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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 Vracevic. The
Vracevic locations are part of the 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 of this 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 ot 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.

AncrTpakt. Cpncku jesepckH cucteM (SLS) je k/byyHO nogpydje HCTpaxHBama
CJIATKOBOJAHE KUBOTHe cpefiiHe y JU EBpomnu 3a BpeMe cTapujer U cpeimer
MHoLleHa. OBZe onucyjeMo 60raTy GOCHUJHY acollijalujy pub/pbUX OTOJNIUTA
OJ, KacHor 6azeHa A0 paHor capmarta (cepaBananjad, MN 7+8 3oHa). [Ipoyua-
BaHU MaTepujaJll je NPUKYILJbEH HA JIOKaJUTeTUMA y 0A1M3uHU Bpauesuha, Ha
HEeKOJIMKO MaauX u3zaHaka y3 noTok I'padosan. JlokaauTeT Bpaderuh je feo
Ba/beBcko-MHOHHYKOT GaceHa (BMb). UaeHTHQUKOBaIX CMO JI€BET pPa3JIndH-
THUX BPCTA, 0/1 KOJUX CY /IB€ ¥ OTBOPEHO] HOMEHKJ/IAaTYPU U TPHU HOBE y HayIU:
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. YTBpAUAU CMO Ja je
cacTaB oBe ¢ayHe puba y A006p0j Kopesialijy ca HELITO CTapUjoM payHOM
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paHoOr A0 CpeAler MUoNeHa JoKaauTeTa KinnHnu, O6a nokanuTeTa Cy
BEpOBAaTHO 6ua Mehyco6HO moBe3aHa TOKOM IOCTOjaha Ba/beBCKO-MHUO-
HU4YKOr baceHa (VMB). 3ajeaHuna ci1aTKoBOAHUX robuaa o/ Jomer A0
CTapuje-cpeJmer MUOIeHa JVrTOUCTOYHe EBporne JOKYMEeHTY|e IPHUCYCTBO
,HecTaJe MUONEeHCKe GayHe CJIaTKOBOJAHUX puba- robH/aa’, Koja je rnocro-

K/bydHe pe4H:

cpedrbu MUOYEH, 0MoAUmu,
Bpauesuh, Bameecko-muoHU4Ku
6aceH, Cpncku jeaepcku cUcmem

jajla paHHje H HHje OMJIa OBe3aHa ca JaHac npeoersabhyjyhoM nouTo-
KacnujcKkoM ¢payHoM puba. HoBu nogaiu npyxajy saxkHe uHbopmaunyje 3a
NeTa/bHYy PEKOHCTPYKUUjY naneoreorpadcke eposyuyje BabeBCKO-MUHO-
HUYKOT baceHa.

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 & 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) (KRrsTiC et al., 2003,
2007; DE LEEuw et al.,, 2010; Manbpic 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
half later, 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; Manpic et al,, 2012). This modern integrated
approach has led to a more precise determination
of the 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; Manpicetal,, 2010, 2012, 2019; SANT
et al,, 20183, 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; SiMIC et al.,, 2017;
SANT et al., 2018a; MARIC et al., 2019; BRADIC-MILINOVIC
etal.,, 2019). Generally, most published data indicate
that the SLS is of middle Miocene age (e.g., KRSTIC et
al.,, 2012). KrsTIC 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 (RunbpiC et al.,, 2019). [t became possible to com-
pare the fossil diversity and evolution of ditferent
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 of the fish
remains (otoliths and articulated skeletons with
otoliths in situ) from lacustrine basins of western
Serbia in the Valjevo-Mionica area (BRADIC-MILINOVIC
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
Vracevic¢ 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 Vracevi¢ paleo-lake, two pertaining to
the Cyprinodontidae and seven to the Gobiidae. The
composition of the fauna shows some congruence
between the Vracevic paleo-lake and neighboring
Valjevo paleo-lake but also certain differences,
which may indicate a difference in time between the
two basins.

Geological Setting

Vracevic 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 (SIMIC et al, 2017;
Brapi¢c-MiLiNovIC et al,, 2018, 2019). [t covers an area
of 350 km* and represents the western part of the
Valjevo-Mionica-Belanovica Graben (MARovIC 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 (MaroviC 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 of up to 1,000 m in the center of the basin (e.g,
OBRADOVIC & VAsIC, 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 of the basin area (Brabi¢c-MiLinoviC 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 distal Adriatic passive margin (ScHMID et al,,

2008; NEUBAUER et al.,, 2016; Brapi¢c-MILINoOVIC 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 of the VMB be-
tween the Toplica and Ljig Rivers (Vracevi¢, 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 Vracevi¢ Formation (Jova-
NOVIC et al., 1994: OBrADOVIC & VasIC, 2007: LAZAREVIC
et al.,, 2013; Runbpi¢, 2017; Brabpic-MiLINoVIC 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., JovaNovIC et al., 1994 ). In other
words, the Sarmatian restricted-marine sediments
are transgressive and unconformable over the lower-
middle Miocene lacustrine sediments (JovanovIiC &
DoLIC, 1994; DoLiC, 1995; LazARevIC 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 Vracevic (Mion-
ica) area is an east-west striking elongated small
basin (ca. 70 km long and 15 km wide) formed in the
middle Miocene during the maximum extension
phase of the southeastern Pannonian Basin (MATENCO
& RaDIVOJEVIC, 2012; RUNDIC, 2017; RunbpIC et al,, 2019)
that coincided with the Middle Miocene Climatic Op-
timum (MMCO; Manbic et al,, 2010, 2012; NEUBAUER
et al, 2015a, b}). The Vracevi¢ 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 VracCevi¢. Among the first re-
searchers, LASKAREV (1948) identified remains of
Deinotherium giganteum from the upper part of the
Grabovac Stream. A few years later, STEVANOVIC
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Fig. 1. Location map. 1A, Position of Vracevic in Serbia; 1B. detailed geological map of the Vracevic area with sample locations. 1C. The

red circles with numbers mark outcrop positions mentioned in the text.
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Fig. 2. Stratigraphic summary column of the Vracevi¢ area and
the Vracevic 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, FiLipoviC 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 Vracevic; such
studies have resulted in a identification of various
other fossil remains, including, for example, those of
reptiles (JovanoviC et al., 2002; JovanoviC & Duric, 2005,
2016), small terrestrial mammals collected from the
freshwater sediments of Vracevi¢ (Markovic, 2003),
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freshwater mollusks (Prysjazanjuk 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 (BrRapIC-MILINOVIC et
al., 2018). According to these studies and a synthesis
published by Jovanovi¢ & Duri¢ (2016), the Sarmatian
lacustrine sediments exhibit lateral alternation with
restricted marine sediments.

In our study of otoliths from the Vracevi¢ Forma-
tion, we found exclusively freshwater fish taxa,
which were obtained from lacustrine sediments. Ac-
cording to recent publications (NEUBAUER et al,,
2016; MaArRkovi¢, 2003; Brabi¢c-MILINOVIC 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 VraCevic 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..
Six small outcrop sections (up

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

Grabovac stream, Vracevic)

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 of the Grabovac Stream (i.e., on a small tributary
to the right of the Grabovac Stream - 74 33 680, 49 07
158) contains only the upper part of the stratigraphic
section. Further downstream, deeper parts of the 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 last location (point 6 - 74
34 065, 49 05 098) is situated near the mouth of the
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 small confluence of the 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 of fossil 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 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 Paleontology

Order Cyprinodontiformes RoseN, 1964
Family Valenciidae PARENTI, 1981
Genus Aphanius NARDO, 1827

Aphanius jeani REICHENBACHER & KowALKE, 2009
Fig. 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); 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 Vracevi¢, 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:0OH index of about 1.0 as the most diagnostic fea-
ture to distinguish A. jeani from all other extant or
fossil species of Aphanius. All but two specimens
from Vracevic 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

Aphanolebias bettinae n. 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).



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

1T mm

Aphanolebias bettinae

Fig. 4. Cyprinodontid otoliths from Vracevié; 1-6. Aphanius jeani REICHENBACHER & KowaLkE, 2009, NHMB-NP 24(0; 7-13. Aphanolebias
bettinae n. sp., holotype (39), 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 for a 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:OT = 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 Aphanclebias
(see REICHENBACHER et al., 2018) from the early
Miocene to the late middle Miocene. The latest
stratigraphic record is that of A. 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 A. 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 of the caudal sulcus margin in large spec-
imens has not been observed in any other fossil
cyprinodontid otoliths.

Order Gobiiformes THACKER, 2009

Family Gobiidae CUuvieEr 1816

Genus Klincigobius BRADIC-MILINOVIC, AHNELT &
SCHWARZHANS 2019

Klincigobius andjelkovicae BRADIC-MILINOVIC,
AHNELT & SCHWARZHANS 2019
Fig. 5.1-8

2019 Klincigobius andjelkovicae - BrRapIC-MILINOVIC, 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 (BRADIC-
MiLinoviC 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 of the 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. andjelkovi-
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cae is best distinguished from K. serbiensis in the
more slender shape of the 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 aff. andjelkovicae BRADIC-MILINOVIC,
AHNELT & SCHWARZHANS 2019
Fig. 5.9-10

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. 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 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 mm in length. OL:OH = 1.03-1.22, increas-
ing with size; OH:0T = 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 of otolith 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 of the 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) - BRADIC-
MILINOVIC, AHNELT & SCHWARZHANS, figs. 3,4, 5, tab. 1
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10b

Klincigoblus haraldahnelti

1Tmm
1T mm 28- | 32

Klincigobius serbiensis Klincigobius sp.

Fig. 5. Otoliths of Klincigobius from Vracevic¢; 1-8. Klincigobius andjelkovicae BRADIC-MILINOVIC, AHNELT & SCHWARZHANS 2019, NHMB-NP
239; 9-10. Klincigobius aff andjelkovicae BRADIC-MILINOVIC, ARNELT & 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,



Middle Miocene Otoliths of Freshwater Fishes from the Vracevic Lake (Serbion Lake System)

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 (BRADIC-MILINOVIC 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 small 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 of the 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 Vracevic 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 15-209), with a high
ostial lobe and without subcaudal ingum. 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 BRADIC-MILINOVIC, AHNELT & SCHWARZ-
HANS 2019

Toxopyge campylus BRADIC-MILINOVIC, AHNELT &
SCHWARZHANS 2019
Fig. 6.2-10

2019 Toxopyge campylus - BRADIC-MILINOVIC, 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 preventral
angle and a reduced or very small postdorsal angle
(OL:OH = 1.05-1.20; OH:OT = 2.5-3.0). The anterior
rimisinclined at an angle of 75-809, with only a nar-
row and shallow incision. The posterior rim is rela-
tively straight and inclined at an angle of mostly
75-902, with a small concavity at the level of the 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 a low ostial lobe 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, Vrace-
vicC, 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 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; 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 of its 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 SIMIC 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 of less economic potential
(as it only contains oil shale), and the chronostratig-
raphy of the Miocene of the studied sediments is also
still under debate and has been the subject of con-
siderable research activity during recent years (e.g.,
JovanoviC & PuURrIC, 2016; NEUBAUER et al,, 2015Db, 2016,
2020; BrabpiC et al,, 2018, 2019). In our opinion, the
Vracevi¢ 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 of the
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, STEvanoviC (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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T mm

Ponticola sp.

Toxopyge vracevicensis

Fig. 6. Otoliths of Ponticola and Toxopyge from Vracevié; 1. Ponticola sp. NHMB-NP 337; 2-10. Toxopyge campylus Brabpic-MILINOVIC,
AHNELT & 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
(documented primarily by freshwater gastropods).
His view was shared by FiLipoviC et al. (1978), Prys-
JAZHNJUK et al. (2000), KovaLENKO (2004 ), and PRISYAZH-

NYUK & RuDYUK (2005). The sampled locations near
Vracevic are also known for a rich micromammal
fauna that was used for biostratigraphic correlation
based on mammal zones by MARKOVIC & Pavi¢ (2005)
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and MARKoVIC & MILIVOJEVIC (2010), who concluded that
the fauna belongs to zone MN 7/8. MARkoviC &
MiLivojJEviC (2010) placed the Vracevi¢ Formation in
the Sarmatian s.s., but the 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 Vracevi¢, NEUBAUER et al. (2016) also concluded
that they dated to the Sarmatian s.s.. However, our
analysis of the fish otoliths shows a close relationship
with that of Klinci, which is considered to be of late
early to early middle Miocene age (BRADIC-MILINOVIC
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 of the 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 of the 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 of a 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 of a drier climate. This
palynological association is characteristic of the 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
Music) as well as radiometric dating of tuffs within
this series could result in a more precise chronos-
tratigraphic dating of the Miocene Vracevic 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; HoL-
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;
[vanov 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 Vracevi¢ by NEUBAUER et al. (2016) pointed to
the Vracevic¢ Formation having been deposited in “a
standing or slow moving, probably highly vegetated,
lacustrine environment.”

The fish fauna from the Vracevi¢ 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, BRra-
TISHKO et al. (2015), ScHwARZHANS et al. (2017a-e), and
REICHENBACHER et al. (2018). None of the otolith-
based fish species from Vracevi¢ 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 Vracevic, 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. of the 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 Vracevic.

Instead, the Vracevic faunal association shows a
close similarity with the older late early to early
middle Miocene assemblage of Klinci (BRrabpic-
MiLiNovIC 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 of the in situ otoliths with previously de-
scribed isolated otoliths from other regions (RE-
ICHENBACHER & WEIDMANN, 1992; REICHENBACHER, 1993;
Brapic-MiLiNoviC 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 Vracevic 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 Vracevi¢. Two new species occur
in Vracevi¢ in the Klincigobius and Toxopyge line-
ages, namely K. haraldahnelti and T vracevicensis (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 of the MMTC (at
least, in the SLS).

Another interesting aspect is the occurrence of
cyprinodontid fishes at Vracevic¢, which was not the
case in the earlier Klinci fauna. The relationships of
the two identified cyprinodontids are perhaps un-
expected. Aphanolebias bettinae represents the last
recorded species of this extinct genus, together with
A. sarmaticus REICHENBACHER, FILIPESCU & MICLEA
(2018) from the Sarmatian s.s. of the 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 (4.
bettinae). More surprising perhaps is the second
cyrpinodontid in Vracevic, 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 it represented a Euro-
pean freshwater goby assemblage with lineages that
became extinct after the MCO (Brapi¢-MiLiNovIC 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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Middle Miocene Otoliths of Freshwater Fishes from the Vracevic Lake (Serbion Lake System)

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 Vracevic 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 Vracevic¢ 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-¢). 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 Vracevic
represents an additional piece in the puzzle of the
history of the 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 (BRADIC-MILINOVIC et
al., 2019}, which was based on articulated skeletons
with otoliths in situ. The emerging picture is that of a
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; GitrL 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
(BratisHKoO et al,, 2017). In addition, 1t 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
Vracevi¢ 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 Vracevi¢ as com-
pared to the species from the coeval brackish sedi-
ments of the Apuseni region (REICHENBACHER et al.,
2018).

The otolith association from Vracevic¢ 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 Vracevic¢ 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 Music) in order to arrive at a more complete
picture of the evolution of the Vracevic Lake and its
fauna during the Miocene and a better understand-
ing of its chronostratigraphic position.
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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 Vracevic are highlighted.

Arrows indicate assumed migration routes and provenances.
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Pe3umMe

CpeAHbOMHOLEUCKH OTOJIUTH
CJIATKOBOAUHUX pUOA U3 je3epa
Bpauyeuh (CpIricku je3epCKH CUCTEM)

Cpucku jezepcku cuctem (CJC) je TepMuH Koju
obyxBaTa ,Mpexy' MawuX WJIK Behux jesepckux
baceHa KOjM Cy er3sMCcTOBaJIU y CTAPHjEM U CpeAtbeM
MuoneHy y Cpouju. [Iutame tsMXoBe U30JI0BAHOCTH
WJIU NIAK y33ajaMHe I0BE3aHOCTH Y TOM BPEMEHCKOM
OKBHPY je BpJIO aKTyeJ iHa TeMa. [lojeaHa4yHu bace-
HU Cy OHM/IM TeMa OPOjHHUX MCTPAKUBaHba IOCJIE/-
HMX HEKOJIMKO AeneHuja (BugeTu y Hp. SIMIC et al,,
2017; SANT et al., 2018a u Tamo uutTUupaHe pedpepex-
ne). Ogpehene cryauje koje cy ce doKycupaJse Ha
3anaaHy Cpbujy noTBpauIe CYy EKOHOMCKHU BaXKHe
pe3epBe CUPOBUHA (HIP. JalapCcKu 6aceH, jagapur),
KOje Cy O/, U3y3€THOI' HALlMOHAJIHOI 3Ha4aja. Ba-
/bEBCKO-MHUOHUYKHU OaceH (BMbB) nma Mamwu eko-
HOMCKHU MOTEHLHja/ (y/bHU WKPU/BbLK) aJM MMa
oapeheny nepcnekTHUBY y TOM cMUCay. MehyTum, o
XPOHOCTpPATUrPaPCKOM MOJI0XKA]Y je3ePCKUX Ceu-
MeHaTa Y OBUM DaCeHUMa Ce U Jia/be pacnpaBba v
JOILlI YBEK HHUJje MOCTUTHYTA CArJIaCHOCT O TAYHOM
BpeMeHY HUXOBOT HACTAHKA (BUAETH HIP. JOVA-
NOVIC & PURIC, 2016; NEUBAUER et al., 2015Db, 2016,
2020; BrapiC-MiLINovIC et al.,, 2018, 2019). IIpoyua-
BaHe JIOKaluje y atapy Bpadesuha no3HaTe ¢y ¥ no
boraTtoj ¢ayHU CUTHUX CUCapa, Koja je kopuitheHa
3a 6uocTpaTurpadcka 30HUpama. YTBpheHo je Ja
T€ KOHTHHEHTAJ/JIHO-]e3epCKe HacjJaare oArosapajy
30HU MH 7/8 (MaARrRkoviC & Pavic, 2005; MARrRkoviC &
MiLivoJeviC, 2010) Tj. ga npunaanajy capmary S.Str.
CaudHo TBpAe U NEUBAUER et al. (2016) 6asehwu ce
AHAJMM30M CJAATKOBOJHUX MeEKyllana W3 MOTOoKa
I'paboBall.

[lo HameM MUL/bEWY, OB/l€ IPOYYABAHU CeH-
MeHTH dopmanuje Bpadesuh umajy mmpu BpemeH-
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CKH OKBUP H YVKJ/bYUY]Yy U CTapuje NakeTe ceJuMe-
HaTa (MJyabu 6agen). To je y ckJlaay ca MPOIeHOM
J1a ce chcapcka 3oHa MH 7/8 3anpaBo npoTexe o/
ropmer bajgeHa Ao capmara s.str. (GRADSTEIN et al.,
2012). CarnepgaBajyhu 1eJioKynaH JIMTOCTpPaTH-
rpadpcku cTtyd MuoleHa y BMbB ca HeKoJIMKO 11U-
KJyca je3epcKe ceJuMeHTaldje, QopmMaluja
BpaueBuh npejcras/ba K/byUHY JUTOCTpATUTpad-
CKY je IMHULY 3a pelllaBakse M10J10Kaja pa3JuuUruTHUX
je3epCKUx ceJlUMeHaTa U BbUX0BOT 0/IHOCA IpeMa
0OJMKIBUM MOPCKO-O0paKHYHHUM HacJarama. lusb
OBOr paja je Ja ce TO INUTalbe MOjaCHU U AOKY-
MEeHTYje Ha OCHOBY aHaJIk3e CJaTKOBOJAHHUX puba
OJHOCHO HbUXOBUX OTOJIHUTA.

M3 HeKOJIMKO MaJuX, MeTapCKUX HU3JaHaKa V3
notok I'padoBall (aTap cena Bpayesuh, BMB) npu-
KyIl/beH je 3aHUMJ/bHUB U J10CcTa OpojaH payHUCTU-
YKH MaTepujaa. Y CHTHO3PHHUM KJACTUTHMAa KOH-
THUHEeHTaJIHO-je3epcKe cepHje, NpoHaheHO je yKy-
nHo 287 nmpuMepaka OTOJUTA KOjU HAeHTUPUKY]Y
JleBeT BpCTa CJAAaTKOBOJAHHUX puba mnaJieo-je3epa
BpayeBuh (aBe mnpunagajy ¢pamuaumju Cyprino-
dontidae u cegam damusnju Gobiidae). JeTep-
MUHHCaHe cy cjaelehe BpcrTe: 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. HabeHna
pubOJ/ba dayHa IpejcTaBjba jolll jeJaH Jeo "cJa-
rajiiie” Koja he oMmoryhuTu noTnyHuje U peaJiHHje
carJjieJlaBatbe eBOJIYLHje CJaTKOBOJAHUX pHba y
EBponu. Y acouujanuju AoOMHUHHpaAjy OpejcTaB-
HULM robuJa YHUjU cacTaB je BPJO CJIMYaH HelITo
CTapHjoj, IPeTX0AHO OMKUCAHO] PayHU OTOJIMTA U3
cesqia Knunuuy (naneo-jesepo BasbeBo) rae cy ot-
KpUBEHU J00po OUYyYBaHU CKeJjieTU puba ca oTo-
AuTHUMa in situ (Brabpic-MiLiNoviC et al,, 2019). CacTaB
dayHe yKa3syje Ha oApeheHy noayaapHocCcT u3Mehy
IIBa MaJieo-je3epa, aJlkd U Ha oJpeheHe ejeMeHTe
KOjU MOI'Yy yKa3uBaTH Ha BpeMeHCKY (cTpaTu-
rpadcky) pasiMKy Mehy muMa. AHaau3a pubJ/bUX
OTOJIMTA NoKa3yje OJIMCKY Be3y ca ¢payHOM MH3
KyirHalua, 3a Kojy ce cMaTpa Ja je orpaHyu4yeHa Ha
MJahu JoHU MHOLEH - CTAPUjU CpeAHkH MHUOILIEeH
(BraDpIC-MILINOVIC et al., 2019). C apyre cTpaHe, Ta
dayHa He I0Ka3yje CJIUYHOCT HHU ca jeJHOM O]
peJIaTUBHO [00OpO IMO3HATHX CapMaTCKUX S.Str.

acolMjanuja pubda u3 neHTpasHor llapaTtetuca u
IbUXOBUM IIpeJlazuMa Ka MOPCKO-OpakKUYHHUM
BoJlaMa. To je CUTYPHO V BeJIMKC] MepH Iocaeiulia
IaJIe0eKOJIOUIKUX pasJiuKa, aJd, [0 HalleM MH-
LI/bebY, YKa3yje U Ha HellTO CTapuje BpeMe 0J
capMmaTa, MoX/Ja ropmHU Tj. maabu 6ageH. C Tor
acIleKTa IIoCMaTpaHo, MOXKe ce NPeTHOCTABHUTH Jia
ooraTa ¢ayHa cJIaTKOBO/JIHUX Io0OH/Ia YV UHTepBaJay
MJabu J0BU MUOLIEH - CTAPUJU Cpe/ithH MHOLIEH Y
LIeHTPaJIHOJ U JYyTOUCTOYHO] EBPONH, BOAU IOPEKJIO
Ol TaJallllbUX MeJJUTEPAaHCKUX Tj. MapaTeTUCKUX
robupa (cia. 7). Yunu ce ga ta ¢payHa HUje rmoBe3aHa
ca CTapujuM, MJjabhe OJIUIroUeHCKUM H CTapHje
MHOLIEHCKHM 3ajeJlHUIIaMa CJIATKOBOJAHUX Irodbua
Mo3HaTuM U3 cpearbe EBpone (REICHENBACHER,
2000, GIERL et al., 2013), kao HU ca caBpeMeHHjUM
CJIATKOBOJHHWM TroOHAMMAa KOjU Cy IO3HATH U3
jesepa [laHoH (SCHWARZHANS, 2010 1 TaMo HaBe/JleHa
JIuTepaTypa) u YkpajuHe (BRATISHKO et al., 2017).
CaaTkoBojaHa ¢payHa roouaa Bpayepuha u KauHaina
He [I0Ka3yje MpeKJanambe ca, BpeMeHCKH CJIMYHUM,
MOPCKHUM U 6pakU4YHUM roougama cycegHor lleH-
TpaJiHor [lapaTeTHca (SCHWARZHANS et al., 2017c,
2020; REICHENBACHER et al,, 2018). UcTo Baxku U 3a
LUNPHUHOAOHTUAHE BpcTe lIpoHaheHe y BpaueBuhy
y nopebewmy ca OHUM H3 CHHXPOHHUX OpakKHUYHUX
ceguMeHaTa AnyceHa (REICHENBACHER et al., 2018).
O/ paHHje je [103HATO /J1a je cpebH MUOLIeH OHO0
epuo/ 3HayajHUX KJIHMMAaTCKUX KoJebamba (SHEV-
NELL et al., 2004; HoLBOouRrN et al., 2015). TIpema
Halloj NpeTX0AHOj aHa/lu3u ¢payHe puba us Kiau-
Halla, 3aK/bYYUJIU CMO J1a OHA IIpeAcTaB/ba eBpoIll-
CKY CJaTKOBOJHY acoliyjauujy robuga kKoja je
u3yMpJia Beh C [I0YEeTKOM T3B. Cpe/jibeMUOLIEHCKE
kauMaTcke TpaH3uiuje (CMKT, 14.2-13.8 mu..
rof.). TakBe KJAUMAaTCKe IIpOMeHe JJOTo/iUJIe Cy Ce
ocje AyXer nepuoja cTabuJHe M ONTHUMAJIHE
KJAUME Yy MHOLIEHY OJHOCHO T3B. MHOLEHCKOT
KJAUMaTCKor ontumyMa (MKO, 17-14.7 mua.roa.)
(HoLBOURN et al., 2015; Brabic-MiLINovVIC et al., 2019).
Pe3yiTaTu aHa/b3e pub/be payHe U3 Bpauyenuha,
cyrepuiy za je ¢ayHUCTHYKa lIpoMeHa Mehy caart-
KOBOJIHUM pHbaMa BepoBaTHO OWJIa IIOCTeneHujay
HeKHM 006JIacTHMa Y KOjUMa CY BpeMeHCKH YCJA0BU
OCTaJIM MOroJHH 3a Ja/by er3ucTeHlujy Te ¢payHe,
Kao LITO je Ha npuMep CPICKH je3epCKHU CUCTEM
(CJC). KomnapaTuBHa aHaJiu3a ¢ayHe OTOJIMTA U3
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KauHaua u BpayeBuha, nokasyje Ja noctoje TpH
3ajegHU4YKe Bpcte (Klincigobius andjelkovicae, K.
serbiensis and Toxopyge campylus). HeTBpTa BpcTa
y Kaunuuma, Rhamphogobius varidens, v poj
Rhamphogobius Byllle HHWCY TIpUCYTHH ¥ BpayeBuhy.
J/lBe HOBe BpcTe ce jaBJsbajy y BpayeBuhy yHyTap
poaoBa Klincigobius u Toxopyge, u To K. harald-
ahnelti v T. vracevicensis (yC NOTEHLHjaJHO jOL
jeaHa BpcTa o3HadeHa Kao Klincigobius sp.) (ca. 7).
OBa oTkpurha ykasyjy aa ctapuvja HeoreHa eBporckKa
dayHa cIaTKOBOAHUX rodu/1a er3ucTyje U y BpeMe
CMKT y cuctemMy CpncKHx je3zepa. AlTepHaTUBHA
Xxunortesa 6uaa 61 ga ce PayHUCTHUYKU NMPEOKPET
3aMCTa AOr0AMO0 KacHKje Hero y MopckoM [laparte-
TUCY T). KACHU]€E je MOKPEeHyT cpear06aaeHCKOM
KpU30M casHuTeTa ( BRATISHKO et al. 2015, SCHWARZ-
HANS et al. 2017a-e) (ca. 7). Y4HU ce aa TPEHYTHO
JOCTYNMHHU nojauu paBOpU3y]y NpPBY ONLM]Y Tj.
NMOCTENEHU]U Npesias, KOju HYAH TMOTEeHLH|jaJa pe-
JJUKTHUM QayHama ja npexuse oapeheHu BpeMeH-
CKU NepuoJ, y orpaHH4eHuM obiacTvMa (a oBo ce
MOxaa goroauao ca ¢ayHoMm Bpauesuha). TakBo
TyMadyewe OUJA0 OU y CKAaay ca MOCTENeHOM
TpaHCcPopMaLMjoM NpuMeheHOM Ko CAaTKOBO-
HUX U KOMHeHUX MeKylana (NEUBAUER et al., 2017,
2020). OBu ayTopu cMaTpajy aa je dayHa MeKy-
waua maaher cpegmwer muonena CJC-a ,,oacko4Ha
JacKa Tj. mpeJa3 of CTapHje cJaTKoBoAgHe dayHe
JAMHApPCKOT je3epCKOor cucTeMa nnpeMa payHu jesepa
[lanou" (NEUBAUER et al., 2020). Unak, Takas pa3Boj
Cce He BUAU y QayHH prba, a nocebHo He y ¢payHHu
roouga. Acouujanuja ¢1aTKOBOAHHUX robuga mJa-
her gower u crapujer cpegmer MUOLEHA, youeHa
Koj dayHe KnMHaua, HAaCTaBuJA je er3auCTeH U]y U
y jeepy BpaueBuh ca MamMM IpOMeHaMa U HEKUM,
IPETIOCTAB/HLEHO EHAEMCKUM pa3BojeM. OHa HU HA
KOjU HAaYWH HUje UMaJjia yTHIdja HA pyub/by dayHy
capMarckor mopa M jedepa llanon uiun lloHTO-
Kacnujcky ayHy prbda. YMecTo Tora, MoTIYHO je

HecTasa U3 eBPONCKHUX CJAATKOBOJHUX CHUCTEMA,
BEepOBaTHO He MHOro kKacHuje oa kKpaja CMKT.
dayHa jesepa [laHoH Kao u [loHTO-Kacnujcka da-
yHa, HacTaJjia je o MOPCKUX A0 MpeJa3HUX capMar-
CKUX S.5tr. 6paKU4HHX GopMHU puba, U TO Cy A06pPO
JOKyMeHTOBaJau BRATISHKO et al. (2015) 1 SCHWARZ-
HANS et al.. (2017a-e). CarnacHOCT y TOM CMUCAY
Jaje ¥ aHaJiu3a npejasHe capMaTcke S.str. payHe
puba u3 pervje AnyceHa (REICHENBACHER et al,
2018).

dayHa oTosivTa U3 Bpauesuha Takohe uaycrpy-
je HOBe NPUCTYIE KOjU Ce MOry O4eKHUBATH MpH
Ja/beM NpoyYaBaky €BPONCKUX GOCUAHUX dayHa
CJAaTKOBOJHHWX puba ca pa3zMYUTUX JoKaluja U
BpeMeHCKHX UHTepBaJia. CBeCHH CMO Aa nojpy4dje
jyroucTto4yde EBpone npya MHOTO BHIEe NMOTEH-
[lMjaJsia Kaja roBOpHMO O OTOJMTUMA CAaTKOBO/I-
HUX puba. TajMUHT U peaocaes PayHUCTHYKHX
npeokpera (KBaJlUTATUBHUX I[pPOMeEHA) U nome-
paka KOjU Cy JoBejia Jia TPEHYTHO 3HaMo Ja
NOCTOje TPU CYKLeCHBHE nonyaanuje cJaTKoBO/1-
HUX roouaa (ca. 8), curypHo he 6UTH joiun HoJbe
NnojallkbeHU HAKOH LITO ce Mpoy4Ye HOBH JIOKAJMUT-
eTHU Ca CJIMYHUM U YIIOPEeJHUBUM j€3ePCKHUM Ceu-
MeHTHMa (payHama). Takohe ce Hagamo ga he gama
npoy4yaBaha OMOTHUYKMX U aOMOTHYKUX CBOjCTaBa
y CceJJUMeHTHMa luper nogpydja BpayeBuha u
Knnnaua, omoryhutu 60/be OrpaHMyaBame Ta4yHe
cTpaTurpadpCcke crapoctu pubsbe dayHe. Y TOM
CMHCJY, IJIAHWPAMO [a NPOIIUPUMO Aabe UCTPa-
YKMBabe Ha nogpy4jy BMb (HIop. Mmaau n0TOLM OKO
[opwer Mymunha) kako 6UCMO ZOUWINA 4O MOTOY-
HUje C/IMKe eBOJyLMje jesepa BpaueBuh u werose
¢payHe TOKOM CTapujer U cpejrber MHUOLeHa U
60Jber pasyMeBama XpPOHOCTPATUIPadCKOr nosio-
’Kaja TUX ceguMeHara.
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