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Abstract. The Serbian Lake System (SLS) is a key area for early to middleMiocene freshwater environments in southeastern Europe. Here, we describea rich fossil association of freshwater fish otoliths of late Badenian to earlySarmatian (Serravallian, MN 7+8 zone) age. The studied material was collectedfrom several small outcrops along the Grabovac stream near Vračević. TheVračević locations are part of the Valjevo–Mionica Basin (VMB). We identifiednine different species, including two in open nomenclature and three new toscience: 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 thecomposition of this fish fauna correlates well with the slightly older fauna fromthe early to middle Miocene of Klinci. Both localities were most likely part ofa continuous environment during the existence of the Valjevo–Mionica Basin.The composition of the community of freshwater gobies from the early to earlymiddle Miocene of southeastern Europe indicates the presence of a “lost”Miocene freshwater goby fish fauna that existed prior to and was unrelated tothe Ponto-Caspian fish fauna that prevails today. The new data may prove to behelpful in reconstructing the paleogeographical evolution of the Valjevo–Mio -nica Basin in detail.
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Апстракт. Српски језерски систем (SLS) је кључно подручје истраживањаслатководне животне средине у ЈИ Европи за време старијег и средњегмиоцена. Овде описујемо богату фосилну асоцијацију рибљих отолитаод касног бадена до раног сармата (серавалијан, MN 7+8 зона). Проу ча -вани материјал је прикупљен на локалитетима у близини Врачевића, нанеколико малих изданака уз поток Грабовац. Локалитет Врачевић је деоВаљевско-мионичког басена (ВМБ). Идентификовали смо девет различи -тих врста, од којих су две у отвореној номенклатури и три нове у науци:
Aphanius jeani, Aphanolebias bettinae n.sp., Klincigobius andjelkovicae, Klin-
cigobus haraldahnelti n.sp., Klincigobius serbiensis, Klincigobius sp., Ponticolasp., Toxopyge campylus, Toxopyge vracevicensis n.sp. Утврдили смо да јесастав ове фауне риба у доброј корелацији са нешто старијом фауном



IntroductionThe sediments of the Neogene continental lacu -strine systems of the states of the former Yugoslaviahave 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-livedfreshwater lakes during the late oligocene and earlyto middle Miocene (e.g., HarzHauSEr & MaNdiC, 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; MaNdiC 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 andpaleontologist from zagreb. Today, a century andhalf later, the aforementioned authors have built onBrusina’s pioneering work and unearthed more de-tails concerning the “great mosaic” of ancient lakesystems. during the last 10 years, the dLS has beenstudied using different approaches. in addition toconventional methods, such as those of biostratig-raphy, paleontology, sedimentology, and tectonics,independent chronostratigraphic techniques, suchas magnetostratigraphy and radiometric age con-trol, have also been applied (e.g., dE LEEuW et al.,2010; MaNdiC et al., 2012). This modern integratedapproach has led to a more precise determinationof the geologic age and an improved understandingof the tectonics that determined the origins of thelakes, the provenance of the sedimentary input,

local and regional environmental settings, climatevariations, and a variety of biotic and abiotic fea-tures, including the level of endemism (dE LEEuW etal., 2010, 2011; MaNdiC et al., 2010, 2012, 2019; SaNTet al., 2018a, b). during the last decade, significantattention has also been paid to the system of paleo-lakes that extended across a wide area of Serbia, theSLS (NEuBauEr et al., 2016, 2020; SiMić et al., 2017;SaNT et al., 2018a; Marić et al., 2019; Bradić-MiLiNoVićet al., 2019). Generally, most published data indicatethat the SLS is of middle Miocene age (e.g., KrSTić etal., 2012). KrSTić et al. (2012) also suggested thepresence 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 asystem of lakes stretched over Serbia (i.e., the SLS).radiometric age dating has provided evidence of theexistence of early Miocene (16.9 Ma) lakes in east-ern Serbia, resulting in a further modification of thescenario and of the relation between the dLS andSLS with respect to their spatial and temporal over-lap (ruNdić et al., 2019). it became possible to com-pare the fossil diversity and evolution of differentbiota (mostly mollusks) in the SLS with that fromthe dLS, although most inhabitants of the SLS areconsidered endemic (NEuBauEr et al., 2020). Theseinvestigations indicate that the SLS was “a steppingstone for many of the mollusk lineages” found in thelate Miocene Lake Pannon (NEuBauEr et al., 2020).Here, we expand on our earlier studies of the fishremains (otoliths and articulated skeletons withotoliths in situ) from lacustrine basins of western Ser-bia in the Valjevo–Mionica area (Bradić-MiLiNoVić et al.,2018, 2019). For the first time, we present details con-cerning the taxonomy and paleoecology of the fresh-
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раног до средњег миоцена локалитета Клинци. Оба локалитета сувероватно била међусобно повезана током постојања Ваљевско-мио -ничког басена (VMB). Заједница слатководних гобида од доњег достарије–средњег миоцена југоисточне Европе документује присуство„нестале миоценске фауне слатководних риба- гобида“, која је посто -јала раније и није била повезана са данас преовлађујућом понто -каспијском фауном риба. Нови подаци пружају важне информације задетаљну реконструкцију палеогеографске еволуције Ваљевско-мио -ничког басена.
Кључне речи:
средњи миоцен, отолити,
Врачевић, Ваљевско-mионички
басен, Српски језерски систем



water fishes by means of otoliths from the Vračevićpaleo-lake and analyze the possible stratigraphic po-sitions of the respective sediments. We found a totalof 295 otolith specimens, from which we identify ninefreshwater fish species in the sediments of theVračević paleo-lake, two pertaining to the Cyprin-odontidae and seven to the Gobiidae. The compositionof the fauna shows some congruence between theVračević paleo-lake and neighboring Valjevo paleo-lake but also certain differences, which may indicatea difference in time between the two basins. 
Geological SettingThe Vračević village, which lies north of Mionicain western Serbia, is situated within the large Val-jevo–Mionica Basin (VMB; Fig. 1a). The dinaridebasin belongs to a series of Miocene intramontanebasins that are distributed across Serbia (SiMić et al.,2017; Bradić-MiLiNoVić et al., 2018, 2019). it coversan area of 350 km2 and represents the western partof the Valjevo-Mionica–Belanovica Graben (MaroVićet al., 2007). This two-part graben (Valjevo–Mionicais in the western part and Belanovica in the east)was formed during the ottnangian–Karpatian andthe early Middle Miocene (early Badenian); it be-came inverted and subject to moderate or weak up-lifting in the Quaternary (MaroVić et al., 2007).Based on previous studies as well as data obtainedfrom new drillings, a few cycles of sedimentaryrocks and volcano-clastites (ranging from lacustrineto reduced marine and brackish sediments) mayreach thicknesses of up to 1,000 m in the center ofthe basin (e.g., oBradoVić & VaSić, 2007). The westernpart of the VMB (Valjevo area) is filled with a suc-cession of lacustrine early Miocene sediments thatcommonly contain oil shales at the base with tuff in-tercalations and otherwise consist of sandstone andmudstone to limestone with gravel. Quaternary al-luvial and diluvial-proluvial deposits are widely dis-tributed at the surface of the basin area (Bra-dić-MiLiNoVić et al., 2019 and references therein).The VMB was largely formed on the jadar block (jB),which represents a northern part of the jadar–Kopaonik thrust sheet derived from the most distaladriatic passive margin (SCHMid et al., 2008;

NEuBauEr et al., 2016; Bradić-MiLiNoVić et al., 2019).The jB is composed of devo nian and Carboniferouspredominantly shallow-mari ne carbonates and aflysch series overlain by Permian and Triassic shal-low-marine carbonates that were obducted in thejurassic by ophiolites of the Western Vardar ocean(SCHMid et al., 2008). The eastern part of the VMBbetween the Toplica and Ljig rivers (Vračević, Mion-ica area) is characterized by restricted marine andlacustrine deposits of Sarmatian and Pannonian age(middle and late Mio cene; Fig. 1B).Lithostratigraphically, the above-mentioned sed-iments correspond to the Vračević Formation (joVa -NoVić et al., 1994; oBradoVić & VaSić, 2007; LazarEVićet al., 2013; ruNdić, 2017; Bradić-MiLiNoVić et al.,2019; Fig. 2). according to most earlier studies, thereis no transition between the lower Miocene lacus-trine sediments and the middle Miocene marine-brackish ones (e.g., joVaNoVić et al., 1994). in otherwords, the Sarmatian restricted-marine sedimentsare transgressive and unconformable overlay thelower-middle Miocene lacustrine sediments (joVa -NoVić & doLić, 1994; doLić, 1995; LazarEVić et al.,2013). in addition, there is an ongoing debate con-cerning the interrelationships among the VMB lacus-trine basins in time and space. Much more detailedand varied stratigraphic methods and radiometricage control are required to clarify this issue. TheVračević (Mionica) area is an east-west striking elon-gated small basin (ca. 70 km long and 15 km wide)formed in the middle Miocene during the maximumextension phase of the southeastern Pannonian Basin(MaTENCo & radiVojEVić, 2012; ruNdić, 2017; ruNdić etal., 2019) that coincided with the Middle Miocene Cli-matic optimum (MMCo; MaNdiC et al., 2010, 2012;NEuBauEr et al., 2015a, b). The Vračević Basin repre-sented an isolated lacustrine basin that was occasion-ally flo oded from the north by Paratethyan mari-ne-brackish waters during the early to middleMiocene and subsequently by Lake Pannon caspi-brackish waters (similar to the water mineralizationin the contemporary Caspian Lake). Paleontological research has been conducted formore than 70 years near Vračević. among the first re-searchers, LaSKarEV (1948) identified remains of
Deinotherium giganteum from the upper part of theGrabovac Stream. a few years later, STEVaNoVić
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Fig. 1. Location map. 1A. Position of Vračević in Serbia; 1B. detailed geological map of the Vračević area with sample locations. 1C. The
red circles with numbers mark outcrop positions mentioned in the text.



(1953a, b) published first reports concerning ma-rine-brackish, terrestrial, and freshwater mollusksfrom this area. during a detailed field campaign andgeological mapping survey, FiLiPoVić et al. (1978)gathered a great amount of new data from the surfaceand drillings and reported that the basin fill con-tained marine-brackish and freshwater Sarmatiandeposits overlain by Pannonian brackish and fresh-water lacustrine deposits. However, over the last 20years, further detailed paleontological studies havebeen conducted in a wider area of Vračević; suchstudies have resulted in a identification of variousother fossil remains, including, for example, those ofreptiles (joVaNoVić et al., 2002; joVaNoVić & Đurić, 2005,2016), small terrestrial mammals collected from thefreshwater sediments of Vračević (MarKoVić, 2003),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 GrabovacStream yielded marine-brackish Sarmatian andbrackish Pannonian sediments (Bradić-MiLiNoVić etal., 2018). according to these studies and a synthesispublished by joVaNoVić & Đurić (2016), the Sarmatianlacustrine sediments exhibit lateral alternation withrestricted 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 inmore detail in the results section of the presentstudy. in our view, the assessment of the strati-graphic position requires a comprehensive multi-disciplinary approach.
Material and Methodsone part of the studied materials stems from anold collection housed at the Natural History Museumof Belgrade (NHMB) under the inventory number107/15. The other, larger portion was collected fromseveral small outcrops along the Grabovac Streamnear the village of Vračević and is also catalogued atthe 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 con-ducted in November 2019 (by KBM and Ljr). in thestudy area, a small dry valley with a slow-flowingstream is situated between 138–220 m a.s.l. Six smalloutcrop sections (up to 2.5 m high) revealed predom-inantly fine-grained clastic freshwater deposits (Fig.3). The first outcrop downstream on the northern-most part of the Grabovac Stream (i.e., on a small trib-utary to the right of the Grabovac Stream – 74 33 680,49 07 158) contains only the upper part of the strati-graphic section. Further downstream, deeper parts ofthe section are exposed along the right bank of thestream (Point 2 – 74 33 780, 49 05 789; Point 3 – 7433 823, 49 05 662; Point 4 – 74 33 997, 49 05 239;Point 5 – 74 34 066, 49 05 113). The last location(point 6 – 74 34 065, 49 05 098) is situated near themouth of the stream. This location is at 167 m a.s.l.The well-exposed sections (points 4, 5, and 6) werefound to the south at a small confluence of the south-ern dry tributaries with the stream. at point 2, wherethe majority of the otoliths were found, the four mainhorizons were separately sampled (Fig. 3; Vr. 2.1–Vr.2.4). detailed sampling was also performed at point4, 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
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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).



samples were taken for differents paleontological, pa-lynological, and sedimentological purposes, as eachsite contains remains of fossil fauna and flora (the sizeof each sample was about 1 kg). all samples were processed at the Laboratory ofthe Geological Survey of Serbia. The photographswere taken with a digital camera mounted on a WildM400 photomacroscope and remotely controlledfrom a computer. individual photographs at diffe -rent fields of depth were taken of each object andsubsequently digitally stacked to produce consist -ently focused photographs using HeliconSoft’s He-liconFocus software. The resulting photographswere enhanced for contrast, exposure, or retouchingin adobe Photoshop, as far as doing so did not affectthe morphological image of the 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 Paleontologyorder Cyprinodontiformes roSEN, 1964Family Valenciidae ParENTi, 1981Genus Aphanius Nardo, 1827

Aphanius jeani ReIchenbAcheR & KOwALKe, 2009Fig. 4.1–6
2009 Aphanius jeani – rEiCHENBaCHEr & KoWaLKE: fig. 4a–l.

Material. 10 specimens in total: 8 specimens,NHMB-NP 240 (point 2, material collected 2002); 2specimens, NHMB-NP 350 (point 4, material col-lected 2019).
Discussion. Aphanius jeani was described byrEiCHENBa CHEr & KoWaLKE (2009) from the upper-most astaracian of the duero Basin in northwesternSpain, mammal zone MN 7–8, which corresponds tothe late Badenian and Sarmatian s.s. of the CentralParatethys. While the stratigraphic timing thus cor-responds well with the presumed age of the sedi-ments in Vračević, the rather wide geographicrange, which extends from Spain to Serbia, is sur-prising. rEiCHENBaCHEr & KoWaLKE found the symmet-rical and high triangular shape with a very lowoL:oH index of about 1.0 as the most diagnostic fea-ture to distinguish A. jeani from all other extant orfossil species of Aphanius. all but two specimensfrom Vračević are well within this range, with oL:oHratios of 0.93 to 1.02. The largest specimen (Fig.4.1), however, which is of 1.47 mm in length, isslightly less high-bodied, with an oL:oH ratio of1.12, while the second largest specimen is of 1.32
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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)
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Fig. 4. Cyprinodontid otoliths from Vračević; 1–6. Aphanius jeani REIChEnBAChER & KowALKE, 2009, nhMB-nP 240; 7–13. Aphanolebias
bettinae n. sp., holotype (9), nhMB-nP 340; paratypes (7-8, 10-13), nhMB-nP 332.



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 mmin length (measured from their photograph) andalso has an oL:oH ratio of about 1.1. We thereforeconsider the slight increase of the oL:oH ratio withsize observed in specimens from both Spain andSerbia as representing an ontogenetic effect.Genus Aphanolebias rEiCHENBaCHEr & GaudaNT, 2003
Aphanolebias bettinae n. sp.Fig. 4.7–13

Material. 26 specimens in total: 24 specimensfrom point 2 – NHMB-NP 332 (13 specimens from2002 and 11 specimens from 2015) and 2 speci-mens from point 5 – NHMB-NP 351 (2019). Holo-type: NHMB-NP 340 (point 2, 2002).
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 outstandingcontribution to the understanding of fossil cyprin-odontid fishes and her advice regarding the recog-nition of these otoliths.
Diagnosis. otoliths triangular in shape with ashort rostrum, deep and sharp excisura, rounded pos-terior rim, and forward-positioned middorsal angle.ratio oL:oH = 1.12–1.28. Space below ostium narrow.
Description. relatively large otoliths for a cypri -nodontid with an observed maximum size of 1.8mm 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:oT = 2.7–3.0. rostrum rela-tively slender, pointed, 19–26% of oL. Excisura deepand sharp; antirostrum blunter than rostrum andsomewhat shorter, 12–16% of oL. Predorsal rimsteeper than postdorsal rim, the latter often slightlycurved; ventral rim shallow, moderately curved. allrims smooth or slightly and irregularly undulating.inner face slightly convex with an inframedian toaxially positioned sulcus. distinction of ostium andcauda gradual, but ostium distinctly longer than caudaand usually deeper. ostium length to cauda length

ranges from about 1.8 to 2.3. Caudal shallowing withfading margins in largest specimens (Fig. 4.7 and 4.8).otherwise, cauda slightly flexed with a downward di-rected tapering termination. dorsal depression small;ventral furrow distinct, running at center of ventralfield. Space of ventral field below ostium relativelynarrow. outer face slightly convex, about as much asinner face, and smooth or irregularly ornamented.
Discussion. according to rEiCHENBaCHEr & KoWaL -KE (2009), the shallow ventral rim with the narrowspace of the ventral field below the ostium are themost diagnostic characters to define otoliths of thefossil genus Aphanolebias. Thus far, four specieshave been described pertaining to Aphanolebias(see rEiCHENBaCHEr et al., 2018) from the earlyMiocene to the late middle Miocene. The lateststratigraphic record is that of A. sarmaticus rEiCHEN-BaCHEr, FiLiPESCu & MiCLEa (2018) from the Sarmatians.s. from the apuseni Mountains in romania. Apha -

niolebias bettinae differs from the roughly time-equivalent A. sarmaticus in the higher dorsal rimwith a forward-positioned middorsal angle, thedeep and sharp excisura combined with the rela-tively long rostrum and antirostrum, and the ostiumbeing distinctly longer than the cauda. in addition,the fading of the caudal sulcus margin in large spec-imens has not been observed in any other fossilcyprinodontid otoliths.order Gobiiformes THaCKEr, 2009Family Gobiidae CuViEr, 1816Genus Klincigobius Bradić-MiLiNoVić, aHNELT &SCHWarzHaNS 2019
Klincigobius andjelkovicae bRADIć-MILInOVIć,

AhneLt & SchwARzhAnS, 2019Fig. 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 onarticulated skeletons with otoliths in situ from theearly Miocene of Klinci (VMB), Serbia (Bradić-MiLiNoVić et al., 2019). The otoliths of K. andjelkovi-
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cae are characterized by a prominent preventralprojection and a slightly less prolonged but still dis-tinctive postdorsal projection. The sulcus is largeand wide with a variably developed and sometimesindistinct or indiscernible subcaudal iugum posi-tioned below the anterior part of the cauda. Theventral furrow is very distinct and deep and regu-larly curved, clipping the anterior and posteriorventral angles; it begins below the tip of the ostiumand terminates at about the tip of the cauda.otoliths of K. andjelkovicae resemble K. serbiensisin many aspects, including the large, wide, and deepsulcus; the shape of the ventral furrow; and thesometimes indistinct, small subcaudal iugum posi-tioned below the anterior part of the cauda. Given arelatively strong degree of variability, K. andjelkovi-
cae is best distinguished from K. serbiensis in themore slender shape of the otolith, caused primarilyby 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. angularand usually distinct). Furthermore, the postdorsalprojection is distinctly more strongly bent outwardsin K. serbiensis than in K. andjelkovicae.
Klincigobius aff. andjelkovicae bRADIć-MILInOVIć,

AhneLt & SchwARzhAnS, 2019Fig. 5.9–10
Material. 11 specimens, NHMB-NP 333 (point 2,2015). 
Discussion. a small number of specimens differsfrom the typical morphological pattern of K. and-

jelkovicae otoliths in that they show a less de-pressed, albeit rounded, predorsal angle andshorter preventral and postdorsal projections. Theymay represent extreme forms of variability of K.
andjelkovicae or another, closely related species. Wetherefore allocate them tentatively to K. andjelkovi-
cae, while additional specimens would probably rec-tify the identification.

Klincigobius haraldahnelti n. sp.Fig. 5.11–20
Material. 81 specimens in total: 80 specimensfrom 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 roundedpredorsal region and a greatly elevated broad post-dorsal region without significant postdorsal projec-tion. oL:oH = 1.03–1.22. Preventral projectionmoderately developed. Sulcus deep, wide, withsmall, sometimes indistinct subcaudal iugum belowanterior part of cauda. Ventral furrow deep, regu-larly curved, clipping anterior and posterior ventralangles, not extending beyond tip of sulcus.
Description. Small subtriangular otoliths up toabout 1.7 mm in length. oL:oH = 1.03–1.22, increas-ing with size; oH:oT = 3.0–3.4. dorsal rim distinctlyasymmetrical; its anterior region is depressed orbroadly rounded, while its posterior region is dis-tinctly elevated and set-off from the anterior regionby a notch slightly behind middle of otolith and doesnot or only slightly extends into the postdorsal pro-jection. rounded postventral angle usually projectsfurther out than postdorsal angle. Preventral pro-jection moderately developed, but usually distinct.Ventral rim shallow, horizontal, smooth. all rimssmooth except postdorsal portion, which is irregu-larly ornamented.inner face almost flat with wide, centrally posi-tioned, and deep sulcus. dorsal rim of sulcus usuallyregularly bent without prominent ostial lobe. ostiummore strongly inclined than cauda; entire sulcus incli-nation 13–23°, inclination of ostium 25–36°. Collicu-lum poorly defined and indistinct. Subcaudal iugumsmall, below anterior part of cauda, often indistinct.dorsal depression indistinct, narrow; dorsal field an-teriorly narrowed. Ventral field relatively wide withdistinct, deep, and gently and regularly curved ventralfurrow running from anterior tip to posterior tip ofsulcus and clipping anterior and posterior ventral cor-ners. outer face slightly convex and smooth.
Discussion. Klincigobius haraldahnelti is bestdefined by the distinctive elevation of the posteriorregion of the dorsal rim, relatively compressed
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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), nhMB-nP 334; 21–28. Klincigobius serbiensis (GAuDAnT, 1998),
nhMB-nP 335; 29-32) Klincigobius sp., nhMB-nP 336.



shape, and low oL:oH ratio of 1.03 to 1.22. it furtherdiffers from K. andjelkovicae in the lack of a signifi-cant postdorsal projection and from K. serbiensis inthe depressed and rounded predorsal angle.
Klincigobius serbiensis (GAuDAnt, 1998)Fig. 5.21–28

1998 Gobius serbiensis – GaudaNT, p. 108, Fig. 22019 Klincigobius serbiensis (GaudaNT, 1998) – Bradić-MiLiNoVić, aHNELT & SCHWarzHaNS, figs. 3,4, 5, tab. 1
Material. 50 specimens in total: 49 specimensfrom point 2 (2015) – NHMB-NP 335 and one speci-men from point 4 (2019) – NHMB-NP 347.
Discussion. Klincigobius serbiensis is the typespecies of the genus Klincigobius (Bradić-MiLiNoVić etal., 2019). it is best recognized by the rectangularshape of the otolith, the compressed proportions(oL:oH = 1.05–1.20); the distinct, sometimes pro-nounced predorsal angle; the small but distinctlyoutward bent postdorsal projection; and the rela-tively short sulcus. For further specific differences,see discussion on K. andjelkovicae and K. haraldah-

nelti.

Klincigobius sp.Fig. 5.29–32
Material. 7 specimens, NHMB-NP 336 (point 2,2015).
Discussion. a few specimens differ significantlyfrom those of the three Klincigobius species describedabove. Some of them are remarkable for a distinct,projecting, and pointed predorsal angle (Fig. 5.29 and5.31), which results in all four corners of the otolithbeing equally strongly developed. in other specimens,the predorsal angle is less pronounced (Fig. 5.30 and5.32). They all show a faint furrow that ingresses intothe ostium from predorsally at the position of the os-tial lobe, which is most distinctly developed in thespecimen depicted in Figure 5.32. The otoliths havean oL:oH ratio of 1.15–1.25, which is similar to theproportions found in K. andjelkovicae and higher thanin the two other species. The development of the pre-dorsal angle, however, is more similar to that statusobserved in K. serbiensis. Based on the currently avail-

able specimens, it is not clear whether these charac-teristics indicate the presence of a further Klincigobiusspecies 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 areremarkable for their sole-shaped centrally posi-tioned sulcus (inclined about 15–20°), with a highostial lobe and without subcaudal iugum. our speci-men has a weak and rounded preventral angle. Thepostdorsal angle is high and somewhat bent out-wards. The single specimen could represent an un-described Ponticola species, which, however, cannotbe concluded based on a single specimen. it resem-bles the extant species P. kessleri (GüNTHEr, 1861; forfigures, see VaSiLiEVa et al., 2016). in particular, Pon-

ticola sp. shows a rounded postdorsal projectionsimilar to that of P. kessleri.Genus Toxopyge Bradić-MiLiNoVić, aHNELT & SCHWarz -HaNS, 2019
Toxopyge campylus bRADIć-MILInOVIć, AhneLt &

SchwARzhAnS, 2019Fig. 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 T. campylus are character-ized by a trapezoidal shape with a blunt preventralangle and a reduced or very small postdorsal angle(oL:oH = 1.05–1.20; oH:oT = 2.5–3.0). The anteriorrim 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 mostly75–90°, with a small concavity at the level of the cau-
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dal tip and sometimes a rounded and short postdor-sal projection. The sulcus is relatively small(oL:SuL=2.0) and narrow; it has a low ostial lobe andis inclined at 8–15°. There is no distinct subcaudaliugum. With the many additional specimens nowavailable, it became clear that the forward inclinationof the posterior rim is a less stable character thanoriginally assumed. Stable characters defining thegenus remain the small sulcus with a low ostial lobe,the absence of a subcaudal iugum, and the com-pressed outline.
Toxopyge vracevicensis n. sp.Fig. 6.11–14

Material. 14 specimens in total: 11 specimensfrom point 2 (2015) – NHMB-NP 339, 2 specimensfrom 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 withslightly backward positioned dorsal angle. oL:oH =1.05 – 1.15. Preventral projection distinct; postventralprojection rounded; no postdorsal projection. innerface flat; area between ventral furrow and sulcusbulged. Sulcus small, bow-shaped without ostial lobe,deep, with small 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:oT = 2.8.dorsal rim high; predorsal region slanting; highestpoint slightly behind middle; postdorsal angle re-duced or slightly projecting, not extending beyondbroadly rounded postventral corner. anterior rim in-clined at 63–72°, undulating, with distinct andpointed preventral projection. Posterior rim inclinedat 75–85°, with small indentation at level of cauda.Ventral rim shallow, nearly flat, and horizontal. allrims irregularly undulating.inner face flat with slightly supramedian, deepsulcus. Sulcus narrow, bow-shaped with regularlycurving 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 runningfrom lower margin of ostium to lower margin ofcauda. 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 of its triangular outline; thesmall, deep, bow-shaped sulcus; lack of a subcaudaliugum; and the bulged area of the inner face belowthe sulcus.

evaluation and Discussion

Stratigraphic considerationsThe small basins of the SLS have been the subjectof numerous studies and publications over the lastdecades (see SiMić et al., 2017; SaNT et al., 2018a).Certain studies that focused on western Serbia haveconfirmed the existence of large economic reserves(e.g., jadar Basin and lithium deposits) with signifi-cant importance for the national economy. despiteall the research activity and the many geologists in-volved, however, no consensus has yet been reachedregarding the stratigraphic position of the above-mentioned deposits. The VMB, which is located fur-ther to the southeast, is of less economic potential(as it only contains oil shale), and the chronostratig-raphy of the Miocene of the studied sediments is alsostill 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; Bradić et al., 2018, 2019). in our opinion, theVračević Formation represents a key area to considerwhen attempting to resolve the position of the differ-ent lacustrine rocks and their relationships withnearby marine-brackish sediments. LaSKarEV (1948) was the first to identify remainsof Deinotherium giganteum from the upper part of theGrabovac Stream, which he based on six molar teethand fragments of the lower jaw. Laskarev assumedthat Deinotherium giganteum would occur from thelower Sarmatian to the Pannonian (the so-calledLower Congeria strata), but it is now considered to
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range from the mammal zone MN6 to MN 12 (lateLanghian to late Tortonian; GaGLiardi et al., 2021). itsteeth and bones were found in a meter-thick, graysandy-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 ahigher elevation (190–200 m), LaSKarEV (1948) be-
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Fig. 6. otoliths of Ponticola and Toxopyge from Vračević; 1. Ponticola sp. nhMB-nP 337; 2–10. Toxopyge campylus BRADIć-MILInoVIć,
AhnELT & SChwARzhAnS 2019, nhMB-nP 338; 11–14. Toxopyge vracevicensis n. sp., holotype (11), nhMB-nP 344; paratypes (12-14),
nhMB-nP 339.
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lieved that the Deinotherium-bearing beds pertain tothe 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 contactbetween brackish Sarmatian (clearly documented byfossil mollusks and forami nifers) and a synchronousfreshwater series of marls, “fish shales”, and tuffs (doc-umented primarily by freshwater gastropods). Hisview was shared by FiLiPoVić et al. (1978), PrYSjazHNjuKet al. (2000), KoVaLENKo (2004), and PriSYazHNYuK &rudYuK (2005). The sampled locations near Vračevićare also known for a rich micromammal fauna thatwas used for biostratigraphic correlation based onmammal zo nes by MarKoVić & PaVić (2005) andMarKoVić & MiLi VojEVić (2010), who concluded that thefauna belongs to zone MN 7/8. MarKoVić & MiLiVojEVić(2010) placed the Vračević Formation in the Sarmat-ian s.s., but the mammal zone MN7/8 actually extendsover the late Badenian and the Sarmatian s.s. (Grad-STEiN et al., 2012). in the assessment of the non-marine mollusksfrom Vračević, NEuBauEr et al. (2016) also concludedthat they dated to the Sarmatian s.s.. However, ouranalysis of the fish otoliths shows a close relationshipwith that of Klinci, which is considered to be of lateearly to early middle Miocene age (Bradić-MiLiNoVić etal., 2019), and no resemblance to any of the relativelywell-known Sarmatian s.s. fish associations from theCentral Paratethys and its marine-brackish watertransitional realms. While this difference is certainlyto a significant extent due to paleoenvironmental dif-ferences, in our opinion, it points to a slightly older agethan Sarmatian s.s., perhaps late Badenian.during the fieldwork conducted in 2019, specificsamples were taken for microfossil and palynologicalanalysis. The palynological evaluation showed that themoist lower area around the paleo-lake was inhabitedby grassy and shrubby plants (Compositopollenites,
Tubifloridites, nyssa, Taxodium, Taxodiaceae-Cupre-saceae, Polypodiaceae ferns, Shizaceae) and that thesomewhat drier parts were inhabited by Carya, Engel-
hardti, Corylus, Betula, Myrica, Ericaceae, and Sapo -taceae. The interior region of the mainland, the coastaland hilly areas, were occupied by deciduous forests(Quercus, Castanea, Platanus, juglandaceae, Castanop-
sis, Rhus, Tilia, and others), while the hilly mountain-ous areas were inhabited by representatives of

conifers (Pinus, Picea, Abies, Podocarpus, and Cedrus).Considering the large amounts of coniferous pollen inalmost all of the prepared sample, it appears that thelake was open to the hilly mountainous environmentsnearby, allowing the pollen to be carried by the windand deposited in the sediments. Furthermore, it is no-ticeable that the samples did not contain much or-ganic matter, such as large plant tissues or otherfragments of organic matter. The identified genera andspecies indicate the presence of a warm, Mediter-ranean-type vegetation. Their dominance is evident inrelation to the completely sporadic presence of cool-temperate types found in younger Neogene sediments(middle Miocene). The plant association is interpretedto have existed in a warm, relatively humid climate,with sporadic representatives of a drier climate. Thispalynological association is characteristic of the MN7zone, 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 GornjiMušić) as well as radiometric dating of tuffs withinthis 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 atime of global climate change, expressed in theMiocene 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; HoL-BourN et al., 2015). Global cooling events with tem-perature decreases in the range of 3–5°C have beendated to 13.8 Ma and 13.2 Ma (BöHME et al., 2011, andliterature 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; BöHME et al., 2011; BruCH et al.,2011; iVaNoV et al., 2011). although the paleoclimaticconcepts vary in certain details, there appears to bea consensus that the Serbian terrain was character-ized by a humid, warm climate with high precipita-tion levels and predominantly evergreen vegetationduring the time of the MCo. overall cooling and theseasonality of temperature and precipitation in-
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creased in the area during the times of the MMCT,and the vegetation gradually changed to a mixedmesophytic forest environment with more decidu-ous elements (uTE SCHEr et al., 2007; BruCH et al.,2011; iVaNoV et al., 2011). However, cold winter tem-peratures are hypothesized to have only occurredfrom the Sarmatian s.s. onwards (uTESCHEr et al.,2007; iVaNoV et al., 2011). in the aquatic freshwaterenvironment, NEu BauEr et al. (2015a) noted a firstmajor faunal turn over in mollusks at the end of theMCo, however, their hypothesis was subsequentlymodified to a more gradual transitional model(NEuBauEr et al., 2020). an analysis of the freshwatermollusks from Vračević by NEuBauEr et al. (2016)pointed to the Vračević Formation having been de-posited in “a standing or slow moving, probablyhighly vegetated, lacustrine environment.”
the fish fauna from the Vračević Formationshows significant diversity in a freshwater system,as indicated by the otoliths. The fauna consists ex-clusively of freshwater species and is dominated bygobies (seven species) but also contains cyprino -dontids (two species). Marine or brackish water fau-nal elements are completely lacking judging by thewell-known and rich late Badenian and Sarmatian s.s.otolith associations described by, for example, Bra -TiSHKo et al. (2015), SCHWarzHaNS et al. (2017a–e), andrEiCHENBaCHEr et al. (2018). None of the otolith-based fish species from Vračević have been found inany 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 CentralParatethys were found in Vračević, with the possibleexception of a single specimen of Ponticola sp. Thislack of shared faunal elements is particularly rele-vant in respect to the transitional marine otolith-based fauna recently described by rEiCHENBaCHEr etal. (2018) from the Sarmatian s.s. of the apuseni re-gion in the southeastern part of the Central Par -atethys. This fauna also contained a rich gobyassociation and a single cyprinodontid species,which are, however, all absent from Vračević. instead, the Vračević faunal association shows aclose similarity with the older late early to early mid-dle Miocene assemblage of Klinci (Bradić-MiLiNoVić etal., 2019). The unique combination at Klinci of well-preserved skeletons and in situ otoliths led to the de-

scription of four freshwater goby species of three dif-ferent genera. Furthermore, it facilitated the recogni-tion of a vanished early Neogene Europeanfreshwater fish fauna through the correlation of thein situ otoliths with previously described isolatedotoliths from other regions (rEiCHENBaCHEr & WEid-MaNN, 1992; rEiCHENBaCHEr, 1993; Bradić-MiLiNoVić etal., 2019). This early Neogene European freshwaterfish fauna was assumed to have disappeared duringthe MMCT following the MCo. in this scenario, theKlinci fauna would have been just before the turnoverin the freshwater fauna. The Vračević fish fauna nowcontains three species already known from Klinci,namely Klincigobius andjelkovicae, K. serbiensis, and
Toxopyge campylus. The fourth species in Klinci,
Rhamphogobius varidens, and the genus Rhamphogo-
bius are no longer evident at Vračević. Two newspecies occur in Vračević in the Klincigobius and Tox-
opyge lineages, namely K. haraldahnelti and T.
vračevićensis (in addition to a potential furtherspecies denoted as Klincigobius sp.; Fig. 7). Thesefindings indicate the continuation of the early Neo-gene European freshwater goby fauna well into thetime of the MMTC (at least, in the SLS). another interesting aspect is the occurrence ofcyprinodontid fishes at Vračević, which was not thecase in the earlier Klinci fauna. The relationships ofthe two identified cyprinodontids are perhaps unex-pected. Aphanolebias bettinae represents the lastrecorded species of this extinct genus, together with
A. sarmaticus rEiCHENBaCHEr, FiLiPESCu & MiCLEa (2018)from the Sarmatian s.s. of the apuseni region in ro-mania. it is remarkable that two different species of
Aphaniolebias occurred at the same time in the samegeneral area, one in a brackish environment (A. sar-
maticus) and the other in freshwater (A. bettinae).More surprising perhaps is the second cyrpinodontidin Vračević, Aphanius jeani rEiCHENBaCHEr & KoWaLKE(2009), which was previously only known from time-equivalent strata of the iberian Peninsula. These find-ings indicate the potential of the species to havespread across a certain marine distance, as is knownto be the case for certain extant cyprinodontids (see,e.g., VaLdESaLiCi et al., 2015).

conclusions. in our assessment of the fish faunafrom Klinci, we concluded that it represented a Euro-pean freshwater goby assemblage with lineages that
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became extinct after the MCo (Bradić-MiLiNoVić et al.,2019). Now, we have to consider that the faunalchange in terms of freshwater fishes was probablymore gradual in certain areas where climate condi-tions remained suitable for a continuation of thoselineages, for instance in the SLS. an alternative hy-pothesis would be that the turnover did indeed occurlater than in the marine Paratethyan environment,with the latter having been triggered by the middleBadenian salinity crisis (BraTiSHKo et al., 2015;SCHWarzHaNS et al., 2017a–e; Fig. 7). The limi ted datacurrently 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 thesamples taken in the Vračević area. Such an interpre-tation would be consistent with the more gradualtransformation observed with regard to freshwaterand terrestrial mollusks (NEuBauEr at al., 2016, 2020).NEuBauEr et al. (2020) considered the mollusk faunaof the late middle Miocene of the SLS as a “steppingstone from the earlier dLS freshwater fauna to theLake Pannon fauna.” Such an evolution is not seen inthe fish fauna and particularly not in the goby asso-ciations. The late early and early middle Miocenefreshwater goby association evident from Klinci car-ried on into the Vračević lake system with minorchanges and some putative endemic evolutions butdid not give rise in any way to the Ponto-Caspian fishfauna or that of the Sarmatian Sea or Lake Pannon.instead, it vanished completely from the Europeanfreshwater systems, probably not much later than theend of the MMCT. The fish fauna of Lake Pannon andPonto-Caspian fish fauna originated from the marineto transitional marine Sarmatian s.s. fish fauna, as iswell documented in BraTiSHKo et al. (2015), SCHWarz -HaNS et al. (2017a–e). This interpretation is also con-sistent with the recent analysis of the transitionalSarmatian s.s. fish fauna from the apuseni region byrEiCHENBaCHEr et al. (2018).
conclusions and OutlookThe rich otolith-based fish fauna from Vračevićrepresents an additional piece in the puzzle of the his-tory of the European freshwater fish fauna. The asso-

ciation is dominated by gobies, and the compositionis extremely similar to the slightly older one previ-ously described from Klinci (Bradić-MiLiNoVić et al.,2019), which was based on articulated skeletons withotoliths in situ. The emerging picture is that of a richlate early to middle Miocene freshwater goby fauna insoutheastern and central Europe that likely derivedfrom a contemporary Mediterranean/Para tethyangoby stock (Fig. 7). it does not seem to be related toeither an earlier late oligocene to early Miocene fresh-water goby association known from central Europe(rEiCHENBaCHEr, 2000; GiErL et al., 2013) or to the lateMiocene freshwater goby stock that has been ob-served in Lake Pannon (SCHWarzHaNS, 2010 and liter-ature cited therein) and ukraine (BraTiSHKo et al.,2017). in addition, it appears to have evolved at a timewhen the Parate thyan Sea had already been separatedfrom the world ocean (Fig. 8) and may have given riseto the modern Ponto-Caspian goby stock. The fresh-water goby fauna of Vračević and Klinci shows nooverlap with the coeval marine to brackish water gobyassociations of the adjacent Central Paratethys(SCHWarzHaNS et al., 2017c, 2020; rEiCHENBaCHEr et al.,2018). The same is true for the cyprinodontid speciesfound in Vračević as compared to the species from thecoeval brackish sediments of the apuseni region (rE-iCHENBaCHEr et al., 2018).The otolith association from Vračević describedhere also exemplifies the new insights that can beexpected when studying fossil European freshwaterfish faunas from various locations and time inter-vals. We are aware that many more such faunas canbe explored for freshwater fish otolith associations,particularly in southeastern Europe. The exact tim-ing and sequence of faunal turnovers and shifts inthe currently recognized three subsequent freshwa-ter goby populations will certainly be subject to re-finement once further comparable lake sedimentshave been studied. in addition, we hope that furtherstudies of biotic and abiotic traits in the sedimentsof Vračević and Klinci will make it possible to betterconstrain the exact stratigraphic age of the fishfauna that it contains.We plan to further expand our investigation inthe area of the VMB (e.g., the small streams aroundGornji Mušić) in order to arrive at a more completepicture of the evolution of the Vračević Lake and its
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Fig. 8. The three phases of the goby freshwater populations in the European neogene, and their inferred derivation from marine goby
assemblages. The position of the two goby assemblages studied from the Serbian Lake System (SLS), Klinci, and Vračević are highlighted.
Arrows indicate assumed migration routes and provenances.



fauna during the Miocene and a better understand-ing of its chronostratigraphic position. 
AcknowledgementsWe thank SLaViCa Đajić, palynological expert of the Ge-ological Survey of Serbia, for identifying and evaluatingthe palynomorphs discussed in this study. Her analysiscontributed significantly to a better understanding of thestratigraphic position of the sampled Vračević Formationand the terrestrial paleoenvironment surrounding theVračević paleolake. our thanks go to the reviewersoLExaNdr KoVaLCHuK (ukraine) and GarY STriNGEr (Loui -siana, uSa) for constructive suggestions which havegreatly advanced the first version of this manuscript. Wealso thank BETTiNa rEiCHENBaCHEr (Ludwig-Maximilian-universität, Munich) for her valuable advice in respect tothe identification of cyprinodontid otoliths. Finally, wethank THoMaS MörS (Swedish Museum of Natural History,Stockholm) for advice concerning the interpretation ofpublished micromammal data.
ReferencesBöHME, M., WiNKLHaFEr, M. & iLG, a. 2011. Miocene precip-itation in Europe: Temporal trends and spatial gradi-ents, Palaogeography, Palaeoclimatology, Palaeoeco-

logy, 304: 212–218.Bradić-MiLiNoVić, K., ruNdić, Lj. & Bojić, z. 2018. a contri-bution for stratigraphy of the Miocene of Vračević(Valjevo-Mionica Basin). Proceedings of XVII Congress
of the Geologists of Serbia, 1: 110–114.Bradić-MiLiNoVić, K., aHNELT, H., ruNdić, Lj. & SCHWarzHaNS,W. 2019. The lost freshwater goby fish fauna (Tele -ostei, Gobiidae) from the early Miocene of Klinci (Ser-bia). Swiss Journal of Paleontology, 138: 285–315.BraTiSHKo, a., SCHWarzHaNS, W., rEiCHENBaCHEr, B., VErNi-HoroVa, Y. & ćorić, S. 2015. Fish otoliths from theKonkian (Miocene, early Servallian) of Mangy shalk(Kazakhstan) – testimony of an early endemic evolu-tion in the Eastern Paratethys. Palaontologische
zeitschrift, 89: 839–889.BraTiSHKo, a., KoVaLCHuK, o. & SCHWarzHaNS, W. 2017. Bes -sarabian (Tortonian, late Miocene) fish otoliths froma transitional freshwater-brackish environment of

Mykhailivka, southern ukraine. Palaeontologia Elec-
tronica, 20.3.44a: 1–13.BruCH, a., uTESCHEr, T., MoSBurGGEr, V. & NECLiME mem-bers, 2011. Precipitation patterns in the Miocene ofCentral Europe and the development of continentality.
Palaeogeography, Palaeoclimatology, Palaeoecology,304: 202–211.dE LEEuW, a., MaNdiC, o., VraNjKoViC, a., PaVELiC, d., Harz -HauSEr, M., KrijGSMaN, W. & KuiPEr, K. F. 2010. Chronol-ogy and integrated stratigraphy of the Mio cene SinjBasin (dinaride Lake System, Croatia). Palaeogeogra-
phy, Palaeoclimatology, Palaeoecology, 292 (1–2):155–167.dE LEEuW, a., KrijGSMaN, W., KuiPEr, K. & HrVaToVić, H. 2011.a chronostratigraphy for the dinaride Lake Systemdeposits of the Livno-Tomislavgrad Basin: the rise andfall of a long-lived lacustrine environment. Stratigra-
phy, 8: 29–43. doLić, d. 1995. Valjevo basin. in: MiHajLoVić, Ð. & doLić, d.(Eds.): Lacustrine and brackish neogene of western
part of Yugoslavia. iGCP Project 329, Belgrade.FiLiPoVić, i., MarKoVić, B., PaVLoVić, z., rodiN, V. & MarKoVić,o. 1978. osnovna geološka karta SFrj 1:100.000.Tumač za list Gornji Milanovac L 34-125. 137 [Basic
Geologic Map of Former Yugoslavia 1:100 000. Ex-
planatory booklet for the Sheet Gornji Milanovac – inSerbian]. Savezni geološki zavod, Beograd.GaGLiardi, F., MaridET, o. & BECKEr, d. 2021. The record ofdeinotheriidae from the Miocene of the Swiss juraMountains (jura Canton, Switzerland). bioRxiv, thepreprint server for Biology: 1–28.GaudaNT, j. 1998. L’ichthyofaune des eaux continentalsmiocenes de Serbie (Yugoslavie): une revision. neues
Jahrbuch für Geologie und Paläontologie Abhandlun-
gen, 207: 107–123.GiErL, C., rEiCHENBaCHEr, B., GaudaNT, j., ErPENBECK, d. & PHa-riSaT, a. 2013. an extraordinary gobioid fish fossilfrom southern France. PLoS onE, 8: e64117.GradSTEiN, M., F., oGG, G., j. & HiLGEN, j., F. 2012. on the Ge-ologic Time Scale. newsletters on stratigraphy, 45 (2):171–188. GuNTHEr, a. 1861. Second list of Siamese reptiles. Proceed-
ings of the zoological Society of London, 4: 187–189. HarzHauSEr, M. & MaNdiC, o. 2008. Neogene lake systemsof Central and South-Eastern Europe: faunal diversity,gradients and interrelations. Palaeogeography, Pala -
eoclimatology, Palaeoecology, 260: 417–434.

Middle Miocene Otoliths of Freshwater Fishes from the Vračević Lake (Serbian Lake System)

Geol. an. Balk. poluos., 2021, 82 (2), 1–24 19



HoLBourN, a., KuHNT, W., KoCHHaNN, K., aNdErSEN, N. & MEiEr,S. 2015. Global perturbation of the carbon cycle at theonset of the Miocene Climatic optimum. Geology, 42(2): 123–126.iVaNoV, d., uTESCHEr, T., MoSBurGGEr, V., SYaBrYaj, S., djor djEVić-MiLuTiNoVić, d. & MoLCHaNoFF, S. 2011. Miocene vegeta-tion and climate dynamics in Eastern and CentralParatethys (Southeastern Europe). Palaeogeo graphy,
Palaeoclimatology, Palaeoecology, 304: 262–275. joVaNoVić, M. & Đurić, d. 2005. Fosilna herpetofauna selaVračević kod manastira Bogovađa (Centralna Srbija).[Fossil herpetofauna of the village of Vračević near themonastery of Bogovađa (Central Serbia) – in Serbian].
Proceedings of the 14th Congress of Geologists of Serbia
and Montenegro. 78–80.joVaNoVić, G. & Đurić, d. 2016. Mollusks and ectothermicvertebrates from the Middle Miocene (Sarmatian)Lake Vračević (Serbia). in: MaNdić o. et al. (Eds.). Lake – Basin – Evolution. RCMnS Interim Colloquium
& Croatian Geological Society Limnogeology workshop,
20-24 May 2016, zagreb, 28–30.joVaNoVić, M., Đurić, d. & MarKoVić, z. 2002. Tertiary rep-tiles of the central part of the Balkan peninsula, 67–75. Proceedings of the 11th ordinary General Meeting
of Societas Europea herpatologica (SEH), zalec, Slove-nia, july 13–17, 2001. Biota 3 (1–2).joVaNoVić, o. & doLić, d. 1994. New discovery of Sarmatianin the vicinity of Tabanović (Valjevo-Mionica basin).
Vesnik, 46 (a, B): 183–192.joVaNoVić, o., GrGurEVić, d. & zuPaNčić, N. 1994. The Neogenesediments in Valjevo-Mionica basin. Vesnik, 46: 207–222. KoVaLENKo, V. 2004. Lymnaeidae iz mestonahodždeni Tri-jebine i Vračević (Lymnaeidae from localities Trije-bine and Vračević), Serbia. Bulletin de l’Academie Serbe
des Sciences et des Arts 42, 327–339.KrSTić, N., SaVić, Lj, joVaNoVć, G. & Bodor, E. 2003. LowerMiocene lakes of the Balkan Land. Acta Geologica hun-
garica, 46 (3): 291–299.KrSTić, N., KNEžEVić, S. & PaVić, S. 2007. Fauna of Large Mid-dle Miocene Lake of Serbia. Joannea Geologie und Pa-
läonologie 9: 51–54.KrSTić, N., SaVić, Lj. & joVaNoVić, G. 2012. The NeogeneLakes on the Balkan Land. Geološki anali Balkanskoga
poluostrva, 73: 37–60.LaSKarEV, V. 1948. about the findings of deinotherium inSerbia. Bulletin natur. hist. Mus. (in Serbian), 1 (a), 1–20.

LazarEVić, z., MiLiVojEVić, j., BoGićEVić, K. & NENadić, d. 2013.Early Miocene flora from the Valjevo-Mionica Basin(Western Serbia). neues Jahrbuch für Geologie und Pa-
laeontologie Abhandlungen, 267 (3): 297–307.MaNdiC o., dE LEEuW a., VuKoVić B., KrijGSMaN W., HarzHau-SEr M. & KuiPEr, K.F. 2010. Palaeoenvironmental evo-lution of Lake Gacko (Bosnia and Herzegovina):impact of the middle Miocene climatic optimum onthe dinaride Lake System. Palaeogeography, Palaeo-
climatology, Palaeoecology, 299: 475–492.MaNdiC, o., dE LEEuW, a., BuLić, j., KuiPEr, K. F., KrijGSMaN,W. & jurišić-PoLšaK, z. 2012. Paleogeographic evolu-tion of the Southern Pannonian Basin: 40ar/39ar ageconstraints on the Miocene continental series ofNorthern Croatia. International Journal of Earth Sci-
ences (Geologische Rundschau), 101: 1033–1046.MaNdiC, o., HajEK-TadESSE, V., BaKrač, K., rEiCHENBaCHEr, B.,GrizELj, a. & MiKNić, M. 2019. Multiproxy reconstruc-tion of the middle Miocene Požega palaeolake in thesouthern Pannonian Basin (NE Croatia) prior to theBadenian transgression of the Central Paratethys Sea.
Palaeogeography, Palaeoclimatology, Palaeoecology,516: 203–219.Marić, d., SrEćKoVić-BaToćaNiN, d., VaSić, N., radiSaVLjEVić,M. & ĐEKić, T. 2019. History of the Belanovica (Serbia)Neogene lake basin inferred from petrological andgeochemical data. Geologia Croatica, 72 (1): 5–18.MarKoVić, z. 2003. The Miocene small mammals of Serbia,a review. in: rEuMEr, j.W.F. & WESSELS, W. (Eds): distri-bution and migration of Tertiary mammals in Eurasia.a volume in honour of Hans de Bruijn. Deinsea 10:393–398.MarKoVić, z. & MiLiVojEViC, M. 2010. The Neogene SmallMammals from Serbia - Collection Methods and results.
Bulletin of the natural history Museum, 3: 105–114.MarKoVić, z. & PaVić, S. 2005. MN7/8 locality of fossilmammals in Vračevići (central Serbia). 14th Congress
of geologist of Serbia and Montenegro with interna-
tional participation, 77.MaroVić, M., ToLjić, M., ruNdić, Lj. & MiLiVojEVić, j. 2007.
neoalpine Tectonics of Serbia. Serbian Geological So-ciety, 87 pp.MaTENCo, L. & radiVojEVić, d. 2012. on the formation andevolution of the Pannonian Basin: Constraints derivedfrom the structure of the junction area between theCarpathians and dinarides. Tectonics, 31( 6): TC6007.NEuBauEr, T. a., MaNdiC, o. & HarzHauSEr, M. 2011. Middle

KataRiNa BRaDić-MiliNoVić, ljUpKo RUNDić & WERNER ScHWaRZHaNS

Geol. an. Balk. poluos., 2021, 82 (2), 1–2420



Miocene freshwater mollusks from Lake Sinj (dinar-ide Lake System, SE Croatia; Langhian). Archiv fur Mol-
luskenkunde,140: 201–237.NEuBauEr, T. a., MaNdiC, o. & HarzHauSEr, M. 2013. The mid-dle Miocene freshwater mollusk fauna of Lake Gacko(SE Bosnia and Herzegovina): taxonomic revision andpaleoenvironmental analysis. Fossil Record, 16: 77–96.NEuBauEr, T. a., HarzHauSEr, M., GEorGoPouLou, E., KroH, a.& MaNdiC, o. 2015a. Tectonics, climate, and the riseand demise of continental aquatic species richnesshotspots. PnAS, 112 (37): 11478–11483.NEuBauEr, T. a., HarzHauSEr, M., KroH, a., GEorGoPouLou, E.& MaNdiC, o. 2015b. a gastropod-based biogeographicscheme for the European Neogene freshwater sys-tems. Earth-Science Reviews, 143: 98–116. NEuBauEr, T., HarzHauSEr, M., MaNdiC, o. & joVaNoVić, G.2016. The late middle Miocene non-marine molluskfauna of Vračević (Serbia): filling a gap in Mioceneland snail biogeography. Bulletin of Geosciences, 91(4): 731–778.NEuBauEr, T. a., MaNdiC, o. joVaNoVić, G. & HarzHauSEr, M.2020. The Serbian Lake System: a stepping stone forfreshwater molluscs in the middle Miocene. Papers in
Paleontology, 1–37.oBradoVić, j. & VaSić, N 2007. neogene lacustrine basins of
Serbia. Serbian academy sciences et arts, Monographs662, department of Mathematics, Physics and Geo Sci-ences, 3, 310 pp, Beograd (in Serbian, English summary).PrYSjazHNjuK, V., KoVaLENKo, V. & KrSTić, N. 2000. on the ter-restrial and fresh-water mollusks from Neogene ofwestern Serbia. in: KaraMaTa, S. & jaNKoVić, S. (Eds.),
Geology and metalogeny of the Dinarides and the Var-
dar zone: 219–224. academy of Science and arts ofrepublic of Srpska, Banja Luka – Serbian Sarajevo.PriSYazHNYuK, V.a. & rudYuK, V.V. 2005. Bulimidae i Planor-bidae (Mollusca, Pulmonata) iz mestonakhozhdeniyaVrachevich (Serbiya). in: GozHiK, P.F. (Ed.). Biostraty -hrafichni kryterii rozchlenuvannya ta korelyatsii vid-kladiv fanerozoyu ukrainy [prevod – in koji jezik ].Natsionalna akademiya Nauk ukrainy, instytut geo-logichykh nauk, Paleontologischne tovarystvo, 224–232.rEiCHENBaCHEr, B. 1993. Mikrofaunen, Palaogeographieund Biostratigraphie der miozanen Brack – und Suß-wassermolasse in der westlichen Paratethys unter be-sonderer Berucksichtigung der Fisch–otolithen.
Senckenbergiana lethaea, 73 (2), 277–374. 

rEiCHENBaCHEr, B. 2000. das brackisch-lakustrine oligo-zän und unter-Miozän im Mainzer Becken und Han-auer Becken: Fischfaunen, Paläoökologie, Biostrati-graphie, Paläogeographie. Courier Forschungsinstitut
Senckenberg, 222: 1–143.rEiCHENBaCHEr, B., FiLiPESCu, S. & MiCLEa, a. 2018. a uniquemiddle Miocene (Sarmatian) fish fauna from thecoastal deposits in the eastern Pannonian Basin (ro-mania). Palaeobiodiversity and Palaeoenvironments,99: 177–194.rEiCHENBaCHEr, B. & GaudaNT, j. 2003. on Prolebias meyeri
(agassiz) (Teleostei, Cyprinodontiformes) from theoligo-Miocene of the upper rhinegraben area, withthe establishment of a new genus and a new species.
Eclogae geologica helvetiae, 96: 509–520. rEiCHENBaCHEr, B. & KoWaLKE, T. 2009. Neogene and pres-ent-day zoogeography of killifish (Aphanius and
Aphanolebias) in the Mediteranean and Paratethysareas. Palaeogeography, Palaeoclimatology, Palaeoe-
cology, 281: 43–56. rEiCHENBaCHEr, B. & WEiLdMaNN, M.1992. Fisch-otolithenaus der oligo-/miozanen Molasse der West-Schweizund der Haute-Savoie (Frankreich). Stuttgarter Bei-
trage zur naturkunde Serie B (Geologie und Palaonto-
logie), 184: 1–83.ruNdić, Lj., 2017. The Valjevo-Mionica basin. in: SiMić etal. (Eds.): Evolution in neogene Intramontane Basins
in Serbia – Field trip guide. EGu series, Emile argandConference-13th Workshop on alpine Geological Stu-dies, Serbia-zlatibor, September 2017, 20-28. Facultyof Mining and Geology, BelgraderuNdić, Lj, VaSić, N., BaNjEšEVić, M., PrELEVić, Gajić, V., KoSTić,B. & STEFaNoVić, j. 2019: Facies analyses, biostratigra-phy and radiometric dating of the Lower-Middle Mio-cene succession near zaječar (dacian basin, easternSerbia). Geološki anali Balkanskoga poluostrva, 80 (2):13–37.SaNT, K., MaNdiC, o., ruNdić, Lj., KuiPEr, K. & KrijGSMaN, W.2018a. age and evolution of the Serbian Lake System:integrated results from Middle Miocene Lake Popo-vac. newsletter on Stratigraphy, 51 (1): 117–143. SaNT, K., aNdrić, N., MaNdiC, o., dEMir, V., PaVELiC, d., ruNdić,Lj., HrVaToVić, H., MaTENCo, L. & KrijGSMaN, W. 2018b.Magneto-biostratigraphy and paleoenvironments ofthe Miocene freshwater sediments of the Sarajevo-zenica Basin. Palaeogeography, Palaeoclimatology,
Palaeoecology, 506: 48–69.

Middle Miocene Otoliths of Freshwater Fishes from the Vračević Lake (Serbian Lake System)

Geol. an. Balk. poluos., 2021, 82 (2), 1–24 21



SCHWarzHaNS, W. 2010. The otoliths from the Miocene of the
north Sea Basin. Backhuys Publishers, Leiden & Mar-graf Publishers, Weikersheim, 352 p.SCHWarzHaNS, W., CarNEVaLE, G., BaNNiKoV, F., a., jaPuNdžić,S. & Bradić, K. 2017a. otoliths in sizu from Sarmatian(Middle Miocene) fishes of the Paratethys. Part i: Athe-
rina suchovi Switchenska, 1973. Swiss Journal of Pale-
ontology, 136: 7–17.SCHWarzHaNS, W., CarNEVaLE, G., BaNNiKoV, F., a., jaPuNdžić,S. & Bradić, K. 2017b. otoliths in situ from Sarmatianfishes of the Paratethys. Part ii: Gadidae and Lotidae.
Swiss Journal of Paleontology, 136: 19–43.SCHWarzHaNS, W., aHNELT, H., CarNEVaLE, G., jaPuNdžić, S.,Bradić, K. & BraTiSHKo, a. 2017c. otoliths in situ fromSarmatian (Middle Miocene) fishes of the Paratethys.Part iii: tales from the cradle of the Ponto-Caspian go-bies. Swiss Journal of Paleontology, 136: 45–92.SCHWarzHaNS, W., CarNEVaLE, G., jaPuNdžić, S., & Bradić-MiLiNoVić, K. 2017d. otoliths in situ from Sarmatian(Middle Miocene) fishes of the Paratethys. Part iV:Scorpenide, Labridae and Gobiesocidae. Swiss Journal
of Paleontology, 136: 93–108.SCHWarzHaNS, W., CarNEVaLE, G., jaPuNdžić, S. & Bradić-MiLiNoVić, K. 2017e. otoliths in situ from Sarmatian(Middle Miocene) fishes of the Paratethys. Part V:Bothidae and Soleidae. Swiss Journal of Paleontology,136: 109–127.SCHWarzHaNS, W., BrzoBoHaTý, r. & radWańSKa, u. 2020.Goby otoliths from the Badenian (middle Miocene) ofthe Central Paratethys from the Czech republic, Slo-vakia and Poland: a baseline for the evolution of theEuropean Gobiidae (Gobiiformes; Teleostei). Bolletino
della Società Paleontologica Italiana, 59: 125–173.SCHMid, S. M., BErNouLLi, d., FuGENSCHuH, B., MaTENCo, L.,SCHEFEr, S., SCHuSTEr, r., TiSCHLEr, M. & uSTaSzEWSKi, K.2008. The alpine-Carpathian-dinaridic orogenic sys-tem: correlation and evolution of tectonic units. Swiss
Journal of Geoscience, 101: 139–183.SHEVNELL, E., a., KENNETT, P., j. & LEa, W., d. 2004. MiddleMiocene Southern ocean cooling and antarctic cryos-phere expansion. Science, 305 (5691): 1766–1770.SiMić, V., žiVoTić, d., aNdrić, N. & ruNdić, Lj., 2017. Evolutionof Neogene intramontane Basins in Serbia-Field TripGuide. EGu series, Emile argand Conference-13thWorkshop on alpine Geological Studies, Serbia-zlati-bor, September 2017, 58pp. Faculty of Mining and Ge-ology, Belgrade.

STEVaNoVić, P. 1953a. Stratigraphic relations in the north-ern part Mionica Basin. herald SAn (Stratigrafskiodnosi u severnom delu Mioničkog basena. Glasnik
SAn), 5 (1): 64–65.STEVaNoVić, P. 1953b. Sarmatian deposits between riversLjig and ribnica (Mionica basin). herald SAn (Sar-matske naslage između reka Ljiga i ribnice (Mioniočkibasen). Glasnik SAn), 5 (2): 269–277.uTESCHEr, T., djordjEVić-MiLuTiNoVić, d., BruCH, a. & MoS-BruGGEr, V. 2007. Paleoclimate and vegetation changein Serbia during the last 30 Ma. Palaeogeography,
Palaeoclimatology, Palaeoecology 253: 141–152.VaLdESaLiCi, S., LaNGENECK, j., BarBiEri, M., CaSTELLi, a. & MaL-TaGLiaTi, F. 2015. distribution of natural populationsof the killifish Aphanius fasciatus (Valencienns, 1821)(Teleostei: Cyprinodontidae) in italy: past and currentstatus, and future trends. Italian Journal of zoology, 82(2): 212–223.VaSiLiEVa, E.d., SCHWarzHaNS, W.W., MEdVEdEV, d.a. &VaSiLiEV, V.P. 2016. Cryptic species of Ponto-Caspianbighead goby of the genus Ponticola (Gobiidae). Jour-
nal of Ichthyology, 56: 1–18.

Резиме

Средњомиоценски отолити
слатководних риба из језера
Врачевић (Српски језерски систем)Српски језерски систем (СЈС) је термин којиобухвата „мрежу“ мањих или већих језерскихбасена који су егзистовали у старијем и средњеммиоцену у Србији. Питање њихове изолованостиили пак узајамне повезаности у том временскомоквиру је врло актуелна тема. Појединачни басе -ни су били тема бројних истраживања послед њихнеколико деценија (видети у нпр. SiMić et al., 2017;SaNT et al., 2018a и тамо цитиране референ це).Одређене студије које су се фокусирале на западнуСрбију потврдиле су економски важне резервесировина (нпр. Јадарски басен, јадарит), које су одизузетног националног значаја. Ва љевско-мио -нички басен (ВМБ) има мањи еко номски потен -цијал (уљни шкриљци) али има одређену пер-спективу у том смислу. Међутим, о хроностра -тиграфском положају језерских седи мената у
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овим басенима се и даље расправља и још увекније постигнута сагласност о тачном временуњиховог настанка (видети нпр. joVa NoVić & Đurić,2016; NEuBauEr et al., 2015b, 2016, 2020; Bradić-MiLiNoVić et al., 2018, 2019). Проуча ване локације уатару Врачевића познате су и по богатој фауниситних сисара, која је коришћена за биостра -тиграфскa зонирања. Утврђено је да те конти -нентално-језерске наслаге одговарају зони МН7/8 (MarKoVić & PaVić, 2005; MarKoVić & MiLiVojEVić,2010) тј. да припадају сармату s.str. Слично тврдеи NEuBauEr et al. (2016) бавећи се  анализомслатководних мекушаца из потока Грабовац.  По нашем мишљењу, овде проучавани седи -менти формације Врачевић имају шири времен -ски оквир и укључују и старије пакете се-диме ната (млађи баден). То је у складу сапроценом да се сисарска зона МН 7/8 заправопротеже од горњег бадена до сармата s.str.(GradSTEiN et al., 2012). Сагледавајући целокупанлитострати графски стуб миоцена у ВМБ санеколико ци клуса језерске седиментације, фор -мација Врачевић представља кључну литостра -тиграф ску јединицу за решавање положаја ра-зличитих језерских седимената и њиховoгодноса према оближњим морско-бракичнимнаслагама. Циљ овог рада је да се то питањепојасни и доку ментује на основу анализе слат -ководних риба односно њихових отолита.Из неколико малих, метарских изданака узпоток Грабовац (атар села Врачевић, ВМБ) при -купљен је занимљив и доста бројан фаунисти -чки материјал. У ситнозрним кластитима кон-тинентално-језерске серије, пронађено је уку -пно 287 примерака отолита који иден ти фикујудевет врста слатководних риба палео-језераВрачевић (две припадају фамилији Cyprino -dontidae и седам фамилији Gobiidae). Детер -минисане су следеће врсте: 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. Нађенарибља фауна представља још један део “сла -галице” која ће омогућити потпуније и реалнијесагледавање еволуције слатководних риба уЕвропи. У асоцијацији доминирају представ -

ници гобида чији састав је врло сличан нештостаријој, претходно описаној фауни отолита изсела Клинци (палео-језеро Ваљево) где су от -кривени добро очувани скелети риба са ото -литима in situ (Bradić-MiLiNoVić et al., 2019). Саставфауне указује на одређену подударност измеђудва палео-језера, али и на одређене елементекоји могу указивати на временску (страти -графску) разлику међу њима. Анализа рибљихотолита показује блиску везу са фауном изКлинаца, за коју се сматра да је ограничена намлађи доњи миоцен - старији средњи миоцен(Bradić-MiLiNoVić et al., 2019). С друге стране, тафауна не показује сличност ни са једном одрелативно добро познатих сарматских s.str.асоцијација риба из централног Паратетиса ињиховим прелазима ка морско-бракичнимводама. То је сигурно у великој мери последицапалеоеколошких разлика, али, по нашем ми -шљењу, указује и на нешто старије време одсармата, можда горњи тј. млађи баден. С тогаспекта посматрано, може се претпоставити дабогата фауна слатководних гобида у интервалумлађи доњи миоцен - старији средњи миоцен уцентралној и југоисточној Европи, води пореклоод тадашњих медитеранских тј. паратетискихгобида (сл. 7). Чини се да та фауна није повезанаса старијим, млађе олигоценским и старијемиоценским заједницама слатководних гобидапознатим из средње Европе (rEiCHENBaCHEr,2000, GiErL et al., 2013), као ни са савременијимслатководним гобидима који су познати изјезера Панон (SCHWarzHaNS, 2010 и тамо наведеналитература) и Украјине (BraTiSHKo et al., 2017).Слатководна фауна гобида Врачевића и Клинацане показује преклапање са, временски сличним,морским и бракичним гобидама суседног Цен -тралног Паратетиса (SCHWarzHaNS et al., 2017c,2020; rEiCHENBaCHEr et al., 2018). Исто важи и заципринодонтидне врсте пронађене у Врачевићуу поређењу са оним из синхроних бракичнихседимената Апусена (rEiCHENBaCHEr et al., 2018).Од раније је познато да је средњи миоцен биопериод значајних климатских колебања (SHEV NELLet al., 2004; HoLBourN et al., 2015). Према нашојпретходној анализи фауне риба из Кли наца,закључили смо да она представља европ ску
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слатководну асоцијацију гобида која је изумрлавећ с почетком тзв. средњемиоценске климатскетранзиције (СМКТ, 14.2–13.8 мил. год.). Таквеклиматске промене догодиле су се после дужегпериода стабилне и оптималне климе у миоценуодносно тзв. миоценског климатског оптимума(МКО, 17–14.7 мил.год.) (HoLBourN et al., 2015;Bradić-MiLiNoVić et al., 2019). Резултати анализерибље фауне из Врачевића, сугеришу да је фауни -стичка промена међу слат ководним рибамавероватно била постепенија у неким областимау којима су временски услови остали погодни задаљу егзистенцију те фауне, као што је на примерСрпски језерски систем (СЈС). Компаративнаанализа фауне отолита из Клинаца и Врачевића,показује да постоје три заједничке врсте (Klinci -
gobius andjelkovicae, K. serbiensis and Toxopyge
campylus).  Четврта врста у Клинцима, Rhampho -
gobius varidens, и род Rhamphogobius више нисуприсутни у Врачевићу. Две нове врсте се јављајуу Врачевићу унутар родова Klincigobius и Toxopyge,и то K. harald ahnelti и T. vračevićensis (плуспотенцијално још једна врста означена као Klin -
cigobius sp.) (сл. 7). Ова открића указују да старијанеогена европска фауна слатководних гобидаегзистује и у време СМКТ у систему српскихјезера. Алтернативна хипотеза била би да сефаунистички преокрет заиста догодио каснијенего у морском Парате тису тј. касније је покренутсредњобаденском кризом салинитета (BraTiSHKoet al. 2015, SCHWarz HaNS et al. 2017a-e) (сл. 7). Чинисе да тренутно доступни подаци фаворизују првуопцију тј. постепенији прелаз, који нуди потен -цијал ре ликтним фаунама да преживе одређенивремен ски период у ограниченим областима (аово се можда догодило са фауном Врачевића).Такво тумачење било би у складу са постепеномтрансформацијом примећеном код слатковод нихи копнених мекушаца (NEuBauEr et al., 2017, 2020).Ови аутори сматрају да је фауна меку шаца млађегсредњег миоцена СЈС-а „одскочна даска тј. прелазод старије слатководне фауне Динарског језер -ског система према фауни језера Панон“ (NEu -BauEr et al., 2020). Ипак, такав развој се не види уфауни риба, а посебно не у фауни гобида.

Асоцијација слатководних гобида мла ђег доњеги старијег средњег миоцена, уочена код фаунеКлинаца, наставила је егзистенцију и у језеруВрачевић са мањим променама и неким, претпо -стављено ендемским развојем. Она ни на којиначин није имала утицаја на рибљу фауну сар -матског мора и језера Панон или Понто-каспијскуфауну риба. Уместо тога, потпуно је нестала изевропских слатководних система, вероватно немного касније од краја СМКТ. Фауна језера Панонкао и Понто-каспијска фа уна, настала је од мор -ских до прелазних сармат ских s.str. бракичнихформи риба, и то су добро доку ментовали Bra -TiSHKo et al. (2015) и SCHWarz HaNS et al.. (2017а-е).Сагласност у том смислу даје и анализа прелазнесарматске s.str. фауне риба из регије Апусена (rE-iCHENBaCHEr et al., 2018).Фауна отолита из Врачевића такође илустру -је нове приступе који се могу очекивати придаљем проучавању европских фосилних фаунаслатководних риба са различитих локација ивременских интервала. Свесни смо да подручјејугоисточне Европе пружа много више потен -цијала када говоримо о отолитима слатковод нихриба. Тајминг и редослед фаунистичких прео -крета (квалитативних  промена) и поме рања којису довела да тренутно знамо да постоје трисукцесивне популације слатковод них гобида (сл.8), сигурно ће бити још боље појашњени наконшто се проуче нови локалит ети са сличним иупоредивим језерским седи ментима (фаунама).Такође се надамо да ће даља проучавања био -тичких и абиотичких својстава у седиментимаширег подручја Врачевића и Клинаца, омогућитибоље ограничавање тачне стратиграфске старо -сти рибље фауне. У том смислу, планирамо дапроширимо даље истра живање на подручју ВМБ(нпр. мали потоци око Горњег Мушића) какобисмо дошли до потпу није слике еволуције језераВрачевић и његове фауне током старијег и сред -њег миоцена и бољег разумевања хроно страти -графског поло жаја тих седимената.
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