections 

two more but minor successions (N 37°51'6.11"; E 

28°52'44.46" and N 37°51'30.69"; E 28°53'18.46") where 

sampled in 2016. Due to a poorly preserved ostracod as-

semblage, that allowed no appropriate systematic assign-

ment, the samples were not included in this study.  

All micropalaeontological samples were recovered from 

fine grained sediments (clayey siltstones and sandy lime-

stones) and processed using standard micropalaeononto-

logical methods. For a better disaggregation, the samples 

have been boiled with sodium carbonate before being 

subsequently washed and sieved over a battery of three 

sieves (500 – 125 –63 µm). The dried residue was hand-

picked using a ZEISS - GSZ light microscope. The mate-

rial is housed in the Faculty of Geology and Geophysics, 

Department of Geology at Bucharest University (Roma-

nia). For high resolution figures the ZEISS MERLIN 

scanning electron microscope (SEM) of the Geological 

Institute of Romania (Microcosmos Laboratory) was 

used. For classifying the water salinity we used the fol-

lowing three salinity levels, following the Venezian salin-

ity classification (Symposium on the Classification of 

Brackish Waters, 1958): fresh water (0 – 0,5 ‰), oligoha-

line (0,5 – 5 ‰) and mesohaline (5 – 18 ‰). 

 

RESULTS 

 

The taxonomic investigation revealed the presence of 32 

species belonging to a total of 13 genera (Fig. 5a, b). The 

ostracods are well preserved and highly abundant but 

moderate in species numbers. The quantitative analysis of 

the ostracod  association,   integrated  with  data  derived  
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from palaeomagnetic measurements, is indicating a late 

Miocene – early Pliocene age, confirming the previously 

mollusc based age assumption. The palaeomagnetic rec-

ord shows the presence of a reversed chron for the strati-

graphically older succession (section A), followed by a 

long normal cron for the overlying section (section B). 

The preliminary correlation is to C3r – C3n. 4n (Thvera 

subcron) which ranges between 6.033 – 4.997 Ma. The 

faunal assemblage in section A (Fig. 5a) is dominated by 

leptocytherid ostracods including common occurrences of 

Leptocythere sp. 1, Amnicythere multituberculata, Amni-

cythere striatocostata, Amnicythere sp. 3, Amnicythere 

sp. 4 and loxoconchid species (Loxoconcha babazanani-

ca, Loxoconchissa (Loxocaspia) aff. reticulata) as well as 

some rare occurrences of Cyprideis pannonica, Amni-

cythere sp. 1 and Tyrrhenocythere aff. pontica. Candonid 

ostracods are represented by common occurrences of 

Caspiocypris carica, Candona (Typhlocyprella) sp. to-

gether with Typhlocypris fossulata fossulata n. ssp. and 

Typhlocypris fossulata reticulata n. ssp. We could only 

observe minor shifts in the faunal composition, indicating 

the presence of a stable, brackish (oligohaline to lower 

mesohaline) water environment. The presence of both 

adults and different juvenile stages, prove the in situ 

character of the fauna, excluding the presence of rework-

ing processes. 

Within section B (Fig. 5b) slight changes in the faunal 

composition could be observed. The ostracod community 

is dominated by candonids (Candona angulata, Candona 

ex.   gr.   angulata)    and   loxoconchids       (Loxoconcha  

 

muelleri, Loxoconcha eichwaldi) suggesting oligohaline – 

mesohaline conditions. In some levels the occurrence of 

heavy calcified ostracod valves, accompanied with a mi-

nor diversification of the assemblage, is indicating a 

slight increase in alkalinity. These levels contain taxa like 

Amnicythere sp. 2, Cyprideis torosa, Tyrrhenocythere 

pontica, Tyrrhenocythere sp., Tyrrhenocythere aff. ruggi-

erii, Loxoconcha petasa and L. muelleri. Besides the 

dominance of C. angulata and L. eichwaldi few levels 

with an increasing presence of nodded Cyprideis torosa 

as well as L. petasa and L. muelleri could be seen. Rare 

cases of monospecific occurrences of L. muelleri-

dominated assemblages suggest restrictive periods. With-

in the uppermost parts of the succession the valves show 

thicker and more ornate valves and L. petasa ssp. 1, L. 

petasa ssp.2, Euxinocythere (Maeotocythere) bosqueti, 

Amnicythere sp. 1, A. sp.2 and C. torosa are commonly 

occurring. Along the succession rare occurrences of Cyp-

ria sp., Candona sp. as well as Ilyocypris bradyi and 

Ilyocypris gibba suggest the minor influence of a neigh-

bouring freshwater environment. 

 

SYSTEMATIC PALAEONTOLOGY 

 

The taxonomic concept is based on previously published 

work by Moore (1961), Van Morkhoven (1962) and 

Hartmann (1966). Furthermore information on the taxon-

omy provided in the work of Livental (1929), Agalarova 

et al. (1961), Agalarova (1967), Yassini (1986), Jiříček 

(1985),  Krstić  (1973;  1985; 1989)  and  Olteanu  (1995)  

 
 

Fig. 2 Geological map of Denizli Basin with the location of investigated sections (A and B) (from Alçiçek et al., 2015,  

modified from Sun, 1990 and adapted from Konak and Şenel, 2002) 
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Fig. 3 Stratigraphic framework of the Denizli Basin and the lithology of the Kolankaya Formation  

(modified after Wesselingh et al., 2008). 
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Fig. 4a-c Overview of composite sections formed by several vertical profiles that can be laterally correlated. a-b Over-

view picture of successions that compose Section A (N37°50’43.70, E 28°52’54.68); a first 35 m and b remaining 50 m 

that are correlated on top and located opposite of the road; c Overview of the Section B and approximate locations of 

sampled profiles (N 37°51’47.15; E28°53’32.92). 
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Fig. 5a Ostracod distribution charts for Section A and Section B. 
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Fig. 5b Ostracod distribution charts for Section A and Section B. 
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was taken into account. For the suprageneric classifica-

tion we followed Meisch (2000) and Horne et al. (2002). 

Abbreviations: LV = left valve; RV = right valve, C = 

carapace; ♀ = female; ♂ = male  

 

Phyllum Arthropoda Siebold & Stannius, 1845 

Class Ostracoda Latreille, 1806 

Subclass Podocopa Sars, 1866 

Order Podocopida Sars, 1866 

Suborder Cypridocopina Jones, 1901 

Superfamily Cypridoidea Baird, 1845 

Family Candonidae Kaufmann, 1900 

Genus Caspiocypris Mandelstam, 1960 

 

Caspiocypris carica (Freels, 1980) 

Fig. 6a-h 

 

1980 Candona (Caspiocypris) carica n. sp. -Freels, 

p.145, pl. 156, fig. 14 – 16. 

 

Description. The carapace has a trapezoidal to elongated 

shape in lateral view. The dorsal margin is almost 

straight, slightly convex and sloping towards the anterior 

end that is broadly rounded and continues smoothly onto 

the ventral margin. The posterior end is pointed and the 

LV shows a “rostrum-like” end a bit above the joint with 

the ventral boarder. The ventral margin displays a clear 

concavity mid-length that is more accentuated in the RV. 

The postero-ventral joint is slightly pointed upwards on 

the LV. The valves surface is smooth. The inner lamella 

is broadly developed in both the anterior-and the posteri-

or end. Marginal pore canals are straight. Dimension: L = 

0,91 – 1,28 mm, H = 0,44 – 0,67 mm, the minimum sizes 

include juveniles too. 

Remarks. The observed species differentiates from Cas-

piocypris vaga Stancheva (1964), mentioned from the 

upper Maeotian deposits from Bulgaria, which is smaller 

in size and lacks the pointed posterior end. The ventral 

concavity in C. vaga Stancheva is located behind the 

mid-length of the valve. Also, the dorsal margin of C. 

vaga in the LV shows a slight median concavity that is 

not clearly sloping towards the anterior like in our spe-

cies. Quite similar forms are described under the name 

Candona slamkovae, by Pipík and Bodegard (2007) from 

the Pannonian of the Turiec Basin in Slovakia, but differ-

ences concerning the outline, especially of the LV are 

present. Candonids of “trapezoid” shape are often record-

ed in sediments from Lake Pannon (e.g., Krstić, 1989; 

Pipík and Bodegard, 2007) as well as from the Maeotian 

of the Dacian Basin (Stancheva, 1990; Olteanu, 1989, 

1995). 

Chronostratigraphical and geographical distribution. 

The type locality of the species is a sedimentary succes-

sion 15 km NE of Denizli (Turkey) within Irlaganlı Val-

ley. The species is possibly ranging from the late Mio-

cene to Pliocene (Freels, 1980). The species commonly 

occurs in section A.  

Ecology. Recent living representatives of the genus and 

subgenus inhabit a wide range of aquatic habitats, ranging 

from littoral and profundal zones of lakes or swamps to 

slightly salty inland and coastal waters (Meisch, 2000). 

 

Genus Candona Baird, 1845 

Candona angulata (Müller, 1900) 

Fig. 7a-l 

 

1900 Candona angulata n. sp. Müller, p. 18, pl. I, fig. 1-

17. 

1990 Candona angulata Müller - Fuhrmann & 

Pietrzeniuk, p. 209, pl. 4, fig. 6-9. 

2000 Candona angulata Müller- Meisch, p. 87, fig. 

31A-E. 

2005 Candona angulata Müller- Viehberg, p. 65, fig. 6, 

13. 

2008 Candona angulata Müller- Fuhrmann, pl. 2, Fig. 

6a-d. 

2012 Candona angulata Müller- Fuhrmann, p. 24, pl. 6, 

fig. 1a-f, 2a-d. 

 

Description. The carapace, usually distinctly elongated, 

has a similar shape to that of C. neglecta in lateral view. 

Only the posterior expansion of the LV is slightly more 

pointed and expanded, varying from a rounded to a tooth-

shaped curvature. The RV in contrast lacks this expansion 

and sculpts only a weak ankle to the concave ventral 

margin. The LV overlaps the RV at both ends. The valves 

surface is smooth. The inner lamella is well developed 

and slightly broader in the anterior. It continues along the 

ventral margin and numerous, close-set and curved pore 

canals are present. The muscle scar forms a row of three 

scars with a larger elongated one above. The male cara-

pace is larger and higher than that of the compressed fe-

male and has a more pronounced ventral concavity. Di-

mension: L = 0,86 – 1,72 mm, H = 0,27 – 1,01 mm, the 

minimum sizes include juveniles too. 

Chronostratigraphical and geographical distribution. 

The species is well known from coastal regions of Ire-

land, UK, Belgium, Netherlands, Poland, Russia (Volga 

Basin) and North Africa (Meisch, 2000). It has been de-

scribed from the southern Balkans (Lake Dojran; Petkov-

ski, 1958) as C. angulata meridionalis and northern Afri-

ca, where populations described by Gauthier (1928), ac-

cording to Meisch (2000) should also belong to the same 

species. It has further been reported from Pleistocene 

deposits from Central and Northern Germany (Fuhrmann, 

2012; Viehberg, 2005). Within Section B, C. angulata is 

the most common occurring species. 

Ecology. Living representatives of this halo-tolerant spe-

cies prefer slightly salty water and have often been ob-

served in brackish coastal ponds, ditches and river 

mouths with salinities ranging from 0,2 - 14‰ (Meisch, 

2000). 

 

 

Candona ex. gr. angulata (Müller, 1900) 

Fig. 8a-p 

 

Description. This species has a similar outline as C. an-

gulata but displays no distinctive pointed posterior end 

on the LV. C. ex. gr. angulata further appears slightly 

more elongated with a weaker pronounced concavity of 

the ventral margin. Dimension: L = 0,46 – 1,51 mm, H = 

0,23 – 0,82 mm, the minimum sizes include juveniles too. 
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Fig. 6a-h Caspiocypris carica; a, c LV, external view; b, d RV, external view; e LV, internal view; f RV, internal 

view; g LV, external view, A1 juvenile; h RV, external view, A1 juvenile; (all specimens from section A, samples 0 m 

– 35,5 m). 
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Fig. 7a-l Candona angulata; a LV, external view, ♀; b RV, external view, ♀; c LV, external view, ♂; d RV, external view, 

♂; e Carapace, view from RV, ♀; f, h RV, internal view, ♂; g LV, internal view, ♂; i RV, external view, A2 juvenile; j LV, 

external view, A3 juvenile; k RV, external view, A3 juvenile; l RV, external view, A4 juvenile; (all specimens from section 

B, sample 10 m). 
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Fig. 8a-p Candona ex. gr. angulata; a LV, external view, ♀; b RV, external view, ♀; c LV, internal view, ♀; d RV, internal 

view, ♀; e LV, external view, ♂; f RV,external view, ♂; g LV, internal view, ♂; h RV, internal view, ♂; i RV, external view, 

A1 juvenile; j RV, external view, A2 juvenile; k LV, external view, A3 juvenile; l RV, external view, A3 juvenile; m LV, 

external view, A4 juvenile; n RV, external view, A4 juvenile. o LV, external view, A5 juvenile; p RV, external view, A5 ju-

venile; (all specimens from section B, sample 97,7 m). 
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Candona ex. gr. neglecta (Sars, 1887) 

Fig. 9f-g 

 

1887 Candona neglecta n. sp. - Sars, p. 279, pl. 15, fig. 

5-7, pl. 19. 

1969 Candona neglecta Sars partim - Diebel & Pietrze-

niuk, p.473, pl. 7, fig. 6-8. 

1980 Candona neglecta Sars- Freels, p. 94, pl. 16, fig. 

12-19. 

2000 Candona neglecta Sars- Meisch, p. 77, fig. 26A-C, 

27A-B. 

2001 Candona neglecta Sars- Tunoğlu & Ünal, p. 176, 

pl. 3, fi g. 1. 

2005 Candona neglecta Sars- Matzke-Karasz & Witt, p. 

120, pl. 1, fig. 6-7. 

2008 Candona neglecta Sars- Fuhrmann, pl.2, fig. 2a-d. 

2012 Candona neglecta Sars- Fuhrmann, p. 32, pl. 10, 

fig. 1a-f, 2a-d. 

2018 Candona ex. gr. neglecta- Jorissen et al., p. 14, 

fig. 11 (8-9). 

Description. The highly variable but usually elongated 

carapace shows an almost straight dorsal margin that is 

sloping towards the anterior. The ventral margin is slight-

ly concave. Both the posterior-and the anterior margin are 

broadly rounded. From the dorsal view, the anterior end 

is slightly pointed rather than the posterior. The LV over-

laps the RV at both ends. This species shows a fine pitted 

ornamentation pattern in the central area of the valve, 

leaving out the posterior-and anterior end. Dimension: L 

= 0,75 – 0,92 mm, H = 0,37 – 0,47 mm, the minimum 

sizes include juveniles too. 

Remarks. The species is only rarely observed in our mate-

rial and mainly appears in juvenile stages. The general 

outline resembles the one of C. neglecta, but the valves 

surface is showcasing some minor ornamentation repre-

sented by small pits. We assign the present species to be 

part of the Candona neglecta group with some uncertain-

ties. 

 

Chronostratigraphical and geographical distribution. 

The species has a wide stratigraphic range and has been 

reported from Serravallian to Recent (Medici et al., 

2011). It is further known from the early Pannonian and 

Pontian of the Gelibolu Peninsula (NW Turkey; Tunoğlu 

and Ünal, 2001) as well as from Pleistocene deposits of 

the Burdur Basin (Suludereköy and Kuruçayköy Fm.) in 

SW Anatolia (Freels, 1980). Other occurrences include 

Pliocene – early Pleistocene deposits from Central Italy 

(Valle Orsa Fm.; Spadi et al., 2018) and deposits from the 

Slănicul de Buzău section (Dacian - Romanian stage) in 

the Dacian Basin (Van Baak et al., 2015; Jorissen et al., 

2018), upper Miocene freshwater strata from Turiec Ba-

sin (Slovakia; Pipík and Bodergat, 2007) and the upper 

Pontian of the Dacian Basin (Ter Borgh et al., 2014). 

Ecology. C neglecta occurs in a wide range of aquatic 

habitats and prefers slightly cold water but can also toler-

ate temporary increase in temperature beyond 20°C. It 

has been reported from coastal-and inland waters with a 

salinity range of 0,5 - 16‰ (Meisch, 2000). In lakes it has 

been observed from the shallow littoral zone down to 

depths of 311m (Lago Maggiore, Italy; Meisch, 2000). 

Together with C. ex. gr. torosa and I. gibba (Ramdohr) it 

has been described as freshwater assemblages from the 

Romanian stage of the Slanicul de Bazau section in the 

Dacian Basin (Van Baak et al., 2015). 
 

Candona sp. 1 

Fig. 9a-e 
 

Description. The carapace has an elongated to sub-

reniform shape in lateral view with the dorsal-and ventral 

margins running almost parallel. Both, the anterior-and 

the posterior end are broadly rounded in an almost sym-

metrical way. The ventral margin has a slight concavity 

in the median area. The inner lamella is narrow in both 

the anterior-and the posterior end, suggesting the pres-

ence of A1 juvenile stages, despite of the large size. Di-

mension: L = 0,56 – 1,00 mm, H = 0, 29 – 0,48 mm, the 

minimum sizes include juveniles too. 
 

Genus Candonopsis Vávra, 1891 

 

Candonopsis aff. kingsleii (Brady & Robertson, 1870) 

Fig. 9h-k 

1870 Candona kingsleii nov. sp - Brady & Robertson, p. 

17, pl. IX, figs. 9-12. 

1980 Candonopsis kingsleii (Brady & Robertson, 1870) 

- Kempf and Scharf, p. 212, pl. 4, fig. 1-5, pl. 5, 

fig. 1-3. 

1985 Candonopsis kingsleii (Brady & Robertson)- 

Krstić, pl. 4, figs. 1,2. 

2000 Candonopsis kingsleii (Brady & Robertson, 

1870)- Meisch, p.209, fig. 89 A-D. 

2012 Candonopsis kingsleii (Brady & Robertson, 

1870)- Fuhrmann, p.  102, Pl. 45, 1a-1e 

 

Description. The carapace has a sub-reniform shape in 

lateral view and has its greatest width slightly behind 

mid-length. The dorsal margin is arch-shaped whereas the 

ventral margin shows a more or less pronounced concavi-

ty. Both anterior-and posterior are broadly rounded. Di-

mension: L = 0,46 – 0,93 mm, H = 0,26 – 0,51 mm, the 

minimum sizes include juveniles too. 

Chronostratigraphical and geographical distribution. 

The species is known from Pannonian strata of Serbia, 

appearing in the Hemicytheria tenuistriata zone (Krstić, 

1985). 

Ecology. Representatives of this genus prefer littoral 

lakes, small permanent-and temporary waters with a max-

imum salinity of 5 ‰ (oligohaline; Meisch, 2000). 

 

Family Cyclocyprididae Kaufmann, 1900 

Genus Cypria Zenker, 1854 
 

Cypria sp. 

Fig. 10a-j 
 

Description. The carapace has the typical triangular to 

subovate shape and shows the greatest height slightly 

behind mid-length. The dorsal margin is convex and 

passes smoothly onto both the anterior-and the posterior 

end. The dorso-posterior segment is being somewhat 

more inclined, especially on the RV. The ventral margin 

of the LV is almost straight, whereas the RV shows a 

weak concavity. The valves surface is smooth. The inner 

lamella is moderately pronounced, with the anterior ves- 
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Fig. 9a-e Candona sp.1; a LV, external view; b RV, external view; c LV, internal view; d LV, external view, A1 juvenile; e 

LV, external view, A2 juvenile; f, g Candona ex. gr. neglecta; f RV, external view; g LV, external view, A1 juvenile; h-k 

Candonopsis aff. kingsleii.; h RV, external view; i LV, external view, A1 juvenile; j RV, external view, A2 juvenile; k RV, 

external view, A1 juvenile; (specimens from a-e from section B, sample 23 m; a-g from section B, sample 8 m; h-k from sec-

tion B, sample 9 m). 
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Fig. 10a-j Cypria sp.; a, c, e LV, external view; b, d, f RV, external view; g, i LV, internal view; h, j RV, internal view; (spec-

imens a-d and g-j from section A, samples 0 m – 35,5 m; specimens e-f from section B, sample 10 m). 
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tibulum being slightly wider than the posterior one. The 

hinge is adont and the central muscle scar forms a group 

of four larger scars and another set of two smaller scars 

that are located slightly below. From the internal view the 

LV possess a small elongated knob at the antero-ventral 

end of the marginal area that corresponds to an elongate 

depression on the RV. Dimension: L = 0,51 – 0,58 mm, 

H = 0,33 –0,39 mm, the minimum sizes include juveniles 

too. 

Remarks. The genus is a minor faunal element in the ob-

served samples. Similar species have been described un-

der the name Cypria tesle and Cypria pannonica by 

Krstić (1985) from Pannonian sediments of Serbia. The 

poor quality of the images of those two species from 

Krstić (1985) however did not allow a precise determina-

tion of the present species to either one of them. 

Ecology. The genus Cypria comprise, according to 

Meisch (2000), approximately 35 recent species with an 

almost worldwide distribution, inhabiting environments 

with oligohaline to freshwater conditions.  
 

Candona (Typhlocyprella) sp. (Krstić, 1972) 

Fig. 11a-k 
 

Description. This species is distinguished by its elongated 

subtrapezoidal shape and a sharp pointed posterior end. 

The dorsal margin is straight and angularly connected to 

the anterior-and posterior end. The anterodorsal margin 

shows a slight concavity, more visible on the RV. The 

ventral boarder is much longer than the dorsal one, run-

ning almost straight on the LV and with a slight but 

widespread concavity on RV. The LV is much higher and 

visibly overlaps the RV. The valves surface is smooth 

and thin. The inner lamella is well developed in both an-

terior and posterior, less so ventrally. The tooth plate is 

adont, the dorsal margin of the RV is fitting into the 

straight groove of LV. Juveniles in general show a more 

arcuate dorsal margin and are more pointed posteriorly. 

Dimension: L = 0,74 – 1,22 mm, H = 0,35 – 0,61 mm, the 

minimum sizes include juveniles too. 

Remarks. This uniquely shaped species can be assigned to 

Typhlocyprella a subgenus of Candona described by 

Krstić, (1972). This species differs from other species 

known from the Pannonian including Candona (Typh-

locyprella) applanata Pokorný, 1952, Candona (Typh-

locyprella) lineocypriformis Krstić, 1972, Candona 

(Typhlocyprella) elongata Sokać, 1972 and Candona 

(Typhlocyprella) ankae, Krstić, 1972. Its prominent sub-

trapezoidal shape, sharp posterior end and the lack of any 

pointed anterodorsal extension on LV, as in the case of C. 

(T.) lineocypriformis, excludes assigning the species ac-

cordingly.  

Chronostratigraphical and geographical distribution. 

The species is only poorly preserved and most of the 

specimens are broken due to their thin, fragile shells. 

Other species of this genus are known from the Panno-

nian of the Vienna Basin, Austria and Yugoslavia (Krstić, 

1972; Sokač, 1972). 
 

Family Eucandonidae Swain, 1961 

Genus Typhlocypris Vejdovský, 1882 

Typhlocypris fossulata (Pokorný, 1952) 
 

1952 Candona fossulata n. sp.- Pokorný, p. 264, pl. 2, 

fig. 3. 

1972 Candona (Typhlocypris) fossulata (Pokorný)- So-

kač, p. 59-60, pl. 18, fig.1. 

1980 Candona (Typhlocypris?) ex. gr. fossulata Po-

korný- Freels, p. 63, pl. 9, fig. 21-26. 

1985 Typholocypris fossulata (Pokorný)- Jiříček, p. 389, 

pl. 50, fig. 9-12. 
 

Typhlocypris fossulata fossulata n. ssp. 

Fig. 12a-j 
 

Description. The carapace is very large (close to 2mm) 

and has a trapezoidal shape in lateral view. The LV clear-

ly overlaps the RV at both ends and the valve in general 

is remarkably asymmetrical. The RV of the adults has a 

short straight dorsal margin, slightly steeping towards the 

anterior. The antero-dorsal margin has a minor concavity 

at the point where it connects to the dorsal margin and is 

otherwise rounded. The posterior end is more pointed. 

The ventral margin is much longer than the dorsal one 

and almost straight with a wide spread concavity visible 

on the RV. The greatest width of the carapace is slightly 

behind mid-length. The surface of the valve shows no 

ornamentation. The muscle scar consists of a row of three 

scars with two smaller ones suited closely behind. One 

larger elongated scar lies above. The inner lamella is well 

developed in both the anterior-and the posterior end, even 

visible in juvenile stages. Dimension: L = 0,37 – 1,47 

mm, H = 0,19 – 0,78 mm, the minimum sizes include 

juveniles too. 

Remarks. Due to the large size and fragile character of the 

valve, it is difficult to find unbroken adult specimens. 

Therefore, most of the material identified is being repre-

sented by different juvenile stages that in general show a 

more sub-triangular rounded outline, especially the LV. It 

looks like other publications (e.g., Jiříček, 1985; Freels, 

1980) also described juveniles stages (mainly A1) rather 

than adult specimens. 

Chronostratigraphical and geographical distribution. 

Jiříček (1985) described the species from the upper Pan-

nonian of the Vienna Basin in Austria, ČSSR and Yugo-

slavia. It has further been reported from several localities 

in Turkey, ranging from the upper middle Miocene to 

upper Miocene (Freels, 1980).  

Ecology. The living representatives of this genus occur 

globally in environments ranging from interstitial water 

of Australia (Typhlocypris (T.) geratsi) to cave environ-

ments in South Korea (Typhlocypris (T.) marimotoi) and 

the Holarctic (Typhlocypris (P.) albicans) (Karanovic, 

2005). 
 

Typhlocypris fossulata reticulata n. ssp. 

Fig. 13a-k 
 

Description. The carapace has a subtrapezoidal shape in 

lateral view with a noticeable difference between the LV 

and the RV. The LV overlaps the RV at both ends. The 

LV shows a short, straight or slightly concave dorsal 

margin that is gently sloping towards the anterior. The 

posterior margin is more pointed than the anterior end. 

The ventral margin is almost straight but shows a slight 

concavity in the RV and a minor convexity in the LV 

slightly behind mid-length. The greatest width of the 

valve is located shortly behind mid-length. The surface of 

the carapace shows  a  faint but distinct reticulated pattern  
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Fig. 11a-k Typhlocyprella sp.; a, c LV, external view; b, f RV, external view; d, e RV, internal view; g, f LV, external 

view, A1 juvenile; i LV, external view, A2 juvenile; j RV, external view, A3 juvenile; k LV, internal view, A3 juvenile; 

(all specimens from section A, samples 0 m – 35,5 m). 
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Fig. 12a-j Typhlocypris fossulata fossulata n. ssp.; a RV, external view; b LV, external view, A1 juvenile; c RV, , external 

view, A1 juvenile; d LV, internal view, A1 juvenile; e RV, internal view, A1 juvenile; f RV, external view, A2 juvenile; g 

LV, external view, A3 juvenile; h RV, external view, A3 juvenile; i LV, external view, A4 juvenile; j RV, external view, 

A4 juvenile; (all specimens from section A, samples 0 m – 35,5 m). 
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Fig. 13a-k Typhlocypris fossulata reticulata n. ssp a LV, external view; b LV, external view, A1 juvenile; c RV, internal view; 

d LV, external view, A2 juvenile; e RV, internal view, A1 juvenile; f RV, external view, A2 juvenile; g LV, internal view, A2 

juvenile; h LV, external view, A3 juvenile; i RV, external view, A3 juvenile; k LV, external view, A4 juvenile; (all specimens 

from section A, sample 3,5 m). 
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that appears less pronounced towards the anterior-and 

posterior end. The muscle scar consists of a row of three 

scars with two smaller ones suited closely behind. One 

larger elongated scar lies above. The inner lamella is well 

developed on the both ends, as well as along the ventral 

margin. Dimension: L = 1,04 – 1,26 mm, H = 0,54 – 0,70 

mm, the minimum sizes include juveniles too. 

Remarks. This subspecies has almost the same shape as 

Typhlocypris fossulata fossulata, but differs from it by 

possessing a surface coverage, consisting of a fine and 

slightly elongated reticulation pattern. 

 

Family Ilyocyprididae Kaufmann, 1900 

Genus Ilyocypris Brady & Norman, 1889 

 

Ilyocypris bradyi (Sars, 1890) 

Fig.14a-f 

 

1890 Ilyocypris bradyi Sars, p. 59-60. 

1962 Ilyocypris bradyi Sars- Jordan et al., p. 87, pl. 6, 

fig. 73. 

2000 Ilyocypris bradyi Sars- Meisch, p. 253, fig. 107A-

C. 

2008 Ilyocypris bradyi Sars- Fuhrmann, p. 264, pl. 4, 

fig. 10-12. 

2012 Ilyocypris bradyi Sars- Fuhrmann, p. 150, pl. 69, 

fig. 1a-f, 2a-d. 

2018 Ilyocypris bradyi- Jorissen et al., p. 15, fig. 12 (23-

24). 

 

Description. The carapace has a subrectangular shape in 

lateral view. The dorsal margin gently slopes towards the 

posterior end and passes onto it in an obtuse angle. The 

posterior is rounded and continues onto the ventral mar-

gin, which is concave mid-length. In the anterodorsal 

corner the anterior margin is lightly dipping, whereas the 

rest of the anterior end is rounded. The greatest height is 

observed in the anterior third of the carapace but anterior-

and posterior margins are almost equally wide. The 

valves bear two distinguishable dorso-median and verti-

cal running furrows on which path between three to five 

tubercles, set in two rows, can be observed. The tubercles 

can be more or less prominently developed and in rare 

cases as spines, located near the dorsal margin. The sur-

face of the valve shows a rounded to slightly elongate and 

shallow pitted ornamentation that becomes less pro-

nounced towards the anterior-and the posterior margin. 

On the posterior end minor sized spinules can be present. 

The inner lamella is narrowly pronounced. Other internal 

features are excluded from our description due to adverse 

preservation. Dimension: L = 0,33 – 0,85 mm, H = 0,30 – 

0,44 mm, the minimum sizes include juveniles too. 

Chronostratigraphical and geographical distribution. I. 

bradyi shows a widespread distribution throughout Eu-

rope and has further been reported from Africa, the Mid-

dle East, Central Asia, China and North America 

(Meisch, 2000). This species has been described in the 

fossil record from the Miocene and Pliocene (Kazmina 

1975; Tunoğlu and Çelik 1995) and the Pleistocene to 

Recent (Meisch, 2000). Inside the Paratethyan domain it 

has been obtained from a variety of basins, e.g., the upper 

Maeotian (Bădislava and Toplog sections) and Dacian 

(Slănicul de Buzău) of the Dacian Basin (Romania) 

(Floroiu et al., 2016; Jorissen et al., 2018), the upper Pro-

ductive Series (Surakhany Fm., Kimmerian age) and the 

Akchagylian-Apsheronian of the South Caspian Basin of 

Azerbaijan (Van Baak et al., 2013; Lazarev et al., 2019) 

and the middle Pannonian of the Gelibolu Peninsula (NW 

Turkey) (Tunoğlu and Ünal, 2001). Further is appears 

during the Piacenzian–Gelasian in the Tiberino Basin in 

the Central Apennines of Italy (Spadi et al., 2019) and the 

Quarternary deposits of the Gorgan plain in North Iran 

(Yassini, 1987). According to Agalarova et al. (1961) and 

Mandelstam et al. (1962), it also occurs in the Pliocene 

and post-Pliocene deposits of Azerbaidjan, Turkmenistan 

SSR and Caucasus region. 

Ecology. The living representatives of I. bradyi prefer 

cooler freshwater springs and can be found in slow flow-

ing waters that fed small ponds, rivers, swamps or lakes 

(Henderson, 1990; Meisch, 2000). The species has been 

further mentioned from slightly salty inland waters of 

Germany, Poland and brackish coastal waters from Bel-

gium (Fuhrmann, 2012).  

 

Ilyocypris gibba (Ramdohr, 1808) 

Fig. 14g-j 

 

1808 Cypris gibba- Ramdohr, p. 91, pl. III, figs, 13-17. 

1900 Ilyocypris gibba (Ramdohr)- Müller, p. 88, pl. 19. 

figs. 7,12. 

1949 Ilyocypris gibba (Ramdohr)- Schweyer, p. 56, pl. 

V, fig. 8. 

1969 Ilyocypris gibba (Ramdohr)- Carbonnel, p. 27, 

plansa 11, fig. 7. 

1995 Ilyocypris gibba (Ramdohr)- Olteanu, pl. XXXIV; 

fig.10, 11. 

2000 Ilyocypris gibba (Ramdohr)- Meisch, p. 245, fig. 

104 A-C. 

2012 Ilyocypris gibba (Ramdohr)- Fuhrmann, p. 156, pl. 

72, fig. 1a-f, 2a-d. 

2013 Ilyocypris ex. gr. gibba (Ramdohr)- Van Baak et 

al., p. 124, fig. 4a, 7,8, p. 125, fig. 5a, 6,7. 

2015 Ilyocypris  gibba (Ramdohr)- Van Baak et al., p. 

602, fig. 7b, 29-32. 

 

Description. The carapace has a subquadrate to sub-

rectangular shape in lateral view. The dorsal margin runs 

straight and parallel to the ventral margin that is concave 

mid-length. The anterior-and posterior ends are broadly 

rounded and denticulate. The valves surface is coarsely 

puncated and traversed by two vertical running furrows. 

Tubercles are not present. Due to poor preservation no 

internal features could be described. Dimension: L = 0,53 

– 0,81 mm, H = 0,31 – 0,43 mm, the minimum sizes in-

clude juveniles too. 

Chronostratigraphical and geographical distribution. 

Today I. gibba is showing a widespread distribution 

throughout Europe, Africa, the Middle East, Central Asia 

and both North and South America (Meisch, 2000). In the 

fossil record I. gibba has been described from the lower 

Miocene and Pliocene of Central Anatolia (Tunoğlu & 

Celik, 1995) and in Plio-Pleistocene deposits of the Daci-

an Basin (Romania) (Van Bakk et al., 2015; Jorissen et 

al., 2018). It has also been mentioned by Agalarova et al. 

(1961) and Mandelstam and Schneider (1963) within 

Pliocene   and   post-Pliocene   deposits   of    Azerbaijan, 
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Fig. 14a-f Ilyocypris bradyi; a, b RV, external view, c LV, external view; d RV, external view, A1 juvenile; e LV, external 

view, A1 juvenile; f. LV, external view, A2 juvenile; g-j Ilyocypris gibba; g LV, external view; h RV, external view; i RV, 

external view, A1 juvenile; j RV, external view, A2 juvenile; (all samples from section B; a-f from 29,5 m and g-j from sam-

ple 184,5 m). 
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Turkmenistan SSR, Kirmea and Caucasus.  

Ecology. Recent living specimens of I. gibba preferably 

occur in small permanent water bodies with a fine-

mudded, clayey-or sandy substrate. The species has also 

been reported from temporary pools, springs, slightly 

salty waters and rice fields (Meisch, 2000). Together with 

C. ex. gr. torosa and C. neglecta Sars it has been de-

scribed from freshwater assemblages from the Romanian 

stage of the Slănicul de Bazău section in the Dacian Ba-

sin (Van Baak et al., 2015). Living specimens are ecolog-

ically characterized as meso- to polythermohaline, rhe-

oeuryplastic with oligohalophilic summer forms (Meisch, 

2000; Fuhrmann, 2012). 

 

Suborder Cyherocopina Baird, 1850 

Superfamily Cytheroidea Baird, 1850 

Family Cytherideidae Sars, 1925 

Genus Cyprideis Jones, 1857 

 

Cyprideis pannonica (Méhes, 1908) 

Fig. 15a-j 

 

1908 Cytheridea pannonica n.sp.- Méhes, p. 61, Tab. 

XI, Fig. 7. 

1929 Cyprideis pannonica Méhes- Zalányi, p. 73, text-

fig. 35-1. 

1990 Cyprideis pannonica (Méhes)- Sokač, p. 692. 

2013 Cyprideis pannonica (Méhes)- Stoica et al., p. 

140, pl. 2, fig. 1. 

 

Description. The carapace has an elongate to subovate 

shape in lateral view. The dorsal margin is gently arched 

and slightly inclined towards the posterior. The posterior 

end is somewhat narrower than the obtuse rounded ante-

rior margin. Both, the anterior-and the posterior end, pass 

smoothly onto the almost straight running ventral margin. 

The greatest width of the carapace is slightly in front of 

the mid-length. The valves surface is smooth and ran-

domly distributed normal sieve-pores are present. Sexual 

dimorphism is occurring and females show a more oval-

shape, whereas male valves have a narrower posterior 

part. The marginal zone is moderately developed. The 

internal features do not deviate to those of other Cypride-

is species. Dimension: L = 0,48 – 1,04 mm, H = 0,30 – 

0,58 mm, the minimum sizes include juveniles too. 

Chronostratigraphical and geographical distribution. 

This species is commonly found inside Pannonian depos-

its of the Pannonian Basin of Hungary, Austria, Yugosla-

via and Czechoslovakia (Sokač, 1990). It has further been 

described from lower Pontian sediments of the Dacian 

Basin (Stoica et al., 2013). Outside the Paratethys it is 

mentioned from Lago-Mare deposits of the Sorbas Basin 

in SE Spain (Gliozzi et al., 2005), the Messinian sedi-

ments of the Djebel Kechabta section in northern Tunisia 

(Benson, 1976) and the early Pannonian of the Gelibolu 

Peninsula in NW Turkey (Tunoğlu, 2001). 

 

Cyprideis ex. gr. torosa (Jones, 1850) 

Fig. 16a-j 

 

1850 Cyprideis torosa- Jones, 2, 6: 27; pl. 3: 6a-e. 

 

1925 Cyprideis littoralis nov. comb. - Sars, p. 9: 155; 

pls. 71, 72:1. 

1996 Cyprideis torosa Jones- Boomer et al., p.83, fig. 4, 

J-N. 

2000 Cyprideis torosa Jones- Meisch, p. 459, fig. 188-

189. 

2005 Cyprideis torosa Jones- Matzke-Karasz & Witt, p. 

128, pl. 3, fig. 8-11. 

2005 Cyprideis torosa f. torosa Jones- Viehberg, p. 67, 

fig. 7, 8. 

2015 Cyprideis ex. gr. torosa- Van Baak et al., p. 603, 

fig. 8 (19-27). 

2018Cyprideis ex. gr. torosa- Jorissen et al., p. 13, fig. 10 

(9-20). 

 

Description. The carapace has a subovate to elongated 

shape in lateral view and a slightly arched dorsal margin 

that gently slopes towards the rounded posterior end. The 

anterior border is broadly rounded as well but weakly cut 

off in the upper part. The greatest width of the carapace is 

slightly in front of the mid-length. The male valves are a 

bit more elongated and narrower in the posterior area. 

The valves surface varies from having a fine reticulation 

to pitted ornamentation and can have up to 6 tubercles, 

variable in form, number and position. They do not seem 

to occur symmetrical and are frequently absent. The inner 

lamella is narrow. The muscle scar and the hinge are typ-

ical for the genus. Dimension: L = 0,69 – 1,04 mm, H = 

0,37 – 0,57 mm, the minimum sizes include juveniles too. 

Chronostratigraphical and geographical distribution. C. 

torosa is one of the most common ostracod species ob-

served in brackish coastal waters of Europe, Western and 

Central Asia, the Mediterranean region of North Africa, 

the Middle East as well as North America and Central 

Africa (Meisch, 2000). The fossil record goes back to the 

Miocene. C. torosa first appeared in the Eastern Parate-

thys in the late Volhynian (early Sarmatian s.l.) and in 

Sarmatian s.str. in the Central Paratethys (Carbonnel and 

Jiříček, 1977; Jiříček, 1983). The species has been com-

monly observed in Khersonian - Romanian brackish wa-

ter deposits of the Slănicul de Buzău section as well as in 

the freshwater sediments of Romanian deposits (Van 

Baak et al., 2015; Jorissen et al., 2018; Lazarev et al., 

2020 (submitted)). In the Mediterranean the species was 

first recognized in middle Tortonian brackish water de-

posits of Crete in the Eastern part of the Mediterranean 

(Sissingh, 1974).  

Ecology. C. torosa inhabits mainly marine brackish wa-

ters with fluctuating salinities but is also found in a great-

er range of salinities from freshwater to fully marine and 

even hypersaline waters (over 60 ‰) (Meisch, 2000). It 

occurs in coastal ponds, lakes, marginal marine environ-

ments and prefers mud or sandy substrates but also can be 

found on pure sand or algae (Meisch, 2000) down to 

depths of 30 m. Salinities ranging between 2 - 16,5 ‰ are 

reported to offer the optimal conditions for population 

development (Meisch, 2000; Wagner, 1964).  

 

Family Hemicytheridae Puri, 1953 

Genus Tyrrhenocythere Ruggieri, 1955 

 

http://www.marinespecies.org/aphia.php?p=taxdetails&id=127500
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Fig. 15a-j Cyprideis pannonica; a LV, external view, ♀; b RV, external view, ♀; c LV, internal view, ♀; d RV, internal 

view, ♀; e LV, external view, small sized adult; f RV, external view, small sized adult; g LV, external view, A1 juvenile; h 

RV, external view, A1 juvenile; i LV, external view, A2 juvenile; j RV, external view, A2 juvenile; (all specimens from 

section A, samples 0 m – 35,5 m) . 
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Fig.16a-j Cyprideis ex. gr. torosa; a, c, i LV, external view, ♀; b, d RV, external view, ♀; e LV, external view, ♀; f RV, ex-

ternal view, ♀; g LV, internal view; h RV, internal view; j RV, external view, A1 juvenile; (all specimens from section B, 

samples 55,5 m – 61,5 m). 
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Tyrrhenocythere pontica (Livental) in Agalarova et al., 

1961 

Fig. 17a-e 
 

1961 Cythereis pontica Livental in litt.- Agalarova et 

al., 1961 (pl. LXXXII, figs. 2, 3a, b, c; pl. 

LXXXV, figs. 2-4. 

1975 Trachileberis pontica (Livental)- Vekua, pl. XV, 

figs. 1 a,b, 2 a, b, 4. 

1977 Tyrrhenocythere pontica (Livental)- Krstić, pl. II, 

figs. 1, 2. 

1982 Tyrrhenocythere pontica (Livental)- Olteanu, p. 

53, pl. VI, figs. 1, 2. 

1989 Tyrrhenocythere pontica (Livental)- Olteanu, pl. 

XII, figs. 1, 2. 

1989 Tyrrhenocythere pontica (Livental)- Stancheva, p.  

20, pl. 6, fig. 4. 

1995 Tyrrhenocythere pontica (Livental)- Olteanu, p. 

301, pl. 25,fig. 8. 

1999 Tyrrhenocythere pontica (Livental)- Gliozzi, p. 

201, pl. II, fig. c-1; pl. IIId. 

2001 Tyrrhenocythere pontica (Livental)- Olteanu, pl. 

II, fig. 1. 

2013 Tyrrhenocythere pontica (Livental)- Van Baak et 

al., p. 124, pl. 4 b, 21. 

Description. The valve has an oblong shape in lateral 

view with the maximum height within the anterior third. 

The dorsal margin is almost straight, slightly arched on 

male valves and more or less inclined towards the poste-

rior, whereas in females it is slightly concave. The anteri-

or margin is broadly rounded and connects smoothly to 

the ventral margin that is lightly concave which can best 

be seen from the internal view. The posterior margin is 

weakly pointed and bears a more or less pronounced 

shoulder, which starts midheight and is rounded under-

neath and continues smoothly onto the ventral margin. 

Above the apex the posterior is concave. Along the ven-

tral margin runs a well pronounced ridge (crest) that orig-

inates at the lower part of the anterior margin and ends 

abruptly on the posterodorsal angle axis. The crest is 

more elongated in males and a bit shorter and higher up at 

the posterior in females. Juvenile stages have a shorter 

crest but visibly located higher and pointed towards the 

posterior end. The surface of the valve is covered with 

unequally sized polygonal meshes that increase in size 

towards the anterior-and posterior margin. Within the 

main polygonal network, a secondary ornamentation is 

observed, especially in areas close to the anterior and 

posterior. Along the rim, the ornamentation forms parallel 

rows. The hinge is heterodont. Dimension: L = 0,52 – 

1,08 mm, H = 0,32 – 0,60 mm, the minimum sizes in-

clude juveniles too. 

Chronostratigraphical and geographical distribution. 

Inside the Eastern Paratethys this species is known from 

late Miocene – early Pleistocene records. It has been de-

scribed from middle Pontian – early Dacian of the Dacian 

Basin of Romania and Bulgaria, Pontian deposits of the 

Euxinic Basin of southern Ukraine and Turkey and the 

Apsheronian of the South Caspian Basin of Azerbaijan 

(Agalarova et al., 1961; Vekua; 1975; Krstić, 1977; Ol-

teanu, 1982, 1990; Tunoğlu and Ünal 2001; Van Baak et 

al., 2013). Outside Paratethys the species has been men-

tioned, e.g., from upper Messinian Lago-Mare deposits of 

the Le Vicenne Basin in Italy (Gliozzi, 1999), Malaga 

Basin of Spain (Guerra-Merchán et al., 2010), the latest 

Miocene or Early Pliocene of the greek island Kos 

(Guernet et al., 1976), the latest Messinian of Corsica and 

the Rhone Basin of France (Carbonnel, 1978). It fre-

quently occurs in the Quaternary of the Danube Delta 

(Olteanu, 1995).  

Ecology. The living representatives of the genus are gen-

erally occurring in mesohaline waters (9 - 13 ‰) but also 

tolerate lower salinities. They can be found at a variety of 

depths ranging from 0-30m (Krstić, 1977 for T. amnicola 

(Sars)) down to 200m in the Caspian Sea (Yassini and 

Ghahremann, 1976 for T. scitula). Krstić (1977) estimat-

ed that the fossil species of Tyrrhenocythere lived in shal-

low waters with a salinity ranging from 5 – 15 ‰. 

 

Tyrrhenocythere aff. pontica  

(Livental) in Agalarova et al., 1961 

Fig. 17f-j 

 

Description. This species is quite similar to T. pontica 

with the difference that males are more elongated and 

display an almost parallel running dorsal-and ventral 

margin. Also, the posterior end is more rounded and 

without the distinct shoulder. The ornamentation is the 

same, but the ventral crest in general appears much short-

er than in T. pontica. Dimension: L = 0,28 – 0,93 mm, H 

= 0,17 – 0,49 mm, the minimum sizes include juveniles 

too. 

 

Tyrrhenocythere aff. ruggierii (Devoto, 1967) 

Fig. 17k-l 

 

1967 Tyrrhenocythere ruggierii- Devoto, p. 31-35, figs. 

5-8. 

1982 Tyrrhenocythere ruggierii Devoto- Olteanu, p. 54, 

pl. 1, figs. 1–6. 

1999 Tyrrhenocythere ruggierii Devoto- Gliozzi, p. 

202, pl. III, fig. a-c. 

2016 Tyrrhenocythere cf. ruggierii Devoto- Stoica et 

al., p. 862, pl. 3, 5-9. 

 

Description. The carapace is heavily calcified and shows 

an oblong-oval outline. The anterior margin is broadly 

rounded and has its highest point at the anterodorsal cor-

ner. The dorsal margin is inclined backwards and contin-

ues smoothly onto both the anterior-and the posterior end. 

The ventral margin shows a slight convexity with a dis-

tinct concavity close to its anterior end. The posterior end 

has a weakly pronounced shoulder that starts midheight 

and is rounded in its lower part. Above the shoulder the 

posterior margin is slightly concave. The eye spot is well 

developed and positioned at the anterior end of the dorsal 

margin on the otherwise almost smooth surface of the 

valve. Only close to the posterior-and the anterior end 

medium-sized longitudinally running meshes and small 

sized cells and pits are occurring. There is a transversal 

rim that has its maximum development along the postero-

and anteroventral area. Branching pore channels within 

the broad marginal zone are present. The muscle scar 

pattern and the hinge structure are genus typical. Dimen-

sion: L = 1,09 – 1,10 mm, H = 0,43 – 0,64 –mm, the min-

imum sizes include juveniles too. 
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Fig. 17a-e Tyrrhenocythere pontica; a LV, external view, ♂; b RV, external view, ♀; c LV, external view, ♀; d LV, external 

view, A2 juvenile; e LV, external view, A3 juvenile; f-j Tyrrhenocythere aff. pontica; f LV, external view, ♂; g LV, external 

view, ♀; h LV, external view, A1 juvenile; i RV, external view, A2 juvenile; j LV, external view, A3 juvenile; k, l Tyrrheno-

cythere aff. ruggierii; k LV, external view, ♀; l RV, external view, ♀; (specimens a-e from section B, samples 36,6 m – 61,5 m; 

specimens f-j from section A, sample 15 m; specimens k-l from section B, sample 65 m). 
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Remarks. Krstić (1977) is assuming that T. ruggierii is 

probably a synonymous with T. truncata (Schneider) that 

has been described in a variety of Paratethyan Basins. 

Carbonnel (1978) and Olteanu (1982) are not agreeing 

with the hypothesis of Krstić and consider it a valid spe-

cies. On the other hand, Krstić (in Krstić and Stancheva, 

1990) described Tyrrhenocythere triebeli, from the No-

vorossian of North Greece, Strimon basin that has many 

similarities with T. ruggieri. A morphological similar 

looking species was described by Olteanu (1982) as Tyr-

rhenocythere dacicum from Pontian sediments of the 

Dacian Basin.  

Chronostratigraphical and geographical distribution. 

This species is not mentioned often in the Paratethys do-

main and has only been described by Olteanu (1982) 

from the middle-and late Pontian of the Dacian Basin. 

Outside the Paratethys the species has been reported from 

the Spanish Lago-Mare (Stoica et al., 2016), the late 

Messinian deposits of the Vera Basin from Spain (Car-

bonnel, 1978) and the late Messinian of the Vicenne Ba-

sin in Italy (Gliozzi, 1999). 

Ecology. The ecology resembles the preferences of Tyr-

rhenocythere pontica. 

 

Tyrrhenocythere sp. 

Fig. 18a-k 

 

Description. The carapace has a rectangular to oblong-

oval shape in lateral view and a distinct eye spot at the 

anterodorsal corner. The male valves are slightly longer 

and show almost parallel running dorsal-and ventral mar-

gins, while female valves tend to be shorter with a dorsal 

margin slightly sloping towards the posterior. The anteri-

or margin is broadly rounded and passes smoothly onto 

the ventral end. In the anterior third, the ventral margin 

shows a concavity more visible on the RV. The posterior 

end bears a more or less pronounced shoulder, mainly 

visible on RV, and is rounded underneath. Above, it con-

tinues slightly concave onto the almost straight running 

dorsal margin. The outer margin of the carapace is sur-

rounded by a fine rim that stretches from the anterior end 

along the entire ventral margin and stops in the middle of 

the posterior end. There it is extending onto the shoulder 

and broadens it. The valves surface is covered with small 

to medium sized pits. Towards the posterior-and the ante-

rior end the ornamentation is turning into medium-sized 

longitudinally running meshes. The marginal zone is 

broad, especially along the anterior margin, and displays 

a number of branched pore channels. The muscle scar 

consists of two rows of imprints, owing to the division of 

the two median imprints into upper and lower ones. The 

hinge is well developed and heterodont with a strong sin-

gle posterior-and anterior tooth. Dimension: L = 0,44 – 

1,12 mm, H = 0,27 – 0,58 mm, the minimum sizes in-

clude juveniles too. 

Remarks. Tyrrhenocythere bailovi (Livental) in Mandel-

stam et al., 1962, described from the Caspian region 

(Yassini, 1986), displays a similar type of ornamentation 

but with finer and closer arranged pits and without the 

medium-sized parallel running meshes at the anterior-and 

posterior end. Also, the outline of T. bailovi is more 

pointed towards the posterior in both males and females 

and we therefore renounce the assigning of this species.  

Family Leptocytheridae Hanai, 1957 

Genus Leptocythere Sars, 1925 

 

Leptocythere sp. 1 

Fig. 19a-l 

 

Description. This species has a small carapace (less than 

0,5 mm) that is elongated to subovate in lateral view. It 

has two large and heavy ornate tubercles situated slightly 

behind mid-length each close to the ventral-and dorsal 

margin. The maximum height of the carapace is near the 

anterior cardinal angle. The anterior end is larger, obtuse-

ly rounded, flattened, with a clear limb and smoothly 

transfers onto the ventral margin. The almost straight 

running dorsal margin is sloping to the posterior end, that 

is obtusely rounded and narrower compared to the anteri-

or end. The two tubercles are covered with a coarse retic-

ulated polygonal pattern that extends around the tuber-

cles, but fades towards the anterior-and posterior ends. 

Ventrally, the net ornamentation tends to be arranged in 

parallel rows. The rest of the valves surface is smooth but 

shows several cone-shaped pores (conuli), concentrated 

in the posterior area. The inner lamella is broadly devel-

oped, especially in the anterior part creating a large ves-

tibulum. The two tubercles are hollow internally. The 

tooth plate presents a narrow crenulate median bar on the 

RV, bordered by two elongated subdivided teeth. Dimen-

sion: L = 0,40 – 0,46 mm, H = 0,21 – 0,23 mm, the min-

imum sizes include juveniles too. 

Remarks. This species has a similar shape as Lepto-

cythere bicornis Livental described from the Pliocene of 

the Caspian region (in Agalarova et al., 1961). They even 

share the prominent tubercles but L. bicornis lacks the 

coarse polygonal meshes on the tubercles and around 

them.  

Ecology. The genus Leptocythere has a euryhaline distri-

bution and species are typically occurring in estuarine 

(brackish) waters. Others have been reported from shal-

low marine (littoral) environments (Olteanu, 1978).  

 

Amnicythere ex. gr. multituberculata (Livental, 1929) 

Fig. 20a-h 

 

1929 Cythere multituberculata nov. sp.- Livental, p. 14, 

pl. 1, figs. 36–38. 

1962 Cythere multituberculata Livental- Mandelstam et 

al., p. 299, pl. 37, fig. 6. 

1972 Leptocythere multituberculata Livental- Sokač, p. 

71, pl. 32, fig. 14-15. 

1973 Leptocythere (Amnicythere?) multituberculata 

(Liv.)- Krstić, p.86; text-fig. 116; pl.III, fig. 8. 

1986 Leptocythere multituberculata (Livental)- Yassini, 

p. 27, pl. 10, fig. 1-3. 

1989 Leptocythere (?) multituberculata (Livental)- 

Olteanu, pl. VI. fig. 5-6. 

1995 Amnicythere multituberculata (Livental)- Olteanu, 

p.345, pl. XVI, fig. 1-8. 

2011 Leptocythere (Amnicythere) multituberculata 

(Livental)- Olteanu, p. 159, pl. IX, fig.5. 

2013 Amnicythere multituberculata (Livental)- Van 

Baak et al., p. 124, fig. 4, 16. 

2016 Amnicythere multituberculata (Livental)- Van 

Baak et al., p. 67, fig. 4a, 9-10. 
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Description. The species has an elongated shape and four 

large tubercles and, in some cases, a slightly inflated pos-

terior area. The tubercles as well as the interspaces be-

tween them are covered with a more or less pronounced 

but distinct wide-sized mesh pattern that fades towards 

the anterior end. In some rare cases the primary reticula-

tion is filled with a secondary, finer ornamentation. The 

dorsal margin is almost straight, inclining slightly to-

wards the posterior and passing smoothly onto the round-

ed anterior border in an obtuse angle. The transition onto 

the anterior border forms a ledge through the “hinge ear”. 

Both anterior-and posterior borders merge smoothly with 

the ventral margin, which is antero-medially concave. 

Both, along the anterior-and posterior margin a number of 

irregular distributed small sized conulus pores are pre-

sent. The hinge is typical for the genus and is pronounced 

as a smooth median bar. In adults, the inner lamella is 

well developed both anteriorly and posteriorly and along 

the ventral margin. Dimension: L = 0,61 – 0,68 mm, H = 

0,33 – 0,35 mm, the minimum sizes include juveniles too. 

Remarks. The species shows a large variation in orna-

mentation, possibly induced by environmental fluctua-

tions. 

Chronostratigraphical and geographical distribution. 

The species is described from the Pontian of Bulgaria and 

inside the Pannonian Basin at the lower Pontian level 

(Sokač, 1972). In the Dacian Basin it appears in the 

Bosphorian (late Pontian), reaching a maximum 

frequency at the Getian (early Dacian) time. It occurs 

only sporadically in the Parscovian (late Dacian; Olteanu, 

1995). It has further been mentioned from the Pontian of 

the Bădislava – Topolog area in Romania (Floroiu et al., 

2011). Inside the Eastern Paratethys L. multituberculata 

is widely present in South Caspian basin: from the Ponti-

an (Adzhiveli section) and Akchagylian – Aspheronian 

deposits (Goychay and Hajigabul sections) of Azerbaijan 

(Van Baak et al., 2013, 2016; Lazarev et al., 2019) and 

from Aspheronian of Turkmenistan (Agalarova et al., 

1961; Mandelstam et al., 1962; Yassini, 1986). It is also 

known from the Pontian of the Taman Peninsula in Rus-

sia (Stoica et al., 2016), successions of Pontian age in the 

eastern Black Sea region of Turkey (Tunoğlu and Ünal, 

2001) and Lago Mare (late Messinian) deposits of Italy 

and Sicily (Gliozzi et al., 2005; Grossi et al., 2015).  

Ecology. L. multituberculata has been mentioned by 

Grossi et al. (2015) as part of a “Cyprideis-

Loxoconchidae assemblage”, representing low mesoha-

line and shallow water conditions. Living representatives 

of the species were described by Gofman (1966), Yassini 

(1986) and Gliozzi and Grossi (2008) throughout nowa-

days remnants of the Paratethys (Black Sea, Caspian Sea, 

Aral Sea) at salinities of 11,5 – 18,25‰.  

 

Amnicythere striatocostata (Schweyer, 1949) 

Fig.21a-i 

 

1949 Cythere striatocostata sp. n.- Schweyer, p.27-28, 

pl. 9, fig. 8. 

1961 Leptocythere striatocostata (Schweyer)- Agala-

rova et al., p. 108, pl. 68, fig. 1-3a-b. 

1976 Leptocythere striatocostata (Schweyer)- Yassini & 

Ghahreman, p. 182, pl. 2, fig. 4. 

1978 Leptocythere striatocostata (Schweyer)- Olteanu, 

p. 1019, pl. 4. fig. 7. 

1986 Leptocythere striatocostata (Schweyer)- Yassini, 

p. 31, pl. 11, fig. 8-10. 

1989 Amnicythere striatocostata (Schweyer)- Olteanu, 

pl. VI, fig. 9. 

2010 Amnicythere striatocostata (Schweyer, 1949) 

Stancheva, 1990- Boomer et al, p. 129, pl.1, fig. 

10. 

2013 Leptocythere striatocostata (Schweyer)- Ter 

Borgh et al., p. 106, fig. 8, 20. 

2016 Amnicythere striatocostata (Schweyer)- Van Baak 

et al., p. 66, fig. 3b, 13-14. 

Description. The carapace has an elongated shape in lat-

eral view and is ornamented with more or less pro-

nounced parallel running, narrow ribs that run longitudi-

nally from the posterior margin and fade towards the an-

terior half of valve. The ribs in some cases merge and 

form longitudinally, elongated polygons. The anterior 

part of the valves surface is smooth and thin. Small, wide 

spaced conulus pores are displayed along the anterior-and 

posterior borders. The dorsal margin slopes gently to-

wards the posterior that is broadly rounded but slightly 

compressed. The ventral margin is slightly concave mid-

length and continues smoothly onto the rounded anterior 

margin which is flattened but wider than the posterior. 

The marginal area is broad and pierced by widely spaced 

branching pore canals. The inner lamella is broadly de-

veloped, especially along the anterior border. The RV 

carries a long smooth bar along the internal part of the 

dorsal margin, bordered by two pronounced teeth. The 

LV has a middle ventral snap-pit. Dimension: L = 0,50 – 

0,76 mm, H = 0,29 – 0,39 mm, the minimum sizes in-

clude juveniles too. 

Chronostratigraphical and geographical distribution. 

The species has been mentioned as a taxon of Pannonian 

origin (Olteanu, 1989) and has been described from the 

late Miocene (Pannonian) of the Pannonian Basin (Fruška 

Gora inselberg, northern Serbia) (Ter Borgh et al., 2013). 

In the Eastern Paratethys, L. striatocostata has been re-

ported from the Pontian (Adzhiveli section, Azerbaijan) 

(Van Baak et al., 2016) and upper Aspheronian 

(Hajigabul section) (Lazarev et al., 2019) of the South 

Caspian Basin. It is also a common faunal element of 

middle – upper Quaternary and Holocene deposits from 

Azerbaijan, Turkmenistan and northern Iran (Mandelstam 

et al., 1962; Yassini, 1986). 

Ecology. The recent living species in the Caspian- and 

Black Sea have been reported from salinities ranging 

from 4 – 12,7 ‰ (Yassini, 1986; Stancheva, 1989). Dur-

ing the Pannonian, L. striatocostata was mentioned as 

part of an assemblage that was dominated by brackish to 

freshwater species inside Lake Pannon.  

 

Amnicythere aff. striatocostata 

Fig. 21j-n 

 

Description. The carapace has an elongated shape in lat-

eral view. The dorsal and the ventral margin run parallel 

to one another. The ventral margin is depressed medially 

whereas the hinge margin is almost straight. 
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Fig. 18a-k Tyrrhenocythere sp. a LV, external view, ♂; b RV, external view, ♂; c, g LV, external view, ♀; d, h RV, exter-

nal view, ♀; e RV, internal view, ♂; f RV, internal view, ♀; i LV, external view, A1 juvenile; j LV, external view, A2 juve-

nile; k LV, external view, A3 juvenile; (all specimens from section B, samples 19 m and 23 m). 
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Fig. 19a-l Leptocythere sp. 1; a, c, e, k LV, external view; b, d, f RV, external view; g Carapace, dorsal view; h Carapace, ventral 

view; i LV, internal view; j RV, internal view; l RV, dorsal view; (all specimens from section A, samples 0 m – 35,5 m). 
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Fig. 20a-h Amnicythere ex. gr. multituberculata; a LV, external view, ♂; b RV, external view, ♂; c LV, external view, ?♂; d 

RV, external view, ♀; e, g LV, external view, ? A1 juveniles; f RV, external view, ?A1 juvenile; h LV, internal view, ?A1 

juvenile; (all specimens from section A, samples 0 m – 35,5 m ). 
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Fig. 21a-i Amnicythere striatocostata; a LV, external view, ♂; b RV, external view, ♂; c LV, external view, ♀; d RV, external 

view, ♀; e RV, internal view, ♀; f LV, internal view, ♀; g RV, external view, A1 juvenile; h RV, external view, A2 juvenile; i 

RV, external view, A3 juvenile; j-n Amnicythere aff. striatocostata; j LV, external view, ?♀; k, l RV, external view, ♀; m RV, 

internal view, ?♀; n. RV, external view, ?♂; (all specimens from section A, samples 0 m – 35,5 m). 
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The transition onto the slightly rounded posterior end is 

obtuse and in the posterodorsal area a hinge ear can ap-

pear more or less pronounced. The margin is slightly 

compressed and, in any case, appears less rounded than 

the anterior end. The anterior-and the posterior boarder 

lack any ornamentation but occasionally contain rare 

conulus. In the center of the valve weakly pronounced 

longitudinal running ribs are present that are covered by a 

deep reticulated pattern that covers almost the entire hori-

zontal width of the carapace. The inner lamella is widely 

pronounced and the hinge and muscle scar are typical of 

this genus. Dimension: L = 0,32 – 0,45 mm, H = 0,17 – 

0,22 mm, the minimum sizes include juveniles too. 

Remarks. This species shows clear resemblance to A. 

striatocostata but is much smaller. Also, the general out-

line is more subrectangular. The parallel running ribs are 

somewhat concentrated in the central part of the valve 

and the ornamentation between them consists mainly of 

deeper rounded, polygonal pits. A morphologically simi-

lar species has been described by Olteanu (1995, 1998) 

under the name Euxinocythere schweyeri from the Ponti-

an and Dacian deposits of the Dacian Basin. The species 

however has a less pronounced ornamentation pattern.  

 

Amnicythere sp. 1 

Fig. 22a-n 

 

Description. The carpace is elongated in lateral view and 

uniformly covered with a pitted pattern that is more or 

less fine pronounced. The dorsal margin runs straight and 

continues smoothly onto the broadly rounded anterior 

end. The ventral margin is slightly concave at mid-length. 

The anterior border is well rounded and the posterior end 

slightly narrower and mid-posteriorly more angular. The 

entire surface is uniformly covered with fine to medium 

sized pits that sometimes have the tendency to be ar-

ranged in polygonal nets that further developed a weakly 

pronounced secondary recticulated ornamentation. In the 

coarser ornamented specimens, a short ridge can be ob-

served running in the median area of the valve. In the 

finer pitted specimens, the ridge is thinner and usually 

accompanied by other parallel or concentric ridges. 

Along the anterior border 3-4 conules pores are dis-

played. The inner lamella is well developed, both anteri-

orly and posteriorly, extending also along the ventral 

margin. On the RV, the hinge is pronounced as a long, 

thin and smooth bar with two elongated, slightly divided 

teeth at both ends. Some specimens are noticeably shorter 

(k-n) and have, apart from the same ornamentation pat-

tern, 2-3 postero-ventral tubercles that are not covered by 

ornamentation. We interpret this as sexual dimorphism 

and we consider these female specimens. Dimension: L = 

0,46 – 0,63 mm, H = 0,22 – 0,28 mm, the minimum sizes 

include juveniles too. 

Remarks. This species shows a highly variable ornamen-

tation. The shape and general aspects of the valves sur-

face resemble those described of Amnicythere oforta 

(Livental) (in Agalorova et al., 1961). The original hand-

drawing however is not accurate enough and a closer 

determination was not made possible. Similar other forms 

including Leptocythere nata Markova (in Yassini, 1986), 

Amnicythere polymorpha (Olteanu, 1989) and Amni-

cythere aff. ebersini Scheidaeva, show similarities but 

due to the high variation in ornamentation it is difficult to 

assign the present species to either one of them. 

 

Amnicythere sp. 2 

Fig. 24i-q 

 

Description. This species has an elongated carapace with 

a much wider and flattened anterior end in comparison to 

the posterior one. The dorsal margin is straight and point-

ed towards the posterior. The ventral margin shows a 

clear concavity at mid-length. The ornamentation is 

weakly pronounced and varies from finely pitted to areas 

that bear a reticulated pattern, mainly concentrated in the 

median region and posterior parts. Within the anterior 

half of the valve any kind of ornamentation is almost ab-

sent. In the postero – ventral part a more or less visible 

tubercula can be noticed that we interpret to be related to 

the sexual dimorphism. Medium sized conulus pores are 

present along the anterior-and posterior margins. The 

inner lamella is moderately developed in the anterior part 

and narrower along the posterior boarder. The hinge on 

the RV valve shows a long thin smooth median bar with 

two elongated, subdivided teeth at both ends. Dimension: 

L = 0,49 – 0,54 mm, H = 0,25 – 0,29 mm, the minimum 

sizes include juveniles too. 

 

Amnicythere sp. 3 

Fig. 23a-h 

 

Description. This species is characterised by a small sized 

carapace (less than 0,5 mm) and an ornated, quite regular 

appearing polygonal ornamentation network. The maxi-

mum height is located in the anterior half, close to the 

cardinal angle. The dorsal margin runs straight and is 

passing onto the rounded anterior end at an obtuse angle. 

The posterior-and the anterior boarders pass smoothly 

onto the medially concave ventral margin. The valves 

surface is covered with medium-sized meshes of almost 

equal size. Occasionally, inside the main polygons a sec-

ondary net structure occurs. Close to the mid-dorsal area 

an ornamentation net structure radiates and forms one or 

two irregular subcentral tubercula. The inner lamella is 

well developed anterior and posterior, and along the ven-

tral margin. A snap-pit is present on the concavity on the 

internal part of the RV. The hinge on the RV is made of a 

smooth median bar and elongated, divided teeth at the 

ends. Dimension: L = 0,40 – 0,52 mm, H = 0,22 – 0,27 

mm, the minimum sizes include juveniles too. 

 

Amnicythere sp. 4 

Fig. 23i-o 

 

Description. This species has a similar shape to A. sp. 3, 

but is slightly more elongated and narrower. The valve 

surface is covered by a similar but broader sized polygo-

nal pattern. Secondary ornamentation is absent and the 

crests that separate the polygons appear thinner and 

sharper than in A. sp. 3. Conules pores are high and dis-

tributed randomly. A small spine is present, located close 

to the dorso-posterior margin. The anterior margin is 

broadly rounded and much higher than the posterior one. 
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Fig. 22a-n Amnicythere sp. 1; a, c, e, g LV, external view, ♂; b, d, f, h RV, external view, ♂; i LV, internal view, ♂; j RV, inter-

nal view, ♂; k, m LV, external view, ♀; l RV, external view, ♀; n RV, internal view, ♀; (all specimens from section A; a-j from 

sample 35,5 m; k-n from sample 32 m). 
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Fig. 23a-h Amnicythere sp.3; a LV, external view, ♂; b, d, e LV, external view, ♀; c, f RV, external view, ♀; g LV, internal 

view, ♀; h RV, internal view, ♂; i-o Amnicythere sp. 4; i. LV, external view, ♂; j RV, external view, ♂; k LV, external 

view, ♀; l RV, external view, ♀; m RV, internal view, ♂; n LV, external view, A1 juvenile; o RV, external view, A1 juve-

nile; (all specimens from section A, samples 0 m – 35,5 m). 
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Juvenile specimens have two tubercula in the posterior 

half of the valve. The hinge on the RV is made of a 

smooth median bar and elongated, divided teeth at the 

ends. A knot is present in the median area of the ventral 

margin. The inner lamella is well developed anterior- and 

posterior and continues along the ventral margin. Dimen-

sion: L = 0,44 – 0,47 mm, H = 0,21 – 0,24 mm, the min-

imum sizes include juveniles too. 

 

Euxinocythere (Maeotocythere) bosqueti   

(Livental, 1929) 

Fig. 24a-h 

 

1929 Cythere bosqueti nov. sp.- Livental, p. 24, pl. 1, 

fig. 27. 

1962 Leptocythere bosqueti (Livental)- Mandelstam et 

al., p. 225, pl. 36, fig. 8-10. 

1978 Leptocythere bosqueti (Livental)- Olteanu, p. 

1019, pl. 4. fig. 2, pl. 6, fig. 6, pl. 7, fig. 11. 

1990 Leptocythere bosqueti (Livental)- Sokač, p. 687, 

pl. VIII, fig. 12. 

1989 Leptocythere (Maeotocythere) bosqueti (Livental)- 

Olteanu, p. 736, pl. V, fig. 5-6. 

1998 Euxinocythere bosqueti (Livental)- Olteanu, pl. 

VI, fig. 5. 

2011 Leptocythere bosqueti (Livental)- Olteanu, p. 175, 

pl. XXVI, fig. 7. 

 

Description. The carapace has a subovate to rectangular 

shape in lateral view and a strongly sculptured surface. 

The dorsal margin is almost straight, passing in an obtuse 

angle onto the posterior-and the anterior end. The anterior 

angle is more obtuse and the hinge margin, in some cases, 

extends onto the anterior border. Both the anterior and the 

posterior ends are smoothly passing onto the medially 

slightly concave ventral margin. The sculpture consists of 

randomly and interlacing high plications, the transversal 

ones being more pronounced. The species has a clear 

arcuate posterior crest. Another one is running more or 

less parallel to the anterior margin before finally reaching 

the antero-dorsal cardinal angle. The hinge is well devel-

oped and amphidont, with a crenulated bar that bears en-

larged toothlets anteriorly- and posteriorly. A snap-pit is 

present in the concavity located in the middle of the ven-

tral margin. The inner lamella is well developed, both in 

the anterior-and posterior ends and continues along the 

ventral margin. Dimension: L = 0,53 – 0,58 mm, H = 

0,30 – 0,32 mm, the minimum sizes include juveniles too. 

Chronostratigraphical and geographical distribution. 

Inside the Central Paratethys this species is described 

from the Pontian deposits of the Eastern area of the Pan-

nonian Basin (Bulgaria and Yugoslavia), the Dacian Ba-

sin (Sokač, 1990; Olteanu, 1989; Olteanu, 2011; Stoica et 

al., 2013) and the Pontian of the Bădislava – Topolog 

area of Romania (Floroiu et al., 2011). In the Eastern 

Paratethys it is known from the late Pliocene (Pontian, 

Apsheronian) of the southern parts of Azerbaijan (Van 

Baak et al., 2013, 2016) Turkmenistan and the north Cau-

casus region (Sokač, 1990). This species is also found 

among recent faunal assemblages of the Caspian Sea (Ol-

teanu, 1978, Yassini, 1986). 

Ecology. Recent living representatives of this species 

have been reported from mesohaline environments (12 – 

13 ‰) in the Caspian Sea (Yassini, 1986). 

 

Superfamily Cytheroidea Baird, 1850 

Genus Loxoconcha Sars, 1866 

 

Loxoconcha babazananica (Livental, 1929) 

Fig. 25a-k 

 

1929 Loxoconcha Babazananica nov. sp- Livental, p. 

35, pl. 1, fig. 44-45. 

1949 Loxoconcha babazananica Liv.- Schweyer, p. 48, 

pl. VI, fig. 2. 

1956 Loxoconcha babazananica Livental- Suzin, p. 67, 

pl. VI, fig. 8. 

2013 Loxoconcha babazananica Livental- Stoica et al., 

p. 140, pl. 2, fig. 38. 

2013 Loxoconcha babazananica Livental- Van Baak et 

al., p. 124, fig. 4b, 24. 

2016 Loxoconcha babazananica Livental- Van Baak et 

al., p. 603, fig. 8a, 10-13. 

 

Description. The small quadrate and narrowed posteriorly 

carapace, is covered with a coarsely reticulated to pitted 

sculpture that becomes finer and smoother towards the 

marginal area. The species appears rather inflated in the 

posterior half and bears a distinguishable eye-spot in the 

anterodorsal corner. The dorsal margin is almost straight 

with a discreet concavity in the posterior segment. The 

dorsal margin passes smoothly onto the broadly rounded 

anterior end at an obtuse angle and onto the narrower 

rounded posterior end at a less obtuse angle. The ventral 

margin is slightly convex arcuate and recurving towards 

the posterior end. The extent of the degree of ornamenta-

tion varies between individual specimens. In some cases, 

the reticulated ornamentation in the posterior end is re-

placed by weakly pronounced meshes. The internal view 

reveals the presence of a central muscle scar that is ar-

ranged in a vertical row of four adductor scars and a v-

shaped frontal scar. The hinge is well developed and am-

phidont, with a strongly crenulated bar and two strongly 

pronounced toothlets in the anterior- and posterior area of 

the LV. Dimension: L = 0,41 – 0,59 mm, H = 0,26 – 0,36 

mm, the minimum sizes include juveniles too. 

Chronostratigraphical and geographical distribution. 

The species is known from saline – brackish water depos-

its from the Pliocene - Pleistocene (Babazanan, Lokbatan, 

Goychay, Hajigabul — Akchagylian, Apsheronian and 

Bakunian) of the South Caspian Basin (Azerbajian) (Liv-

ental, 1929; Van Baak et al., 2013; Lazarev et al., 2019), 

the middle Romanian (Pelendavian) of the Slănicul de 

Buzău section of the Dacian Basin (Van Baak et al., 

2015), the upper Pontian of the Ramnicu Sarat and Bad-

islava – Topolog area (South Carpathian Foredeep, Ro-

mania) (Floroiu et al., 2011; Stoica et al., 2013) and is 

generally widespread from late Miocene to recent 

throughout the Black -and Caspian Sea region (Van Baak 

et al., 2015). L. babazananica, in many papers considered 

as Loxoconcha immodulata Stepanaitys (Boomer et al., 

1996, 2010), is  further  described  from  Plio-Pleistocene  
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Fig. 24a-h Euxinocythere (Maeotocythere) bosqueti; a, c LV, external view, ♂; b RV, external view, ♂; d RV, external view, 

♀; e LV, external view, ♀; f LV, internal view, ♀; g Carapace, dorsal view, ♀; h Carapace, ventral view, ♂; i-q Amnicythere 

sp. 2; i, k LV, external view; j RV, external view; l LV, external view, ?♂; m RV, external view, ♂; n RV, internal view, ?♂; o, 

p LV, external view; q RV, external view; (all specimens from section B; a-h from sample 69 m; i-q from sample 30,5 m). 
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Fig. 25a-k Loxoconcha babazananica; a, c, g, i LV, external view; b, d, h RV, external view; e, f LV, internal view; j LV, 

external  view, A1 juvenile; k RV, external view, A1 juvenile; (all specimens from section A, samples 0 m – 35,5 m). 
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deposits of Turkmenistan, the Aral Sea and from recent 

brackish-water assemblages of the Caspian Sea (Boomer 

et al., 1996, 2005, 2010). Faranda et al. (2007) placed L. 

immodulata in the extinct genus Loxoconchissa (Loxo-

caspia).  

Ecology. The living specimens of L. babazananica inhab-

it sublittoral environments of the Caspian Sea.  

 

Loxoconcha ex. gr. eichwaldi (Livental, 1929) 

Fig. 26a-k 

 

1929 Loxoconcha Eichwaldii nov. sp.- Livental, p. 34, 

pl. 1, figs. 42, 43. 

1961 Loxoconcha eichwaldi Livental- Agalarova et al., 

p. 141, pl. 79, figs. 4a–b. 

1967 Loxoconcha eichwaldi Livental- Agalarova, pl. 20, 

figs. 3a,b. 

1978 Loxoconcha eichwaldii Livental- Carbonnel, p. 

114, pl. 1, fig. 4. 

1999 Loxoconcha eichwaldi Livental- Gliozzi, p. 198, 

pl. 1, fig. d.  

2007 Loxoconcha eichwaldi Livental- Faranda et al., p. 

306, fig. 3, 3-4. 

2016 Loxoconcha eichwaldi Livental- Stoica et al., p. 

865, pl. 6, fig. 10-14. 

2016 Loxoconcha eichwaldi Livental- Van Baak et al., p. 

67, fig. 4a, 13, 14. 

 

Description. The carapace is oval to rhomboidal in shape 

and has a distinct punctuate pattern, varying sligthly in 

size but generally becoming finer towards the marginal 

area. Like many other species of this genus, L. ex. gr. 

eichwaldi has a distinguishable eye-spot in the dorsoante-

rior corner. The dorsal margin is straight and passes 

smoothly onto the broadly rounded anterior margin. At 

the posterior end, especially visible in the RV of females, 

the dorsal margin passes in an obtuse angle onto the pos-

terior boarder, forming a weakly pronounced ledge. The 

otherwise rounded posterior is inflated and wider than the 

anterior end, especially in males. The inner lamella is 

well developed and contains several simple marginal pore 

canals. The central muscle scar consists of a vertical row 

of four adductor scars and a V-shaped frontal scar. The 

hinge is amphidont and made of a crenulated bar that has 

two separated posterior teeth and one at the anterior end 

on the RV. Dimension: L = 0,57 – 0,68 mm, H = 0,34 – 

0,43 mm, the minimum sizes include juveniles too. 

Chronostratigraphical and geographical distribution. 

The species has been reported from several successions in 

the Eastern Paratethys. It is known from the Pontian to 

the Akchagylian - Bakunian interval of Azerbaijan, 

Turkmenistan, Crimea, Caucasus, Moldavia (Agalarova 

et al., 1961; Agalarova 1967; Van Baak et al., 2016; Laz-

arev et al., 2019) and the Pontian of the Zheleznyi Rog 

section in Russia (Stoica et al., 2016). In the Central Par-

atethys it has been described from the Pannonian and 

Pontian of Serbia (Krstić, 1972) and the Pontian of Bos-

nia (Sokač, 1967). Outside the Paratethys it has been 

mentioned from the late Miocene of Corsica, Italy, the 

Pliocene of the Rhone Valley (Carbonnel, 1978) and the 

Messinian of the Vicenne Basin in the central Apennines 

in Italy (Gliozzi, 1999). L. eichwaldi has further been 

described from the Pontian of the Eastern Black Sea re-

gion in Turkey (Tunoğlu, 2001). 

Ecology. Together with Loxoconcha muelleri (Méhes) 

and Cyprideis agrigentina Decima, L. eichwaldi has been 

described from low mesohaline environments (Grossi et 

al., 2015). Recent living Loxoconcha species are reported 

from mesohaline to euryhaline waters worldwide (Gli-

ozzi, 1999). Some forms are occurring in stenohaline 

environments and are limited to marine littoral habitats 

(Loxoconcha multifora (Norman)). Others have euryha-

line distributions (Loxoconcha rhomboidea (Fischer) 

(Neale, 1988)). 

 

Loxoconcha muelleri (Méhes, 1908) 

Fig. 27a-g 

 

1908 Cythereis mülleri n. sp.- Méhes, p. 563, pl. 9, fig. 

1-4, fig. 8, fig. 15-18. 

1985 Loxoconcha muelleri (Méhes)- Jiříček, p. 403, pl. 

55, fig. 10-13. 

2016 Loxoconcha muelleri (Méhes)- Stoica et al., p. 

865, pl. 6, fig. 1-9. 

Description. The carapace has an oval rhomboidal shape 

in lateral view. The female carapace is slightly oblique to 

oval rhomboidal in shape, high, compressed and the ven-

tral and dorsal margin run almost parallel to each other. 

The male carapace is slightly more elongated and has an 

extended dorsal margin. The straight running dorsal mar-

gin passes smoothly onto the broadly rounded anterior 

end that continues smoothly onto the slightly convex and 

arcuate ventral margin. The ventral margin is recurving 

towards the posterior end that, in the posteroventral area 

of females, shows a slight inflation. Unlike L. ex. gr. 

eichwaldi the surface of this species is less and irregularly 

pitted. The inner lamella is well developed along the pos-

terior-and anterior margin and the amphidont hinge is 

represented by a crenulated bar bearing teeth at each end 

of the LV, whereas at the RV two distinct tooth sockets 

are observed. Dimension: L = 0,64 – 0,66 mm, H = 0,39 

– 0,44 mm, the minimum sizes include juveniles too. 

Chronostratigraphical and geographical distribution. L. 

muelleri has been described in the fossil record from the 

lower Pannonian (Zone A-E/E 3) of Hungary, the Vienna 

Basin of Austria and Slovakia (Méhes, 1908; Jiříček, 

1985) as well as in the Black Sea basin, the Maeotian of 

the Dacian Basin (Stoica et al., 2016; Lazarev et al., 2020 

(submitted)). It has further been described outside the 

Paratethys domain from the latest Miocene of the Medi-

terranean of Greece, Crete, France and Spain (Faranda et 

al., 2007; Gliozzi et al., 2007; Stoica et al., 2016). 

Ecology. L. muelleri inhabits shallow brackish water en-

vironments and can be found with L. eichwaldi Livental 

and C. agrigentina Decima (“Cyprideis-Loxoconcha as-

semblage”) in low mesohaline habitats (Grossi et al., 

2015).  

 

Loxoconcha aff. muelleri (Méhes, 1908) 

Fig. 27h-i 

 

Description. This species has a similar outline as L. 

muelleri but displays a different kind of ornamentation 

pattern.  It  varies  from being rather smooth to containing  
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Fig. 26a-k Loxoconcha ex. gr. eichwaldi; a-d RV, external view, ♀; e LV, external view, ♂; f RV, internal view, ♀; g LV, 

external view, A1 juvenile; h LV, external view, A2 juvenile; i RV, extermal view, A2 juvenile; j, k LV, external view, A3 

juvenile; (all specimens from section B, samples 2 m, 19 m and 23 m). 
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Fig. 27a-g Loxoconcha muelleri; a LV, external view, ♀; b, c RV, external view, ♀; d Carapace, dorsal view, ♀; e Carapace, 

ventral view, ♀; f LV, internal view, ♀; g RV, internal view, ♀; h, i Loxoconcha aff. muelleri; h LV, external view, ♀; i RV, 

external view, ♀; (all specimens from section A; a-g from sample 2 m, 19 m and 23 m; specimens h-I from sample 14 m).  
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weakly pronounced elongated meshes that are concen-

trated in the median area of the valve and runs weakly 

pronounced towards the ventral margin. Additionally, 

random distributed pores can be observed. Dimension: L 

= 0,50 – 0,53 mm, H = 0,30 – 0,31 mm, the minimum 

sizes include juveniles too. 

 

Loxoconcha petasa (Livental, 1929) 

Fig. 28a-j 

 

1929 Loxoconcha petasus nov. sp.- Livental, p.33, pl. 1, 

fig. 39-41. 

1978 Loxoconcha petasa Lievental- Olteanu, pl. 5, fig. 

8; pl. 7, fig. 1. 

1967 Loxoconcha ex. gr. petasus Livental- Agalarova, 

p. 110, pl. 19, fig. 1a. 

1972 Loxoconcha petasus Livental- Sokač, p. 86, pl. 

XLVI, fig. 2-8. 

1986 Loxoconcha petasa Livental- Yassini, p. 50, pl. 

17, fig. 1-3. 

2001 Loxoconcha petasus Livental- Tunoğlu, p. 142, pl. 

1, fig. 1-3. 

2013 Loxoconcha petasa Livental- Stoica et al., p. 140, 

pl. 2, fig 37. 

2013 Loxoconcha petasa Livental- Van Baak et al., p. 

124, fig. 4b, 22. 

Description. The carapace is rhomboidal in lateral view 

and shows a coarse and irregular reticulate surface orna-

mentation and a distinguishable eye-spot. The ornamenta-

tion is composed of meshes of different sizes that tend to 

be arranged in longitudinal running rows in proximity to 

the ventral margin. The dorsal margin is straight and is 

passing smoothly onto the rounded convex anterior bor-

der as well as onto the broadly rounded posterior end at a 

small, rather deep depression that is creating an edge that 

is especially visible on the RV. Anterior and posterior 

pass smoothly onto the ventral margin which runs parallel 

and almost straight to the dorsal margin. Towards the 

posterior the ventral margin is recurving and slightly 

convex. In males the anterior end is noticeably narrower 

than the posterior one. Along the posterior-and anterior 

margin several randomly distributed cone-shaped pores 

are present. The ones in the posterior part tend to be 

higher pronounced. The marginal zone is wide and sever-

al simple marginal pore canals are present. The hinge is 

amphidont and represented by a crenulated bar with one 

tooth being present at the anterior end and two divided 

teeth at the posterior end of the LV. Dimension: L = 0,67 

– 0,70 mm, H = 0,30 – 0,39 mm, the minimum sizes in-

clude juveniles too. 

Chronostratigraphical and geographical distribution. 

Within the Paratethys domain L. petasa is known from 

the Pontian deposits of the Pannonian Basin of Yugosla-

via (Sokač, 1972), the upper Pontian (Bosphorian) of the 

Rîmnicu Sărat Valley in the Dacian Basin (Stoica et al., 

2013) and the Pontian from the Bădislava – Topolog area 

in the South Carpathian foredeep region in Romania 

(Floroiu et al., 2011). Further it has been described from 

the Pliocene (Akchagylian and Apsheronian) of the Cas-

pian Basin in Azerbaijan, Turkmenistan (the post-

Pliocene western part of Turkmenistan), the northern 

Caucasus, the lower Volga Plain and in recent assem-

blages of the Caspian Sea (Agalarova et al., 1961;Yassini, 

1986; Sokač, 1990; Van Baak et al., 2013; Lazarev et al., 

2019). This species is also known from the Eastern Black 

Sea region of Turkey (Tunoğlu, 2001). 

Ecology. According to the environmental preference of 

the genus Loxoconcha, L. petasa can be considered a 

shallow marine indicator (Tunoğlu, 2001). Recent living 

Loxoconcha species are globally occurring in mesohaline 

to euryhaline and have been reported from salinities rang-

ing from 4,5 – 13,5 ‰ in the Caspian Sea (Yassini, 1986; 

Gliozzi, 1999). 

 

Loxoconcha ex. gr. petasa (Livental, 1929) 

Fig. 29a-j 

 

Description. These specimens have the same outline as L. 

petasa but display a different kind of ornamentation. The 

valves surface is covered by a similar but smaller sized 

and much more irregular pronounced polygonal pattern. 

Some specimens, in particular juveniles, show a second-

ary reticulation inside the primary one. The crests that 

separate the polygons appear thinner and sharper than in 

L. petasa. Conules pores are pronounced, stronger than in 

L. petasa and distributed randomly but mainly in the pos-

terior half of the valve. Dimension: L = 0,65 – 0,71 mm, 

H = 0,36 – 0,39 mm, the minimum sizes include juveniles 

too. 

 

Loxoconcha ex. gr. petasa ssp. 1 

Fig. 30a-d 

 

Description. The shape of this subspecies resembles the 

outline of L. petasa. The ornamentation consists of po-

lygonal meshes that vary in size but generally become 

finer towards the anterior-and posterior margins. In the 

postero-ventral area of the valve one more or less pro-

nounced tubercle is present and covered in polygonal 

meshes. From the internal view it can be seen that the 

tubercle is hollow. The hinge and muscle scar are genus 

typical. Dimension: L = 0,58 – 0,66 mm, H = 0,33 – 0,41 

mm, the minimum sizes include juveniles too. 

 

Loxoconcha ex. gr. petasa ssp. 2 

Fig. 30e-k 

 

Description. The outline of the carapace is slightly more 

compresed than L. petasa. The distinct irregular reticula-

tion that is composed of meshes of different sizes is also 

present in this species, however in some cases, it is lack-

ing in the posterior area of the valve. Instead, some high 

pronounced cone-shaped pores are randomly distributed 

along the posterior margin. Close to the posterodorsal-

and posteroventral area two tubercles are displayed. They 

are covered by the primary broad-sized meshes and in 

some cases with another, finer appearing secondary or-

namentation, especially visible in juvenile stages. Dimen-

sion: L = 0,45 – 0,69 mm, H = 0,27 – 0,40 mm, the min-

imum sizes include juveniles too. 

Remarks. This subspecies shows strong similarties to 

Loxoconha monticola (Olteanu, 1989) that was described 

from the Dacian Basin. The presence of hollow tubercles 

that can be environmentally induced by salinity variations 

let us assume that this subspecies may very well be a 

morphotype of L. petasa. 



A late Miocene – early Pliocene Paratethyan type ostracod fauna from the Denizli Basin (SW Anatolia) and its palaeogeographic implications 
 

45 

 

Genus Loxoconchissa Triebel and Malz, 1969 

Subgenus Loxocaspia Schornikov, 1973 

 

Loxoconchissa (Loxocaspia) aff. reticulata Faranda, 

Gliozzi and Ligios, 2007 

Fig. 31a-j 

 

2007 Loxoconchissa (Loxocaspia) reticulata nov. sp.- 

Faranda, Gliozzi and Ligios, p. 317, fig. 8 (1-10). 

2019 Loxoconchissa (Loxocaspia) aff. reticulata- 

Rausch and Stoica, p. 60, fig. 16a-p 

Description. The carapace has an oval rhomboidal to el-

liptical shape in the lateral view. The ventral-and dorsal 

margin run almost parallel with the ventral margin being 

arched. The straight running dorsal margin passes 

smoothly onto the broadly rounded anterior end as well as 

onto the narrower converging posterior end. The maxi-

mum width of the carapace is slightly behind mid-length 

close to where the eye-spot can be observed in the anter-

odorsal corner. The anterior area is flattened and in the 

posterior part a well pronounced tubercle is present that 

in some cases is covered by ornamentation. The tubercle 

is occurring in both male and female specimens. Within 

the posterior area the ornamentation in general becomes 

less pronounced or in some cases is missing entirely. The 

rest of the valves surface reticulation follows the margins 

and forms irregular meshes, longitudinal running rows 

that are separated by more or less thick prounounced 

ridges. The inner lamella is well developed and extends 

along the ventral margin. The hinge is amphidont and 

consists of a crenulated bar. The posterior tooth is bridge-

shaped whereas in the anterior a single tooth is present. 

Dimension: L = 0,46 – 0,64 mm, H = 0,24 – 0,39 mm, the 

minimum sizes include juveniles too. 

Geographical and chronostratigraphical distribution. 

Loxoconchissa (Loxocaspia) aff. reticulata was first de-

scribed from upper Miocene sediments from northern 

Italy (Faranda et al., 2007) and from the Pleistocene of 

the Denizli Basin (Rausch and Stoica, 2019). 

Ecology. The family Loxoconchidae is well known from 

both brackish fossil taxa as well as living genera (Faranda 

et al., 2007).  

 

Loxoconchissa (Loxocaspia) aff. reticulata Faranda, 

Gliozzi and Ligios, 2007 var. rugosa n. ssp 

Fig. 31k 

 

2019 Loxoconchissa (Loxocaspia) aff. reticulata var. 

rugosa n. subsp.- Rausch and Stoica, p. 60, fig. 

17a-0 

 

Description. The carapace has a rhomboidal shape in 

lateral view and is covered with a coarse reticulation pat-

tern that consists of polygonal meshes. Randomly distrib-

uted large and high pore-conuli are present as well as the 

distinguishable eye-spot in the anterodorsal corner. The 

dorsal margin is straight and is smoothly and broadly 

rounding onto the anterior and posterior ends. The ventral 

margin is arcuate and the posterior end is noticeable nar-

rower than the anterior end. The preservation of this spe-

cies in most cases is poor and has only been rarely ob-

served. Dimension: L = 0,46 – 0,64 mm, H = 0,24 – 0,39 

mm, the minimum sizes include juveniles too. 

Remarks. The species has only been rarely observed in 

the succession and poorly preserved. 

 

DISCUSSION  

 

Based on the taxonomic outcome we correlated species to 

specific environmental conditions with the goal of recon-

structing the evolution inside the long-lived lake envi-

ronment of the Denilzi Basin. The ecological preference 

of individual species was obtained by comparing fossil 

ostracod communities with environmental requirements 

of living species. When no living analogues are present, 

preference of the species was inferred by using the tradi-

tional concept of “taxonomic uniformitarianism”, assum-

ing that a fossil has had a similar ecological strategy to its 

close living relatives (Birks, 2008). The identified ostra-

cod assemblages consist of a mixture of oligohaline to 

mesohaline tolerant taxa and exposes fundamental differ-

ences in their composition in between the two sections. 

The assemblage from Section A resembles taxa known 

from Pannonian to Pontian sequences widespread during 

the late Miocene in the Pannon Basin (Jiříček, 1985), the 

Dacian Basin (Olteanu, 1989; Stoica et al., 2013; Van 

Baak et al., 2015; Lazarev et al., 2020 (submitted)) and 

the Euxinian Basin (Matzke-Karasz and Witt, 2005; 

Tunoğlu and Ünal, 2001). The trapezoidal candonids rep-

resented by Typhlocypris fossulata fossulata n. ssp., 

Typhlocypris fossulata reticulata n. ssp and Typh-

locyprella sp. display a valve contour similar to those of 

trapezoidal forms linked to brackish water environments 

of the Paratethys (Namiotko et al., 2012). Jiříček (1985) 

for instance described the very similar Typhlocypris fos-

sulata from the upper Pannonian of the Vienna Basin in 

Austria, Czech Republic and Serbia and Krstić (1972) the 

uniquely shaped subgenus of Candona (Typhlocyprella). 

Tunoğlu (2003) mentioned the genus Typhlocypris from 

the Pontian of Turkey in oligohaline environments and a 

number of other authors further recognized the genus 

from different localities inside the Paratethys domain as 

well (e.g., Carbonnel, 1969; Vekua, 1975; Freels, 1980; 

Pipik and Bodergat, 2007).  

The genus Amnicythere originated in the middle Miocene 

(Sarmatian) from restricted marine environments inside 

the Paratethys. It diversified progressively in Lake Pan-

non and colonized the Eastern Paratethys during the 

Maeotian and Pontian (Gliozzi et al. 2005; Namiotko et 

al., 2012). A handful of species of this genus that inhabit-

ed low saline to non marine habitats in the past are nowa-

days found in the Aral Sea and Black and Caspian seas 

(Gofman, 1966; Stancheva, 1968; Yassini, 1986; Olteanu, 

1995; Boomer et al., 2005; Opreanu, 2008; Briceag et al., 

2012; Briceag and Ion, 2013). The morphological similar-

ities between the observed species from the Denizli Basin 

(e.g., Amnicythere multituberculata, A. striatocostata) 

and species originally existing in Lake Pannon allows us 

to consider a steeping-stone migration via temporary 

connection between the Paratethys and the SW Anatolian 

basins. The same hypothesis was assumed by Albrecht 

and Wilke (2008) and later supported by results from 

Namiotko   et   al. (2012) to be responsible for the occur-

rence of leptocytherids in Lake Ohrid. We conclude on a 

similar dispersal scenario and in order to explain the 

presence  of  this  Paratethyan  affine  fauna formulate the   
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Fig. 28a-j Loxoconcha petasa; a LV, external view, ♂; b, g RV, external view, ♂; c LV, external view, ♀; d RV, external view, 

♀; e LV, internal view, ♂; f, h RV, internal view, ♂; i Carapace, dorsal view, ♀; j Carapace, ventral view, ♀; (all specimens 

from section B, samples 100 m – 184,5 m). 
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Fig. 29a-j Loxoconcha ex. gr. petasa; a, c LV, external view, ♂; b, d RV, external view, ♂; e, g LV, external view, ♀; f RV, 

external view, ♀; h RV, internal view, ♀; i RV, external view, A1 juvenile; j LV, external view, A2 juvenile; (all specimens 

from section B, sample 84 m).  
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Fig. 30a-d Loxoconcha ex. gr. petasa ssp. 1; a LV, external view, ♂; b RV, external view, ♀; c RV, internal view, ♀; d LV,  

external view, A1 juvenile; e-k Loxoconcha ex. gr .petasa ssp. 2; e LV, external view, ♀; f, g RV, extermal view, ♀; h RV, 

external view, ♂; i RV, external view, A1 juvenile; j LV, external view, A2 juvenile; k LV, external view, A3 juvenile; (all 

specimens from section B, sample 84 m). 



A late Miocene – early Pliocene Paratethyan type ostracod fauna from the Denizli Basin (SW Anatolia) and its palaeogeographic implications 
 

49 

 

 

 

 

 

 
 
Fig. 31a-j Loxoconchissa (Loxocaspia) aff. reticulata; a LV, external view, ♀; b RV, external view, ♀;c, d RV, external 

view, ♂; e RV, internal view, ♂; f LV, internal view, ♂; g Carapace, dorsal view, ♂; h LV,  external view, ?A1 juvenile; i 

RV, external view, ?A1 juvenile; j RV, external view, A2 juvenile; k Loxoconchissa (Loxocaspia) aff. reticulata var. rugosa; 

RV, external view, ♀; (all specimens from section A; a-j samples 0 m – 35,5 m; k samples 18 m) 
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following hypothesis: 1) Re-establishment of interbasinal  

connectivity between the Paratethys via the Aegean re-

gion to the Denzili Basin during highstands, allowed fau-

nal migration via a yet unknown intra-west Anatolian 

gateway. Late Miocene Paratethyan mollusc and ostracod  

assemblages are widespread in the Aegean basin, evi-

denced by their presence in many sections in northern 

Greece and western Turkey (e.g., Popov and Nevesskaya, 

2000; Popov et al., 2006; Sakınç and Yaltırak, 2005; 

Karakitsios et al., 2017). This suggests that the Aegean 

region was connected to the former Black Sea domain 

and probably formed (at least) a southern embayment of 

the Paratethys. When this shallow marine gateway specif-

ically came into existence and the exact position are still 

uncertain. However, the gateway played a significant role 

during the Messinian Salinity Crisis (MSC), when the 

Mediterranean was disconnected from the Atlantic Ocean 

(e.g., Krijgsman et al., 2010; Stoica et al., 2016). The 

transition from hypersaline evaporitic facies to a fresh-

brackish Lago-Mare setting, favored the migration of 

Paratethyan faunas into the Mediterranean basin (Cita et 

al., 1978; Gliozzi, 1999; Gliozzi et al., 2007; Stoica et al., 

2016). The Aegean migration corridor enabled other Par-

atethyan invertebrates such as molluscs (Didacna spp.; 

Wesselingh et al., 2008) to colonize the Denzili Basin as 

well, suggesting that the region was once a connected 

paleo-bay of the Paratethys (Freels, 1980; Wesselingh et 

al., 2008; Van Baak et al., 2016). It further proves that the 

influence of the Paratethys reached further south than 

previously thought. Further investigations in SW Anato-

lia would contribute towards a better understanding of the 

southern border of the Paratethys, the location of the 

gateways, whenever the region functioned as a refugium 

for Paratethyan taxa and contribute towards a better age 

determination. The fauna most likely is of late Miocene 

age, but lacks the presence of clear stratigraphic marker 

species and a precise palaeomagnetic pattern; 2) long 

distance dispersal (LDD) via migratory water birds. 

Brochet et al. (2009) report on the transport of ostracods 

and other aquatic invertebrates as a widespread phenom-

enon over distances up to 700 km. Creating a fauna this 

similar would however require the presence of the same 

palaeoecological conditions like inside the Paratethys. 

Without there being a connection, this scenario is highly 

unlikely. 

A strong change in the faunal composition takes place at 

the base of the Section B. The poorly diverse ostracod 

assemblage indicates an oligohaline-mesohaline water 

environment that can reach up to 200 m in depth with a 

fine substrate at the bottom that favoured the develop-

ment of an ostracod community that is dominated by can-

donids (Candona angulata, C. ex. gr. angulata) and loxo-

conchids (Loxoconcha muelleri, L. eichwaldi). The as-

semblage slightly diversifies at 23 m and the valves ap-

pear more calcified, suggesting a minor increase in alka-

linity. Besides the dominance of C. angulata and L. 

eichwaldi few levels along the succession with an in-

creasing presence of nodded Cyprideis torosa as well as 

L. petasa and L. mulleri can be found. From 61,5 m on-

wards additional species occur, including L. petasa ssp. 1, 

L. petasa ssp. 2, Euxinocythere (Maeotocythere) bos-

queti, A. sp. 1 and A. sp.2. Thicker and more ornate 

valves are observed, that can be interpreted as the organ-

ism’s response to changing hydrodynamic conditions 

related to episodes of shoreline progradation described in 

the upper part of the Kolankaya formation (Alçiçek et al., 

2007). Since most of the samples were however taken 

from fine-grained intervals, mainly associated to lacus-

trine and distal fan environments, we conclude that the 

main driver behind minor shifts in the faunal composition 

are the results of minor changes in salinity rather than the 

response of the ostracods to the sedimentary environ-

ment.  

 

CONCLUSION  

 

The investigated late Miocene - early Pliocene deposits 

from the Denizli Basin (SW Anatolia, Turkey) document 

a faunal turnover inside a transitioning long-lived lake 

environment. The ostracod assemblage reflects two dis-

tinct patterns related to the evolution of the basin: faunal 

migration of a Paratethys influenced fauna and the diver-

sification of an endemic community. The encountered 

assemblages are suggesting a late Miocene - early Plio-

cene age. Improvements in dating and correlation with 

the mammal bearing horizons from the Kolankaya For-

mation are required. We suggest that the ostracod fauna 

reached the Denizli Basin from the Paratethys via the 

Aegean Sea along a temporary connection, which was 

presumably made during periods of high-water level 

stands. The exact migration time and path however re-

main to be established still. The occurring faunal turnover 

towards a low brackish dominated assemblage, occurring 

presumably at the beginning of the early Pliocene, can be 

traced back to the progressive instability and increasing 

isolation of the basin. The extensional character of the 

basin and regional climate changes are concluded to be 

the main drivers for the observed faunal turnovers.  
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