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Abstract The early Pleistocene travertines from the Denizli Basin in SW Anatolia, from which the only known Homo 

erectus finding from Turkey was recovered, are unconformably overlain by a 20 m thick succession of alkaline lake 

deposits that bear a rich ostracod fauna. The ostracod assemblage consists of a mixture of freshwater and mesohaline 

tolerant taxa. The following sixteen species have been identified: Candona neglecta, C. ex. gr. candida, Cypria sp., 

Darwinula stevensoni, Lineocypris sp., Prionocypris zenkeri, Cyrpideis torosa, C. sp., Tyrrhencythere pontica, T. ex.

gr. bailovi, T. sp. 1, T. sp. 2, Amnicythere pediformis, A. mutlituberculata, Loxoconchissa (Loxocaspia) aff. reticula-

ta, L. (L.) aff. reticulata var. rugosa. The conditions inside the lake were interpreted from the encountered assem-

blage, suggesting a restricted anomalohaline shallow water environment with a salinity no greater than lower mesoha-

line. The age of the studied succession was previously constrained by cosmogenic nuclide concentration, palaeomag-

netic measurements and large mammal biostratigraphy which suggest deposition occurred between ~ 1.6 and 1.1 Ma. 

Keywords: Denizli Basin, Palaeoecology, Ostracods, Taxonomy, Homo erectus, Quaternary. 

INTRODUCTION 

The goals of palaeoanthropology reach far beyond the 

discovery of human fossils and extend to how environ-

mental changes have shaped the human evolution (King-

ston, 2007). The direction of evolutionary traits as the 

results of interaction between early hominids with their 

surroundings consequently demands a highly interdisci-

plinary approach. Ostracods represent one of the main 

groups of organisms living in aquatic habitats. In the ma-

rine realm they are not as abundant as other microfossils, 

especially foraminifera, however they play a key role in 

marginal marine and continental aquatic environments, 

providing the most ubiquitous and abundant calcareous 

microfossil (Lister, 1988). Their biological and palaeon-

tological virtues (e.g. long fossil record, high abundanc-

es/diversity, adaptability to environmental changes, re-

sistant eggs, etc.), render them as a valuable tool in bio-

stratigraphy, palaeogeographic reconstruction and palae-

oecology (Whatley, 1983a, b). Yet, ostracods are consid-

ered exotic, being utilized as palaeoecological indicators 

in palaeoanthropology related studies (Frenzel et al., 

2006). 

The Denizli Basin, accommodating the oldest Homo 

erectus fossil in Turkey, is located within one of the most 

active extensional tectonic areas in the world (Fig. 1a; 

Westaway, 1993). The basin is trending WNW-ESE and 

is approximately 50 km wide and 70 km long (Şimşek, 

1984; Alçiçek et al., 2007). It is hosting basin-fill succes-

sions that are exhibiting a complex Miocene to Quater-

nary history and are reaching up to 1300 m in thickness, 

consisting of alluvial-fan, fluvial and lacustrine deposits 

(Şimşek, 1984; Alçiçek et al., 2007; 2015; Sun, 1990; 

Koçyiğit, 2005; Kaymakçı, 2006). Previous geological 

studies of the Denizli Basin concluded on a two-phase 

tectonic evolution of the basin: i) incipient/initial supra-

detachment basin developed during the early-middle Mi-

ocene (Lips et al., 2001; Sözbilir, 2005) and ii) subse-

quent high-angle faults cross-cut of previous structures 

driving the basin evolution and the present basin configu-

ration development, since the Late Miocene. During the 

Quaternary diffuse geothermal activity triggered an ex-

tensive travertine formation that can be found predomi-

nantly along faults in the northern part of the basin (e.g., 

Altunel, 1994; Şimşek, 1984; Bozkurt, 2003; Alçiçek et 

al., 2013, 2016, 2018). These travertine deposits, espe-

cially around the town of Kocabaş (Figs. 1b, 2), have 

been quarried for commercial purpose for decades, yield-

ing a variety of marcomammal findings, including the 

fragmentary Homo erectus skull that was discovered in 

2002 (Kappelman et al., 2008; Vialet et al., 2014; 2018). 

The skull is considered the oldest Homo erectus fossil 

from the Anatolia region, presenting an intermediate 

morphological pattern between the Homo erectus find-

ings from Dmanisi (Georgia) and Zhoukoudian Lower-

cave (China) at the crossroads of Europe and Asia (Kap-

pelman et el., 2008; Vialet et al., 2012; Vialet et al., 2018; 

Lebatard et al., 2014). 

Within the Faber quarry (Fig. 2), travertine and lake de-

posit exposures have been available since decades. The 

age of the succession has previously been constrained by 

cosmogenic nuclide concentration, palaeomagnetic meas-

urements and large mammal-based biostratigraphy be-

tween ~ 1.6 and 1.1 Ma (Lebatard et al., 2014; Boulbes et 

al., 2014). The early Pleistocene travertine unit that hosts 

the hominid fossil is covered by a succession of fluvio-

lacustrine deposits (i.e. Upper Conglomerates Unit) that 

contains  sedimentary  and  fossil  evidence, providing the 
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Fig. 1a Location of the Denizli Basin; b. Geological map of the Denizli Basin with indication of travertine 

units exposed (based on Sun, 1990). 
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Fig. 2 a Southern corner of the Faber quarry with an overview of the section composed of four units; b-d Detailed pictures 

of Unit 4 (Upper Conglomerates), outcropping at the northern end of the western wall (37°51’58.77’’N, 29°20'12.94"E), 

with position of micropalaeontological samples within clay intercalations; e Layer with recrystallized mollusc shells within 

the Upper Conglomerates; (DE 06- DE 09, micropalaeontological samples) (from Rausch et al., 2019). 
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means to study the palaeoecological context that is the 

subject to the herein accomplished investigation. The 

ostracods studied in the present paper have previously 

supplied reliable palaeoenvironmental data towards a 

combined palaeontological and sedimentological study, 

approaching the Kocabaş travertine and fluvio-lacustrine 

succession (Rausch et al., 2019 accepted in Geobios). 

Here, we determined the species and provide a detailed 

discussion on their taxonomy. Based on the taxonomic 

outcomes we related species to specific environmental 

conditions with the goal of reconstructing the hydrologi-

cal environment for Homo erectus during the early Pleis-

tocene. 

The results of this research may serve to improve both 

our understanding of the palaeoenvironment of early 

hominids in Anatolia as well as improve regional ostra-

cod taxonomy. 

METHODS 

The stratigraphy of the succession was established from 

observations of layers exposed mostly vertical in the 

southern corner of the Faber quarry (Fig. 2). The approx-

imately 95 m thick section is composed of four units 

(Figs.2, 3) first established in the geochronological study 

of Lebatard et al. (2014). It is important to point out that 

the terminology of the units follows the commercially 

used and not the correct lithological term. The units are 

defined as followed, from bottom to top: Unit 1(Lower 

Travertine), Unit 2 (Lower Conglomerates), Unit 3 (Up-

per Travertine) and Unit 4 (Upper Conglomerates). In this 

study we focus on the ostracod association from the up-

permost unit of the succession (Upper Conglomerates). 

The Upper Conglomerates Unit was sampled during 

April 2015 and consists of approximately 20 m of car-

bonate sands intercalated with stratified clays, silts and 

sands and cross stratified mixed carbonate-lithoclastic 

conglomerates containing a shelly fauna (Fig. 2b-e) 

(Rausch et al., 2019 accepted in Gebios). The sampled 

succession is stratigraphically located above Unit 3 (Up-

per Travertine) the Homo erectus fragmentary skull was 

found in and is exposed on the western side of the Killik 

hill (37°51’58.77’’N, 29°20'12.94"E). In April 2018 an-

other section, also encompassing the Upper Conglomer-

ates, located on the eastern flank of the Killik hill 

(37°51'47.80"N, 29°20'16.07"E; Fig. 4) was sampled in 

order to test the lateral facies distribution. In addition to 

that, the Upper Conglomerates unit that was already sam-

pled in April 2015 was re-sampled at similar levels. The 

lower part of the unit (Fig. 3), which progressively onlaps 

onto Unit 3, is composed of a sandy-silty conglomerate 

containing medium-sized pebbles, followed by an interval 

of fine laminated clay-and siltstones. The overlaying 

lithoclastic conglomerates hosts a rich and mostly recrys-

tallized mollusc fauna (Fig. 2e). The succession continues 

with a finely laminated siltstone bed intercalated between 

sandstone deposits and terminates with a well-sorted con-

glomerate at the top. 

A number of 15 ostracod samples derived from the fine 

grained intercalations were processed using standard mi-

cropalaeontological methods following procedures out-

lined in Stoica et al., 2013. To improve disaggregation, 

samples were 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. For high 

resolution images the ZEISS MERLIN GEMINI 2 scan-

ning electron microscope (SEM) of the Geological Insti-

tute of Romania (Microcosmos Laboratory) was used. 

The material is housed in the Faculty of Geology and 

Geophysics, Department of Geology, Laboratory of Pal-

aeontology at Bucharest University (Romania). 

The taxonomic concept is based on previously published 

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

Hartmann (1966). For the suprageneric classification we 

followed Meisch (2000) and Horne et al. (2002). For de-

scribing the taxonomy some of the most distinct and 

abundant elements of the assemblage encountered were 

considered. 

SYSTEMATIC PALAEONTOLOGY 

Phyllum Arthropoda Siebold & Stannius, 1845 

Class Ostracoda Latreille, 1806 

Subclass Podocopa Latreille, 1802 

Order Podocopida Sars, 1866 

Suborder Cypridocopina Jones, 1901 

Superfamily Cypridoidea Baird, 1845 

Family Candonidae Kaufmann, 1900  

Subfamily Candoninae Kaufmann. 1900 

Genus Candona Baird, 1845 

Candona neglecta Sars 1887 

Fig. 5a-l; Fig. 6a-d 

1887 Candona ne-

glecta n. sp. 

- Sars, pp. 279-288, pl. 15, 

figs. 5-7, pl. 19, figs.1-21. 

1969 Candona ne-

glecta Sars par-

tim 

- Diebel & Pietrzeniuk, 

p.473, pl. 7, figs. 6-8.

1980 Candona ne-

glecta Sars 

- Freels, p. 94, pl. 16, figs. 

12-19. 

2000 Candona ne-

glecta Sars 

- Meisch, p. 77, figs. 26A-

C, 27A-B. 

2001 Candona ne-

glecta Sars 

- Tunoğlu & Ünal, p. 176, 

pl. 3, fig. 1. 

2005 Candona ne-

glecta Sars 

- Pipík & Bodergat, p. 290, 

pl. 2, figs. 1-5. 

2005 Candona ne-

glecta Sars 

- Matzke-Karasz & Witt, p. 

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

2008 Candona ne-

glecta Sars 

- Fuhrmann, pl.2, figs. 2a-d. 

2012 Candona ne-

glecta Sars 

- Fuhrmann, p. 32, pl. 10, 

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

Description. The highly variable but usually elongated 

carapace shows an almost straight dorsal margin with a 

sloping to the anterior end. The ventral margin is con-

cave. Form the dorsal view, the anterior end is slightly 

pointed rather than the posterior. The left valve (LV) 

overlaps the right valve (RV) at both ends. Similar to 

Candona angulata, this species shows a fine reticulate 

pattern in the posterior part, on the otherwise smooth 

valve.  A  number   of   close – set   and   curved   anterior 
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marginal pore canals are present. The muscle scar forms a 

row of three scars with a larger elongated scar above. 

Sexual dimorphism is occurring. The male carapace is 

longer and the ventral concavity is more pronounced. 

Whenever valves are transparent, clear imprints of the 

male sexual organ can be noticed on the outer distal sub-

divided lobe. Dimension: Male: L = 1.2- 1.5 mm; H = 

0.6-0.8 mm; Female: L = 1.1-1.2 mm; H = 0.6-0.7 mm.  

Remarks. Different juvenile stages of C. neglelcta can be 

found in large numbers in freshwater sediments and usu-

ally  been  described  and  summarised  under  the  name  

“Candoniella” (Dan Danielopol personal communica-

tion).  

Ecology. Candona neglecta occurs in a wide range of 

aquatic habitats and prefers slightly cold water but can 

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

Together with Cyprideis. ex. gr. torosa and Ilyocypris 

gibba (Ramdohr)  it  has  been  described from freshwater  

Fig. 3 Synthetic overview logs with main lithological characteristics and sampled intervals. Units from bottom to 

top: Unit 1, Lower Travertine, Unit 2, Lower Conglomerates, Unit 3, Upper Travertine and Unit 4, Upper Con-

glomerates. (DE 06- DE 14, micropalaeontological samples) (modified from Rausch et al., 2019). 
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Fig. 4 a,b Overview of exposed units on the Eastern side of the Killik hill; c,d Detailed pictures of the clayey and mol-

lusc bearing interval of the Upper Conglomerates (37°51'47.80"N, 29°20'16.07"E). 
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Fig. 5a-l Candona neglecta Sars; a. LV, external view, ♂; b carapace, lateral view from RV, ♂; c. LV, exter-

nal view, ♀; d carapace, view from RV, ♀; e RV, internal view, ♀; f RV, internal view, ♂; g LV, external 

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

A2 juvenile; k LV, external view, A3 juvenile; l RV, external view, A3 juvenile (all specimens from sample 

DE06, Faber Quarry, Kocabaş, Denizli). 
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assemblages from the Romanian stage of the Slănicul de 

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

2015). 

Candona ex gr. candida (O. F. Müller, 1776) 

Fig. 6e-j 

1776 Cypris candida O. F. Müller, p. 199, No. 

2385 

1956 Candona ex. gr. 

candida (O. F. 

Müller) 

-Suzin, p. 30, pl. XIV, 

fig. 4 

1961 Candona ex. gr. 

candida (O. F. 

Müller) 

Agalarova et al., p. 54, 

pl. 27, figs. 1, 2 a, b. 

1963 Candona candida 

O. Müller 

Mandelstam & 

Schneider, p. 150, pl. 23, 

fig. 3.  

1986 Candona ex. gr. 

candida (O. F. 

Müller)

- Yassini, p. 88, pl 4, 

figs. 1,2.  

2000 Candona candida 

(O. F. Müller) 

Meisch, p. 65, Figs. 20 

A-C; 21 A, B; 22 A, B 

2012 Candona candida 

(O. F. Müller) 

Fuhrmann, p. 26, pl. 7, 

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

Description. The carapace commonly shows a wide va-

riety of forms but in general is of elongated shape with 

the greatest height slightly behind mid length. The dorsal 

margin is slightly convex and slopes smoothly onto the 

broadly rounded anterior end whereas towards the poste-

rior it is convex and steeply sloping. The lower part of the 

LV appears slightly pointed and continues in a round 

fashion onto the ventral margin distinctively concave in 

the median area and passes smoothly onto the narrowly 

rounded posterior-ventral end. The LV overlaps the RV at 

both ends. A number of close-set and curved anterior 

marginal pore canals are present in the widely pro-

nounced marginal area. Sexual dimorphism is occurring. 

The male carapace appears to be slightly longer and the 

ventral concavity is more pronounced. Dimension: L = 

1,02-1, 18 mm; H = 0,52 - 0,60 mm. 

Ecology. C. candida is found in an exceptionally wide 

range of aquatic habitats, ranging from littoral to profun-

dal zones of lakes (Meisch, 2000). It further has been 

observed in ponds and rivers and some juveniles prove to 

be resistant against desiccation, and from slightly salty 

(lower mesohaline) inland-and coastal waters. This spe-

cies has been described in freshwater sediments from the 

Getian in the western region of the Dacian basin (Ol-

teanu, 1995), the Apsheronian and Akciagilian level from 

the Circum-Causcasian area and Central Asia (Suzin, 

1956; Agalarova et al., 1961; Yassini, 1986). 

Subfamily Cyclocypridinae Kaufmann, 1900 

Genus Cypria Zenker, 1854 

Cypria sp. 

Fig. 7a-f 

Description. The thin-walled carapace is distinctly arched 

to triangular in lateral view and subovate in dorsal view. 

The greatest height is located slightly in front of the mid-

length. The ventral margin runs straight but shows a 

small depression about mid-length more visible from the 

interval view. The LV overlaps the RV. Both ends are 

almost symmetrically rounded with the anterior showing 

a slightly higher curvature. The dorsal margin is convex 

and notably pointed in the middle part. The surface of the 

valve is smooth. The inner lamella is moderately pro-

nounced, with the anterior vestibulum being slightly wid-

er than the posterior one. The hinge is adont and the dor-

sal margin of the smaller RV fits into a shallow groove in 

the LV. The central muscle scar forms a group of four 

larger scars and another two smaller scars that are located 

slightly below. Dimension: l = 0,52–0,55 mm, h = 0,37–

0,40 mm,  

Remarks. Our species differs from Cypria oftalmica 

(Jurine) being more triangular in shape from the lateral 

view and showing a clearly symmetrical and pointed 

convex dorsal margin. 

Ecology. Cypria is one of the most common fresh water 

genera (Van Morkoven, 1962) living in a wide range of 

aquatic habitats like ponds, pools and ditches rich in 

plants. Only few species of the genus Cypria are de-

scribed to prefer oligo-to mesohaline water conditions 

(Keyser, 1977). 

Subfamily Eucandonidae Swain, 1961 

Genus Lineocypris Zalanyi, 1929 

Lineocypris sp. 

Fig. 8a-i 

Description. The carapace is elongated, rectangular to 

trapezoidal in lateral view. The LV is slightly larger than 

the RV. The height of the carapace in general seems less 

than half the length. The anterior-and the posterior end 

are rounded in the lower part and slanted in the upper. 

The latter is more sharply slanted, prolonged and com-

pressed. The dorsal margin is short and runs straight, par-

allel to the ventral margin that is slightly concave in the 

median area. The valves surface appears smooth. The 

inner lamella is moderately well developed in the both the 

anterior and posterior margin. The hinge is adont and the 

dorsal margin of the smaller RV fits into a shallow 

groove in the LV. Dimension: l = 1,15- 1,30 mm, h = 

0,61- 0,73 mm. 

Ecology. The genus has been described from limnic to 

mesohaline waters (Morkhoven 1962; Sokač, 1972). 

Subfamily Eucypridinae Bronshtein, 1947 

Genus Prionocypris Brady & Norman, 1896 
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Fig. 6a-d Candona neglecta Sars; a. LV, external view, ♀; b RV, external view, ♀; c LV, internal view, ♀; d RV, 

internal view, ♀; e-j Candona ex. gr. candida (O. F. Müller); e, g LV, external view; f-i Carapace, lateral view from 

RV; j  RV, internal view (all specimens from sample DE06, Faber Quarry, Kocabaş, Denizli). 
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Fig. 7a-f Cypria sp.; a, c LV, external view; b. RV, external view; d, e Carapace, lateral view from RV; f  RV, internal 

view; g-k Darwinula stevensoni (Brady & Robertson); g LV, external view; h RV, external view; i, j LV, internal 

view; k Carapace, ventral view (a-f, sample DE09; g-k, sample DE07; Faber Quarry, Kocabaş, Denizli). 



Lea Rausch & Marius Stoica 

51 

Fig. 8a-i Lineocypris sp.; a, c LV, external view; b, d, g RV, external view; e LV, internal view; f RV, internal 

view; h RV, external view, A1 juvenile; i RV, external view, A2 juvenile (all specimens from sample DE06, Faber 

Quarry, Kocabaş, Denizli). 
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Prionocypris zenkeri (Chyzer, 1858) 

Fig. 9a-m 

1858 Cypris zenkeri 

n.sp.

- Chyzer, p. 514. 

1975 Prionocypris
zenkeri (Chyzer, 

- Diebel & 

Wolfschläger, p. 111, pl. 

18a-b. 1858) 

1984     Prionocypris
zenkeri (Chyzer, 

- Diebel & Pietrzeniuk, 

p. 306, pl. 7, fig. 7-8.
1858) 

2000     Prionocypris
zenkeri (Chyzer

- Meisch, p. 299, fig. 

126A-C. 

& Toth, 1858) 

2012 Prionocypris
zenkeri (Chyzer

& Toth, 1858) 

- Fuhrmann, p. 200, pl. 

94, figs. 2a-f. 

Description. The carapace is subovate to elongate in lat-

eral view and has its greatest width slightly in front of the 

mid-length. Both, the anterior-and the posterior end, are 

end broadly rounded. The ventral margin is almost 

straight, but shows a slight depression mid-length. The 

dorsal margin is slightly arched shaped and steeply slop-

ing down the anterior end as well as constantly inclining 

towards the posterior. The outer anterior margin of both 

valves (LV slightly longer than RV) posses 5-10 wart-

like elevations (porenwarzen). The postero-ventral mar-

gin of both valves shows more than 10 fine spines, visible 

on well preserved specimens only. The fused zone and 

inner lamella are pronounced narrow in the posterior and 

moderate in the anterior end. The valves surface of the 

adults is covered by fine dense pits and polygonal fine 

reticulation on juveniles. Dimension: l = 1,30–1,45 mm, h 

= 0,70–0,75 mm.  

Ecology. The species is described from low energy 

streams that are rich in vegetation and less common in 

deeper and stagnant water bodies. It has also been found 

in ponds with cold water influx, living on calcareous sub-

strates (Meisch, 2000; Fuhrmann, 2012). The fossil rec-

ord of the species ranges from the Lower Pleistocene to 

Recent (Meisch, 2000). 

Superfamily Darwinulacea Brad & Norman, 1889 

Family Darwinulidae Brady & Norman, 1889 

Genus Darwinula Brady & Robertson, 1872 

Darwinula stevensoni (Brady & Robertson, 1870)

Fig. 7g-k 

1870 Policheles steven-

soni nov. sp. 

- Brady & Robertson, 

p. 25, pl. 7, figs. 1-7,

pl. 10, figs. 4-14. 

1962 Darwinula ste-

vensoni (Brady & 

Robertson) 

- Morkhoven, p. 29-

31, figs. 35-38. 

1995 Darwinula ste-

vensoni (Brady & 

Robertson) 

- Olteanu, pl.VIII; fig. 

10. 

2000 Darwinula ste- - Meisch, p. 49, figs. 

vensoni (Brady & 

Robertson) 

16 A-E. 

2012 Darwinula ste-

vensoni (Brady & 

Robertson) 

- Fuhrmmann, p. 14, 

pl. 1, figs. 1 a-f. 

2015 Darwinula ste-

vensoni (Brady & 

Robertson) 

Van Baak, fig. 7, 16-

19. 

 

Description. The carapace is elongated and sub-

cylindrical in shape. From the side view both edges are 

rounded, whereas the RV overlaps the LV. The dorsal 

margin is slightly arched, whereas the ventral margin 

possesses a very slight concavity. The transition onto the 

anterior-and posterior end is smooth. The posterior is 

somewhat sharply rounded, unlike the anterior that ap-

pears more bluntly-rounded. The ornamentation is 

smooth and the carapace in general appears to be very 

thin and fragile. The muscle scar is typical for the genus, 

arranged in form of a rosette and the hinge is adont. Di-

mension: l = 0,59 – 0,64 mm, h = 0,24 – 0,28 mm, b = 

0,22 mm. 

Ecology. The cosmopolitan Darwinula stevensoni lives 

mostly in freshwater environments and has been de-

scribed from recent oligohaline waters of SW Florida. 

Less common are occurrences in mesohaline environ-

ments with salinities up to 15 g/l (Van Morkhoven, 1962; 

Keyser, 1977; Martens et al., 1997). Living representa-

tives are usually to be found in littoral environments, for 

example along the Paraná river in southern Brazil (Higuti 

et al., 2009). The species is also inhabiting ponds, lakes 

and low energy streams. In the fossil record it has been 

described from Late Holocene sediments of the Black Sea 

(Briceag et al., 2012).  

Superfamily Cytheracea Baird, 1850 

Family Cytherideidae Sars, 1925 

Genus Cyprideis Jones, 1857 

Cyprideis torosa (Jones, 1850) 

Fig.10a-k; Fig.11a-d 

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

1925 Cyprideis litto-

ralis nov. comb.  

- Sars, p. 9: 155; pls. 71, 

72:1. 

1995 Cyprideis torosa 

Jones 

- Tunoğlu et al., pl. 1, fig. 

1-5. 

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-Karazs & Witt, p. 

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

2012 Cyprideis torosa f. 

torosa (Jones) 

- Fuhrmann, p. 294, pl. 

141, figs. 1 a-d, 2, 3 a-d, 4. 

2013 Cyprideis ex. gr. 

torosa (Jones) 

- Stoica et al., p. 140, pl. 2, 

fig. 2-3. 

Description. The carapace has a subovate shape in lateral 

view  and  a  gently  arched  dorsal  margin. Posterior and 
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Fig. 9a-m Prionocypris zenkeri (Chyzer & Toth); 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; i LV, external view, A2 juvenile; 

j RV, external view, A2 juvenile; k RV, external view, A3 juvenile; l LV, external view, A4 juvenile; m RV, external 

view, A4 juvenile (all specimens from sample DE11, Faber Quarry, Kocabaş, Denizli). 
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Fig. 10a-k Cyprideis torosa (Jones); a, c LV, external view, ♀; b, d RV, external view, ♀; e LV, internal view, ♀; f RV, 

internal view, ♀; g Carapace, ventral view, ♀; h Carapace, dorsal view, ♀; i LV, external view, A1 juvenile; j LV, external 

view, A2 juvenile; k LV, external view, A3 juvenile (all specimens from sample DE06, Faber Quarry, Kocabaş, Denizli). 
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anterior margins are rounded. The greatest width of the 

carapace is slightly behind mid-length. The valves sur-

face varies from having a fine reticulation to pitted orna-

mentation and can possess up to 7 phenotypic tubercles 

(nodes). Phenotypic tubercles are missing in the “un-

nodded” specimens illustrated in Fig. 11 (1-4), but the 

general aspects of the fine ornamentation remain. Sexual 

dimorphism is occurring and female specimen appear 

higher and more rounded in the posterior area whereas 

the male carapace is narrower and much more pointed 

towards the posterior end. Dimension: Female: l = 1,06-

1,17 mm, h = 0,57- 0,63 mm, b = 0,50- 0,55 mm; Male: l 

= 1,10-1,12 mm, h = 0,57 – 0,60 mm.  

Ecology. C. torosa is geographically widespread occur-

ring and found in a wide range of salinities from almost 

freshwater to fully marine conditions. It also has been 

reported from hypersaline habitats and can be found in 

coastal ponds, lakes, lagoons or other marginal marine 

environments but has never been reported from deep ma-

rine habitats (Meisch, 2000). It appears down to depth of 

30 m and shows its maximal abundance between salini-

ties ranging from 2 to 16.5 ‰ (Wagner, 1964). It may 

constitute a significant portion of the biomass in brack-

ish-water or hypersaline-alkaline, calcium-rich lagoons or 

inland lakes and the carapace remains can accumulate 

significantly in calcareous sediments of lagoons or lakes 

(Benson, 1975). Today in the Sea of Azov, Cyprideis 

occurs in living populations of several hundred thousand 

specimens per square meter (Caspers, 1957) and shows a 

similar population density in the Caspian Sea (Benson, 

1976). 

Cyprideis sp. 

Fig.11e-l 

Description. The carapace has a typical Cyprideis shape 

with a subovate contour in lateral view and a very slightly 

arched dorsal margin. The greatest width of the valve lays 

in the third-half of the length. The ventral margin is al-

most straight and continues smoothly onto the anterior-

and the posterior end. The valves surface shows a finely 

pitted ornamentation. Noticeable is the small size of this 

species compared to the tubercles bearing and distantly 

larger C. torosa. It is however possible to be part of the 

C. torosa group. Dimension: Female: l = 0,75-0,83 mm, h 

= 0,41- 0,44 mm, b = 0,34 – 0,37 mm; Male: l = 0,74- 

0,76 mm, h = 0,38 – 0,40 mm. 

Family Hemicytheridae Puri, 1953 

Genus Tyrrhenocythere Ruggieri, 1955 

Tyrrhenocythere pontica (Livental) in Agalarova et al., 

1961 

Fig. 12a-l 

1961 Cythereis pontica 

Livental in litt. 

- Agalarova et al., 1961 

(pl. LXXXII, figs. 2, 

3a, b, c; pl. LXXXV, 

figs. 2-4. 

1975 Trachileberis ponti- - Vekua, pl. XV, figs. 1 

ca (Livental) a, b, 2 a, b, 4. 

1977 Tyrrhenocythere 

pontica (Livental) 

- Krstič, 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. 

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. 

2001 Tyrrhenocythere 

pontica (Livental) 

-Tunoğlu, p. 135, pl. 2, 

fig. 2-6. 

2013 Tyrrhenocythere 

pontica (Livental) 

- Van Baak, p. 124, pl. 

4 b, 21. 

Description. The carapace has a rectangular to oblong-

oval shape in lateral view and possess a distinct eye spot 

at the anterodorsal corner. The anterior end is broadly 

rounded and passes smoothly onto the ventral margin that 

shows a depression in the anterior third and displays to a 

different degree pronounced crest. The hinge margin runs 

almost straight, passing smoothly onto the rounded ante-

rior border with an obtuse angle. The posterior end exhib-

its a shoulder and is rounded in its lower part. The outer 

margin of the carapace is surrounded 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 slightly. 

The valves surface is covered with small to medium sized 

cells that have thin-walled faces. Towards the posterior-

and the anterior end the ornamentation is turning into 

medium-sized longitudinally running meshes. A more or 

less pronounced crest is running parallel along the ventral 

margin that in generally seems to be more pointed in ju-

venile specimens. The marginal zone is quite broad and 

harbours a number of branched pore channels. The mus-

cle 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 heterodont. The mar-

ginal zone is broad and displays a number of branched 

pore channels. Dimension: Female: l = 0,88- 0,96 mm, h 

= 0,53 – 0,58 mm, b = 0,45 – 0,48 mm; Male: l = 0,95 – 

1,12 mm, h = 0,50 – 0,55 mm, b = 0,45- 0,48 mm. 

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 – 30 m (Krstić, 1977 for T. amni-

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

and Ghahreman, 1976 for T. scitula). Krstić (1977) esti-

mated that the fossil species of Tyrrhenocythere lived in 

shallow waters with a salinity ranging from 5-15 ‰. 
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Fig. 11a-d Cyprideis torosa (Jones), un- nodded specimens; a LV, external view, ♀; b RV, external view, ♀; c LV, external 

view, ♂; d RV, external view, ♂; e-l Cyprideis sp.; e, g LV, external view, ♀; f RV, external view, ♀; h RV, external view, 

♂; i LV, internal view, ♀; j RV, internal view, ♂; k Carapace, ventral view, ♀; l Carapace, dorsal view, ♀ (all specimens 

from sample DE06, Faber Quarry, Kocabaş, Denizli). 
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Fig. 12a-l Tyrrhenocythere pontica (Livental); a LV, external view, ♂; b RV, external view, ♂; c LV, ex-

ternal view, ♀; d RV, external view, ♀; e LV, internal view, ♀; f RV, internal view, ♀; g Carapace, dorsal 

view, ♂; h Carapace, ventral view, ♀; i LV, external view, A1 juvenile; j RV, external view, A1 juvenile; 

k LV, external view, A2 juvenile; l RV, external view, A2 juvenile (all specimens from sample DE06, 

DE08 and DE11, Faber Quarry, Kocabaş, Denizli). 
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Tyrrhenocythere ex. gr. bailovi (Livental) in Mandel-

stam et al., 1962 

Fig. 13a-m 

1956 Cythereis bailovi -Suzin, p. 146, pl. VII, 

fig. 19 

1962 Trachyleberis 

bailovi (Liv.) 

- Mandelstam, p. 151, pl. 

20, fig. 9. 

1986 Tyrrhenocythere 

bailovi (Liv-

ental) 

- Yassini, p. 57, pl. 19, 

figs. 10-12.  

Description. The carapace is rectangular to oblong in 

lateral view. The anterior end is broadly rounded with an 

arcuate slope in the lower part. The posterior end has a 

weakly pronounced shoulder that in general seems to be 

more prominent on the RV. The part below the shoulder 

is rounded whereas the area above it is steeply sloping. 

The ventral margin is concave in the anterior third, and 

the dorsal margin is almost straight, sloping gently to-

wards the posterior end. The valves surface is covered by 

a fine pitted ornamentation. Towards the posterior-and 

the anterior end the ornamentation is turning into medi-

um-sized longitudinally running meshes. The described 

features, excluding the ornamentation, are much more 

visible from the interior view. The marginal zone is broad 

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 heterodont. Di-

mension: Male: l = 1,00 – 1,14 mm, h = 0,55 – 0,62 mm, 

b = 0,45 mm; Female: l = 0,85 – 1,07 mm, h = 0,50 – 

0,61 mm.  

Tyrrhenocythere sp. 1 

Fig. 14a-h 

Description. The carapace of this species strongly resem-

bles the rectangular to oblong-oval shape observed in T. 

pontica. The valve appears slightly more compressed and 

devoid the crest but otherwise bears most of the previous-

ly described morphological features. The posterior end 

bears a weakly pronounced shoulder and below continues 

in a rounded fashion onto the ventral margin that shows 

concavity in the anterior third. The part above the weakly 

pronounced shoulder is steeply sloping and passing onto 

the dorsal margin that is steeply rising until the anterior 

third where the valve shows its maximum width. From 

the highest point, the dorsal margin rapidly slopes down 

to the otherwise rounded anterior. Unlike the small to 

medium sized cell ornamentation observed on T. pontica, 

or the finely pitted surface coverage of Tyrrhenocythere 

ex. gr. bailovi, this species shows larger pits. Dimension: 

Male: l = 1,07-1,08 mm, h = 0,60 - 0, 62 mm; Female: l = 

0,83 – 0, 97 mm, h = 0, 59 -0, 60 mm. 

Tyrrhenocythere sp. 2 

Fig. 14i-m 

Description. The carapace is rectangular in lateral view. 

The anterior end is broadly rounded and passes smoothly 

onto the ventral margin that shows a depression in the 

anterior third of the valve. This feature and other charac-

teristics, excluding the ornamentation, are far more visi-

ble from the interior view. The posterior end bears a 

shoulder under which it is rounded. The greatest height is 

in the anterior third of the valve. From that point the dor-

sal margin slopes and passes smoothly onto the anterior 

end. Towards the posterior it dips gently before steeply 

sloping above the mentioned shoulder. The valves surface 

appears smooth but also displays weakly and irregularly 

distributed pitted-type ornamentation. Towards the poste-

rior-and the anterior end medium-sized longitudinally 

running meshes are visible. The degree of the described 

ornamentation varies strongly between individual speci-

mens. The marginal zone is broad and displays a number 

of branched pore channels. Dimension: Male: l = 0,97 – 

0,10 mm, h = 0,50- 0,52 mm; Female: l= 0,80 – 0,85 mm; 

h = 0,46 - 0,50 mm. 

Family Leptocytheridae Hanai, 1957 

Genus Leptocythere Sars, 1925 

Amnicythere multituberculata (Livental, 1929) 

Fig. 15k-o 

1929 Cythere multitu-

berculata 

- Livental, p. 14, pl. 1, 

figs. 36–38. 

1962 Cythere multitu-

berculata Liv-

ental 

- 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.) 

- Kristić, 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. 

Description. The carapace has an elongated shape and is 

set with a maximum of four large tubercles. The tubercles 

as well as the space between them are covered with a 

more or less pronounced but distinct wide-sized mesh 

pattern.  The  hinge  margin  is  almost  straight,   passing  
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Fig. 13a-m Tyrrhenocythere ex. gr. bailovi (Livental) in Mandelstam et al., 1962; a LV, external view, ♂; b RV, external 

view, ♂; c LV, external view, ♀; d RV, external view, ♀; e LV, internal view, ♀; f RV, internal view, ♂; g Carapace, dorsal 

view, ♀; h LV, external view, ♂; i LV, external view, A1 juvenile; j LV, external view, A2 juvenile; k RV, external view, A2 

juvenile; l LV, external view, A3 juvenile; m RV, external view, A3 juvenile (all specimens from sample DE06, DE08 and 

DE11, Faber Quarry, Kocabaş, Denizli). 
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Fig. 14a-h Tyrrhenocythere sp. 1; a LV, external view, ♀; b RV, external view, ♀; c RV, external view, ♂; d RV, internal 

view, ♀; e Carapace, ventral view, ♂; f RV, external view, A1 juvenile; g RV, external view, A2 juvenile; h RV, external 

view, A3 juvenile. i-m Tyrrhenocythere sp. 2; i LV, external view, ♀; j RV, external view, ♂; k RV, external view, A1 juve-

nile; l RV, external view, A2 juvenile; m RV, external view, A3 juvenile (all specimens from sample DE14, Faber Quarry, 

Kocabaş, Denizli). 
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smoothly onto the rounded anterior border with an obtuse 

angle. The transition onto the posterior border forms a 

ledge through the posterior “hinge ear”. Both borders 

merge smoothly with the ventral margin, which is medial-

ly depressed. Both the anterior-and posterior margins can 

contain a number of irregular distributed small sized tu-

bercles. The marginal zone is broadly developed and is 

hosting a number of spaced, straight running pore canals. 

Dimension: Male: l = 0,60 – 0,62 mm, h = 0,3- 0,32 mm; 

Female: l = 0,55- 0,60 mm; h = 0, 26 – 0,31 mm. 

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) and 

Yassini (1986) from the central and southern Caspian 

Basins at salinities of 11.5 – 18.25‰. 

Amnicythere aff. pediformis (Schornikov, 1966) 

Fig. 15a-j 

1966a Leptocythere pedi-

formis  

- Schornikov, pp. 33-35, 

text-fig. 2. 

2005 Leptocythere sp. 2 - Boomer et al.: pl. 1, fig. 

13. 

2010 Amnicythere pedi-

formis 

(Schornikov,1966) 

Tarasov, 1996 

- Boomer et al., p. 129, 

pl. 1, fig.13. 

Description. The carapace has an elongated shape and an 

almost straight dorsal margin that runs parallel to the 

slightly sinuous ventral margin. The carapace is covered 

by a fine to regular punctuation that gets slightly coarser 

in the postero-ventral region and decreases in size to-

wards all margins. In the central part of the valve the 

punctuation tends to run more or less parallel and is being 

separated by fine crests that tend to be more visible with-

in the median area. Females show a coarser reticulation 

towards the posterior end and a slight posteroventral 

swelling. Close to the anterior end, that is broadly round-

ed, several small tubercles (pore-conuli) can occur. Di-

mension: l = 0, 58 – 0, 63 mm, h = 0, 26-0, 30 mm. 

Remarks. The species shares similarities with Leptocytere 

nata (Marcova), however the original drawing of the hol-

otype does not allow a proper comparison. The Yassini 

(1986) illustrated specimen, referred to as Leptocythere 

nata Markova, shows a similar kind of ornamentation 

though it appears much finer. Leptocythere gorganensis 

Yassini bears a similar ornamentation as our species but 

appears to be more pointed posteriorly. Leptocythere ca-

susa Markova in Agalarova et al., 1961 closely resembles 

our specimen, although the ornamentation net exposes 

more polygonal aspects. Amnicythere stepanaitysae 

(Sheneider) is similar, but according to the original de-

scription, possess one elongated tubercula in the postero-

ventral area. 

Ecology. The species occurs in contemporaneous deposits 

within the Caspian Sea (Boomer et al., 2005) and Pleisto-

cene to recent assemblages of the Black Sea (Boomer et 

al., 2010). 

Family Loxoconchidae Sars, 1925 

Genus Loxoconcha Sars, 1866 

Genus Loxoconchissa Triebel and Malz, 1969 

Subgenus Loxocaspia Schornikov, 1973 

Loxoconchissa (Loxocaspia) aff. reticulata Faranda, 

Gliozzi and Ligios, 2007 

Fig. 16a-p 

2007 Loxoconchissa 

(Loxocaspia) 

reticulata nov. 

sp. 

- Faranda, Gliozzi and 

Ligios, p. 317, fig. 8 (1-

10). 

Description. The carapace has an oval rhomboidal to el-

liptical shape in the lateral view. The species shows re-

markable sexual dimorphism. The female carapace is 

slightly oblique oval rhomboidal in shape, high, com-

pressed and the ventral and dorsal margins run almost 

parallel, the ventral margin is being arched. The straight 

running dorsal margin passes smoothly onto the broadly 

rounded anterior end as well as onto the narrower con-

verging posterior end. The maximum width of the cara-

pace is slightly behind mid-length, close to where the 

eye-spot can be observed in the anterodorsal corner. The 

ornamentation is made up of irregular meshes separated 

by thick muri that cover the entire surface of the valve. 

The male carapace is slightly more elongated in shape 

and shows a broadly flattened anterior area and a well 

pronounced tubercle in the posterior part. Within the pos-

terior area the ornamentation becomes less pronounced or 

in some cases is missing completely. The rest of the 

valves surface reticulation follows the margins and forms 

a mesh (longitudinal running rows that are separated by 

ridges). The carapace of some observed specimens seems 

to be covered by a thin layer of secondary calcite. Dimen-

sion: Male: l = 0, 60 – 0, 62 mm, h = 0, 32 – 0, 40 mm; 

Female: l = 0, 53- 0, 57 mm, h = 0, 30 - 0, 34 mm. 

Ecology. The Loxoconchidae family is well known from 

both brackish fossil taxa as well as living genera (Faranda 

et al., 2007). Loxoconchissa (Loxocaspia) aff. reticulata 

was first described from Late Miocene sediments from 

northern Italy (Faranda et al., 2007). 

Loxoconchissa (Loxocaspia) aff. reticulata Faranda, 

Gliozzi and Ligios, var. rugosa n. subsp. 

Fig. 17a-o 

Description. The carapace with a rhomboidal shape in 

lateral view is covered in a coarse to fine reticulation pat-

tern, that consists of a greater part of longitudinally elon-

gated meshes that become less pronounced towards the 

posterior end and finer in the anterior part. The degree of 

the ornamentation varies and, in some specimens, occurs 

notably coarser, also including larger pore-conuli. The 

species shows remarkable sexual dimorphism. The male 

carapace is more elongated and the most prominent fea-

ture is  the  presence  of a  single large-size tubercle in the  
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Fig. 15a-j Amnicythere pediformis (Schornicov); a LV, external view, ♂; b RV, external view, ♂; c LV, external 

view, ?♀; d RV, external view, ?♀; e LV, internal view, ♀; f RV, internal view, ♂; g Carapace, dorsal view, ♀; h 

Carapace, ventral view, ♂; i LV, external view, A1 juvenile; j LV, external view, A2 juvenile; k-o Amnicythere 

multituberculata (Livental); k LV, external view, ♀; l RV, external view, ♀; m LV, external view, ♂; n RV, inter-

nal view, ♂; o Carapace, dorsal view, ♀ (all specimens from sample DE08, Faber Quarry, Kocabaş, Denizli). 
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Fig. 16a-p Loxoconchissa (Loxocaspia) aff. reticulata Faranda, Gliozzi and Ligios; a LV, external view, ♀; b RV, external 

view, ♀; c RV, internal view, ♀; d RV, internal view, ♀; e Carapace, dorsal view, ♀; f Carapace, ventral view, ♀; g, i LV, 

external view, ♂; h, j RV, external view, ♂; k Carapace, dorsal view, ♂; l Carapace, ventral view, ♂; m LV, internal view, ♂; 

n RV, dorsal-internal view, ♂; o LV, external view, A1 juvenile; p LV, external view, A2 juvenile (a-f, o, p from sample 

DE06, g-n from sample DE9, Faber Quarry, Kocabaş, Denizli). 
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Fig. 17a-o Loxoconchissa (Loxocaspia) aff. reticulata Faranda, Gliozzi and Ligios, var rugosa, n. subsp.; a 

LV, external view, ♀; b RV, external view, ♀; c Carapace, view from RV, ♀; d LV, internal view, ♀; e Car-

apace, dorsal view, ♀; f Carapace, ventral view, ♀; g, i LV, external view, ♂; h, j RV, external view, ♂; k 

LV, internal view, ♂; l RV, internal view, ♂; m, n Carapace, dorsal view, ♂; o Carapace, ventral view, ♂ (a-

f, from sample DE09; g-o from sample DE11, Faber Quarry, Kocabaş, Denizli). 
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posterior-central part of the valve that is especially im-

pressive from the dorsal view. The tubercle appears to be 

more pronounced in comparison to the Loxoconchissa 

(Loxocaspia) aff. reticulata one and in some cases is cov-

ered by the above-mentioned reticulation pattern. A dis-

tinguishable eye-spot is present at the anterodorsal cor-

ner. The dorsal margin is straight and is smoothly and 

broadly rounding onto the anterior and posterior ends. 

The ventral margin runs parallel to the dorsal one and is 

slightly depressed around mid-valve. The preservation of 

this species in most cases is poor and a layer of secondary 

calcite has been observed regularly. Dimension: Male: l = 

0, 57- 0, 59 mm, h = 0, 30- 0, 33 mm; Female: l = 0, 52 – 

0, 54 mm, h = 0, 30 – 0, 32 mm b = 0, 16 mm. 

Ecology. The ecological preference of L. rugosa is un-

known but the genus is generally known to inhabit main-

ly brackish and shallow marine environments (Moore, 

1961; Van Morkhoven, 1962). The variability regarding 

the ornamentation is thought to be of genetic origin rather 

than environmentally driven, since the variation can be 

observed within a single sample. We therefore assume the 

presence of a strongly ornated morphotype, that can be 

related to the alkalinity of the lake. 

PALAEOECOLOGICAL IMPLICATIONS 

The detailed systematic study determined the presence of 

sixteen species, belonging to nine genera. Based on the 

taxonomic outcome we correlated species to specific en-

vironmental conditions with the goal of reconstructing the 

hydrological environment. An idea of the palaeoecologi-

cal setting was obtained by comparing fossil ostracod 

communities with environmental requirements of living 

species. Our results indicate that the assemblage collected 

is dominated by a mixture of freshwater (species of Can-

dona, Prionocypris, Cypria, Lineocypris and Darwinula) 

and oligohaline to mesohaline forms (species of Cypride-

is, Tyrrhenocythere, Loxoconchissa and Amnicythere 

genera).  

The assemblage includes abundant occurrences of Can-

dona negelcta, Prionocypris zenkeri, Cyrpideis torosa, 

Tyrrhencythere pontica, Loxoconchissa (Loxocaspia) aff. 

reticulata and less common occurrences of Cypria sp., 

Lineocypris sp., Darwinula stevensoni, Cyprideis sp.,

Tyrrhenocythere ex. gr. bailovi, T. sp. 1, T. sp. 2, Amni-

cythere pediformis, A. mutlituberculata and Loxocon-

chissa (Loxocaspia) aff. reticulata var. rugosa. n. subsp. 

Every sample contains all of the above mentioned taxa. 

Noded specimens of Cyprideis torosa are commonly ob-

served and represent, together with Tyrrhenocythere pon-

tica, the most common occurring species. There has been 

an ongoing debate over the genetically versus environ-

mentally driven development of noded C. torosa. The 

majority of studies indicates that specimens with a 

smooth carapace occur at “high” salinities, while those 

with tubercles are found in habitats of low salinity (< 

6‰) (Kilenyi, 1972; Keyser and Aladin, 2004; Keyser, 

2005; Boomer et al., 2017). Nevertheless, Schornikov 

(1973) described noded C. torosa in the Aral Sea at much 

higher salinities (up to 96‰), demanding the need to fur-

ther investigate the occurrence of nodation within much 

higher saline environments (De Deckker and Lord, 2017). 

For our studied lake environment it is worth mentioning 

that the water chemistry was most likely affected by the 

input of calcium rich waters coming from the nearby 

travertine springs (Rausch et al., 2019 accepted in Geo-

bios). The effect of alkalinity on the life cycle and in par-

ticular the effect on nodosity of C. torosa needs to be 

examined more closely in the future as some of these 

parameters may be important factors controlling the valve 

calcification (De Deckker and Lord, 2017). The observed 

assemblage with smaller Cyprideis sp. (Fig. 11e-l), fall-

ing within the range of size variation discussed by Boom-

er et al. (2017), can be related to salinity oscillations. As 

all the Cyprideis species occur within the same sample, 

salinity-driven changes in size can be excluded. How the 

concentrations of certain elements in this high alkaline 

environment influence the life cycle is beyond the aim of 

the current study. The need of supplementary data to clar-

ify the possible impact of alkalinity on the influence of 

variability of primary reticulation is required for other 

groups as well.  

The negative impact of the palaeohydrological conditions 

inside the lake, are further supported by the restricted 

faunal diversity. The observed assemblage is not mono-

specific but devoid the diverse faunal range of typical 

marine-or freshwater environments. High abundances and 

low diversities assemblages are linked to drastic turno-

vers caused by regional or global events, well reported 

globally throughout the Mesozoic and Cenozoic interval 

(Colin and Lethiers, 1988). How high alkaline water bod-

ies influence species diversity is fairly unknown, but the 

observed fossil population is suggesting a limited impact. 

Restricting environments, especially in semi-enclosed 

and marginal marine basins are known to create endemic 

communities, as observed in the Paratethys region. The 

Black and Caspian Sea are the present-day remnants of 

the Paratethys, a large epicontinental sea developing as a 

northern branch of the Tethys, starting in the early Oligo-

cene (Rögl, 1999; Popov et al., 2006; Krijgsman et al., 

2019). The region has a very dynamic history of basin 

development, being dominated by periodic isolation and 

(re)connecting events leading to the evolution of a highly 

diverse and endemic ostracod fauna. Some of the ob-

served genera (Tyrrhenocythere, Amnicythere and Loxo-

concha) originated from the Paratethys and can still be 

found today in the Black and Caspian Sea, and may indi-

cate that the herein described Pleistocene fauna might be 

the relict of a Paratethyan influenced long-lived lake en-

vironment that prevailed inside the Denizli Basin since 

the late Neogene (Wesselingh et al., 2008). Supplemen-

tary data is required to clarify the relationship to the long-

lived lake that existed during the Pliocene−early Pleisto-

cene near the town of Tosunlar (Alçiçek et al., 2015). As 

the modern graben system in the western Anatolian ex-

tensional province is still relatively young, possibly 

around middle Miocene in age (Ten Veen et al., 2009), it 

is likely that the lake has continued to exist until the 

Pleistocene also in the studied area. Our results further 

support the faunal relations well known within Neogene 

basins of Anatolia to the Paratethys, indicating that the 

region once might have functioned as a satellite basin of 

the Paratethys. 
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CONCLUSION 

The detailed study of the ostracod assemblages, collected 

from the fluvio-lacustrine deposits of the Faber quarry, 

provides new insights about the palaeoecological condi-

tions inside the Denizli Basin. The fauna reflects an 

anomalohaline, lake environment of early Pleistocene age 

with the water chemistry broadly affected by the proximi-

ty of thermal calcite rich springs that induced the deposi-

tion of travertine. The encountered assemblage is not 

indicative for assigning an age but the succession was 

previously dated based on cosmogenic nuclides 

(26Al/10Be), palaeomagnetic measurements and large 

mammal-based biostratigraphy, suggesting that the depo-

sition occurred between ~1.6 and 1.1 Ma (Lebatard et al., 

2014; Boulbes et al., 2014). 

The ostracod assemblage is lacking a higher diversity, 

typical for freshwater or marine water environments. Low 

diversity assemblages are characteristic for transitional 

habitats, supporting our assumption of a restricted water 

body. The diversity remains equal along the entire suc-

cession and a total of sixteen species have been recorded, 

shedding light on the palaeoecological conditions. The 

co-occurrence of anomalohaline (oligohaline to mesoha-

line) water taxa and mainly freshwater cypridoid ostra-

cods suggest a shallow water lake environment with a 

salinity no greater than lower mesohaline (~18 ‰). The 

input of calcium-rich water from nearby travertine 

springs is assumed to have had a major impact on the 

faunal diversity development. 
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