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Abstract. The Serbian Lake System (SLS) is a key area on early to middle 
Miocene freshwater environments in southeastern Europe. Here, we describe 

a rich fossil association of freshwater fish otoliths of late Badenian to early 

Sarmatian (Serravallian, MN 7+8 zone) age. The studied material was collected 
from several small outcrops along the Grabovac stream near Vračević. The 

Vračević locations are part ofthe Valjevo-Mionica Basin (VMB). We identified 

nine different species, including two in open nomenclature and three new to 

science: Aphanius jeani, Aphanolebias bettinae n.sp., Klincigobius andjelkovicae, 

Klincigobus haraldahnelti n. sp., Klincigobius serbiensis, Klincigobius sp., Ponti- 
cola sp., Toxopyge campylus, Toxopyge vracevicensis n.sp. We found that the 

composition ofthis fish fauna correlates well with the slightly older fauna from 

the early to middle Miocene of Klinci. Both localities were most likely part of 

a continuous environment during the existence of the Valjevo-Mionica Basin. 

The composition of the community of freshwater gobies from the early to early 
middle Miocene of southeastern Europe indicates the presence of a “lost” 

Miocene freshwater goby fish fauna that existed prior to and was unrelated to 

the Ponto-Caspian fish fauna that prevails today. The new data may prove help- 
ful in reconstructing the paleogeographical evolution of the Valjevo-Mionica 

Basin in detail. 

AncrpakrT. Cpncku je3aepckuH cHcTeM (SLS) je KyjbyuHo nonpyuje HcrpaxxiBaHba 

CnaTKOBO/He )KHBOTHe cpeRniHHe y JH EnponH 3a BpeMe cTapHjer H cpeJuber 
MHoneHa. OBane orHcyjeMo GoraTy QocuHuHy aconuHjanHjy p4GJbHX oTojiHTa 

o KacHor GaneHa no paHor capMaTa (cepaBa;tnjaH, MN 7+8 3oHa). IIpoyua- 
BaHH MaTephHjaji je IIpHKyrUbeH Ha JIoKasiHTeTHMa y OJtH3HHH Bpauenpnha, Ha 
HeKOJIHKO MayiHx H3/\aHaka y3 noTOK Tpa06Gonan. JlokanarerT Bpauenuh je neo 

BaybeBCKO-MHOHHuKor DaceHa (BM5). HneHTHQ)HKOBaJ1H CMO J|eBeT pa3j1HuH- 

THX BpcTa, 0/1 KojHx cy nBe y OTBOpeHoj HoMeHKJTIaTypH H TpH HoBe y Hay1IH: 
Aphanius jeani, Aphanolebias bettinae n.sp., Klincigobius andjelkovicae, Klin- 

cigobus haraldahnelti n.sp., Klincigobius serbiensis, Klincigobius sp., Ponticola 
sp., Toxopyge campylus, Toxopyge vracevicensis n.sp. YrBpnHnM CMO a je 

cacraB oBe bayHe puH6a y no0poj KopeztauHjH ca Hell!TO CTapHjOM payHOM 
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žUniversity of Belgrade, Faculty of Mining and Geology, Department of Regional Geology, Kamenička 6, 11000 Belgrade, 

Serbia. E-mail: ljupko.rundicoeorgf.bg.ac.rs 

š Natural History Museum of Denmark, Zoological Museum, Universitetsparken 15, 2100 Kobenhavn, Denmark. E-mail: 
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paHor no cpenM»er MHoOneHa JIOKaJiHTeTa KaHHnuug. OGa nokangTreTa cy 

BepoHaTHo 6nHana Mel)yCo6HO noOBe3aHa TOKOM ıIOCTOjabba BaJbeBCKO-MHO- 

HHukor GaceHa (VMB). 3ajeanHHna caTKOBOJHHX ro0OHAa OJUAVOMer JO 

crapuHje-cpe/ibber MHonmeHa jyroHcTouHe EBpone J(OKyMeHTyje IIpHCyCTBO 
„HecrTajte MHOneHcKe (bayHe cJlaTKOBOJIHHX pHGa- ro06Hana“, Koja je IIOCTO- 

KJbyuHe peut: 

cpedtbu MuoueuH, omoaumu, 

Bpaueaeuh, Baybeecko-muoHuuku 

đaceH, Cpncku JeaepcKu cucmeM 

jana paHHje H HHje OHuara mnoBe3aHa ca naHac npeoBjiabyjyhoM HoHTO- 
KaCIIHjCKOM (bayHOM pu0a. HoBu ıoaauH npy>?Xajy Ba3xXHe HHQopMauuje 3a 
neTaJbHy peKoHcTpykuujy majneoreorpaQcke eBojtyuije BajbeBCKO-MHO- 
HHukKor GaceHa. 

Introduction 

The sediments of the Neogene continental lacu- 

strine systems of the states of the former Yugoslavia 

have been a subject of research interest among geo- 

logists and paleontologists for more than a century. 

Intramontane basins in Croatia, Bosnia and Herze- 

govina, and Serbia contained various long-lived 

freshwater lakes during the late Oligocene and early 

to middle Miocene {e.g., HARZHAUSER & Manpic, 2008; 

MANDIC et al., 2010, 2019; NEUBAUER et al., 2011, 

2013, 2015a, b, 2016 and references therein). Gene- 

rally, two large freshwater systems are recognized: 

the Dinaride Lake System (DLS) and a younger one, 

the Serbian Lake System {SLS] {KRSTIĆ et al., 2003, 

2007; DE LEEUW et al., 2010; MANDpIc et al., 2010, 

2012; SANT et al., 2018a, b; NEUBAUER et al., 2020). 

These two lake systems were first recognized by S. 

Brusina (1845–1908), a prominent zoologist and 

paleontologist from Zagreb. Today, a century and 

halflater, the aforementioned authors have built on 

Brusina's pioneering work and unearthed more de- 

tails concerning the “great mosaic” of ancient lake 

systems. During the last 10 years, the DLS has been 

studied using different approaches. In addition to 

conventional methods, such as those of biostratig- 

raphy, paleontology, sedimentology, and tectonics, 

independent chronostratigraphic techniques, such 

as magnetostratigraphy and radiometric age con- 

trol, have also been applied {e.g., DE LEEUW et al., 

2010; MANDIC et al., 2012). This modern integrated 

approach has led to a more precise determination 

ofthe geologic age and an improved understanding 

of the tectonics that determined the origins of the 

lakes, the provenance of the sedimentary input, 

local and regional environmental settings, climate 

variations, and a variety of biotic and abiotic fea- 

tures, including the level of endemism [DE LEEUW et 

al., 2010, 2011; MANDIc et al., 2010, 2012, 2019; SANT 

et al., 2018a, b). During the last decade, significant 

attention has also been paid to the system of paleo- 

lakes that extended across a wide area of Serbia, the 

SLS (NEUBAUER et al., 2016, 2020; SIMIĆ et al., 2017; 

SANT et al., 2018a; MARIĆ et al., 2019; BRADIĆ-MILINOVIĆ 

et al., 2019). Generally, most published data indicate 

that the SLS is of middle Miocene age {e.g., KRSTIĆ et 

al., 2012). KRSTIĆ et al. (2012) also suggested the 

presence of a single large lake extending from Bel- 

grade via Northern Macedonia to Greece. Conver- 

sely, SANT et al. (2018a) came to the view that a 

system of lakes stretched over Serbia (i.e., the SLS). 

Radiometric age dating has provided evidence of the 

existence of early Miocene {16.9 Ma) lakes in east- 

ern Serbia, resulting in a further modification of the 

scenario and of the relation between the DLS and 

SLS with respect to their spatial and temporal over- 

lap {RUNpić et al., 2019). It became possible to com- 

pare the fossil diversity and evolution of different 

biota (mostly mollusks) in the SLS with that from 

the DLS, although most inhabitants of the SLS are 

considered endemic {NEUBAUER et al., 2020). These 

investigations indicate that the SLS was “a stepping 

stone for many of the mollusk lineages” found in the 

late Miocene Lake Pannon (NEUBAUER et al., 2020). 

Here, we expand on our earlier studies ofthe fish 

remains [{otoliths and articulated skeletons with 

otoliths in situ) from lacustrine basins of western 

Serbia in the Valjevo-Mionica area {BRADIĆ-MILINOVIĆ 

etal., 2018, 2019). For the first time, we present de- 

tails concerning the taxonomy and paleoecology of
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the freshwater fishes by means of otoliths from the 

Vračević paleo-lake and analyze the possible strati- 

graphic positions of the respective sediments. We 

found a total of 295 otolith specimens, from which 

we identify ten freshwater fish species in the sedi- 

ments of the Vračević paleo-lake, two pertaining to 

the Cyprinodontidae and seven to the Gobiidae. The 

composition of the fauna shows some congruence 

between the Vračević paleo-lake and neighboring 

Valjevo paleo-lake but also certain differences, 

which may indicate a difference in time between the 

two basins. 

Geological Setting 

Vračević village, which lies north of Mionica in 

western Serbia, is situated within the large Valjevo- 

Mionica Basin (VMB; Fig. 1A). The Dinaride basin be- 

longs to a series of Miocene intramontane basins that 

are distributed across Serbia {SIMIĆ et al., 2017; 

BRADIĆ-MILINOVIĆ et al., 2018, 2019). It covers an area 

of 350 km? and represents the western part of the 

Valjevo-Mionica-Belanovica Graben (MaRović et al., 

2007). This two-part graben (Valjevo-Mionica is in 

the western part and Belanovica in the east) was 

formed during the Ottnangian-Karpatian and the 

early Middle Miocene (early Badenian); it became in- 

verted and subject to moderate or weak uplifting in 

the Quaternary (Maković et al., 2007). Based on pre- 

vious studies as well as data obtained from new 

drillings, a few cycles of sedimentary rocks and vol- 

cano-clastites (ranging from lacustrine to reduced 

marine and brackish sediments) may reach thick- 

nesses ofup to 1,000 min the center ofthe basin (e.g.„ 

OBRADOVIĆ & VAsIć, 2007). The western part of the 

VMB (Valjevo area) is filled with a succession of la- 

custrine early Miocene sediments that commonly 

contain oil shales at the base with tuff intercalations 

and otherwise consist of sandstone and mudstone to 

limestone with gravel. Quaternary alluvial and dilu- 

vial-proluvial deposits are widely distributed at the 

surface ofthe basin area (BRADIĆ-MILINOVIĆ et al., 2019 

and references therein). The VMB was largely formed 

on the Jadar block (JB), which represents a northern 

partofthe Jadar-Kopaonik thrust sheet derived from 

the most distal Adriatic passive margin (SCHMID et al., 

2008; NEUBAURR et al., 2016; BRADIĆ-MILINOVIĆ et al., 

2019). The }B is composed of Devonian and Carbonif- 

erous predominantly shallow-marine carbonates and 

a flysch series overlain by Permian and Triassic shal- 

low-marine carbonates that were obducted in the 

Jurassic by ophiolites of the Western Vardar Ocean 

(ScHMID et al., 2008). The eastern part ofthe VMB be- 

tween the Toplica and Ljig Rivers (Vračević, Mionica 

area) is characterized by restricted marine and lacus- 

trine deposits of Sarmatian and Pannonian age (mid- 

dle and late Miocene; Fig. 1B). 

Lithostratigraphically, the above-mentioned sed- 

iments correspond to the Vračević Formation (JovA- 

NOVIĆ et al., 1994; OBRADOVIĆ & VAsIĆ, 2007; LAZAREVIĆ 

et al.. 2013; RUNDIĆ, 2017; BRADIĆ-MILINOVIĆ et al., 

2019; Fig. 2). According to most earlier studies, there 

is no transition between the lower Miocene lacus- 

trine sediments and the middle Miocene marine- 

brackish ones {e.g., JOVANOVIĆ et al., 1994). In other 

words, the Sarmatian restricted-marine sediments 

are transgressive and unconformable over the lower- 

middle Miocene lacustrine sediments (JOVANOVIĆ & 

DoLić, 1994; Donić, 1995; LAZAREVIĆ et al., 2013). In ad- 

dition, there is an ongoing debate concerning the in- 

terrelationships among the VMB lacustrine basins in 

time and space. Much more detailed and varied 

stratigraphic methods and radiometric age control 

are required to clarify this issue. The Vračević (Mion- 

ica) area is an east-west striking elongated small 

basin (ca. 70 km long and 15 km wide) formed n the 

middle Miocene during the maximum extension 

phase ofthe southeastern Pannonian Basin (MATENCO 

& RADIvoJEVIĆ, 2012; RuNpić, 2017; RUNDIć et al., 2019) 

that coincided with the Middle Miocene Climatic Op- 

timum (MMC0O; ManNpic et al., 2010, 2012; NEUBAUER 

et al., 2015a, b). The Vračević Basin represented an 

isolated lacustrine basin that was occasionally flo- 

oded from the north by Paratethyan marine-brackish 

waters during the early to middle Miocene and sub- 

sequently by Lake Pannon caspi-brackish waters 

({similar to water the mineralization in the contem- 

porary Caspian Lake). 

Paleontological research has been conducted for 

more than 70 years near Vračević. Among the first re- 

searchers, LASKAREV (1948] identified remains of 

Deinotherium giganteum from the upper part of the 

Grabovac Stream. A few years later, STEVANOVIĆ
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: Freshwater i || Studied area 
\u Sarmatian middle Miocene 

Fig. 1. Location map. 14. Position of Vračević in Serbia; 1B. detailed geological map ofthe Vračević area with sample locations. IC, The 

red circles with numbers mark outcrop positions mentioned in the text.
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Fig. 2. Stratigraphic summary column of the Vračević area and 

the Vračević Formation. ICS stages according to the ICS Chart 

v2021/5 (https://stratigraphy.org/chart). 

[1953a, b) published first reports concerning ma- 

rine-brackish, terrestrial, and freshwater mollusks 

from this area. During a detailed field campaign and 

geological mapping survey, FILIPovIĆ et al. (1978) 

gathered a great amount of new data from the surface 

and drillings and reported that the basin fill con- 

tained marine-brackish and freshwater Sarmatian 

deposits overlain by Pannonian brackish and fresh- 

water lacustrine deposits. However, over the last 20 

years, further detailed paleontological studies have 

been conducted in a wider area of Vračević; such 

studies have resulted in a identification of various 

other fossil remains, including, for example, those of 

reptiles (JOvVANoVvIĆ et al., 2002; JOVANoOvIĆ & ĐURIĆ, 2005, 

2016), small terrestrial mammal!ls collected from the 

freshwater sediments of Vračević (MaRković, 2003), 

O KEpA | Mođern soil & vegetation 

Š8M Vr24 Dark-gray clay 

Gray, laminated silt and sandy-silt 
Thin, tuffitic sand? 

alia Vr2.3 

_{ Light-brown and yellowish sand 
and poorly cemented sandstone 

Gray and brown clay 

Fig. 3. Example of a local sedimentary succession (Vr.2.1-Vr.2.4) up to 2.5 m thick. (Point 2, 

Grabovac stream, Vračević) 

freshwater mollusks {PRYSJAZHNJUK et al., 2000; Ko- 

VALENKO, 2004; PRISYAZHNYUK & RUDYUK, 2005), and ter- 

restrial gastropods [NEUBAUER et al., 2016). Recently, 

a shallow well drilled at a hill close to the Grabovac 

Stream yielded marine-brackish Sarmatian and 

brackish Pannonian sediments (BRADIĆ-MILINOVIĆ et 

al., 2018). According to these studies and a synthesis 

published by JovaNović & ĐuRić (2016), the Sarmatian 

lacustrine sediments exhibit lateral alternation with 

restricted marine sediments. 

In our study of otoliths from the Vračević Forma- 

tion, we found exclusively freshwater fish taxa, 

which were obtained from lacustrine sediments. Ac- 

cording to recent publications [NEUBAUER et al., 

2016; MARković, 2003; BRADIĆ-MILINOVIĆ et al., 2018), 

the stratigraphic position of these lacustrine sedi- 

ments is controversial; this topic is discussed in 

more detail in the Results section of the present 

study. In our view, the assessment of the strati- 

graphic position requires a comprehensive multi- 

disciplinary approach. 

Material and Methods 

One part of the studied materials stems from an 

old collection housed at the Natural History Museum 

of Belgrade (NHMB) under the inventory number 

107/15. The other, larger portion was collected from 

several small outcrops along the Grabovac Stream 

near the village of Vračević and is also catalogued at 

the NHMB under the following inventory numbers: 

NP-240, NP-332, NP-340, NP-239, NP-333, NP-334, 

NP-342, NP-335, NP-336, NP- 

337, NP-338, NP-339, NP-344, 

NP-346, NP-347, NP-348, NP- 

349, NP-350, and NP-351. The 

field study and sampling were 

conducted in November 2019 

(by KBM and LJR).In the study 

area, a small dry valley with a 

slow-flowing stream is situ- 

ated between 138–220 m a.s.l. 

Six small outcrop sections [up 

to 2.5 m high) revealed pre- 

dominantly fine-grained clas- 

tic freshwater deposits (Fig. 3).
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The first outcrop downstream on the northernmost 

part ofthe Grabovac Stream (i.e., on a small tributary 

to the right ofthe Grabovac Stream – 74 33 680,49 07 

158) contains only the upper part ofthe stratigraphic 

section. Further downstream, deeper parts ofthe sec- 

tion are exposed along the right bank of the stream 

(Point 2 – 74 33 780, 49 05 789; Point 3 – 74 33 823, 

49 05 662; Point 4 – 74 33 997, 49 05 239; Point 5 – 

74 34 066, 49 05 113). The lastlocation (point 6 – 74 

34 065, 49 05 098) is situated near the mouth ofthe 

stream. This location is at 167 m a.s.l. The well-ex- 

posed sections (points 4, 5, and 6) were found more 

to the south at a smal] confluence ofthe southern dry 

tributaries with the stream. At point 2, where the ma- 

jority of the otoliths were found, the four main hori- 

zons were separately sampled (Fig. 3; Vr. 2.1-Vr:2.4). 

Detailed sampling was also performed at point 4, 

where three horizons were exposed (Vr. 4.1–Vr. 4.3). 

Other points [1 and 3) contained only one (point 1) 

or two [point 3) horizons. At all sites, bulk sediment 

samples were taken for different paleontological, pa- 

lynological, and sedimentological purposes, as each 

site contains remains offossil fauna and flora (the size 

of each sample was about 1 kg). 

All samples were processed at the Laboratory of 

the Geological Survey of Serbia. The photographs 

were taken with a digital camera mounted on a Wild 

M400 photomacroscope and remotely controlled 

from a computer. Individual photographs at differ- 

ent fields of depth were taken of each object and 

subsequently digitally stacked to produce consis- 

tently focused photographs using HeliconSoft's He- 

liconFocus software. The resulting. photographs 

were enhanced for contrast, exposure, or retouching 

in Adobe Photoshop, as far as doing so did not affect 

the morphological image ofthe otolith. 

The abbreviations used are as follows: OL = oto- 

lith length; OH = otolith height; OT = otolith thick- 

ness; SuL = sulcus length; OsL = ostium length; 

CaL = caudal length. 

Systematic Paleontology 

Order Cyprinodontiformes RosEN, 1964 

Family Valenciidae PARENTI, 1981 

Genus Aphanius NanRpo, 1827 

Aphanius jeani REICHENBACHER & KOWALKE, 2009 

Fig. 4.1–6 

2009 Aphanius jeani – REICHENBACHER & KOWALKE: fig. 4a-1. 

Material. 10 specimens in total: 8 specimens, 

NHMB-NP 240 (point 2, material collected 2002); 2 

specimens, NHMB-NP 350 (point 4, material col- 

lected 2019). 

Discussion. Aphanius jeani was described by Re- 

ichenbacher & Kowalke (2009) from the uppermost 

Astaracian of the Duero Basin in northwestern 

Spain, mammal zone MN 7-8, which corresponds to 

the late Badenian and Sarmatian s.s. of the Central 

Paratethys. While the stratigraphic timing thus cor- 

responds well with the presumed age of the sedi- 

ments in Vračević, the rather wide geographic 

range, which extends from Spain to Serbia, is sur- 

prising. Reichenbacher & Kowalke found the sym- 

metrical and high triangular shape with a very low 

OL:OH index of about 1.0 as the most diagnostic fea- 

ture to distinguish 4. jeani from al] other extant or 

fossil species of Aphanius. All but tvo specimens 

from Vračević are well within this range, with OL:OH 

ratios of 0.93 to 1.02. The largest specimen (Fig. 

4.1), however, which is of 1.47 mm in length, is 

slightly less high-bodied, with an OL:OH ratio of 

1.12, while the second largest specimen is of 1.32 

mm in length (Fig. 4.2), with an OL:OH ratio of 1.1. 

However, the largest specimen figured by Reichen- 

bacher & Kowalke [2009; Fig. 4h) is about 0.93 mm 

in length (measured from their photograph) and 

also has an OL:OH ratio of about 1.1. We therefore 

consider the slight increase of the OL:OH ratio with 

size observed in specimens from both Spain and 

Serbia as representing an ontogenetic effect. 

Genus Aphanolebias REICHENBACHER & GAUDANT, 2003 

Aphanolebtas bettinae h. sp. 

Fig. 4.7-13 

Material. 26 specimens in total: 24 specimens 

from point 2 – NHMB-NP 332 (13 specimens from 

2002 and 11 specimens from 2015) and 2 speci- 

mens from point 5 – NHMB-NP 351 (2019). Holo- 

type: NHMB-NP 340 (point 2, 2002).
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10b 11 

· Aphanolebias bettinae 

Fig. 4. Cyprinodontid otoliths from Vračević; 1–6. Aphanius jeahi REICHENBACHER & KowWALkE, 2009, NHMB-NP 240; 7–13. Aphanolebias 

bettinae n. sp., holotype (9), NHMB-NP 340; paratypes (7-8, 10-13), NHMB-NP 332.
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Holotype. Fig. 4.9; paratypes: Fig. 4.7–8, 3.10–13; 

additional material: 17 specimens. 

Etymology. Named in honor of Bettina Reichen- 

bacher (Munich) in recognition of her outstanding 

contribution to the understanding of fossil cyprin- 

odontid fishes and her advice regarding the recog- 

nition of these otoliths. 

Diagnosis. Otoliths triangular in shape with a 

short rostrum, deep and sharp excisura, rounded 

posterior rim, and forward-positioned middorsal 

angle. Ratio OL:OH = 1.12-1.28. Space below ostium 

narrow. 

Description. Relatively large otoliths fora cypri- 

nodontid with an observed maximum size of 1.8 

mm length (holotype 1.5 mm). Otolith outline trian- 

gular with a sharp rostrum, a rounded inferior pos- 

terior tip, and a variably developed sharp or round- 

ed slightly forward-positioned middorsal angle. 

OL:OH = 1.12–1.28; OH:0T = 2.7–3.0. Rostrum rela- 

tively slender, pointed, 19-26% of OL. Excisura deep 

and sharp; antirostrum blunter than rostrum and 

somewhat shorter, 12–-16% of OL. Predorsal rim 

steeper than postdorsal rim, the latter often slightly 

curved; ventral rim shallow, moderately curved. All 

rims smooth or slightly and irregularly undulating. 

Inner face slightly convex with an inframedian to 

axially positioned sulcus. Distinction of ostium and 

cauda gradual, but ostium distinctly longer than 

cauda and usually deeper. Ostium length to cauda 

length ranges from about 1.8 to 2.3. Caudal shallow- 

ing with fading margins in largest specimens [Fig. 

4.7 and 4.8). Otherwise, cauda slightly flexed with a 

downward directed tapering termination. Dorsal 

depression small; ventral furrow distinct, running 

at center of ventral field. Space of ventral field below 

ostium relatively narrow. Outer face slightly convex, 

about as much as inner face, and smooth or irregu- 

larly ornamented. 

Discussion. According to REICHENBACHER & KOWAL- 

KE [2009], the shallow ventral rim with the narrow 

space of the ventral field below the ostium are the 

most diagnostic characters to define otoliths of the 

fossil genus Aphanolebias. Thus far, four species 

have been described pertaining to Aphanolebias 

(see REICHENBACHER et al., 2018) from the early 

Miocene to the late middle Miocene. The latest 

stratigraphic record is that of 4. sarmaticus REICHEN- 

BACHER, FILIPESCU & MICLEA (2018) from the Sarmatian 

s.s.from the Apuseni Mountains in Romania. Apha- 

niolebias bettinae differs from the roughly time- 

equivalent 4. sarmaticus in the higher dorsal rim 

with a forward-positioned middorsal angle, the 

deep and sharp excisura combined with the rela- 

tively long rostrum and antirostrum, and the ostium 

being distinctly longer than the cauda. In addition, 

the fading ofthe caudal sulcus margin in large spec- 

imens has not been observed in any other fossil 

cyprinodontid otoliths. 

Order Gobiiformes THAcCKER, 2009 

Family Gobiidae CuviER 1816 

Genus Klincigobius BRADIĆ-MILINOVIĆ, AHNELT & 

SCHWARZHANS 2019 

Klincigobius andjelkovicae BRADIĆ-MILINOVIĆ, 

AHNELT & SCHWARZHANS 2019 

Fig. 5.1–8 

2019 Klincigobius andjelkovicae – BRADIĆ-MILINOVIĆ, AH- 

NELT & SCHWARZHANS, fig. 6. 

Material. 60 specimens, NHMB-NP 239 (point 2, 

2015). 

Discussion. This species was described based on 

articulated skeletons with otoliths in situ from the 

early Miocene of Klinci (VMB), Serbia (BRADIĆ- 

MILINoVIĆ et al., 2019). The otoliths of K. andjelkovi- 

cae are characterized by a prominent preventral 

projection and a slightly less prolonged but still dis- 

tinctive postdorsal projection. The sulcus is large 

and wide with a variably developed and sometimes 

indistinct or indiscernible subcaudal iugum posi- 

tioned below the anterior part of the cauda. The 

ventral furrow is very distinct and deep and regu- 

larly curved, clipping the anterior and posterior 

ventral angles; it begins below the tip ofthe ostium 

and terminates at about the tip of the cauda. 

Otoliths of K. andjelkovicae resemble K. serbiensis 

in many aspects, including the large, wide, and deep 

sulcus; the shape of the ventral furrow; and the 

sometimes indistinct, small subcaudal iugum posi- 

tioned below the anterior part of the cauda. Given a 

relatively strong degree of variability, K. andje/kovi-



Middle Miocene Otoliths of Freshwoter Fishes from the Vračević Lake (Serbion Lake System) 

cae is best distinguished from K. serbiensis in the 

more slender shape ofthe otolith, caused primarily 

by the prominent preventral and postdorsal projec- 

tions (OL:OH = 1.25—1.40 vs. 1.05-1.20) and the de- 

pressed or rounded predorsal region ({vs. angular 

and usually distinct). Furthermore, the postdorsal 

projection is distinctly more strongly bent outwards 

in K. serbiensis than in K. andjelkovicae. 

Klincigobius aft. andjelkovicae BRADIĆ-MILINOVIĆ, 

AHNELT & SCHWARZHANS 2019 

Fig. 5.0-10 

Material. 11 specimens, NHMB-NP 333 (point 2, 

2015). 

Discussion. A small number of specimens differs 

from the typical morphological pattern of K. and- 

jelkovicae otoliths in that they show a less de- 

pressed, albeit rounded, predorsal angle and 

shorter preventral and postdorsal projections. They 

may represent extreme forms of variability of K. 

andjelkovicae or another, closely related species. We 

therefore allocate them tentatively to K. qndjelkovi- 

cae, While additional specimens would probably rec- 

tify the identification. 

Klincigobius haraldahnelti n. sp. 

Fig. 5.11-20 

Material. 81 specimens in total: 80 specimens 

from point 2 – NHMB-NP 334 (2015) and one spec- 

imen from point 4 – NHMB-NP 349 (2019]). Holo- 

type: NHMB-NP 342 (point 2, 2015). 

Holotype. Fig. 5.14; paratypes: Fig. 5.11-5.13, 

5.15-5.20; additional material: 44 specimens. 

Etymology. Named in honor of Harald Ahnelt 

(Vienna) in recognition of his outstanding contribu- 

tion to the understanding of extant and fossil Ponto- 

Caspian gobiid fishes. 

Diagnosis. Otoliths with a depressed rounded 

predorsal region and a greatly elevated broad post- 

dorsal region without significant postdorsal projec- 

tion. OL:OH = 1.03-1.22. Preventral projection 

moderately developed. Sulcus deep, wide, with 

small, sometimes indistinct subcaudal iugum below 

anterior part of cauda. Ventral furrow deep, regu- 

larly curved, clipping anterior and posterior ventral 

angles, not extending beyond tip of sulcus. 

Description. Small subtriangular otoliths up to 

about 1.7 mmin length. OL:OH = 1.03-1.22, increas- 

ing with size; OH:OT = 3.0-3.4. Dorsal rim distinctly 

asymmetrical; its anterior region is depressed or 

broadly rounded, while its posterior region is dis- 

tinctly elevated and set-off from the anterior region 

by a notch slightly behind middle ofotolith and does 

not or only slightly extends into the postdorsal pro- 

jection. Rounded postventral angle usually projects 

further out than postdorsal angle. Preventral pro- 

jection moderately developed, but usually distinct. 

Ventral rim shallow, horizontal, smooth. All rims 

smooth except postdorsal portion, which is irregu- 

larly ornamented. 

Inner face almost flat with wide, centrally posi- 

tioned, and deep sulcus. Dorsal rim of sulcus usually 

regularly bent without prominent ostial lobe. Os- 

tium more strongly inclined than cauda; entire sul- 

cus inclination 13-23", inclination of ostium 25-36%. 

Colliculum poorly defined and indistinct. Subcaudal 

iugum small, below anterior part of cauda, often in- 

distinct. Dorsal depression indistinct, narrow; dor- 

sal field anteriorly narrowed. Ventral field relatively 

wide with distinct, deep, and gently and regularly 

curved ventral furrow running from anterior tip to 

posterior tip of sulcus and clipping anterior and 

posterior ventral corners. Outer face slightly convex 

and smooth. 

Discussion. Klincigobius haraldahnelti is best de- 

fined by the distinctive elevation of the posterior re- 

gion ofthe dorsal rim, relatively compressed shape, 

and low OL:OH ratio of 1.03 to 1.22. It further differs 

from K. andjelkovicae in the lack of a significant 

postdorsal projection and from K. serbiensis in the 

depressed and rounded predorsal angle. 

Klincigobius serbiensis (GAUDANT 1998) 

Fig.5.21–28 

1998 Gobius serbiensis – GAUDANT, p. 108, Fig. 2 

2019 Klincigobius serbiensis (GAUDANT 1998) – BRADIĆ- 

MILINOVIĆ, AHNEI7T & SCHWARZHANS, figs. 3,4, 5, tab. 1
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1 mm 

32 

Klincigobius serbiensis Klincigobius sp 

Fig. 5. Otoliths of Klincigobius from Vračević; 1–8. Klincigobius andjelkovicae BRADIĆ-MILINOVIĆ, AHNELT & SCHWARZHANS 2019, NHMB-NP 

239; 9-10. Klincigobius afF andjelkovicae BRADIĆ-MILINOVIĆ, AHNELT & SCHWARZHANS 2019, NHMB-NP 333; 11–20. Klincigobius haraldah- 

nelti n. sp, holotype (14), NHMB-NP 342; paratypes (11-13, 15-20), NIMB-NP 334; 21–28. Klincigobius serbiensis {GAUDANT; 1998), 

NHMB-NP 335; 29-32) Klincigobius sp, NHMB-NP 336.
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Material. 50 specimens in total: 49 specimens 

from point 2 (2015) – NHMB-NP 335 and one speci- 

men from point 4 (2019) – NHMB-NP 347. 

Discussion. Klincigobius serbiensis is the type 

species of the genus Klincigobius (BRADIĆ-MILINovIĆ et 

al., 2019). It is best recognized by the rectangular 

shape of the otolith, the compressed proportions 

(OL:OH = 1.05-1.20); the distinct, sometimes pro- 

nounced predorsal angle; the smalil but distinctly out- 

ward bent postdorsal projection; and the relatively 

short sulcus. For further specific differences, see dis- 

cussion on K. andjelkovicae and K. haraldahnelti. 

Klincigobius sp. 

Fig. 5.29-32 

Material. 7 specimens, NHMB-NP 336 (point 2, 

2015). 

Discussion. A few specimens differ significantly 

from those ofthe three Klincigobius species described 

above. Some of them are remarkable for a distinct, 

projecting, and pointed predorsal angle (Fig. 5.29 and 

5.31), which results in all four corners of the otolith 

being equally strongly developed. In other specimens, 

the predorsal angle is less pronounced (Fig. 5.30 and 

5.32). They all show a faint furrow that ingresses into 

the ostium from predorsally at the position of the os- 

tial lobe, which is most distinctly developed in the 

specimen depicted in Figure 5.32. The otoliths have 

an OL:OH ratio of 1.15-1.25, which is similar to the 

proportions found in K. andjelkovicae and higher than 

in the two other species. The development of the pre- 

dorsal angle, however, is more similar to that status 

observed in K. serbiensis. Based on the currently avail- 

able specimens, it is not clear whether these charac- 

teristics indicate the presence of a further Klincigobius 

species at Vračević or represent some kind of unre- 

solved teratologic deformation. 

Genus Ponticola ILJIN, 1927 

Ponticola sp. 

Fig. 6.1 

Material. 1 specimen, NHMB-NP 337 (point 2, 

2015). 

Discussion. A single specimen with a character- 

istic parallelogram shape. Otoliths of Ponticola are 

remarkable for their sole-shaped centrally posi- 

tioned sulcus (inclined about 15—20%), with a high 

ostial lobe and without subcaudal iugum. Our speci- 

men has a weak and rounded preventral angle. The 

postdorsal angle is high and somewhat bent out- 

wards. The single specimen could represent an un- 

described Ponticola species, which, however, cannot 

be concluded based on a single specimen. It resem- 

bles the extant species P kessleri (GUNTHER, 1861; for 

figures, see VASILIEVA et al., 2016). In particular, Pon- 

ticola sp. shows a rounded postdorsal projection 

similar to that of P kessleri. 

Genus Toxopyge BRADIĆ-MILINOVIĆ, AHNELT & SCHWARZ- 

HANS 2019 

Toxopyge campylus BRADIĆ-MILINOVIĆ, AHNELT & 

SCHWARZHANS 2019 

Fig. 6.2-10 

2019 Toxopyge campylus - BRADIĆ-MILINOVIĆ, AHNELT & 

SCHWARZHANS, figs. 10, 11, 12 

Material. 35 specimens, NHMB-NP 338 (point 2, 

2015). 

Discussion. Otoliths of 7: compylus are character- 

ized by a trapezoidal shape with a blunt preventral 

angle and a reduced or very small postdorsal angle 

(OL:OH = 1.05-1.20; OH:0T = 2.5-3.0). The anterior 

rim is inclined at an angle of 75–-80%, with only a nar- 

row and shallow incision. The posterior rim is rela- 

tively straight and inclined at an angle of mostly 

75-90", with a small concavity at the level ofthe cau- 

dal tip and sometimes a rounded and short postdor- 

sal projection. The sulcus is relatively small 

(OL:SuL=2.0) and narrow; it has alow ostiallobe and 

is inclined at 8-15". There is no distinct subcaudal 

iugum. With the many additional specimens now 

available, it became clear that the forward inclination 

of the posterior rim is a less stable character than 

originally assumed. Stable characters defining the 

genus remain the small sulcus with a low ostial lobe, 

the absence of a subcaudal iugum, and the com- 

pressed outline.
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Toxopyge vracevicensis n. sp. 

Fig. 6.11-14 

Material. 14 specimens in total: 11 specimens 

from point 2 (2015) – NHMB-NP 339, 2 specimens 

from point 3 (2019) – NHMB-NP 346, and one spec- 

imen from point 4 (2019) – NHMB-NP 348. Holo- 

type: NHMB-NP 344 [(point 2, 2015). 

Holotype. Fig.6.11; paratypes: Fig. 6.12–6.14; ad- 

ditional material: 8 specimens. 

Etymology. Named after the type locality, Vrače- 

vić, Serbia. 

Diagnosis. Otolith shape high triangular with 

slightly backward positioned dorsal angle. OL:OH = 

1.05 – 1.15. Preventral projection distinct; postventral 

projection rounded; no postdorsal projection. Inner 

face flat; area between ventral furrow and sulcus 

bulged. Sulcus small, bow-shaped without ostial lobe, 

deep, with smali colliculum. No subcaudal iugum. 

Description. Compact and relatively small oto- 

liths reaching sizes of about 1.2 mm in length (holo- 

type 1.15 mm). OL:OH = 1.05–-1.15; OH:0T = 2.8. 

Dorsal rim high; predorsal region slanting; highest 

point slightly behind middle; postdorsal angle re- 

duced or slightly projecting, not extending beyond 

broadly rounded postventral corner. Anterior rim in- 

clined at 63-72?, undulating, with distinct and 

pointed preventral projection. Posterior rim inclined 

at 75—85", with small indentation at level of cauda. 

Ventral rim shallow, nearly flat, and horizontal. All 

rims irregularly undulating. 

Inner face flat with slightly supramedian, deep 

sulcus. Sulcus narrow, bow-shaped with regularly 

curving dorsal rim, and without ostial lobe or sub- 

caudal iugum. Sulcus inclination 10-15?. Colliculus 

distinctly smaller than sulcus. Dorsal field with in- 

distinct dorsal depression. Ventral field with distinct, 

deep, gently curved, short ventral furrow running 

from lower margin of ostium to lower margin of 

cauda. Area between ventral furrow and sulcus dis- 

tinctly bulged. Outer face convex, smooth. 

Discussion. Toxopyge vracevicensis shows a dis- 

tinct and rather unmistakable otolith readily recog- 

nized by the combination ofits triangular outline; the 

small, deep, bow-shaped sulcus; lack of a subcaudal 

iugum; and the bulged area of the inner face below 

the sulcus. 

Evaluation and Discussion 

Stratigraphic considerations 

The small basins of the SLS have been the subject 

of numerous studies and publications over the last 

decades (see SIMIĆ et al., 2017; SANT et al., 2018a). 

Certain studies that focused on western Serbia have 

confirmed the existence of large economic reserves 

({e.g., Jadar Basin and lithium deposits) with signifi- 

cant importance for the national economy. Despite 

all the research activity and the many geologists in- 

volved, however, no consensus has yet been reached 

regarding the stratigraphic position of the above- 

mentioned deposits. The VMB, which is located fur- 

ther to the southeast, is ofless economic potential 

(as it only contains oil shale), and the chronostratig- 

raphy of the Miocene ofthe studied sediments is also 

still under debate and has been the subject of con- 

siderable research activity during recent years {e.g., 

JovANovIĆ & ĐuRIć, 2016; NEUBAUER et al., 2015b, 2016, 

2020; BRADpIĆ et al., 2018, 2019). In our opinion, the 

Vračević Formation represents a key area to consider 

when attempting to resolve the position of the differ- 

ent lacustrine rocks and their relationships with 

nearby marine-brackish sediments. 

LASKAREV (1948) was the first to identify remains 

of Deinotherium giganteum from the upper part ofthe 

Grabovac Stream, which he based on six molar teeth 

and fragments of the lower jaw. Laskarev assumed 

that Deinotherium giganteum would occur from the 

lower Sarmatian to the Pannonian {the so-called 

Lower Congeria strata), but it is now considered to 

range from the mammal zone MN6 to MN 12 (late 

Langhian to late Tortonian; GAGLIARDI et al., 2021). Its 

teeth and bones were found in a meter-thick, gray 

sandy-mica clay, which otherwise only contained 

shells of Helix shell detritus. Based on the local litho- 

logical column and the observation that the site is al- 

most 2 km away from the Grabovac Stream and at a 

higher elevation {(190–200 m), LAskAREv ([1948]) be- 

lieved that the Deinotherium-bearing beds pertain to 

the Pannonian stage (i.e., the lower Congeria strata). 

Soon thereafter, STEVANOVIĆ (1953 a, b) suggested that 

“the Grabovac stream is a key location” for the contact 

between brackish Sarmatian (clearly documented by 

fossil mollusks and foraminifers) and a synchronous
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1 mm 

Ponticola sp. 

Toxopyge vracevicensis 

Fig. 6. Otoliths of Ponticola and Toxopyge from Vračević; 1. Ponticola sp. NHMB-NP 337; 2–10. Toxopyge campylus BRApIć-MiLINOVić, 

AAHNELT & SCHWARZHANS 2019, NHMB-NP 338; 11–14. Toxopyge vracevicensis n. sp., holotype (11), NHMB-NP 344; paratypes (12-14), 

NHMB-NP 339. 

freshwater series of marls, “fish shales”, and tuffs NYUK & RuDYUk (2005). The sampled locations near 

(documented primarily by freshwater gastropods). Vračević are also known for a rich micromammal 

His view was shared by Finipović et al. (1978), PRvs- fauna that was used for biostratigraphic correlation 

JAZHNJUK et al. (2000), KOVALENKo [2004], and PRISYAZH- based on mammal zones by MaRković & Pavić (2005)
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and MARković & MinivoJEvIć (2010), who concluded that 

the fauna belongs to zone MN 7/8. MARKoOVIĆ & 

MinivoJEVIĆ (2010) placed the Vračević Formation in 

the Sarmatian s.s., butthe mammal zone MN7/8 actu- 

ally extends over the late Badenian and the Sarmatian 

S.s. (GRADSTEIN et al., 2012). 

In the assessment of the non-marine mollusks 

from Vračević, NEUBAUER et al. (2016) also concluded 

that they dated to the Sarmatian s.s.. However, our 

analysis ofthe fish otoliths shows a close relationship 

with that of Klinci, which is considered to be of late 

early to early middle Miocene age {BRADIĆ-MILINOVIĆ 

et al., 2019), and no resemblance to any of the rela- 

tively well-known Sarmatian s.s. fish associations 

from the Central Paratethys and its marine-brackish 

water transitional realms. While this difference is 

certainly to a significant extent due to paleoenviron- 

mental differences, in our opinion, it points to a 

slightly older age than Sarmatian s.s., perhaps late 

Badenian. 

During the fieldwork conducted in 2019, specific 

samples were taken for microfossil and palynological 

analysis. The palynological evaluation showed that 

the moist lower area around the paleo-lake was in- 

habited by grassy and shrubby plants (Compositopol- 

lenites, Tubifloridites, Nyssa, Taxodium, Taxodia- 

ceae-Cupresaceae, Polypodiaceae ferns, Shizaceae) 

and that the somewhat drier parts were inhabited by 

Carya, Engelhardti, Corylus, Betula, Myrica, Ericaceae, 

and Sapotaceae. The interior region ofthe mainland, 

the coastal and hilly areas, were occupied by decid- 

uous forests (Quercus, Castanea, Platanus, Juglan- 

daceae, Castanopsis, Rhus, Tilia, and others), while 

the hilly mountainous areas were inhabited by rep- 

resentatives of conifers (Pinus, Picea, Abies, Podocar- 

pus, and Cedrus). Considering the large amounts of 

coniferous pollen in almost all ofthe prepared sam- 

ple, it appears that the lake was open to the hilly 

mountainous environments nearby, allowing the 

pollen to be carried by the wind and deposited in the 

sediments. Furthermore, it is noticeable that the 

samples did not contain much organic matter, such 

as large plant tissues or other fragments of organic 

matter. The identified genera and species indicate 

the presence ofa warm, Mediterranean-type vegeta- 

tion. Their dominance is evident in relation to the 

completely sporadic presence of cool-temperate 

types found in younger Neogene sediments (middle 

Miocene). The plant association is interpreted to 

have existed in a warm, relatively humid climate, 

with sporadic representatives ofa drier climate. This 

palynological association is characteristic ofthe MN7 

zone, ranging from the upper Badenian to lower Sar- 

matian s.s. 

We expect that future research on a greater geo- 

graphical area ({e.g., the small streams around Gornji 

Mušić) as well as radiometric dating of tuffs within 

this series could result in a more precise chronos- 

tratigraphic dating of the Miocene Vračević Lake. 

Faunal Comparison and Evolution 

Setting the scene. The middle Miocene was a 

time of global climate change, expressed in the 

Miocene Climate Optimum (MCO; 17—14.7 Ma), fol- 

lowed by the Middle Miocene Climate Transition 

(MMCT; 14.2–13.8 Ma; SHEVNELL et al., 2004; Ho- 

BOURN et al., 2015). Global cooling events with tem- 

perature decreases in the range of 3-5"C have been 

dated to 13.8 Ma and 13.2 Ma (BoHME et al., 2011, and 

literature cited therein). Rich fossil plant assem- 

blages and mammal faunas have been used to estab- 

lish paleoclimatic models for this time interval 

{UTESCHER et al., 2007; BOHME et al., 2011; BRUcH et al., 

2011; IvANov et al., 2011). Although the paleoclimatic 

concepts vary in certain details, there appears to be 

a consensus that the Serbian terrain was character- 

ized by a humid, warm climate with high precipita- 

tion levels and predominantly evergreen vegetation 

during the time of the MCO. Overall cooling and the 

seasonality of temperature and precipitation in- 

creased in the area during the times of the MMCT, 

and the vegetation gradually changed to a mixed 

mesophytic forest environment with more deciduous 

elements (UTEScHER et al., 2007; BRucH et al., 2011; 

IVANOV et al., 2011). However, cold winter tempera- 

tures are hypothesized to have only occurred from 

the Sarmatian s.s. onwards (UTESCHER et al., 2007; 

IVANOV et al., 2011). In the aquatic freshwater envi- 

ronment, NEUBAUER et al. (2015a) noted a first major 

faunal turnover in mollusks at the end of the MCO, 

however, their hypothesis was subsequently modi- 

fied to a more gradual transitional model {[NEUBAUER
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etal., 2020). An analysis of the freshwater mollusks 

from Vračević by NEUBAUER et al. (2016) pointed to 

the Vračević Formation having been deposited in “a 

standing or slow moving, probably highly vegetated, 

lacustrine environment” 

The fish fauna from the Vračević Formation 

shows significant diversity in a freshwater system, 

as indicated by the otoliths. The fauna consists ex- 

clusively of freshwater species and is dominated by 

gobies {seven species) but also contains cyprino- 

dontids (two species). Marine or brackish water fau- 

nal elements are completely lacking judging by the 

well-known and rich late Badenian and Sarmatian s.s. 

otolith associations described by, for example, BRA- 

TISHKO et al. (2015), SCHWARZHANS etal. (2017a–e), and 

REICHENBACHER et al. (2018). None of the otolith- 

based fish species from Vračević have been found in 

any of the coeval marine to brackish water environ- 

ments of the Central Paratethys, and none of the ma- 

rine to brackish water species of the coeval Central 

Paratethys were found in Vračević, with the possible 

exception of a single specimen of Ponticola sp. This 

lack of shared faunal elements is particularly rele- 

vant in respect to the transitional marine otolith- 

based fauna recently described by REICHENBACHER et 

al. (2018) from the Sarmatian s.s. ofthe Apuseni re- 

gion in the southeastern part of the Central Par- 

atethys. This fauna also contained a rich goby 

association and a single cyprinodontid species, 

which are, however, all absent from Vračević. 

Instead, the Vračević faunal association shows a 

close similarity with the older late early to early 

middle Miocene assemblage of Klinci {[BRADIĆ- 

MILINovIĆ et al., 2019). The unique combination at 

Klinci of well-preserved skeletons and in situ 

otoliths led to the description of four freshwater 

goby species of three different genera. Furthermore, 

it facilitated the recognition of a vanished early Neo- 

gene European freshwater fish fauna through the 

correlation ofthe in situ otoliths with previously de- 

scribed isolated otoliths from other regions {RE- 

ICHENBACHER & WEIDMANN, 1992; REICHENBACHER, 1993; 

BRADIĆ-MILINoVIĆ et al., 2019). This early Neogene 

European freshwater fish fauna was assumed to 

have disappeared during the MMCT following the 

MCO. In this scenario, the Klinci fauna would have 

been just before the turnover in the freshwater 

fauna. The Vračević fish fauna now contains three 

species already known from Klinci, namely Klincigo- 

bius andjelkovicae, K. serbiensis, and Toxopyge 

campylus. The fourth species in Klinci, Rhamphogo- 

bius varidens, and the genus Rhamphogobius are no 

longer evident at Vračević. Two new species occur 

in Vračević in the Klincigobius and Toxopyge line- 

ages, namely K. haraldahnelti and T. vračevićensis [in 

addition to a potential further species denoted as 

Klincigobius sp.; Fig. 7). These findings indicate the 

continuation of the early Neogene European fresh- 

water goby fauna well into the time ofthe MMTC {at 

least, in the SLS). 

Another interesting aspect is the occurrence of 

cyprinodontid fishes at Vračević, which was not the 

case in the earlier Klinci fauna. The relationships of 

the two identified cyprinodontids are perhaps un- 

expected. Aphanolebias bettihae represents the last 

recorded species of this extinct genus, together with 

4. sarmaticus REICHENBACHER, FILIPESCU & MICLEA 

[2018]) from the Sarmatian s.s. ofthe Apuseni region 

in Romania. It is remarkable that two different 

species of Aphaniolebias occurred at the same time 

in the same general area, one in a brackish environ- 

ment (A, sarmaticus) and the other in freshwater (A. 

bettinae). More surprising perhaps is the second 

cyrpinodontid in Vračević, Aphanius jeani REICHEN- 

BACHER & KOWALKE [2009], which was previously only 

known from time-equivalent strata of the Iberian 

Peninsula. These findings indicate the potential of 

the species to have spread across a certain marine 

distance, as is known to be the case for certain ex- 

tant cyprinodontids {see, e.g.,, VALDESALICI et al., 

2015). 

Conclusions. In our assessment of the fish fauna 

from Klinci, we concluded that t represented a Euro- 

pean freshwater goby assemblage with lineages that 

became extinct after the MCO {BRADIĆ-MILINOVIĆ et al., 

2019). Now, we have to consider that the faunal 

change in terms of freshwater fishes was probably 

more gradual in certain areas where climate condi- 

tions remained suitable for a continuation of those 

lineages, for instance in the SLS. An alternative hy- 

pothesis would be that the turnover did indeed occur 

later than in the marine Paratethyan environment, 

with the latter having been triggered by the middle 

Badenian salinity crisis (BRATISHKO et al., 2015;
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SCHWARZHANS et al., 2017a–e; Fig. 7). The limited data 

currently available seem to favor a more gradual tran- 

sition, which suggests that relict faunas may have sur- 

vived for a certain period of time in restricted areas; 

such a phenomenon may be captured here by the 

samples taken in the Vračević area. Such an interpre- 

tation would be consistent with the more gradual 

transformation observed with regard to freshwater 

and terrestrial mollusks (NEUBAUER at al., 2016, 2020). 

NEUBAUER et al. (2020) considered the mollusk fauna 

of the late middle Miocene of the SLS as a “stepping 

stone from the earlier DLS freshwater fauna to the 

Lake Pannon fauna” Such an evolution is not seen in 

the fish fauna and particularly not in the goby asso- 

ciations. The late early and early middle Miocene 

freshwater goby association evident from Klinci car- 

ried on into the Vračević lake system with minor 

changes and some putative endemic evolutions but 

did not give rise in any way to the Ponto-Caspian fish 

fauna or that of the Sarmatian Sea or Lake Pannon. 

Instead, it vanished completely from the European 

freshwater systems, probably not much later than the 

end of the MMCT. The fish fauna of Lake Pannon and 

Ponto-Caspian fish fauna originated from the marine 

to transitional marine Sarmatian s.s. fish fauna, as is 

well documented in BRATISHKo et al. (2015), Schwarz- 

hans etal. (2017a–e). This interpretation is also con- 

sistent with the recent analysis of the transitional 

Sarmatian s.s. fish fauna from the Apuseni region by 

REICHENBACHER et al. (2018). 

Conclusions and Outlook 

The rich otolith-based fish fauna from Vračević 

represents an additional piece in the puzzle of the 

history ofthe European freshwater fish fauna. The as- 

sociation is dominated by gobies, and the composi- 

tion is extremely similar to the slightly older one 

previously described from Klinci (BRADIĆ-MILINOVIĆ et 

al., 2019), which was based on articulated skeletons 

with otoliths in situ. The emerging picture is thatofa 

rich late early to middle Miocene freshwater goby 

fauna in southeastern and central Europe that likely 

derived from a contemporary Mediterranean/Para- 

tethyan goby stock (Fig. 7). It does not seem to be re- 

lated to either an earlier late Oligocene to early 

Miocene freshwater goby association known from 

central Europe (REICHENBACHER, 2000; GIERL et al., 

2013) or to the late Miocene freshwater goby stock 

that has been observed in Lake Pannon ({SCHWARZHANS, 

2010 and literature cited therein) and Ukraine 

{BRATISHKO et al., 2017). In addition, ıt appears to have 

evolved at a time when the Paratethyan Sea had al- 

ready been separated from the world ocean [Fig. 8) 

and may have given rise to the modern Ponto- 

Caspian goby stock. The freshwater goby fauna of 

Vračević and Klinci shows no overlap with the coeval 

marine to brackish water goby associations of the ad- 

jacent Central Paratethys {SCHWARZHANS et al., 2017c, 

2020; REICHENBACHER et al., 2018). The same is true for 

the cyprinodontid species found in Vračević as com- 

pared to the species from the coeval brackish sedi- 

ments of the Apuseni region {REICHENBACHER et al., 

2018). 

The otolith association from Vračević described 

here also exemplifies the new insights that can be 

expected when studying fossil European freshwater 

fish faunas from various locations and time inter- 

vals. We are aware that many more such faunas can 

be explored for freshwater fish otolith associations, 

particularly in southeastern Europe. The exact tim- 

ing and sequence of faunal turnovers and shifts in 

the currently recognized three subsequent freshwa- 

ter goby populations will certainly be subject to re- 

finement once further comparable lake sediments 

have been studied. In addition, we hope that further 

studies of biotic and abiotic traits in the sediments 

of Vračević and Klinci will make it possible to better 

constrain the exact stratigraphic age of the fish 

fauna that it contains. 

We plan to further expand our investigation in 

the area of the VMB (e.g., the small streams around 

Gornji Mušić) in order to arrive at a more complete 

picture ofthe evolution of the Vračević Lake and its 

fauna during the Miocene and a better understand- 

ing of its chronostratigraphic position. 
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PeanHMe 

Cpe/(bOMHOILeEHCKH OTOJIHTH 
cJtarKOBoO/IHHX pH6a u3 jeaepa 
Bpauenuh (Cpricku jeaepckH cHCTeM) 

Cpncku je3epckut cHcrTeM (CJC) je repMuH KojtH 

o0yxBaTa „MpeX»y“ MaHbHx HJIH BehHx je3epcKHX 

GaceHa KojH cy eraHcTOBajiH y CrapHjeM H cpe/\lbeM 

MMHOneHy y Cp6Hju. [InraRbe b1XoBe H30/10BaHOCTH 

HH naK y3ajaMHe nOBe3aHOCTH y TOM BPeMeHCKOM 

OKBHPpy je Bpj0 aKTyeuHa TeMa. IlojenuHaaHu Gace- 

Hu cy GMyIH TeMa OpojHHx HcTpa)»XHBaMba HOCJIeJI- 

H5HX HeKOJIHKO /\eneHuja [BH/leTH y HLp. SIMIĆ et al., 

2017; SANT et al., 2018a B raMo u THpaHe pepepeH- 

ne). OnpebeHe cryaje Koje cy ce boKycHpajte Ha 

3anaaHy Cp6ujy noTBp/uMarte Cy ČKOHOMCKM Ba)KHE 

pe3epne cHpoBHHa [Hnp. JanapcKu GaceH, janapuT), 

Koje cy O/, H3y3eTHOr HanHOHaylHOr 3Hauaja. Ba- 

JbeBCKO-MHOHHuKH GaceH (BMB) BMa MaM»H eKO- 

HOMCKUH nOTeH1uHjaji [yybHH IIKDHJbNH) ajlH HMa 

onpebeny nepcnekTHBy y TOM CMHcCJLy. MebyTBHM, O 

xXpoHOcTpaTHrpa(bcKoM nojto)Kajy jesepcKuHx ce,lH- 

MeHaTa y OBHM GaceHHMa ce H /(aJbe pacnipaBJba H 

jom yBeK HuUje TOCTHrHyTa Car)!ACHOCT O TaUHOM 

BpeMeHy M-HXOBOT HacTaHKa [BH/leTH HTIIp. JOVA- 

NOVIĆ & ĐuRiIć, 2016; NEUBAUER et al., 2015b, 2016, 

2020; BRADIĆ-MILINoViIĆ et al., 2018, 2019). IIpoyuda- 

BaHe JtoKamuje y arapy Bpauenuha no3Hare cy H no 

GoraToj payHH cHTHMX cHcapa, Koja je KopHmheHa 

sa GHMocrpaTHrpaQcKa aoHHpaMa. YrpBpbeHo je na 

Te KOHTHHeHTaJIHO-je3epcKe Hacjtare onroBapajy 

soHuH MH 7/8 (MARković & Pavić, 2005; MARKovIĆ & 

MinivoJEVIĆ, 2010) j. na npunaanajy capMaTy s.str. 

CjniuHO TBp/le H NEUBAUER et al. (2016) GaBehu ce 

aHaJi3OM CJIATKOBO/IHHX MeKyIamnma H3 HOTOKA 

TpaGoBatm. 

Tlo HauteM MHIjbeby, oBne IpoyuaBaHH Ce/lH- 

MeHTH (bopmanuje Bpauenuh HMajy uiipH BpeMeH-
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CKH OKBHP H yKJbyuyjy H crapHje makeTe ce/lHMe- 

HaTa [Muyiabu GayneH). To je y ckatany ca IIpolteHOM 

na ce cHcapcKa 3oHa MH 7/8 3arnpano tipoTee 01 

ropber GayneHa Jno capMarTa s.str. [GRADSTEIN et al., 

2012). CarnenaBajyhH uenoKynaH JHTOCTpaTH- 

rpaQbcKH crTy6 MHomeHa y BMB ca HeKOJIHKO IIH- 

KJyca jesaepcKe cemHMeHTauHje, dQopMauHja 

Bpauenuh tipe/icTaBJba KJbyuHy JıHTOcTpaTHrpaQ- 

CKy je/(HHHIIy 3a pemmaBabbe noj1o;Kaja paa;tHuHTHX 

jeaepckHx cenHMeHaTa H M5HXOBOTr O/IHOca IIpeMa 

O0DJIMDKEĐHM MOPpCKO-OpaKHuHHM HacitaraMa. IHJb. 

oBor pajta je a ce To IHTaM=ee HOjacHH H /IOKy- 

MeHTyje Ha OCHOBy aHaJ1H3e CJLATKOBOJIHHX pH6a 

O/(HOCHO H-HXOBHX OTOJIHTa. 

H3 HeKOJIHKO Ma/IHX, MeTapckHX H3/laHaKa y3 

noToK Tpa0oBatı (arap cena BpaueptHh, BME) npu- 

KyIUbeH je 3aHHMJbHB H JIocTa OpojaH bayHHcTH- 

MKH MaTepuHjajt. 7 cHTHO3DHHM KJIaCTHTHMa KOH- 

THHeHTajIHoO-je3epcKe cepuje, npoHabeHo je yKy- 

HHoO 287 npHMepaka oTojiHTa KojH H/eHTHQHKyjy 

MneBeT BpcTa CJIaATKOBOJHHX pHOa majeo-jeaepa 

BpauepBHh (mBe HpuHmaMmajy baMuMuaWjH Cyprino- 

dontidae H cemaM QawMuiHijuH Gobiidae). /leTep- 

MHHHcaHe cy cnemehe BpcTe: Aphanius jeani, 

Aphanolebias bettinae n.sp., Klincigobius andjelkovi- 

cae, Klincigobus haraldahnelti n.sp., Klincigobius ser- 

biensis, Klincigobius sp., Ponticola sp., Toxopyge 

campylus, Toxopyge vracevicensis n.sp. HabeHa 

pH0ujba QayHa npe/ncTaBiba jomr  jenaH /Meo “cyla- 

razmime” Koja he ovoryhaTui noTnyHuje H peatHHje 

carne/aBabbe eBOJIyHMHje CJIATKOBOJIHHMX pH6a y 

EpBponuH. Y acouHjanHjH MOMMHHHpajy mnpe/icTaB- 

HHIH roGH/ma uHjH cacTaB je BpJIO cJ!HuaH HeITO 

cTapujoj, npeTXonHo onMcaHoj bayHH OTOJIHTa H3 

cena KaHHuu ({masteo-jesepo BaxbeBo) rane cy OT- 

KpHBeHH /l00po ouyBaHH cKeJIeTH pH06a ca OTO- 

JITHMa in situ (BRADIĆ-MILINoOVIĆ et al., 2019). CacraB 

dayHe yKa3yje Ha ox;pebeHy noanynapHocT H3Meby 

MWBa najneo-jea3epa, anH H Ha onpebeHe eJteMeHTe 

KOjH MOTy yKa3HBaTH Ha BpeMeHCKy [cTpaTH- 

rpadcKy) pa3x_1HKy Meby E-HMa. AHajIH3a pH6JbHX 

oToHTa moKa3yje OJIHCKy Be3y ca (QayHOM H3 

KnuHatna, 3a Kojy ce cMaTpa a je orpaHHueHa Ha 

MjIabH JOM>H MHoOIIeH - CrapHjH Cpe/y(HP-H MHOIIeH 

{BRADIĆ-MILINOVIĆ et al., 2019). C apyre crpaHe, Ta 

QayHa He moKa3yje CJIHUHOCT HH Ca jeyHOM OJ 

penaTHBHO M/OGpo Ho3HaTHX CapMaTCKHX S.Str. 

acouujanuutHja pH6a H3 meHTpajiHor IlapareTHca H 

M.HXOBHM HpeMa3HMa Ka MOPpCKO-OpaKMuHHM 

BO/laMa. To je cHTrypHo y BeJIHKOj MepH mocjte/iHma 

HajleOeKOJIOIIKHX pa3IHKa, ajlH, HO HaHIeM MH- 

IIJbebby, yKa3yje H Ha HelmTO cTapHje BpeMe OJ 

capMaTa, MO;K/la rOpbH Tj. MiabaH GameH. C Tor 

acnekTa IIocMaTpaH0, MOXće ce IipeTHOCTaBHTH la 

6oraTa QbayHa cJtaTKOBO/JIHHX ro0HJ/la y HHTepBajIy 

MiIabH /OMH MHoOIleH - cTapHjH cpe/lbH MHOIIeH y 

HleHTPpajtHoj H jyroHCTOuHoj EBpornH, Bo/lH IIOpeKJIO 

o/ TanamMbHX MenHTepaHcKHxX Tj. napaTeTHCKHX 

ro6uxana [{cun, 7). UHHH ce na Ta bayHa HHje noBe3aHa 

ca CTapHjHM, MjIabe OJIHTrOHIeHCKHM H cTapHje 

MHOIIeHCKHM 3aje/IHHIlaMa CJIATKOBOJIHHX ro0OHala 

HO3HaTHM H3 cpeEm=e EBpome ({REICHENBACHER, 

2000, GIERL et al., 2013), Kao HH ca caBpeMeHHjHM 

CJIaTKOBOJIHHM TrOoOOM/IHMa KoOjH Cy HO3HaTH MH3 

jeaepa IlaHoH (SCHWARZHANS, 2010 H TaMo HaBe/leHa 

JuiTepaTypa) H YKpajHHe {BRATISHKO et al., 2017). 

CyraTKoBo/iHa bayHa ro06Bana BpauepHha H KaHHana 

He noKa3yje rpekutanakbe ca, BDbeMeHCKH CJIHUHHM, 

MODpCKHM H OpaKkHuHHM ro0uH/laMa cyce/lHor IleH- 

TpajiHor IlapareTHca ({SCHWARZHANS et al., 2017c, 

2020; REICHENBACHER et al., 2018). Hcro Baxu H 3a 

IHIIpHHO/lLOHTH/(He BpcTe npoHabeHe y Bpauenrhy 

y nopebeby ca OHHM H3 CHHXpOHHX OpaKkHuHHX 

cenMMeHara AriyceHa [REICHENBACHER et al., 2018). 

O paHHje je no3HarTo Jla je cpe/UHbH MHoOIIleH OHO 

mepHo/i aHadajHHX KJIHMaTCKHX KojJIleDabba [SHEV- 

NELL et al., 2004; HOLBOURN et al., 2015). TipeMa 

Halmoj ripeTXonHoj aHajtHaH QayHe pH6a H3 KJiH- 

Hatia, 3aKJbyuHJIH CMO Jla OHa ripe/icTaB;ba eBDpOII- 

CKy CHaTKOBO/IHy acomHjauHjy roOMHma Koja je 

M3yMpjla Beh c noueTKOM T3B. cpe/|}beMHOLIeHCKe 

KJIHMaTCKe TpaHa3HuHje (CMKT, 14.2-13.8 Mwu.. 

ro/L.). TakBe K/„IHMaTCKe IIpOMeHe /lOro/HiIe cy ce 

moce myx)ker nepHo/la craOHJIHe H OHTHMaJIHe 

KJIHMeE y MHOHNHy OJHOCHO T3B. MHOIIEČHCKOFr 

KJIHMaTCKOT OIITHMyMa [MKO, 17–14.7 uzynron.) 

{HOLBOURN et al., 2015; BRADIĆ-MILINovIĆ et al., 2019). 

Peayanrrraru aHaxnH3e pH0be bayHe H3 BpauenpHha, 

cyrepuHmtiy na je bayHucTHuka IipoMeHa Meby cJIaT- 

KOBOJIHHM pH6aMa BepoBarTHo 6Huta mocTeneHHja y 

HeKHM 00JIaCTHMa y KOjHMa Cy BPDeMeHCKH yCJIOBH 

OocTajJIH IIOrO/IHH 3a JaJby eraHcTeHHHjy Te bayHe, 

Kao miTo je Ha lpHMep CpIIcKH je3epcKH CHCTeM 

(CJC). KoMnapaTHBHa aHajn3a QbayHe oTOJIHTa H3
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KHHana H BpaueBuha, nokKa3yje Aa nocroje TpH 

a3ajenHHuke Bpcre (Klincigobius andjelkovicae, K. 

serbiensis and Toxopyge campylus). deTBpTra Bpcra 

y KnMHumHMa, Rhamphogobius varidens, . pon 

Rhamphogobius BHiite Hucy npHcyTHH y BpaueBHhy. 

/lBe HoOBe BPpcTe ce jaBubajy y BpauepBHhy yHyTap 

ponoBa Klincigobius a Toxopyge, a To K. harald- 

ahhelti a T. vračevićensis (nayc noreHuujajnHo jom 

jenHa BpcrTa o3HaueHa Kao Klincigobius sp.) (cn. 7). 

OpBa orTkpHha yKa3yjy na crapHja HeoreHa eBponckKa 

dQayHa caaTKkoBo/AHHX ro0Haa eraHcTyje H y BpeMe 

CMKT y cHcTeMy cpncKuHx je3epa. Aur repHaTHBHa 

xHnorTe3a Guaia GH Aa ce bayHHcTHuKH IIpeoKpeT 

3aHcTa noroy,HO KaCcHHje HerO y MOpCKOM [lapaTe- 

THcy TJ. KacHHje je noKpeHyT cpey\b50Ga,l\eHCKOM 

KpH30M cay1HHHTeTa [BRATISHKO et al. 2015, SCHWARZ- 

HANS et al. 2017a-e) (cux. 7). duHH ce na TpeHyTHO 

nocTynHH nomauH QaBopH3yjy npBy onuuHjy Tj. 

nocTrTeneHHjH npejta3, KojH Hy/\H moTeHiHjajı pe- 

JIMKTHHM QayHaMa Ana npex)xHBe oaypebeHH BpeMeH- 

cKH nepHo/i y orpaHHueHHM O0JLlacTHMa [{a oBO ce 

MoO)na nOroO/WHJIO ca 0ayHOM BpauenBHha). TakBO 

TyMaueMĐ» OHJO GH y cKamy Cca HMOCTeleHOM 

TpaHcQbopwManuHjoM npHMeheHOoM KO/JI CJIaTKOBO/I- 

HHX H KOHHeHHxX Mekyiana [NEUBAUER et al., 2017, 

2020). OBuH ayropH carpajy na je bayHa MeKy- 

urana Muaber cpentber MHomneHa CJC-a „o/i{ckouHa 

nackKa Tj. npena3 o crapHje c/aTKOBO/UIHe bayHe 

/\uHapckor je3epckor cHcreMa npewma QayHu je3epa 

IlaHoH"“ [NEUBAUER et al., 2020). Mnak, rakaB pa3Boj 

ce He BHnuH y payHH pun06a, a noceGHo He y payHH 

ro0Hana. AcouujauHja c/y1aTKOBO/JIHHX roOH,/la MJIa- 

ber nomseer H crapujer cpe/uber MHONeHa, yodeHa 

Ko/i payHe KuaHaua, HacraBHina je eraHcreHuujy H 

y jeaepy BpaueBuh ca MabbHM npoMeHaMa H HeKHM, 

ripeTnocTaBJbeHO eH/IeEMCKHM pa3BojeM. OHa HH Ha 

KOojH HauHH Huje HMajna yTHuaja Ha pH0Jby ayHy 

capMaTcKOr MOpa H je3epa IlaHoH MMIH IIOHTO- 

KacnujcKy bayHy pH0a. Yecro Tora, nornyHo je 

HecTajna H3 eBpOHCKHX CJIATKOBO/\HHX CHCTeMa, 

BepoBaTHO He MHOTO KacHHje O Kpaja CMKT. 

đayHa je3epa IlaHoH Kao H [loHTo-KacnHjcka Qba- 

yHa, HacTajLa je 0/,), MOpcKHX /(O npeJta3HHX CapMaT-– 

CKHX S.str. OpakHuHHX bopMu pu6a, H To cy O6po 

A\OKyMeHTOBajlH BRATISHKO et al. (2015) H SCHWARZ- 

HANS et al.. (2017a-e). CarnacHoOcT y TOM CMHCJIy 

Aaje H aHaxntH3a npeJla3He capMaTcKe s.str. bayHe 

pnMGa Ha3 perHje AnyceHa [{RRICHENBACHER et al. 

2018). 

OayHa oTonuira H3 BpaueBhiha rTakobe HJiycTpy- 

je HoBe npHcTyne KOjH Ce MOry OueKHBaTH HpH 

AaJbeM npoyuaBaM»y eBporncKHx QbocHyiHHX bayHa 

CJaTKOBO/IHHX pHGa ca pa3yiHuHTHX JoKauHja H 

BpeMeHcKHX HHTepBajuta. CBecHH CMO Ana no/pyuje 

jyroHcTouHe Epnpone npy>)xa MHOTrO BHLHIe nOTeH- 

utjana Kaja rFOBODHMO O OTOJIHTHMa CJIATKOBO/L- 

HHX pH0a. TajMHHr H pejocney QayHHCTHUuKHX 

npeokpeTa {KBanHTaTHBHHX IHIpoMeHa]} H HOMe- 

pama KojH cy RoBema a TpeHyTHO 3HaMO /a 

nocToje TpH cyKuecHBHe nonyJ1aulHje CJ1ATKOBO/U 

HHx roGuaa (cun. 8), crrypHo he GaTruH jou! GoJbe 

nojauiHbeHH HaKOH ıIO Ce npoOyue HOBH JIOKaJIHT- 

eTH Cca CJIHMHHM H yrnope/\HBHM je3epcKHM Ce/lH- 

MeHTHMa [dQayHaMa). Takobe ce Haanawmo ana he najba 

npoyudaBaMma OHOTHuKHX H a0HOTHuKHX CBOjcTaBa 

y cemHMeHTHMa muHper no/pyuja BpaueBuHha H 

KnaHaua, ooryharr 60ybe orpaHHuaBaMĐbe TauHe 

crparHrpadQcKe crapocrH pHOjbe QayHe. y TOM 

CMHCJIy, IJ1aHHpaMO /lLa I1pOnIHpHMO /laJbe HCTpa- 

XuHBamse Ha no/1ipyujy BMB (Hnp. MajiH nOTO1LH OKO 

Topmer Mymuwha) Kako OHCMO /LOIIJIH /(O IIOTHy- 

Huje cyHKe eBoutyuuje jesepa BpaueBnHh H beroBe 

QayHe TOKOM crapuHjer H cpe/iber MHOMNeHaA H 

0o0Jber pa3yMeBabba xpoHocrpaTHrpadbcKor nojo- 

»aja rHxX cenHMeHaTa. 

Manuscript received June 16, 2021 

Revised manuscript accepted September 02, 2021


