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ABSTRACT

The late Badenian Medobory barrier reef in western Ukraine offers a unique
opportunity to study a backreef fish fauna of the Middle Miocene Central Paratethys
Sea mostly by means of otoliths. New sampling at five locations has considerably
upgraded the fish fauna, which now comprises 62 species. Nine new species are being
described: Umbra euronota n. sp., Scythogobius minimus n. sp., Sarmatigobius cava-
tus n. sp., Buenia gibba n. sp., Ptereleotris tectus n. sp., Syngnathus vesculus n. sp.,
Apletodon conwayi n. sp., Palaeolebias winogradskyi n. sp., and Arnoglossus dispar n.
sp. Syngnathids and gobiesocids are herewith for the first time identified in fossil otolith
assemblages. The new samples also include otoliths from fine fractions down to 0.3
mm mesh size. The fine fraction was extremely rich in small, unidentifiable otoliths of
presumably juvenile gobies in certain localities and yielded the small syngnathid and
gobiesocid otoliths. The numerous small goby otoliths are thought to represent a fish
nursery setting, probably in a seagrass environment. The sampling of rich otolith com-
munities also facilitates the recognition of micro-environments in the Medobory back-
reef lagoon, such as near-reef (patch reef), deeper lagoon and seagrass meadow
faunal compositions that are also largely supported by the evaluation of other co-
occurring biota (foraminifera, ostracods, and molluscs).
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INTRODUCTION

The Medobory barrier reef was a Middle Mio-
cene reef with coralline algae as the main frame-
work builder in western Ukraine and extending into
adjacent southern Poland and northern Moldova,
located along the eastern margin of the Fore-Car-
pathian Basin (Gorka et al., 2012). The Medobory
reef existed for only a brief period, during the late
Badenian (13.80-12.65 Ma after Harzhauser et al.,
2020). It was a true barrier reef unlike the discon-
tinuous reef bodies in the Middle and Late Miocene
of Spain and elsewhere in the Mediterranean (Per-
manyer and Esteban, 1973; Esteban, 1980). The
Medobory barrier reef is remarkable for two rea-
sons: (1) it is believed to have grown near the
northern limit of temperature conditions suitable for
coralline-algal growth at the time (Gorka et al.,
2012), possibly enhanced by a warm, shallow envi-
ronment over the wide shelf; and (2) it was formed
after the mid-Badenian ecological crisis marked by
the Karaganian event in the Eastern Paratethys
and an evaporitic event across large parts of the
Central Paratethys (see Peryt, 2006; Harzhauser
et al., 2014, 2018 and references therein; Baldi et
al., 2017 for more details). Even though the
ephemeral marine connectivity existed through the
Slovenian Gateway during some time in the late
Badenian (Bartol et al., 2014), re-immigration of
deep-water and reef-related fishes may have been
restricted. The fish communities of the Medobory
barrier reef were therefore dominated by endemics
that arose from primarily not reef-adapted survi-
vors, chiefly gobies, of the mid-Badenian crisis
(Schwarzhans et al., 2022). A rich otolith-based
fish fauna has been described from the Medobory
backreef by Schwarzhans and Kovalchuk (2022)
and subsequently by Schwarzhans et al. (2022).
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Rich new finds sampled from additional localities
have not only raised the count to 62 species includ-
ing nine new species and 14 in open nomencla-
ture, but also allowed a more diversified picture to
be drawn of environmental settings and fish com-
munities in this unique Lagerstatte.

GEOLOGICAL SETTING

The studied material originates from six locali-
ties (Figure 1) including four new ones (Lisohirka,
Novyi Pliazh, Skala, and Staryi Zavod) and two that
have been investigated previously (Mlyntsi and
Shydlivshchyna), fish remains from which were
processed and published earlier (Schwarzhans et
al., 2022). Mlyntsi (49.1387 N, 26.5981 E) is situ-
ated within the Chornovodka River valley near the
village of Chornyvody. Shydlivshchyna (49.1717 N,
26.5519 E) is confined to the ravine slope of the
Smotrych River north of the city of Horodok. In
addition to fish remains, shells of gastropods and
bivalves, algae, serpulids, ostracods, bryozoans,
and sponges were found in a detrital reef-derived
calcarenite (Schwarzhans et al., 2022). Lisohirka
(49.1424 N, 26.5645 E) is an abandoned quarry on
the northern outskirts of the eponymous village. It
occupies the lower part of the right slope of the
Smotrych River valley. The fossils were obtained
from a layer of unconsolidated uniform reef calca-
renite, that is, from within a reef body. A character-
istic feature of this layer is the abundance of
gastropods up to 3 mm in size as well as a rich
assemblage of foraminifera, ostracods, bryozo-
ans, serpulids, remains of sea urchins, and crusta-
ceans. Novyi Pliazh (49.1791 N, 26.5687 E) is
confined to the left slope of the Smotrych River val-
ley and represents a natural exposure of detrital
calcarenite yielding numerous fish remains. Skala
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Localities:

1 - Horodok

2 - Kozatskyi Yar
3 - Lisohirka

4 - Mlyntsi

5 - Novyi Pliazh

6 - Shydlivshchyna
7 - Skala

8 - Staryi Zavod

FIGURE 1. Location map showing the Medobory Reef (after Korolyuk, 1952; Gérka et al., 2012, with modifications)
and the studied localities in the vicinities of Horodok, western Ukraine. Individual reef bodies are shown in grey within

the Medobory Reef trend.

(49.1911 N, 26.5604 E) is an abandoned quarry on
the northwestern outskirts of the city of Horodok.
Fossiliferous rocks belong to the lowermost part of
the upper Badenian sedimentary succession
(Pidhirtsi Beds), represented by white quartzitic
sands and sandstones in an off-reef position. Staryi
Zavod (49.1692 N, 26.5889 E) is located within the
city of Horodok, in the steep left slope of the
Trostyanets River valley, left tributary of the Smo-
trych River. The fossils originate from loose, fine-
grained reef calcarenite, overlain by a thin (10-30
cm) layer of gravel and underlain by quartz-lime-
stone sands. In the material from this locality are
many Cerithioidea shells.

MATERIAL AND METHODS

In total, 114 kg of the fossiliferous rock were
processed including 10 kg from Lisohirka, 30 kg

from Mlyntsi, 40 kg from Novyi Pliazh, 20 kg from
Shydlivshchyna, 14 kg from Staryi Zavod, and 15
kg from the Skala locality (the latter was dry sieved
using a mesh size of 1.7 mm).

A single rock sample was taken from the
ravine slope in each locality. A slightly different
approach was applied to obtain most of the studied
material. Sieves at this stage were not used at all.
The rock samples were washed in small portions
by the vortex (centrifuge) method in a transparent
container with water until the silty particles were
completely dissolved. Using a large brush, the rock
sample rises into the thickness of the vortex by
continuous circular movement, and it is intensively
washed up to abrupt stop stirring. Large fractions
settle faster than small ones. At this moment, it is
important to carefully drain such a cloudy water,
thus separating the fractions. Then, the rock sam-
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ple is washed again until the water becomes
almost transparent, and the coarse fraction is
clearly visible at the bottom of the container. Then
the material is dried, and only thereafter it has
been sieved. For efficiency and for further visual
selection of fossils under a binocular microscope,
the rock was sieved and divided into three frac-
tions: large (particles larger than 5 mm), medium
(1.7 mm) and small (down to 0.3 mm). Otoliths,
bone remains, foraminiferans, serpulids, bryozo-
ans, sea urchins, molluscs (gastropods, bivalves),
and brachiopods were selected. This collecting
approach was used working in the Lisohirka, Novyi
Pliazh, and Staryi Zavod localities.

All otoliths were studied with a reflected-light
microscope. Photographs were captured with a
Canon EOS mounted on the phototube of a Wild
M400 photomacroscope. They were taken at regu-
lar field-of-depth levels for each view, with the cam-
era being remotely controlled from a computer. The
individual photographs of each view were stacked
using Helicon Soft's (Kharkiv, Ukraine) Helicon
Focus software. The continuously focused pictures
were processed with Adobe Photoshop to enhance

contrast, balance exposition, or retouch small
inconsistencies, such as sand grains, encrusta-
tions, or pigmentation spots insofar as doing so
was possible without altering the otolith morphol-
ogy. All figures show right otoliths except for pleu-
ronectiforms, because they may exhibit side
dimorphism. Otherwise, left otoliths have been
reversed to facilitate better comparison and are
annotated accordingly. All figured otoliths show
inner faces unless otherwise annotated.

The specimens considered are housed in the
Department of Palaeontology at the National
Museum of Natural History, National Academy of
Sciences of Ukraine, Kyiv (NMNHU-P, collection
Pl); and in the Senckenberg Museum, Frankfurt
am Main, Germany (SMF, collection PO).

SYSTEMATIC PALAEONTOLOGY

Part 1. Otoliths (by Schwarzhans, Klots, and
Kovalchuk)

The otolith-based fossil record from the
Medobory backreef localities is summarised in
Table 1. The morphological descriptive terminology

TABLE 1. List of otoliths identified from the Medobory backreef localities at Horodok, western Ukraine. Species in bold

printing are described or discussed in the systematic section.

Localities
IS |88 |2 2 |5 |¢
Taxon L 15 | S = S & 2 & Total Figure

Muraenidae

Muraenidae indet. - - - - 1 - - 1 2A-C
Umbridae

Umbra euronota n.sp. - - - - 1 - - - 1 2D-G
Clupeidae

Maeotichthys wilhelmi (Djafarova, 2006) - - - 2 - 11 2 - 15 2H-J
Moridae

Physiculus sp. - - - - 1 - - - 1 2K-M
Gadidae

Micromesistius planatus (Bassoli, 1906) - - - 2 7 - - - 9 2N-Q

Palimphemus sp. juv. - - - 1 - 22 12 - 35

Phycis sp. juv. - - 1 1 2 3 1 1 9
Gaidropsaridae

Onogadus simplicissimus (Schubert, 1906)  — 6 1 13 14 38 20 6 98 2T-Z

Enchelyopus sp. - - - 1 - - - - 1 2R-S
Carapidae

Carapus sp. - - - - 1 1 - - 2 2AC-AE
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Localities
©
S S
5|5 § | 3
51813, | 8§ |8
B ls g |8 8|2 |35 ¢
5 £z S > ° 8 @ g .
Taxon I * N s = & 5 & Total Figure
Bythitidae
Bellottia aff. obliqua (Weiler, 1940) - - - - 2 1 - 1 4 2AA-AB
Gobiidae
Gobius Lineage
Gobius bratishkoi Schwarzhans etal., — 2 6 13 2 1 7 - 31 3A-C
2022
Gobius mustus Schwarzhans, 2014 - - - - - 1 - - 1 3F-G
Gobius reichenbacherae - 1 - - 22 4 - 6 33 3D-E
Schwarzhans, 2014
Gobius supraspectabilis - - - - - 4 - - 4 3H-J
Schwarzhans et al., 2020
Gobius ukrainicus Schwarzhans etal., - 10 1 38 31 40 15 4 149 3M-P
2022
Gobius sp. - - - - - 2 - - 2 3K-L
Odendebuenia agiadiae Schwarzhans  — 8 5 31 29 67 6 33 179 3Q-T
etal., 2020
Benthophilus Lineage
Scythogobius minimus n.sp. - - - 1 2 - 4 - 7 3U-AF
Aphia Lineage
Lesueurigobius sp. - - - 4 - - 5 - 4A-1
Sarmatigobius cavatus n.sp. - - - - 3 - - - 4J-Q
Sarmatigobius iugosus (Schwarzhans  — - - - - - 1 - 1 4R-T
et al., 2020)
Gobiosomatini?
Parenypnias inauditus Schwarzhans - 3 1 10 8 11 3 4 40 4U-X
etal., 2022
Parenypnias kiselevi Schwarzhans et  — - - 1 2 - - 1 4 a4Y-Z
al., 2022
Glossogobius Lineage
Bathygobius? sp. - - 1 - - - - - 1
Priolepis Lineage ?
Medoborichthys podolicus - 24 13 54 60 157 7 35 350 4AA-AC
Schwarzhans et al., 2022
Medoborichthys renesulcis - 1 2 12 17 7 3 6 48 4AD-AG
Schwarzhans et al., 2022
Asterropteryx Lineage
Vanderhorstia prochazkai - 3 1 19 4 — 6 — 33 5A-C
Schwarzhans et al., 2020
Vanderhorstia sp. - 2 - 1 — — 1 — 4
Pomatoschistus Group
Buenia gibba n.sp. - - - - 1 18 2 - 21 5K-S
Deltentosteus telleri (Schubert, 1906) — 3 3 7 23 138 8 17 199 5T-AA
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TABLE 1 (continued).

Localities
g | .

Taxon ;.g; 5 E é 23 § % ;,: Total Figure
Economidichthys triangularis (Weiler, — — 2 - 1 1 61 18 2 85 5AB-AD
1943)

Knipowitschia polonica Schwarzhans - 3 1 16 18 89 30 7 164 5AE-AI

et al., 2020

Pomatoschistus elegans (Prochézka, — 1 1 5 12 229 21 13 282 5AL-AN

1900)

Hellenigobius bunyatovi (Bratishko et  — - - - - 1 3 - 4 5AJ-AK

al., 2017)

Gobiidae indet. erod. and juv. - 6 7 9 - 1108 105 - 1235
Microdesmidae

Ptereleotris tectus n.sp. — — — — 1 3 - — 4 5D-J
Gasterosteidae

Gasterosteidae indet. - - - - - 2 - - 2 6A-B
Synganthidae

Syngnathus vesculus n.sp. - - - - - 7 - - 7 6C-J
Blenniidae

Blennius? martinii Reichenbacher - - - - - 3 - - 3 6M-R

et al., 2018

Blenniidae indet. - - - - - 1 - - 1 6K-L
Gobiesocidae

Apletodon conwayi n.sp. - - - 1 - 1 - - 2 6S-X
Cyprinodontidae

Palaeolebias winogradskyi n.sp. - - - - - - 3 - 3 6Y-AC
Callionymidae

Protonymus primus (Weiler, 1943) - - - - - 2 4 - 6 6AD-AG
Bothidae

Arnoglossus dispar n.sp. - - - - 2 6 - 2 10 6AL-AT
Soleidae

Parasolea sp. - - - - - - 7 - 7 6AH-AI

Solea sp. - - - - - - 1 - 1
Cynoglossidae

Cynoglossus sp. - - - - 1 - - - 1 6AJ-AK
Labridae

Coris medoboryensis Schwarzhans — - 1 18 4 12 3 1 39 7A-H

et al., 2022

Thalassoma vernyhorovae - - 1 10 - 20 3 - 34 71-P

(Schwarzhans et al., 2022)
Trachinidae

Trachinus meridianus Schwarzhans 1 - - - - 1 - 1 3

and Kovalchuk, 2022
Cottidae

Cottidae indet. - - - - - 2 1 - 3 7U-V
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Localities

Shydlivshchyna

Horodok

Taxon

Kozatskyi Yar

Mlyntsi
Novyi Pliazh
Staryi Zavod
Lisohirka
Skala

Total Figure

Liparidae

Liparidae indet. -

|

|
-

|
-

TW-X

Triglidae
Trigla? sp. - -

75-T

Haemulidae

Brachydeuterus speronatus (Bassoli, 6 -
1906)

44 7AF

Priacanthidae

Pristigenys rhombica (Schubert, - 1
1905)

Pristigenys schiecki Schwarzhans, — -
2010

TAE

15 7AB-AD

Mullidae
Mullus bifurcatus (Strashimirov, 1972) — -

7Q-R

Cepolidae

Owstonia sp. - -

7Y

Family indet.

Perciformes indet. - 1

16 - - 17

Sparidae

Diplodus karrerae Nolf and - 1
Steurbaut, 1979

Pshekharus yesinorum Bannikov and  — 2
Kotlyar, 2015

Sparidae indet. - -

20 7AG-AL

35 - 5 54 7Z-AA

Caproidae

Capros aper (Linnaeus, 1758) - -

1 - - - - 1

Total number of otoliths 7 80

65

286 316 2146 302 152 3354

of otoliths follows Koken (1884) with amendments
by Chaine and Duvergier (1934) and Schwarzhans
(1978). The classification follows Nelson et al.
(2016). We have extensively documented the
retrieved otoliths (3177 specimens) from the new
samples. Since most species have been recently
described in Schwarzhans et al. (2022), however,
we only describe new species here and selectively
comment on new records, including those in open
nomenclature (shown in bold in Table 1).

Class ACTINOPTERYGII Klein, 1885
Subdivision TELEOSTEI Miiller, 1846
Order ANGUILLIFORMES Regan, 1909
Family MURAENIDAE Rafinesque, 1810

Muraenidae indet.
Figure 2A-C

Material. 1 otolith, NMNHU-P Pl 2595, Novyi Pli-
azh.

Discussion. The single small otolith of 1.5 mm in
length shows the typical otolith shape with a blunt
anterior tip and a somewhat tapering posterior tip
and sulcus shape of muraenid otoliths. The sulcus
is narrow, deep, with slightly wavy margins, anteri-
orly open and posteriorly terminating at consider-
able distance from the posterior rim of the otolith.
Moray eels are typical fishes in extant reef environ-
ments, but their fossil otolith record is extremely
scarce with a single unambiguous record from the

7
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Onogadus simplicissimus

Carapus sp.

FIGURE 2. Otoliths, various. A-C, Muraenidae indet., NMNHU-P Pl 2595, Novyi Pliazh, anterior view (A), ventral
view (C). D-G, Umbra euronota n. sp., holotype, NMNHU-P PI 2596, Novyi Pliazh, outer face (D), anterior view (F),
ventral view (G). H-J, Maeotichthys wilhelmi (Djafarova, 2006), NMNHU-P Pl 2599, Staryi Zavod, anterior view (H),
ventral view (J). K-M, Physiculus sp., NMNHU-P Pl 2600, Novyi Pliazh, dorsal view (L), anterior view (M). N-Q,
Micromesistius planatus (Bassoli, 1906), NMNHU-P Pl 2601, Novyi Pliazh (reversed), ventral views (O, Q). R-S,
Enchelyopus sp., NMNHU-P Pl 2616, Mlyntsi, ventral view (S). T-Z, Onogadus simplicissimus (Schubert, 1906),
NMNHU-P PI 2612, Novyi Pliazh (T, U, Z), NMNHU-P PI 2611, Miyntsi (V-X), NMNHU-P PI 2610, Lisohirka (Y), ven-
tral views (U, W). AA-AB, Bellottia aff. obliqua (Weiler, 1942), NMNHU-P Pl 2619, Novyi Pliazh (reversed), ventral
view (AB). AC-AE, Carapus sp., NMNHU-P PI 2617, Novyi Pliazh (reversed), anterior view (AC), ventral view (AE).
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Neogene of the Caribbean
Rodrigues de Aguilera, 2001).

Genus ESOCIFORMES Bleeker, 1859
Family UMBRIDAE Bonaparte, 1845
Genus UMBRA Kramer in Scopoli, 1777
Umbra euronota n. sp.
Figure 2D-G
zoobank.org/C90F1413-6370-409D-8B5E-D751B3178EEB

Holotype. NMNHU-P PI 2596 (Figure 2D-G),
Novyi Pliazh, western Ukraine, late Badenian.
Etymology. From euronotus (Latin) = easterly,
referring to the occurrence of the species.
Diagnosis. OL:OH = 1.45. Ventral rim nearly flat
and horizontal; dorsal rim domed, broadly crenu-
lated. Rostrum long (17% of OL), inferior, with
rounded tip. OL:SuL = 1.35. Cauda short and nar-
row compared to funnel-shaped ostium; OsL:CalL =
1.8; OsH:CaH = 2.3.

Description. A single, well-preserved and rela-
tively small otolith of 1.65 mm in length. OL:OH =
1.45; OH:OT = 2.5. Its dorsal rim is domed, regu-
larly curved without angles, with a broad, regular
crenulation. The ventral rim is flat, horizontal, and
slightly undulating. The anterior tip has a massive
inferior rostrum (17% of OL, measured from the tip
of the rostrum to the deepest notch of the exci-
sura); antirostrum and excisura are minute. The
posterior tip is angular, inferior, at about the same
level as rostrum but more rounded. The inner face
is almost flat with a centrally positioned, deepened
sulcus. The sulcus is widely opening anteriorly, ter-
minating distant from the posterior rim (OL:SuL =
1.35). The ostium is funnel-shaped, distinctly lon-
ger and wider than small and narrow cauda
(OsL:CaL = 1.8; OsH:CaH = 2.3). The dorsal
depression is distinct, narrow, and broad triangular;
the ventral field lacks the ventral furrow but has a
distinct crista inferior below the cauda. The outer
face is moderately convex with a broad and
smooth postcentral umbo.

Discussion. Nolf (2013) listed 14 otolith-based
umbrid species from the European Cenozoic rang-
ing in age from Eocene to Late Miocene and per-
taining to three different genera. Nine species are
placed in the genera Umbra, Palaeumbra or are
generically undefined. Another group of small
umbrid otoliths have been placed in the fossil oto-
lith-based genus Mikroumbra Reichenbacher and
Weidmann, 1992, but these species do not resem-
ble U. euronota (see Reichenbacher and Weid-
mann, 1992; Reichenbacher, 1993). Umbra
euronota differs from all of them in the relatively
short sulcus and the extremely narrow and short

(Aguilera and
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cauda, which we consider adequate for a diagnos-
tic definition. The species is morphologically clos-
est to Umbra praekrameri Weinfurter, 1950, from
the Late Miocene, Pannonian of Austria. Umbra
euronota represents one of the rare freshwater
fishes found in the Medobory backreef and is prob-
ably derived from the presumed nearby river dis-
charge.

Order GADIFORMES Goodrich, 1909
Family MORIDAE Berg, 1940
Genus PHYSICULUS Kaup, 1858
Physiculus sp.

Figure 2K-M

Material. 1 otolith, NMNHU-P PI 2600, Novyi Pli-
azh.

Discussion. The single, small otolith of 2.5 mm in
length lacks the fragile rear part. It is a typical oto-
lith of the genus Physiculus that differs from P.
moravicus (Brzobohaty and Schultz, 1978) from
the Badenian of the Central Paratethys (Brzobo-
haty and Schultz, 1978) in the strongly pointed
anterior tip and the smooth dorsal and ventral rims
and outer face.

Family GAIDROPSARIDAE Jordan and Evermann,
1898
Genus ENCHELYOPUS Bloch and Schneider,
1801
Enchelyopus sp.
Figure 2R-S

Material. 1 otolith, NMNHU-P Pl 2616, Mlyntsi.
Discussion. A single otolith of 1.3 mm in length
differs from the ubiquitous Onogadus simplicissi-
mus (Schubert, 1906) (Figure 2T-Z) in being more
compressed (OL:OH = 1.8 vs. 2.05-2.55) and thus
indicating the presence of a second gaidropsarid
fish in the Medobory backreef.

Order GOBIIFORMES Thacker, 2009
Family GOBIIDAE Cuvier, 1816
GOBIUS Lineage sensu Agorreta et al., 2013
Genus GOBIUS Linnaeus, 1758
Gobius supraspectabilis Schwarzhans,
Brzobohaty, Radwanska and Prochazka, 2020
Figure 3H-J

Gobius supraspectabilis; Schwarzhans et
al., pl. 4, figs. 10-13.

Material. 4 otoliths, NMNHU-P Pl 2631, Staryi
Zavod.

Discussion. Gobius supraspectabilis is easily rec-
ognised by its comparatively small sulcus and sub-
caudal iugum and the intensely and irregularly
crenulated dorsal rim. The small sulcus resembles
otoliths of the extant of Zosterisessor ophiocepalus

2020a
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1 mm

Gobius bratishkoi

1 mm

Gobius sp.

Odondebuenia agiadiae

AA ~ ADf;ﬁl

Scythogobius minimus

FIGURE 3. Otoliths of Gobioidei. A-C, Gobius bratishkoi Schwarzhans, Klots and Kovalchuk, 2022, NMNHU-P PI
2623, Mlyntsi (A), NMNHU-P PI 2626, Staryi Zavod (B-C, reversed), dorsal view (C). D-E, Gobius reichenbacherae
Schwarzhans, 2014, NMNHU-P Pl 2627, Novyi Pliazh (reversed), dorsal view (E). F-G, Gobius mustus Schwarzhans,
2014, NMNHU-P PI 2630, Staryi Zavod, dorsal view (G). H-J, Gobius supraspectabilis Schwarzhans, Brzobohaty,
Radwanska and Prochazka, 2020, NMNHU-P PI1 2631, Staryi Zavod, dorsal view (l). K-L, Gobius sp., NMNHU-P PI
2638, Staryi Zavod, dorsal view (L). M-P, Gobius ukrainicus Schwarzhans, Klots and Kovalchuk, 2022, NMNHU-P PI
2636, Staryi Zavod (O-P, reversed), dorsal views (N, P). Q-T, Odondebuenia agiadiae Schwarzhans, Brzobohaty and
Radwanska, 2020, NMNHU-P PI 2643, Staryi Zavod (Q-R, reversed), NMNHU-P Pl 2640, Mlyntsi (S-T), dorsal views
(R, T). U-AF, Scythogobius minimus n. sp., holotype, NMNHU-P Pl 2645 (X-Z), Novyi Pliazh; paratype, SMF PO
101.346 (U-V), Novyi Pliazh (reversed); paratypes, SMF PO 101.347 (AA-AF), Lisohirka (AD-AF, reversed), posterior
views (U, Y, AB, AE), dorsal views (W, Z, AC, AF).

10



(Pallas, 1814) (see Schwarzhans et al., 2020a for
figures of otoliths), a genus that is commonly syn-
onymised with Gobius (see Fricke et al., 2024 for
more details). It is therefore possible that G. supra-
spectabilis represents the lineage of Zosterisessor
or an extinct clade.

Gobius sp.
Figure 3K-L

Material. 2 otoliths, NMNHU-P PI 2638, Staryi
Zavod.

Discussion. Two small, compressed otoliths with a
ratio OL:OH just below 1.0 and about 1.0 mm in
length are interpreted to represent a further,
unidentified Gobius species. The compressed
shape is atypical for Gobius otoliths but is occa-
sionally seen in juvenile Gobius otoliths and certain
species such as the extant G vittatus Vinciguerra,
1883 (see Gut et al., 2020; Schwarzhans et al.,
2020b for figures of otoliths). Similarly, compressed
otoliths are found in representatives of the genus
Lesueurigobius, which differ, however, in the large
subcaudal iugum, as well as in Proterorhinus
showing a morphologically more reduced sulcus.

BENTHOPHILUS Lineage (BENTHOPHILINI in
Agorreta et al., 2013)

Genus SCYTHOGOBIUS Schwarzhans and
Bratishko, 2023 in Schwarzhans et al., 2023
Scythogobius minimus n. sp.

Figure 3U-AF

zoobank.org/89A6D401-C8E0-4167-A8AB-D40DAD2B87DC

Holotype. NMNHU-P Pl 2645 (Figure 3X-Z), Novyi
Pliazh, western Ukraine, late Badenian.
Paratypes. 1 otolith, SMF PO 101.346, Novyi Pli-
azh; 2 specimens, SMF PO 101.347, Lisohirka.
Additional material. 3 otoliths: NMNHU-P PI
2646, 1 specimen, Mlyntsi; 2 specimens, NMNHU-
P Pl 2647, Lisohirka.

Etymology. From minimus (Latin) = small, refer-
ring to the small size of the otoliths.

Diagnosis. Compact, roundish to oval shape; flat
inner face and strongly convex, smooth outer face.
Sulcus small, narrow, inclined at 18-28° and
slightly forward positioned, deepened, simple fusi-
form shaped and without subcaudal iugum.
OL:SuL =2.2-2.5.

Description. Small, thick, roundish to oval otoliths
with sizes up to 1.25 mm in length (holotype).
OL:OH = 1.2 in specimens > 1 mm in length (Fig-
ure 3U-Z) and 0.9-1.0 in specimens < 0.7 mm in
length (Figure 3AA-AF) showing a distinctive allo-
metric ontogeny; OH:OT = 1.6—-2.0. Otolith rims are
well rounded without prominent angles and
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smooth; dorsal and anterior rims are regularly
rounded, the ventral rim with a relatively low curva-
ture and the posterior rim inclined with somewhat
projecting tip at joint of posterior and ventral rims.
The inner face is nearly completely flat, smooth,
with a small, slightly forward positioned, a simple
fusiform, deepened sulcus without the subcaudal
iugum. OL:SuL = 2.2-2.5; 18-28° inclination.
There is no discernible dorsal depression or ventral
furrow. The outer face is strongly convex and
smooth.

Discussion. The otoliths of Scythogobius are
highly characteristic because of their morphologi-
cally reduced otolith and sulcus shapes and the flat
inner and strongly convex outer face resulting in a
comparatively thick otolith. The genus Scythogo-
bius was established based on S. spissus Schwar-
zhans and Bratishko, 2023 (Schwarzhans et al.,
2023) from the late Bessarabian of the Crimea
(Ukraine). Scythogobius minimus differs from S.
spissus in the lower index OL:OH at all sizes (0.9—
1.2 vs. 1.25-1.4) and the smaller sulcus size
(OL:SuL = 2.2-2.5 vs. 1.75-2.15).

APHIA Lineage sensu Agorreta et al., 2013
Genus LESUEURIGOBIUS Whitley, 1950
Lesueurigobius sp.

Figure 4A-I

?2005 “genus Gobiidarum’ sp. 3; Hoedemak-
ers and Batllori, pl. 11, figs. 5-8.
2020b  Lesueurigobius sp.; Schwarzhans et al.,

pl. 2, figs. 20-21.

Material. 9 otoliths: 5 specimens, NMNHU-P PI
2648 (Figure 4A-l), Lisohirka; 4 specimens,
NMNHU-P 2649, Mlyntsi.

Description. Compressed, massive otoliths up to
about 3.0 mm in length; OL:OH = 0.9-0.95; OH:OT
= 2.9-3.2. The otolith shape is rectangular with
near vertical anterior and posterior rims and hori-
zontal, nearly flat ventral rim. The dorsal rim is
high, postdorsally pronounced, with a predorsal
concavity in specimens larger than 2 mm. The pre-
dorsal angle is high, rounded, not projecting; the
postdorsal projection broad but short. The anterior
rim sometimes with a small incision at the level of
the ostial tip; the posterior rim with a small incision
at the level of the caudal tip. All rims are relatively
smooth. The inner face is almost flat, with a moder-
ately large, slightly inframedian sulcus. The sulcus
is sole-shaped, moderately inclined at 11-18° and
has a distinct subcaudal iugum; OL:SulL = 1.8-2.1.
The dorsal depression is broad, distinct; the ventral
furrow is distinct, close to the ventral rim of the oto-
lith and not joining up to the dorsal depression

1
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Sarmatigobius iugosus

A" -

1 mm z

Parenypnias kiselevi

1 mm

> Medoborichthys podolicus ~ Medoborichthys renesulcis

FIGURE 4. Otoliths of Gobioidei. A-l, Lesueurigobius sp., NMNHU-P PI 2648, Lisohirka, posterior views (B, D, H),
dorsal views (E, ). J-Q, Sarmatigobius cavatus n. sp., holotype, NMNHU-P Pl 2650, Novyi Pliazh (O-Q, reversed);
paratypes, SMF PO 101.348 (J-N), posterior views (K, M, P), dorsal views (N, Q). R-T, Sarmatigobius iugosus
(Schwarzhans, Brzobohaty and Radwanska, 2020), NMNHU-P PI 2653, Lisohirka, posterior view (S), dorsal view (T).
U-X, Parenypnias inauditus Schwarzhans, Klots and Kovalchuk, 2022, NMNHU-P PI 2656, Novyi Pliazh (U-V),
NMNHU-P PI 2657, Staryi Zavod (W-X), dorsal view (V). Y-Z, Parenypnias kiselevi Schwarzhans, Klots and Koval-
chuk, 2022, NMNHU-P PI 2659, Novyi Pliazh, dorsal view (Y). AA-AC, Medoborichthys podolicus Schwarzhans,
Klots and Kovalchuk, 2022, NMNHU-P Pl 2662, Mlyntsi (AA-AB), NMNHU-P Pl 2664, Shydlivshchyna (AC), dorsal
view (AB). AD-AG, Medoborichthys renesulcis Schwarzhans, Klots and Kovalchuk, 2022, NMNHU-P Pl 2668, Mlyntsi
(AD-AE, reversed), NMNHU-P PI 2669, Novyi Pliazh (AF-AG), dorsal views (AE, AG).
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around the sulcus. The outer face is moderately
convex and smooth.

Discussion. The most common Lesueurigobius
species in the Badenian of the Paratethys is L. vici-
nalis (Koken, 1891). Lesueurigobius vicinalis
exhibits a broad variability (see Schwarzhans et
al., 2020b) and therefore distinction from coeval
species such as L. magnijugis Schwarzhans, 2017,
and the specimens here denoted as Lesueurigo-
bius sp. relies on relatively subtle features consid-
ered to be sufficiently stable. The most
characteristic feature of Lesueurigobius sp. is the
concavity of the predorsal rim in larger specimens
(see also Schwarzhans et al., 2020b). It differs
additionally from L. vicinalis in the higher position
of the predorsal angle, and from L. magnijugis in
the narrower sulcus and the more irregularly
curved dorsal rim (vs. expanded and regularly
curved).

Genus SARMATIGOBIUS Reichenbacher and
Bannikov, 2022
Sarmatigobius cavatus n. sp.
Figure 4J-Q

zoobank.org/DF3FE8DE-5B66-4B6C-9AB0-CA3C5F7EE751

Holotype. NMNHU-P PI 2650 (Figure 40-Q),
Novyi Pliazh, western Ukraine, late Badenian.
Paratypes. 2 otoliths, SMF PO 101.348, same
data as holotype.

Etymology. From cavatus (Latin) = excavated,
referring to a concave dorsal rim observed in the
holotype.

Diagnosis. OL:OH = 0.87-0.97. Ventral rim
curved; dorsal rim high, expanded, with flat or con-
cave central portion. OL:SuL = 1.8-2.1; sulcus
inclination 5-12°. Cauda narrow; subcaudal iugum
distinct.

Description. Thick, high-bodied otoliths up to 1.8
mm in length (holotype 1.4 mm). OL:OH = 0.87-
0.97; OH:OT = 2.5-3.0. The anterior rim is nearly
vertical, smooth; the posterior rim is nearly vertical
or slightly inclined, with a slight concavity at the
level of the caudal tip. The dorsal rim is high, with a
well-developed postdorsal angle and slightly lower
predorsal angle; the middorsal rim is slightly
inclined, straight, or concave. All rims are smooth.
The inner face is flat, smooth, with a centrally posi-
tioned, deepened, sole-shaped sulcus. The latter is
relatively short (OL:SuL = 1.8-2.1), with a low incli-
nation (5—-12°), with a narrow cauda and a distinct
and large subcaudal iugum. The dorsal depression
is deep but with indistinct margins, open to the dor-
sal rim of otolith. The ventral furrow is relatively
weak, close to the ventral rim of the otolith, not
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connected to the dorsal depression around the sul-
cus. The outer face is smooth and distinctly con-
Vex.

Discussion. Reichenbacher and Bannikov (2023)
found otoliths in situ and described Sarmatigobius
compactus from the Sarmatian of Moldova. They
also placed Hesperichthys iugosus Schwarzhans,
Brzobohaty and Radwarska, 2020 into Sarmatigo-
bius. Thus, otoliths of Sarmatigobius differ from
those of Hesperichthys in the presence of a large
subcaudal iugum (vs. no subcaudal iugum) (see
also Schwarzhans et al., 2017a). Sarmatigobius
cavatus differs from its two congeners in the more
compressed shape (OL:OH = 0.87-0.97 vs. 1.0—
1.1) and the overall shape of the dorsal rim. It
shares with its congeners the deep dorsal depres-
sion that reaches close to the dorsal margin of the
sulcus and opens to the dorsal margin of the oto-
lith, and the large subcaudal iugum. The speci-
mens show a certain degree of variability in the
overall shape, but the curved ventral otolith rim, the
convex to flat dorsal rim and the compressed
shape remain characteristical.

POMATOSCHISTUS Lineage sensu Agorreta et
al., 2013
Genus BUENIA lljin, 1930
Buenia gibba n. sp.
Figure 5K-S

zoobank.org/9A08D560-36E1-4834-AC6B-E2165E533862

Holotype. NMNHU-P PI 2677 (Figure 5K-M),
Novyi Pliazh, western Ukraine, late Badenian.
Paratypes. 3 specimens, SMF PO 101.349, Stary
Zavod, western Ukraine, late Badenian.
Additional material. 17 otoliths: 2 specimens,
NMNHU-P 2678, Lisohirka; 15 specimens,
NMNHU-P PI 2679, Staryi Zavod.

Etymology. From gibbus (Latin) = bent, referring
to the convex inner face, the main distinguishing to
juvenile otoliths of Deltentosteus telleri.

Diagnosis. Nearly quadratic otolith shape; OL:OH
= 0.95-1.05. Predorsal angle slightly protruding;
dorsal rim highest middorsally. Inner face distinctly
convex, smooth. Sulcus steeply inclined, with
broad ostium and narrow, tapering cauda; sulcus
inclination angle 23—-28°. OL:SuL = 1.75-2.2.
Description. Small, thick, compact otoliths with
nearly quadrangular shape up to 1.5 mm in length
(holotype). OL:OH = 0.95-1.05; OH:OT = 2.6-
2.85. The anterior rim is usually inclined upward
toward a rounded, slightly protruding predorsal
angle. The dorsal rim is curved, highest at or
slightly behind the middorsal point. The posterior
rim vertical, without a distinct postdorsal projection,
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Buenia gibba

AB . J— 1 mm

AM AN S
_imm G

Hellenigobius bunyatovi Pomatoschistus elegans

T At

FIGURE 5. Otoliths of Gobioidei. A-C, Vanderhorstia prochazkai Schwarzhans, Brzobohaty and Radwanska, 2020,
NMNHU-P PI 2673, Mlyntsi (reversed), posterior view (B), dorsal view (C); D-J, Ptereleotris tectus n. sp., holotype,
NMNHU-P PI 2704 (D-F), Novyi Pliazh; paratypes, NMNHU-P Pl 2705 (G-J, reversed), Staryi Zavod, and SMF PO
101.350, posterior views (E, 1), dorsal views (F, J). K-S, Buenia gibba n. sp., holotype, NMNHU-P Pl 2677 (K-M,
reversed), Novyi Pliazh; paratypes, SMF PO 101.349 (N-S; O-S reversed), Staryi Zavod, posterior views (M, Q), dor-
sal views (L, P, S). T-AA, Deltentosteus telleri (Schubert, 1906), NMNHU-P PI 2682, Novyi Pliazh (T-V, reversed),
NMNHU-P PI 2683, Staryi Zavod (W-AA), posterior view (V), dorsal views (U, X, Z). AB-AD, Economidichthys triangu-
laris (Weiler, 1943), NMNHU-P PI 2687, Staryi Zavod, dorsal view (AC), posterior view (AD). AE-Al, Knipowitschia
polonica Schwarzhans, Brzobohaty and Radwanska, 2020, NMNHU-P PI 2692, Staryi Zavod (AE-AF), NMNHU-P PI
2691, Novyi Pliazh (AG-Al, reversed), dorsal views (AF, Al). AJ-AK, Hellenigobius bunyatovi (Bratishko, Schwar-
zhans and Reichenbacher, 2015), NMNHU-P Pl 2699, Lisohirka (reversed), dorsal view (AK); AL-AN, Pomatoschis-
tus elegans (Prochazka, 1900), NMNHU-P Pl 2696, Novyi Pliazh (reversed), dorsal view (AM).
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usually with a slight concavity at the level of the
caudal tip. The ventral rim is flat horizontal. All rims
are smooth except dorsal and anterior rims some-
times undulate slightly. The inner face is distinctly
convex, increasing in convexity with size, and
smooth with a relatively large, shallow, steeply
inclined and pronounced asymmetrical otolith.
OL:SuL = 1.75-2.2; sulcus inclination angle 23—
28°, ostium more steeply inclined than cauda. The
ostium is strongly widened with a rounded ostial
lobe, the cauda is narrow and tapering. Subcaudal
iugum is indistinct and narrow. The dorsal depres-
sion is indistinct; the ventral furrow is narrow, rela-
tively faint but long and joining up to a dorsal field
around the sulcus. The outer face about as convex
as the inner face.
Discussion. Several species occur in parallel with
similar looking otoliths such as Deltentosteus telleri
(Schubert, 1906), particularly its juvenile speci-
mens (Figure 5W-AA), Hellenigobius bunyatovi
(Bratishko, Schwarzhans and Reichenbacher,
2015) (Figure 5AJ-AK) and Pomatoschistus ele-
gans (Prochazka, 1900) (Figure 5AL-AN). Buenia
gibba differs from all of them in the distinctly con-
vex inner face that is as convex as the outer face
(vs. flat or slightly convex, less than outer face).
From the juveniles of D. telleri it differs additionally
in the rectangular angle at the joint of the posterior
and ventral rims (vs. projecting), while larger oto-
liths of D. telleri are distinctly more elongate (Fig-
ure 5T). Buenia gibba differs additionally from
Hellenigobius bunyatovi in the vertical posterior rim
(vs. dorsally inclined) and the stronger ostial lobe
and from Pomatoschistus elegans additionally in
being less high bodied (OL:OH 0.95-1.05 vs. 0.9-
0.98) and the inclined anterior rim (vs. vertical).
Several Buenia species have recently been
recognised or described from the Neogene of the
Paratethys and the Mediterranean: B. rudolticensis
(Prochazka, 1900) from the late Badenian and Sar-
matian of the Central Paratethys, Buenia ruecker-
tae (Schwarzhans, 2014) from the Serravallian of
the Mediterranean, the extant Buenia affinis lljin,
1930, from the Messinian and Zanclean of the
Mediterranean, Buenia pisiformis Schwarzhans,
Agiadi and Carnevale, 2020, from the Tortonian
and Messinian of the Mediterranean, and Buenia
pulvinus van Hinsbergh and Hoedemakers, 2022,
from the Pliocene of the Mediterranean and adja-
cent NE Atlantic. The otoliths of Buenia pulvinus
are mostly more elongate than those in B. gibba
(OL:OH = 1.07-1.12 vs. 0.95-1.05) and show reg-
ularly curved and not projecting angles. Buenia
rudolticensis is usually more highly bodied than B.
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gibba (OL:OH mostly 0.92-0.95, rarely 1.0 vs.
0.95-1.05) and shows a relatively narrow sulcus
(vs. wide ostium and tapering cauda) and a vertical
anterior rim (vs. inclined). Buenia rueckertae is
similar in otolith shape to B. gibba but more slender
(OL:OH = 1.05-1.15 vs. 0.95-1.05), and its cauda
is normally wide and not tapering. The otoliths of
Buenia pisiformis are more high bodied than those
of B. gibba (OL:OH = 0.89-0.97 vs. 0.95-1.05) and
show an extremely small sulcus (OL:SuL = 2.6-2.9
vs. 1.75-2.2). The most closely resembling species
is the extant B. affinis with a similar index OL:OH of
0.95-1.1, but with a more gently curved dorsal rim
and rounded pre- and postdorsal angles compared
to B. gibba and normally a wide and not tapering
cauda. We consider B. gibba to represent a spe-
cies adapted to the environment of the Medobory
backreef. It likely represents a short-lived ende-
mism in the late Badenian.

Gobiidae indet. erod. and juv.

Material. 1214 otoliths: 105 specimens, NMNHU-P
PI 2701, Lisohirka; 1 specimen, NMNHU-P PI
2702, Mlyntsi; 1108 specimens, NMNHU-P PI
2703, Staryi Zavod.

Discussion. A large amount of small gobiid oto-
liths has been found in some of the localities con-
sidered at sizes smaller than 0.8 mm in length,
often smaller than 0.5 mm, which probably stem
from juvenile or even larval gobiids that cannot be
identified up to species or even genus level. Their
uneven distribution pattern in various localities is
thought to indicate a palaeoenvironmental signal
that will be discussed later.

Family MICRODESMIDAE Regan, 1912s
Genus PTERELEOTRIS Gill, 1863
Ptereleotris tectus n. sp.
Figure 5D-J
zoobank.org/B435F4FF-157E-4682-8403-0BF24FC34B05

Holotype. NMNHU-P PI 2704 (Figure 5D-F), Novyi
Pliazh, western Ukraine, late Badenian.
Paratypes. 2 otoliths: NMNHU-P PI 2705, 1 speci-
men, Staryi Zavod; SMF PO 101.350, 1 specimen,
Staryi Zavod.

Additional material. 1 otolith, NMNHU-P 2706,
Staryi Zavod.

Etymology. From tectus (Latin) = tectiform, roof-
shaped, referring to the shape of the dorsal rim
resembling a roof.

Diagnosis. OL:OH = 0.78-0.88. Dorsal rim roof-
shaped with slightly protruding, similarly high posi-
tioned pre- and postdorsal projections. Inner face
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completely flat. Sulcus small, oval in shape, with-
out subcaudal iugum.

Description. Small, moderately robust otoliths up
to 0.9 mm in length (holotype). OL:OH = 0.78—
0.88; OH:OT = 3.0. The dorsal rim is high but rela-
tively little bent, highest at its middle and with
slightly protruding pre- and postdorsal projections.
Anterior and posterior rims are vertical with broad,
shallow concavities below pre- and postdorsal pro-
jections giving the dorsal rim the characteristic roof
shape. The ventral rim is slightly bent, horizontal.
All rims are sharp and smooth. The inner face is
completely flat with a centrally positioned, small,
deepened, oval, unstructured sulcus without the
subcaudal iugum. OL:SuL = 2.0-2.3; sulcus incli-
nation angle 13-16°. Dorsal depression is wide,
with indistinct margins; the ventral furrow is rela-
tively distinct leading up to the level of the sulcus.
The outer face is distinctly convex and smooth.
Discussion. Microdesmid otoliths are small and
rare in the fossil record: Microdesmus paratethycus
Schwarzhans, 2017 from the late Badenian of Bul-
garia and Paroxymetopon alienus Bratishko and
Schwarzhans, 2023 from the Bessarabian of
Ukraine. For comparison with extant otoliths of
Ptereleotris, reference is made to Bratishko et al.
(2023).

Order GASTEROSTEIFORMES Goodrich, 1909
Family GASTEROSTEIDAE Bonaparte, 1831
Gasterosteidae indet.

Figure 6A-B

Material. 2 otoliths, NMNHU-P PI 2707, Staryi
Zavod.

Discussion. Two small otoliths just below 1 mm in
length are interpreted to represent an unspecified
gasterosteid species indicating a rare freshwater
influence in the Medobory backreef. These two
small otoliths ressemble Pungitius kornyensis
(Schubert, 1902) as figured in Schwarzhans
(2017), which is known from the Karaganian of Bul-
garia, in the overall otolith shape and the narrow
slightly undulating sulcus with its small ostium. The
otoliths are characterised by a regular oval outline
with a moderately protruding rostrum and a narrow,
slightly flexed sulcus with long cauda and short,
minimally widened ostium.

Order SYNGNATHIFORMES Rafinesque, 1810
Family SYNGNATHIDAE Rafinesque, 1810
Genus SYNGNATHUS Linnaeus, 1758
Syngnathus vesculus n. sp.

Figure 6C-J

zoobank.org/D66C21A3-8801-4F55-90C3-AB38E9B38261
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Holotype. NMNHU-P PI 2708 (Figure 6C-E), Staryi
Zavod, western Ukraine, late Badenian.
Paratypes. 6 otoliths, SMF PO 101.351, same
data as holotype.

Etymology. From vesculus (Latin) = slim, referring
to the slender shape of the otolith and the sulcus.
Diagnosis. OL:OH = 1.85-2.25; OL:SuL = 1.5-
1.6. Rostrum and antirostrum short, equally long;
excisura small. Sulcus narrow, slightly oscillating;
ostium deeper than cauda; OsL:Cal = 1.65-2.0.
Description. Small, elongate, and relatively thin
otoliths up to 1.45 mm in length (holotype). OL:OH
= 1.85-2.25; OH:OT = 1.9-2.3. The anterior tip of
the otolith is blunt, with a short, equally long ros-
trum and antirostrum and a small excisura in-
between. Dorsal and ventral rims are shallow, high-
est at their middle, symmetrical. The posterior rim
is rounded or blunt. All rims are smooth. The inner
face is nearly flat, smooth, with a slightly suprame-
dian positioned, rather short and narrow sulcus;
OL:SuL = 1.5-1.6. The sulcus is slightly oscillating,
slightly upward shifted in the rear part of the
ostium. The latter is distinctly deeper and longer
than a shallow cauda and of equal width; OsL:CalL
= 1.65-2.0. The dorsal depression and ventral fur-
row are not discernible. The outer face is moder-
ately to distinctly convex, smooth.

Discussion. In contrast to relatively commonly
found articulated fossil skeletons of syngnathids
(see for instance Bannikov, 2010), there are no fos-
sil records of syngnathid otoliths. This discrepancy
probably has to do with the robust skeleton of
these fishes enhancing their fossilization in con-
trast to their tiny otoliths, which cannot be expected
in the typically used 1 mm mesh frame. Therefore,
S. vesculus is the first fossil otolith-based record in
the group. All otoliths here recorded have been
found in mesh frames smaller than 1 mm, that is,
0.5 mm, and most of the specimens are indeed
shorter than 1 mm in length except for the holo-
type. Extant otoliths of syngnathids have been fig-
ured in Lombarte et al. (2006) and Nolf (2013).
Syngnathus vesculus resembles otoliths of the
extant S. acus Linnaeus, 1758 (see Lombarte et
al., 2006 and Nolf, 2013 for figures) but differs in
the larger size it can attain and the smooth otolith
rims.

Order BLENNIIFORMES Bleeker, 1859
Family BLENNIIDAE Rafinesque, 1810
Genus BLENNIUS Linnaeus, 1758
Blennius? martinii Reichenbacher, Filipescu and
Miclea, 2019
Figure 6M-R
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0.5 mm

Gasterosteidae indet.

Syngnathus vesculus

0.5 mm

Palaeolebias winogradskyi

Arnoglossus dispar

FIGURE 6. Otoliths, various. A-B, Gasterosteidae indet., NMNHU-P PI 2707, Staryi Zavod, ventral view (B). C-J, Syn-
gnathus vesculus n. sp., holotype, NMNHU-P PI 2708 (C-E), Staryi Zavod; paratypes, SMF PO 101.351 (F-J),
reversed (I-J), ventral views (D, H, J), anterior view (E). K-L, Blenniidae indet., NMNHU-P Pl 2712, Staryi Zavod, ven-
tral view (L). M-R, Blennius? martinii Reichenbacher, Filipescu and Miclea, 2018, NMNHU-P PI 2711, Staryi Zavod
(reversed), ventral views (N, P, R). S-X, Apletodon conwayi n. sp., holotype NMNHU-P PI 2713, (S-U, reversed),
Milyntsi; paratype, SMF PO 101.352 (V-X, reversed), Staryi Zavod, ventral view (T, W), anterior view (U, X). Y-AC,
Palaeolebias winogradskyi n. sp., Lisohirka, holotype, NMNHU-P PI 2715 (Y-AA, reversed); paratype, SMF PO
101.353 (AB-AC), ventral view (Z, AC), anterior view (AA). AD-AG, Protonymus primus (Weiler, 1940), NMNHU-P PI
2717, Lisohirka, ventral views (AE, AG). AH-Al, Parasolea sp., NMNHU-P PI 2722, Lisohirka, ventral view (Al). AJ-
AK, Cynoglossus sp., NMNHU-P Pl 2724, Novyi Pliazh, ventral view (AK). AL-AT, Arnoglossus dispar n. sp., holo-
type, NMNHU-P PI 2719 (AO-AQ), Staryi Zavod; paratypes, SMF PO 101.354 (AL-AM), Staryi Zavod, SMF PO
101.355 (AR-AT), Skala.
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2019 Blennius? martinii; Reichenbacher et al.,
fig. 3I-K.

Material. 3 otoliths, NMNHU-P Pl 2711, Staryi
Zavod.

Discussion. Three small specimens, the largest
(Figure 6M-N) being 0.9 mm in length represent
typical blenniid otoliths characterised by the trian-
gular outline, the short sulcus with the anteriorly
widened open ostium and the very small, slightly
downturned cauda that is separated from the
ostium by a distinct narrowing at the collum. They
represent Blennius? martinii described by Reichen-
bacher et al. (2019) from the early Sarmatian of
Romania.

Blenniidae indet.
Figure 6K-L

Material. 1 otolith, NMNHU-P Pl 2712, Staryi
Zavod.

Discussion. A single otolith of 1.15 mm in length
resembling Blennius? martinii but differing in lack-
ing the constriction of the sulcus at the collum and
the more gently curved ventral rim.

Order GOBIESOCIFORMES Berg, 1937
Family GOBIESOCIDAE Bleeker, 1859
Genus APLETODON Briggs, 1955
Apletodon conwayi n. sp.

Figure 6S-X

zoobank.org/252354B5-580A-4E86-B9B5-027418639658

Holotype. NMNHU-P Pl 2713 (Figure 6S-U), Mlyn-
tsi, western Ukraine, late Badenian.

Paratype. SMF PO 101.352, Staryi Zavod.
Etymology. Named in honour of Kevin Conway
(College Station, Texas, USA) for his many contri-
butions to the understanding of gobiesocid fishes.
Diagnosis. Otolith not exceeding 0.7 mm in length;
OL:OH = 1.40-1.45. Rostrum slightly longer than
antirostrum. OL:SuL = 1.5; OsL:CalL = 0.95-1.25.
Description. Tiny otoliths maximally reaching 0.7
mm in length (holotype). OL:OH = 1.40-1.45;
OH:OT = 2.2-2.3. The dorsal and ventral rims are
regularly curved, continuous with a well-rounded
posterior rim. The rostrum is distinct with a rounded
tip, 8-15% OL, longer than antirostrum; excisura is
distinct, variably deep, and sharp. All rims are
smooth and thick. The inner face is completely flat
in ventral view (Figure 6T, 6W), concave in anterior
view because of a broad, depressed sulcus (Figure
6U, 6X). The latter is deepened, anteriorly open,
relatively short (OL:SuL = 1.5) divided into about
equally long and wide ostium and cauda (OsL:CaL
= 0.95-1.25). The sulcus is marked by a narrow,
crest-like, and distinct crista superior and inferior
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along sulcus. Dorsal and ventral depressions are
fading away from the sulcus. The outer face is con-
vex and smooth.

Discussion. Gobiesocid fishes or clingfishes are
small, cryptic fishes clinging to rocks or sea grass
in shallow and littoral water with wave activity.
Their otoliths are extremely small, regularly smaller
than 1 mm in length and perhaps therefore not
described from the fossil record except for a find
made in situ (Schwarzhans et al., 2017b) in speci-
mens tentatively attributed to the genus Apletodon
from the Sarmatian of the Central Paratethys.
These in situ otoliths were up to 0.5 mm in length.
Gobiesocid otoliths are characterised by the broad
and deepened sulcus with equally wide ostium and
cauda and distinct, crest-like cristae surrounding
the sulcus (for extant gobiesocid otoliths see
Charmpila et al., 2021). Apletodon conwayi rep-
resents the first otolith-based species in this group.
It differs from Apletodon? sp. found in situ in the
Sarmatian (Schwarzhans et al., 2017b) in the more
elongate shape (OL:OH = 1.40-1.45 vs. 1.15-
1.30) and the relatively wide sulcus.

Order CYPRINODONTIFORMES Berg, 1940
Family CYPRINODONTIDAE Gill, 1865
Genus PALAEOLEBIAS Reichenbacher and
Weidmann, 1992
Palaeolebias winogradskyi n. sp.
Figure 6Y-AC

zoobank.org/8FC7AD5B-5620-45FD-8747-8E17D76800F6

Holotype. NMNHU-P Pl 2715 (Figure 6Y-AA),
Lisohirka, western Ukraine, late Badenian.
Paratypes. 2 otoliths, SMF PO 101.353, same
data as holotype.

Etymology. Named in honour of Serhii Wino-
gradsky, a famous Ukrainian microbiologist, dis-
coverer of the process of chemosynthesis, the
founder of soil microbiology and ecology, an
employee of the Pasteur Institute (France), a for-
eign member of the Royal Society of London and
the last owner of Horodok (Thorton, 1953; Gume-
niuk and Kryvyi, 2016; Kryvyi et al., 2022).
Diagnosis. OL:OH = 0.95-1.05; OH:OT = 2.7-2.8.
Inner face relatively flat and outer face distinctly
convex. Dorsal field wide; dorsal rim rounded. Ros-
trum short, blunt. Sulcus slightly supramedian;
cauda widened with rounded tip.

Description. Small, compact, and high bodied oto-
liths reaching about 0.6 mm in length (holotype);
OL:OH = 0.95-1.05; OH:OT = 2.7-2.8. The dorsal
rim is broadly rounded, wide, and slightly crenu-
lated. The ventral rim is moderately deep, regularly
curved. The rostrum is short, blunt, and rounded,



7-10% OL; antirostrum and excisura are minute.
The posterior tip forming an obtuse inferior angle at
the junction of inclined posterior rim and the ventral
rim. The inner face is almost flat to slightly convex,
with a slightly supramedian sulcus. The latter is
moderately deep, relatively short (OL:SuL = 1.3-
1.4), divided by a broad and indistinct ventral col-
lum in nearly equally long ostium and cauda. The
cauda is slightly widened, with a rounded tip. The
dorsal field is wide, with a wide depression. The
dorsal depression is well marked toward the sulcus
by a distinct crista superior. There is no ventral fur-
row. The outer face is convex and smooth.
Discussion. Cyprinodontid otoliths are common in
the Oligocene and Miocene freshwater sediments
of Europe (e.g., Reichenbacher, 1996; Reichen-
bacher and Weidmann, 1992; Reichenbacher and
Prieto, 2006; Reichenbacher et al., 2007, 2019;
Reichenbacher and Kowalke, 2009), and extant
cyprinodontid otoliths from Europe and the Middle
East have also been extensively studied (e.g.,
Reichenbacher et al., 2007, 2009). A few fossil oto-
liths have been placed in the extant genus Apha-
nius Nardo, 1827, and several extinct genera
(Prolebias Sauvage, 1874; Palaeolebias Reichen-
bacher and Weidmann, 1992; Aphanolebias
Reichenbacher and Gaudant, 2003). The otoliths
from the Medobory backreef resemble most those
of the fossil genus Palaeolebias because of its high
body, the relatively regularly ventral rim, the short
rostrum and posterior tip, and the shape of the sul-
cus. In fact, Palaeolebias winogradskyi represents
the latest record of this genus, which otherwise is
primarily known from the Late Oligocene and Early
Miocene  (Reichenbacher, 1996). Although
reatively small it is nevertheless within the range of
sizes reported from fossil Prolebias and Palae-
olebias species (Reichenbacher and Weidmann,
1992; Reichenbacher, 1993) and show well-devel-
oped diagnostic features. Palaeolebias wino-
gradskyi is distinguished from its congeners by the
wide dorsal field, regularly rounded dorsal rim, and
the rounded caudal tip. The species furthermore
represents one of the rare indicators of fresh or
brackish water faunal influx.

Order PLEURONECTIFORMES Bleeker, 1859
Family BOTHIDAE Regan, 1910
Genus ARNOGLOSSUS Bleeker, 1862
Arnoglossus dispar n. sp.
Figure 6AL-AT
zoobank.org/A809A94B-9A53-402E-AF75-DCFE566BA442

Holotype. NMNHU-P Pl 2719 (Figure 6A0-AQ),
Staryi Zavod, western Ukraine, late Badenian.

PALAEO-ELECTRONICA.ORG

Paratypes. 2 specimens, SMF PO 101.354, Staryi
Zavod; 1 specimen, SMF PO 101.355, Skala.
Additional material. 6 otoliths: 2 specimens,
NMNHU-P PI 2709, Novyi Pliazh; 3 specimens,
NMNHU-P 2720, Staryi Zavod; 1 specimen, Skala.
Etymology. From dispar (Latin) = dissimilar, refer-
ring to the large degree of side dimorphism
observed in the otoliths of this species.

Diagnosis (left otolith). OL:OH = 1.35-1.45. Dor-
sal, posterior and ventral rims regularly curved and
continuous. Rostrum short, rounded, 5-11% OL.
Inner face more convex than outer face. Ostium
anteriorly open. OsL:CalL = 1.1-1.3.

Description (left otolith). Small otoliths with a rel-
atively regular oval shape and robust up to a size
of 2 mm in length (holotype 1.85 mm). OL:OH =
1.35-1.45; OH:OT = 2.2-2.4. Dorsal, posterior,
and ventral rims are regularly curved and continu-
ous. The rostrum is short and rounded, 5-11% OL.
Antirostrum and excisura are minute or absent. All
the rims are smooth or slightly undulating. The
inner face is distinctly convex, with an axially posi-
tioned, long, narrow, and deep sulcus. OL:SuL =
1.35-1.45. The ostium is open anteriorly; ostium
and cauda are poorly distinguished, the ostium
only slightly longer than cauda (OsL:CaL = 1.1—
1.3). Circumsulcal depression is narrow and deep,
close to the sulcus and separated from it by a
sharp, crest-like cristae. The outer face is flat,
smooth.

Side dimorphism. Only a single otolith is available
of A. dispar from the right side, and it differs in sev-
eral aspects from those of the left side. The ratio
OL:OH is 1.1 (vs. 1.35-1.45). The dorsal rim
shows clear pre- and postdorsal angles; the poste-
rior is more slanting than rounded. The sulcus is
differentiated in a shorter ostium and longer cauda
by an elevated collum (OsL:CaL = 0.9).
Discussion. The bothid otoliths show that the
fishes of the genus Arnoglossus underwent a rapid
endemic evolution in the Paratethys, particularly in
its eastern part, during Badenian and Sarmatian
s.l. (Bratishko et al., 2015, 2023; Schwarzhans et
al., 2017c). Arnoglossus dispar differs from A. bas-
sanianus (Kramberger, 1883), which has been
found with otoliths in situ (Schwarzhans et al.,
2017c), in the anteriorly open sulcus and the inner
face being more convex than the outer face (vs.
outer face being more convex than inner face).
Both species occurred in parallel during the late
Badenian (A. bassanianus also in the Sarmatian
s.s.) whereby A. dispar appears to have been
adapted to reefal environments like the Medobory
backreef whereas A. bassanianus occurred in clas-
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tic sublittoral settings. The later species A. ker-
ichensis Bratishko and Schwarzhans, 2023 and A.
scitulus Bratishko and Schwarzhans, 2023 from
the Bessarabian of the Eastern Paratethys differ in
the longer rostrum, less regularly curved rims and
the ostium being distinctly longer than the cauda
resulting in a larger ratio OsL:CaL > 1.35, mostly >
1.5 (vs. 0.9-1.3).

Family SOLEIDAE Bonaparte, 1833
Genus PARASOLEA Schwarzhans, Carnevale,
Japundzi¢ and Bradi¢-Milinovi¢, 2017
Parasolea sp.

Figure 6AH-Al

Material. 7 otoliths, NMNHU-P PI 2722, Lisohirka.
Discussion. A few small, high bodied otoliths < 1
mm in length are characterised by a very small sul-
cus. They likely represent juvenile otoliths of the
extinct Paratethyan genus Parasolea.

Family CYNOGLOSSIDAE Jordan and Goss, 1889
Genus Cynoglossus Hamilton, 1822
Cynoglossus sp.

Figure 6AJ-AK

Material. 1 otolith, NMNHU-P Pl 2724, Novyi Pli-
azh.

Discussion. A single otolith of 1.55 mm in length is
characterised by a high, pentagonal otolith shape
with a deep ventral rim and strong midventral
angle, concave postventral section and expanded
predorsal lobe. Its inner face is mildly convex and
smooth with a poorly discernible sulcus that resem-
bles the “hammer-shaped” outline typical for cyno-
glossid otoliths, although its termination is relatively
rounded instead of shaped like a hammerhead.

Order LABRIFORMES Bleeker, 1859
Family LABRIDAE Cuvier, 1816
Genus CORIS Lacépéde, 1801

Coris medoboryensis Schwarzhans, Klots and
Kovalchuk, 2022
Figure 7A-H

Coris medoboryensis Schwarzhans,
Klots and Kovalchuk; Schwarzhans et al.,
fig. 8c-d.

Material. 37 otoliths: 3 specimens, NMNHU-P PI
2725, Lisohirka; 17 specimens, NMNHU-P PI
2726, Mlyntsi; 4 specimens, NMNHU-P PI 2727,
Novyi Pliazh; 12 specimens, NMNHU-P Pl 2728,
Staryi Zavod; 1 specimen, NMNHU-P PI 2729,
Skala.

Discussion. Coris medoboryensis was estab-
lished on two specimens. Many new, additional
specimens now give a complete ontogenetic
sequence that shows that morphological maturity is
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reached at a size between 1.5 mm (Figure 7E-F)
and 2.0 mm in length (Figure 7B-D).

Genus THALASSOMA Swainson, 1839
Thalassoma vernyhorovae (Schwarzhans, Klots
and Kovalchuk, 2022)

Figure 71-P

Blennius vernyhorovae Schwarzhans,
Klots and Kovalchuk; Schwarzhans et al.,
fig. 8ca-b.

Material. 32 otoliths: 3 specimens, NMNHU-P PI
2730, Lisohirka; 9 specimens, NMNHU-P PI 2731,
Mlyntsi; 20 specimens, NMNHU-P Pl 2732, Staryi
Zavod.

Discussion. Blennius vernyhorovae was estab-
lished on two specimens. Many new specimens
now available show that the species, too, repre-
sents a labrid. There are relatively few otoliths in
labrids known today with such a deep ventral rim,
that is, in the genera Halichoeres Rippell, 1835,
Thalassoma Swainson, 1839, and Xyrichthys
Cuvier, 1814. We consider Thalassoma as having
the most similar otolith morphology (see Smale et
al., 1995; Rivaton and Bourret, 1999; Lin and
Chang, 2012, for extant labrid otoliths). Available
ontogenetic sequence demonstrates that T. verny-
horovae does not reach the size of Coris medobo-
ryensis (1.7 vs. 2.5 mm in length), and that
morphological maturity is reached in T. vernyhoro-
vae between 1.2 mm (Figure 7N) and 1.4 mm in
length (Figure 7L-M).

Order SCORPAENIFORMES Garman, 1899
Family LIPARIDAE Gill, 1861
Liparidae indet.

Figure 7TW-X

Material. 1 otolith, NMNHU-P 2737, Staryi Zavod.
Discussion. A single, small otolith of 0.85 mm in
length resembles extant otoliths of the genus
Liparis, and the otolith is therefore tentatively
placed in the family Liparidae.

Order PERCIFORMES Bleeker, 1859
Family PRIACANTHIDAE Glnther, 1859
Genus PRISTIGENYS Agassiz, 1835
Pristigenys schiecki Schwarzhans, 2010
Figure 7AB-AD

Pristigenys schiecki; Schwarzhans, pl.
75, figs. 10-13.

Material. 15 otoliths: 5 specimens, NMNHU-P PI
2745, Mlyntsi; 4 specimens, NMNHU-P Pl 2746,
Novyi Pliazh; 4 specimens, NMNHU-P PI 2747,
Staryi Zavod; 2 specimens, NMNHU-P Pl 2748,
Skala.
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M‘(':""” o 1 mm

Thalassoma vernyhorovae Mullus bifurcatus

1 mm

Owstonia sp.

1 mm 0.5 mm
Cottidae indet. Liparidae indet.

1 mm

Triglidae indet.

= 1 mm

Pristigenys rhombica

Diplodus karrerae

FIGURE 7. Otoliths, various. A-H, Coris medoboryensis Schwarzhans, Klots and Kovalchuk, 2022: NMNHU-P PI
2727, Novyi Pliazh (A-D), NMNHU-P PI 2726 (E-H, reversed), Mlyntsi, anterior view (C), ventral view (D, F, H). I-P,
Thalassoma vernyhorovae (Schwarzhans, Klots and Kovalchuk, 2022), NMNHU-P Pl 2731 (L-N, reversed), Mlyntsi,
anterior view (1), ventral views (K, M, P). Q-R, Mullus bifurcatus (Strashimirov, 1972), NMNHU-P PI 2749, Lisohirka,
ventral view (R). S-T, Triglidae sp., NMNHU-P PI 2738, Staryi Zavod, ventral view (T). U-V, Cottidae sp., NMNHU-P PI
2735, Lisohirka (reversed), ventral view (V). W-X, Liparidae sp., NMNHU-P Pl 2737, Staryi Zavod, ventral view (X). Y,
Owstonia sp., NMNHU-P Pl 2750, Staryi Zavod. Z-AA, Pshekharus yesinorum Bannikov and Kotlyar, 2015, NMNHU-
P PI 2758, Novyi Pliazh (reversed), ventral view (AA). AB-AD, Pristigenys schiecki Schwarzhans, 2010, NMNHU-P PI
2745 (AB), Mlyntsi (reversed), NMNHU-P Pl 2747 (AC-AD), Novyi Pliazh (reversed), ventral view (AD). AE, Pristige-
nys rhombica (Schubert, 1905), NMNHU-P PI 2744, Skala (reversed). AF, Brachydeuterus speronatus (Bassoli,
1906), NMNHU-P PI 2740, Novyi Pliazh (reversed). AG-AL, Diplodus karrerae Nolf and Steurbaut, 1979, NMNHU-P
PI 2753 (AG-Al), Novyi Pliazh; NMNHU-P PI 2754 (AJ-AL), Staryi Zavod (AL, reversed), ventral views (AH, AK), pos-
terior view (Al).
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Discussion. Pristigenys schiecki was so far only
known from the Hemmoorian and Reinbeckian of
the North Sea Basin, the stratigraphic equivalents
of the Ottnangian to Badenian of the Paratethys
(Schwarzhans, 2010). Its relative common appear-
ance in the late Badenian of the Medobory back-
reef environment indicates that the species was
more widely distributed than previously perceived.
It is not known from the time equivalent strata of
the Mediterranean or the NE Atlantic. The cause
for the apparent patchy distribution pattern of the
species is currently elusive.

Family CEPOLIDAE Rafinesque, 1810
Genus OWSTONIA Tanaka, 1908
Owstonia sp.

Figure 7Y

Material. 1 otolith, NMNHU-P Pl 2750, Staryi
Zavod.

Discussion. The identification of the cepolid oto-
liths in the Neogene of Europe is in a catastrophic
estate. A review of these otoliths is long overdue
but is beyond the scope of this study. The otolith
figured here represents the genus Owstonia char-
acterised by compressed, rounded hexagonal oto-
lith shape and a small, reduced ostial colliculum
whereby the ostium does not open to the anterior
rim of the otolith. This pattern distinguishes otoliths
of Owstonia from those of the genus Cepola.

Order SPARIFORMES Bleeker, 1876
Family SPARIDAE Rafinesque, 1810
Genus DIPLODUS Rafinesque, 1810
Diplodus karrerae Nolf and Steurbaut, 1979
Figure 7TAG-AL

1979 Diplodus karrerae; Nolf and Steurbaut,
pl. 3, figs. 19-21.

2010 Diplodus karrerae Nolf and Steurbaut,
1979; Schwarzhans, pl. 90, figs. 3—4.

2013 Diplodus karrerae Nolf and Steurbaut,
1979; Schultz, pl. 86, fig. 9a-b.

2014 Diplodus karrerae Nolf and Steurbaut,
1979; Schwarzhans, pl. 6, fig. 4.

2015 Diplodus karrerae Nolf and Steurbaut,
1979; Lin et al., fig. 5.21.

2022 Diplodus karrerae Nolf and Steurbaut,

1979; Brzobohaty et al., pl. 2, fig. V-W.

Material. 20 otoliths: 1 specimen, NMNHU-P PI
2752, Shydlivshchyna; 11 specimens, NMNHU-P
Pl 2753, Novyi Pliazh; 5 specimens, NMNHU-P PI
2754, Staryi Zavod; 3 specimens, NMNHU-P PI
2755, Skala.

Discussion. The otoliths of Diplodus karrerae are
widely distributed in the Middle Miocene of Europe
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but rarely common. The occurrence of this species
in the late Badenian of the Central Paratethys
probably indicates a re-immigration from the Medi-
terranean of this stenohaline marine species. It
represents the latest record in the Paratethys.

Part 2. Fish Bones (by Dubikovska and
Kovalchuk)

Non-otolith fish remains in the material from
the localities studied are considerably less numer-
ous compared to otoliths obtained from the same
layers. Almost all of them are represented by iso-
lated teeth, accompanied by a single jaw fragment
and one dermal denticle from Lisohirka as well as
one vertebra from Skala. Non-otolith remains are
also less diverse taxonomically.

Dasyatidae indet. (order Myliobatiformes, class
Chondrichthyes) — 1 tooth, NMNHU-P 2771, Shy-
dlivshchyna. The tooth crown bears transversal
crest separating the labial and lingual surfaces.
The outline of the crown is triangular. Its lingual
surface is almost vertical in profile view and con-
cave just below the transversal crest. The labial
surface is smooth and curved, with a rounded
labial edge. There is a small cusp at the top of the
crown, which is crossed in the middle by a small
furrow. The hoof-shaped root is shifted posteriorly
to the lingual surface, its lobes are well separated,
slightly protruding, and triangular in vertical projec-
tion. Considering the morphology of the specimen
(cf. Cappetta, 2012), it belongs to a female individ-
ual of the family Dasyatidae.

Labrodon sp. (family Labridae, order Labriformes,
class Actinopterygii) — 1 tooth, NMNHU-P PI1 2761,
Skala. A small molariform tooth has a triangular
outline. Its occlusal surface bears a low central
papilla, which is clearly visible in a profile view.
This specimen has been identified as Labrodon sp.
since it is morphologically like those described and
figured in Schultz (1979), Szabé and Kocsis
(2020), Szabo et al. (2021) from the Central Para-
tethys, although we do not exclude the possibility
of its belonging to the genus Coris (Carnevale,
2015). The latter is represented in the same layer
by an otolith of C. medoboryensis (Schwarzhans et
al., 2022).

Trigonodon jugleri (Miinster, 1846) (family Labri-
dae, order Labriformes, class Actinopterygii) — 2
teeth. NMNHU-P PI 2762, Skala; NMNHU-P PI
2763, Staryi Zavod. Both anterior teeth are
rounded triangle (chisel-like) in shape and share
incisiform morphology. The specimens are flat-
tened labiolingually and have an even cutting
edge. Their labial surface is vertical and slightly



concave, lacking ornamentation (as is the smooth
lingual surface). The teeth morphologically resem-
ble those in representatives of the genus Trigono-
don, and most probably belong to Trigonodon
jugleri (Munster, 1846). This species first appeared
in the Early Miocene of Italy and Austria (Schultz
and Bellwood, 2004; Marsili et al., 2007), and it
was widely distributed within the Central Para-
tethys during the Middle Miocene (Schultz, 1998;
Schultz et al., 2010; Schultz, 2013; Bellwood et al.,
2019; Szab6 and Kocsis, 2020; Szabo et al.,
2021).

Diplodus sp. (family Sparidae, order Spariformes,
class Actinopterygii) — 1 tooth, NMNHU-P Pl 2764,
Lisohirka. The anterior tooth has an incisiform mor-
phology. Its crown is quadrangular, flattened to
slightly convex labially, concave lingually, and has
a smooth surface. The left cutting edge of the tooth
is higher than the right one in lingual view. The root
was broken just at the base.

Pshekharus yesinorum Bannikov and Kotlyar,
2015 (family Sparidae, order Spariformes, class
Actinopterygii) — 1 tooth, NMNHU-P PI 2765,
Skala. A single tooth has a central papilla and
probably represents an intermediate morphotype.
Its crown is conical, as high as wide, what is a
characteristic feature of the genus Pshekharus
(see Bannikov and Kotlyar, 2015 for details).
Sparidae indet. (order Spariformes, class Acti-
nopterygii) — 1 jaw fragment, NMNHU-P Pl 2766,
Lisohirka. 47 teeth: 8 specimens, NMNHU-P PI
2767, Lisohirka; 1 specimen, NMNHU-P Pl 2768,
Shydlivshchyna; 31 specimens, NMNHU-P PI
2769, Staryi Zavod; 7 specimens, NMNHU-P PI
2770, Skala. There is a rounded opening on the
labial side of the jaw. The latter bears one conical
(intermediate) tooth and numerous hemispherical
(molariform) teeth. Anterior and intermediate teeth
are conical, higher than wide, circular in cross-sec-
tion, and have a rounded pulp cavity. Some of
them have a cylindro-conical crown. The apical
and basal parts of the latter are separated by a fur-
row. Molariform teeth with hemispherical or oval
crowns are of different sizes.

In addition to the specimens mentioned
above, there are some fossils whose precise taxo-
nomic identification is impossible due to their poor
preservation or too general morphology (i.e., lack-
ing reliable diagnostic characters). Those are one
dermal denticle of a shark (Selachimorpha indet.)
NMNHU-P PI 2773, one ray tooth (Batoidea indet.)
NMNHU-P PI1 2774 from Lisohirka, a single anterior
conical tooth of actinopterygian fish NMNHU-P PI
2772 from Shydlivshchyna, as well as one acti-
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nopterygian vertebra NMNHU-P Pl 2775 from
Skala.

Part 3. Other Biota (by Ryabokon, Kovalenko,
and Klots)

In addition to the otoliths and other fish skele-
tal elements described above, rich foraminiferal
and ostracod assemblages have also been
obtained from the respective rock samples.

Foraminiferan fauna was studied to clarify the
stratigraphic position of the samples obtained from
the new localities. The list of identified species is
presented in Table 2 along with data on the distri-
bution of particular taxa in the Badenian of the
Central Paratethys (Cicha et al., 1998; Garecka
and Olszewska, 2011; Peryt et al., 2021), Konkian
of the Eastern Paratethys (Krasheninnikov et al.,
2003; Vernyhorova, 2018; Vernyhorova et al.,
2023), and Middle Miocene of the Volyn—Podolia
region (Kudrin, 1966; Didkovsky and Sata-
novskaya, 1970; Goretsky and Didkovsky, 1975;
Andreeva-Grigorovich et al., 1996; Gedl and Peryt,
2011; Peryt et al., 2021; Schwarzhans et al., 2022).
The studied foraminifers are similar in composition
and consist exclusively of benthic forms, including
various and numerous miliolids (Quinqueloculina,
Triloculina, Pseudotriloculina, Pyrgo, and others)
and representatives of the genera Elphidium,
Ammonia, Lobatula, Heterolepa, Cibicidoides,
Asterigerinata, Globulina, Guttulina, frequent Can-
cris, Melonis, Reussella, Porosononion, also pres-
ent Borelis and Sphaerogipsina. All of them are
marine species including those strictly associated
with reefal environments while brackish taxa are
absent. In addition, several permanently motile for-
aminifers recognised in the studied samples (in
particular, Elphidium crispum, E. macellum, Globu-
lina gibba, Nonion depressulum, Reussella spinu-
losa, Spiroloculina canaliculata, and Triloculina
gibba) and representatives of the genera Ammo-
nia, Anomalinoides, Cibicides, Discorbis, Pyrgo,
Quinqueloculina, and Rosalina are commonly
associated with seagrass or seaweeds (Langer,
1993; Moissette et al., 2007).

The studied foraminifera are characteristic of
the Badenian (Middle Miocene, early Serravallian)
of the Central Paratethys (Cicha et al., 1998). A
specific feature of these assemblages is the pres-
ence of some endemic taxa distributed in the
Volyn—Podolia region and the Carpathian Fore-
deep: Nodobaculariella podolica, Sigmomorphina
karpatica, Pseudopatellinoides primus, Cibicides
menneri, Nonionella ventragranosa, Ammonia gali-
ciana, A. pseudobeccarrii, Elphidium stellans, and
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TABLE 2. List of foraminifera identified from localities at Horodok, western Ukraine, and comparison with coeval strata
from other regions of the Paratethys. Colour shading indicates regional occurrence of individual taxa.

Central Eastern
Samples Paratethys Paratethys Volyn-Podolia

Ternopil &
Konkian Vyshgorod beds

Staryi Zavod
Lisohirka

Novyi Pliazh
Lower Badenian
Middle Badenian
Upper Badenian

Skala

Taxon

Textularia mariae d’Orbigny, 1846

Textularia gramen maxima Cicha et Zapletalova,
1965

Semivulvulina pectinata (Reuss, 1850)
Pseudogaudryina mayeriana (d’Orbigny, 1846)
Adelosina schreibersii (d’Orbigny, 1846)
Spiroloculina canaliculata d’Orbigny, 1846
Cycloforina badenensis (d’Orbigny, 1846)
Parahauerina ornatissima (Karrer, 1868)
Quinqueloculina bogdanoviczi (Serova, 1955)
Quinqueloculina haidingeri d’Orbigny, 1846
Quinqueloculina gracilis Costa, 1856
Quinqueloculina lachesis Karrer, 1868
Quinqueloculina triangularis d’Orbigny, 1846
Sinuloculina mayeriana (d’Orbigny, 1846)
Triloculina gibba (d’Orbigny, 1846)

Triloculina pyrula Karrer, 1867
Pseudotriloculina consobrina (d’Orbigny, 1846)
Pyrgo simplex (d’Orbigny, 1846)

Pyrgo clypeata (d’Orbigny, 1846)
Nummoloculina cf. contraria (d’Orbigny, 1846)
Nodobaculariella podolica Didkowski, 1987
Borelis melo (Fichtel et Moll, 1798)
Parafissurina carinata (Buchner, 1940)
Glandulina ovula d’Orbigny, 1846

Guttulina communis (d’Orbigny, 1826)
Globulina gibba (d’Orbigny in Deshayes, 1832)
Globulina punctata d’Orbigny, 1846

Globulina spinosa d’Orbigny, 1846
Sigmomorphina karpatica Kusina, 1973
Cancris auriculus (Fichtel et Moll, 1798)
Eponides boueanus (d’'Orbigny, 1840)
Eponides repandus (Fichtel et Moll, 1798)
Neoeponides schreibersii (d'Orbigny, 1846)
Rosalina obtusa d’Orbigny, 1846

Glabratella platyomphala (Reuss, 1867)

Pseudopatellinoides primus Krasheninnikov, 1958

ma 1y

Schackoinella imperatoria (d’Orbigny, 1846)
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Central Eastern
Samples Paratethys Paratethys Volyn-Podolia
§ & §
o < T § 5
: g 8 T & 3
I f & ¢ ¢ d
) 5 E‘ <_; g g g Ternopil &
Taxon & £ 2 g£18 = s Konkian | Vyshgorod beds

Cibicidoides pseudoungerianus (Cushman, 1922)
Lobatula lobatula (Walker et Jacob, 1798)
Cibicides menneri Serova, 1955
Sphaerogipsina globulus (Reuss, 1848)
Asterigerinata planorbis (d’Orbigny, 1846)
Nonion boueanum (d’Orbigny, 1846)

Nonion commune (d’Orbigny, 1846)

Nonion aff. depressulum (Walker et Jacob, 1798)
Astrononion perfossum (Clodius, 1922)

Melonis pompiloides (Fichtel et Moll, 1798)
Nonionella ventragranosa Krasheninnikov, 1958
Porosononion granosum (d’'Orbigny, 1846)
Anomalinoides dividens Luczkowska, 1967
Heterolepa dutemplei (d’Orbigny, 1846)
Hanzawaia boueana (d’Orbigny, 1846)
Ammonia galiciana (Putrya, 1964)

Ammonia pseudobeccarrii (Putrya, 1964)
Ammonia viennensis (d’Orbigny, 1846)
Elphidium aculeatum (d’Orbigny, 1846)
Elphidium crispum (Linnaeus, 1758)

Elphidium joukovi Serova, 1955

Elphidium fichtelianum (d’Orbigny, 1846)
Elphidium listeri (d'Orbigny, 1846)

Elphidium macellum (Fichtel et Moll, 1798)
Elphidium reginum (d’Orbigny, 1846)

Elphidium stellans Krasheninnikov, 1960
Elphidium ukrainicum Krasheninnikov, 1960
Reussella incrassata Luczkowska, 1967

Reussella spinulosa (Reuss, 1850)

E. ukrainicum (Didkovsky and Satanovskaya,
1970; Goretsky and Didkovsky, 1975).

Nearly half of the foraminifera species identi-
fied in the studied samples are also common in the
Konkian of the Eastern Paratethys, and two-thirds
of them (Table 2) are known from the Ternopil and
Vyshgorod beds (=upper Badenian) of the Volyn-
Podolia region (Kudrin, 1966; Didkovsky and Sata-
novskaya, 1970; Goretsky and Didkovsky, 1975;

Schwarzhans et al., 2022). We therefore conclude
that the studied samples date the late Badenian.
Ostracods were recognised in rock samples
obtained from Lisohirka, Skala, and Staryi Zavod.
The general species list includes 20 taxa (Table 3),
of which the most common (i.e., present in the
material from all the studied localities) are Aurila
cicatricosa and A. novata; less frequent are Cyclo-
cypris regularis, Aurila convexa, Loxoconcha spon-
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TABLE 3. List of ostracod species identified from localities at Horodok. Colour shading indicates regional occurrence of
individual taxa. Freshwater (transitive) species are indicated with an asterisk.

Eastern
Samples Central Paratethys Paratethys
3 c
> 5 S 5 [} £ c X £
Taxon § 2 |2 & 8§ £|& &
Cyclocypris regularis Schneider, 1963* + +
Cyclocypris laevis (Muller, 1766)* +
Aurila cicatricosa (Reuss, 1850) + + + _
Aurila convexa (Baird, 1850) + +
Aurila notata (Reuss, 1850) + + +
Aurila mehesi (Zalanyi, 1913) +
Aurila opaca (Reuss, 1850) +
Bairdia ex gr. subdeltoidea (Munster, 1830) +
Bairdopillata (Bairdia) ex gr. jonesi +
Mandelstam in Suzin, 1956
Costa tricostata (Reuss, 1850) + _
Trachyleberis baturini Schneider, 1959 +
Loxoconcha cornuta Schneider, 1953 +
Loxoconcha spongiosa Ljuljev, 1967 + +
Loxocorniculum hastarum (Reuss, 1850) + _
Cytheridea muelleri (Minster, 1830) + +
Leptocythere parvula Schneider, 1959 +
Leptocythere ex gr. canaliculata (Reuss, 1850) +
Xestoleberis fuscata Schneider, 1953 &
Xestoleberis lutrae (Schneider, 1949) +
Cnestocythere truncata (Reuss, 1850) + +

giosa, Cytheridea muelleri, and Cnestocythere
truncata, while all other species each come from a
single locality (Table 3).

Most ostracods from the Middle Miocene of
the Medobory backreef preferred normal marine
conditions. The presence of Cytheridea muelleri
and Leptocythere ex gr. canaliculata in the material
from Staryi Zavod and Lisohirka indicates higher
than normal salinity (ca. 15-17%.) and warm
waters. Only two species (Cyclocypris regularis
from Lisohirka and Skala and Cyclocypris laevis
from Skala) are indicators of a limited freshwater
influx. The presence of five species of the genus
Aurila, two species of the genus Loxoconcha, and
two species of the genus Xestoleberis in the mate-
rial from Lisohirka, Skala, and Staryi Zavod (Table
2), in addition to epiphytic foraminifers mentioned
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above, suggest a seagrass environment (Pisera,
1985; Aiello and Szczechura, 2004; Moissette et
al., 2007; Cornée et al., 2009; Forsey, 2016). The
studied ostracod assemblages comprise a number
of species distributed in the Central Paratethys
during the Early Miocene (Kollmann, 1971; Zorn,
1998, 2003; Tunoglu and Bilen, 2001), Badenian
(Paruch-Kulczycka, 1992; Szuromi-Korecz and
Szeg6, 2001; Aiello and Szczechura, 2004; Zorn,
2004; Szczechura, 2006), Sarmatian (Téth, 2008),
and Pannonian (Stancheva, 1962, 1963), although
they are more similar taxonomically to those from
the Konkian of the Eastern Paratethys (Schneider,
1953, 1959; Didkovsky, 1959, 1964; Ljuljev, 1967,
1969; Bondar, 2006; Kovalenko, 2013).
Gastropods are dominated by turitellid forms
throughout the sampled localities, particularly spe-



cies of the genera Terebralia, Thericium, and
Tiaracerithium  (Figure 8). Terebralia and
Tiaracerithium are typical for mudflats (Harzhauser
et al., 2023); the other observed genera are widely
distributed in sublittoral environments. Lucinid
bivalves of the genera Lucina, Lucinoma (Figure
8), and Loripes are common in seagrass environ-
ments (e.g., van der Heide et al., 2012; Stanley,
2014) and are common in the material from Novyi
Pliazh, Skala, and Horodok being represented by
both large (more than 5 mm) and small shells.
These molluscs were also observed, albeit rarely,
in all other studied localities (Kozatskyi Yar, Liso-
hirka, Mlyntsi, Shydlivshchyna, and Staryi Zavod).
Their distributon and abundance are not entirely
congruent with those of foraminifera, ostracods,
and fishes, which, however, in combination are
more indicative in our opinion than the distribution
pattern of the Lucinidae in the Medobory backreef
environments.

FISH LIFE ON THE MEDOBORY BARRIER
REEF

Setting of the Scene (Figures 9-10)

The lower Badenian (sensu Harzhauser et al.,
2020; Segvi¢ et al., 2023) / Tarkhanian (=Lang-
hian) was the time when the Paratethys was
broadly re-connected to the World Ocean, that is at
least to the Mediterranean in the northwest (Rdgl,
1998; Popov et al., 2004; Sant et al., 2019, 2020).
This event was related to the Miocene climate opti-
mum (MCO) (Miller et al., 2020) and led to a har-
monisation of the biota in the Paratethys with those
of the neighbouring seas, called the “early Bade-
nian-build-up-event” (EBBE) in Harzhauser and
Piller (2007). The fish fauna is exceptionally well
known in the Central Paratethys by means of oto-
liths (e.g., Radwanska, 1992, and articles cited
therein) and exhibits a large degree of congruence
with the otolith-based fish fauna in the Mediterra-
nean (Nolf and Brzobohaty, 2004; Schwarzhans
and Carnevale, 2024). Time-equivalent otolith
associations from the Indian Ocean are not known
except for an upper Burdigalian fauna from south-
ern India (Carolin et al., 2023). The lower Badenian
otolith association in the Central Paratethys con-
tained an estimated 200+ species (based on cited
literature and ongoing research) and was highly
diversified, including near-shore, neritic-shelf, open
marine mesopelagic and bathybenthic fishes (Fig-
ure 9). No otolith associations are known from the
Leitha Formation coralline algal reef environment
in the Vienna Basin, but skeletal records add to the
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faunal composition (e.g., Schultz, 2013; Carnevale
and Harzhauser, 2013; Carnevale and Collette,
2014; Carnevale, 2015).

During the Middle Miocene climate transition
(MMCT) and a global cooling pulse at the begin-
ning of the Serravallian (Palcu et al., 2017), the sea
level fell (Miller et al., 2020), and the Paratethys
became separated from the World Ocean again
and divided into the Central and the Eastern Para-
tethys (Palcu et al.,, 2017, 2019). This event
caused the evaporitic crisis of the middle Badenian
in the Central Paratethys and the Karaganian crisis
in the Eastern Paratethys, both of which had a
severe impact on the Paratethyan biota. The Kara-
ganian crisis in the Eastern Paratethys is thought
to have been caused by encroaching surface
freshwater influx from the north that led to brackish
near-surface waters and strongly reduced oxygen-
ation at depth due to reduced circulation in the
water body (Mikerina and Pinchuk, 2014). These
changes in turn led to the extinction of deep marine
fishes and probably other stenohaline marine
fishes in the Eastern Paratethys during the Kara-
ganian crisis (Bratishko et al., 2015, 2023; Schwar-
zhans et al., 2023). In large parts of the Central
Paratethys except for the furthest western part, the
coeval middle Badenian salinity crisis (Baldi et al.,
2017) also had a severe but probably less dramatic
effect on the fish fauna, in combination termed the
mid-Badenian extinction event (MBEE) by Bratis-
hko et al. (2023). It seems that endemic evolution
took place in both basins (Baykina and Schwar-
zhans, 2017; Bratishko et al., 2023) (Figure 9).
During a short period of the upper Badenian/Kon-
kian (lower Serravallian), the Central and Eastern
Paratethys became reconnected again and the
Central Paratethys was still connected to the Medi-
terranean in the west (Bartol et al., 2014). Normal
marine conditions returned throughout the Para-
tethys, and some marine biota probably remigrated
into the Eastern Paratethys from the Central Para-
tethys or the Mediterranean. This event was appar-
ently limited in scope. It included only few
deepwater fishes (Figure 9) that are mainly found
in the westernmost region of the Central Para-
tethys at Walbersdorf, Austria (ongoing research).
There are also indications of a limited amount of
meso-and epipelagic endemic speciation having
occurred: Gadidae (Paratrisopterus) and Myctophi-
dae (Diaphus) in the Carpathian Foredeep
(Schwarzhans and Radwanska, 2022) (Figures 9—
10). Otherwise, fish that have been able to adapt to
the foregoing crises were also among those that
succeeded most in the adaptation to the new and
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Thericum bronniforme

Lucinoma borealis Lucina columbella

FIGURE 8. Examples of typical gastropods (A-T) and bivalves (U-X) found in the localities at Horodok. Identifications
of gastropods by M. Harzhauser and of bivalves by O. Mandic. Macrophoto by O. Klots (Nikon D40 camera with

Nikon DX AF-S Nikkor 18-55 mm lens).
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FIGURE 9. Faunal turnovers in otolith assemblages in the Langhian and Serravallian of the Paratethys and endemic
evolution. Abbreviations: Re, remigration; MBEE, middle Badenian extinction event; and BSEE, Badenian-Sarmatian

extinction event.

Shared species

| «—— 9 species (11.7%) ——>»

|« 5 species (5.3%) ———» | €«————4 species (4.4%) —» |
5 Gobiidae 93.0% Gadidae 42.8% Gobiidae 78.4% Gadidae 70.7%
£ Lesueurigobius vicinalis 77.5% Paratrisopterus spp. 38.7% Medoborichthys podolicus 16.5% Palimphemus macropterygius 70.7%
£ Thorogobius antirostratus 5.3% Gobiidae 31.5% Pomatoschistus elegans 13.3% Gobiidae 15.7%
S Sparidae 1.8% Deltentosteus telleri 17.3% Deltentosteus telleri 9.4% Moldavigobius suavis 7.0%
25 Haemulidae 1.6% Gaidropsaridae 10.7% Labridae 3.5% Ponticola zosimovichi 5.2%
o9 Gerreidae 1.0% Myctophidae 4.2% Sparidae 2.6% Gaidropsaridae 4.2%
=0 -(no Myctophdae, no Paratrisopterus) -(no Myctophdae, no Paratrisopterus)  -(no Myctophdae, no Paratrisopterus)
Borsky Mikulas Gliwice Horodok Karaigaly (Eastern Paratethys)
Brzobohaty et al. (2022) Smigielska (1968) this study Bratishko et al. (2015)

\Transylvania
\Weiler (1943)

=

FIGURE 10. Block diagram depicting the palaeogeography of the Central Paratethys during the late Badenian and
diversity of fish faunas as reconstructed from otoliths during the late Badenian of the Central Paratethys and Konkian

of the Eastern Paratethys.

diverse environments that evolved in the Para-
tethys (Schwarzhans et al., 2022) (Figure 9). Con-
tinued forced endemic speciation transformed the
Eastern Paratethys into an evolutionary hotspot
during the Serravallian and early Tortonian, at least
as far as bony fishes are concerned and despite a

subsequent intermittent crisis at the transition of
the Badenian to the Sarmatian (Badenian-Sarma-
tian extinction event = BSEE; Harzhauser and
Piller, 2007) when all deepwater fishes finally dis-
appeared from the entire Paratethys (Bratishko et
al., 2023; Harzhauser et al., 2024).
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Central Paratethys
Gobius Lineage

Gobius mustus
Gobius reichenbacherae
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Odondebuenia agiadiae
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Economidichthys triangularis
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Medobory back reef (C.P.)
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Parenypnias kiselevi
Priolepis Lineage?
Medoborichthys podolicus
Medoborichthys renesulcis

Asterropteryx Lineage
Vanderhorstia prochazkai

Pomatoschistus Lineage
Buenia gibba
Deltentosteus telleri

Economidichthys triangularis
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Pomatoschistus elegans

Eastern Paratethys
Gobius Lineage

Ponto-Caspian gobies

Neogobius udovichenkoi
Ponticola zosimovichi

Aphia Lineage
Aphia djafarovae

Moldavigobius suavis

Gobiosomatini?
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Open neritic species

Gobius mustus
Gobius reichenbacherae
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Thorogobius iucundus

Aphia djafarovae

Lesueurigobius vicinalis

Sarmatigobius iugosus

Buenia rudolticensis

Hesperichthys reductus

Hellenigobius bunyatovi

Reef related species

Gobius bratishkoi

Gobius ukrainicus

Parenypnias inauditus
Parenypnias kiselevi

Medoborichthys podolicus
Medoborichthys renesulcis

Buenia gibba

Microdes Microdesmus paratethycus
-minae Ptereleotris tectus

Ptereleotris tectus

FIGURE 11. Geographic distribution of gobioid otolith-based species during the late Badenian/Konkian in the Para-
tethys and presumed environmental indicators. Central and Eastern Paratethys faunal assemblages are summarised

with the Medobory backreef fauna shown separately.

Marine Fish Life during the Late Badenian/
Konkian of the Paratethys (Figures 10-11)

The basin configuration of the Paratethys
became highly fragmented during the late Bade-
nian (Kovac et al., 2007, 2017; Harzhauser et al.,
2024), and the environmental settings may have
varied considerably across the region. The fish
fauna, which was relatively uniform across the
Central Paratethys during the early Badenian,
showed a much higher degree of disparity during
the late Badenian. This observation of biogeo-
graphic fragmentation is congruent with the results
of a recent study of molluscs from the Central
Paratethys (Harzhauser et al., 2024). From a com-
parison of the late Badenian fish faunas of Borsky
Mikula$ in the Vienna Basin (Brzobohaty et al.,
2022) with those of the deep Carpathian Foredeep
at Gliwice, Poland (Smigielska, 1966), with those
of the Medobory backreef of Horodok on the flank
of the Carpathian Foredeep (Schwarzhans et al.,
2022, and this study), and with those of the East-
ern Paratethys in Karaigaly, Kazakhstan (Bratishko
et al., 2015), it is clear that the number of shared
species is low from one region to the other (Figure
10). In the case of the faunal difference within the
Carpathian Foredeep, it is probable that they have
to do with the difference in environment, but the dif-
ferences between the faunas of the Carpathian
Foredeep in total, the Vienna Basin, and the East-
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ern Paratethys are probably geographically driven.
Gobies are the dominant group in the shallow-
water locations of the Vienna Basin and the
Medobory backreef and the second most common
group at Karaigaly and even Gliwice, where gadids
dominate (Figure 10). The deeper, more open
marine environment of the Carpathian Foredeep at
Gliwice is remarkable for the abundance of, partly
endemic, pelagic taxa (Paratrisopterus of the Gadi-
dae and Myctophidae; Schwarzhans and Rad-
wanska, 2022). The backreef environment of the
Medobory barrier reef at Horodok is the only fossil
environment known so far in which labrid otoliths
constitute a significant component, but labrid skele-
tons are common in the earlier reef associated
Leitha Formation, including a species of Coris
(Schultz, 2013). The various extant members of
the family Labridae are found in abrasive coastal
and reef environments, and seagrass communi-
ties. The genera Coris and Thalassoma identified
at Horodok are typical for reef environments.

The abundance and diversity of goby otoliths
warrant a comparison of the Medobory backreef
community with those of coeval non-reefal Central
Paratethys locations and of the Eastern Paratethys
(Figure 11). The first observation to be made is that
the Eastern Paratethys goby community is rela-
tively lean in species, and only two of the five spe-
cies described in Bratishko et al. (2015) are also
known from the Central Paratethys. Two of the



species unique to the Eastern Paratethys repre-
sent genera that today constitute a major part of
the endemic Ponto-Caspian gobies, namely
Neogobius udovichenkoi and Ponticola zosimovi-
chi. The Medobory reef assemblage and the non-
reef late Badenian goby association of the Central
Paratethys show a high degree of correlation, but
eight species are known only from the Medobory
backreef (Figure 11). Given how well the non-reef
faunas of the Central Paratethys are known, we
conclude that these species probably represent
gobies that were adapted to reef environments.
Some of them, such as Gobius ukrainicus and
Medoborichthys podolicus (Table 1), are in fact
common in the Medobory localities. In contrast, we
classify 11 species as adapted to open marine ner-
itic, not reef-related habitats, many of which are
missing from the Medobory localities while others
occur only rarely (Figure 11). These species are
Gobius mustus, G. reichenbacherae, G. supra-
spectabilis, and Sarmatigobius iugosus, and they
are mostly singular occurrences or few specimens
except for G reichenbacherae. Gobius reichen-
bacherae is a widespread species in the European
seas of the time in open marine neritic environ-
ments (Schwarzhans, 2014; Schwarzhans et al.,
2020a, 2020b). It may have lived along the Medob-
ory forereef and occasionally entered the backreef
environment.
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Fish Communities and Micro-environments in
the Medobory Backreef (Figures 12—14)

All eight studied localities are in or in the vicin-
ity of the city of Horodok approximately 10 km
behind the crest of the Medobory barrier reef (Fig-
ure 1) in the wide backreef lagoon. The biotic com-
position shows variations indicating subtle
differences in micro-environments from one loca-
tion to another. The largest faunal components in
fishes are those that we interpret to be related to
reef environments, probably in the vicinity of patch
reefs in the backreef lagoon (Figure 12). This com-
ponent is characterised by several gobiid species
that are not known from outside of the Medobory
barrier reef and are therefore considered to be reef
prone (see above). They are thought to represent
mostly new reef adaptations belonging to genera
that survived the middle Badenian salinity crisis
and took advantage of reduced competitive pres-
sure. Some groups, however, show a possible rela-
tionship to reefal gobies from the Indo-West Pacific
(Priolepis lineage) or the tropical West Atlantic
(Gobiosomatini), but the nature, source, and timing
of these assumed relationships are tentative at
present and require verification preferably by skel-
etal finds. In general, fishes are absent of families
typical for reefal environments today, for instance
of Pomacanthidae, Pomacentridae, or Acanthuri-
dae. The only notable exception is two labrid spe-
cies of the genera Coris and Thalassoma, which
are typically associated with reefs today (Figure
12). The reef-associated fish component varies

Shallow marine non-reef related (some Gobiidae, Gadidae, Gaidropsaridae) 7 —21%

Shallow marine reef related (many Gobiidae, Labridae)

Freshwater indicators (Umbridae, Gasterosteidae, Cyprinodontidae)
Seagrass meadow indicators (Gobiesocidae, Syngnathidae, juvenile Gobiidae)
Open marine indicators (Bellottia, Brachydeuterus)

156 -72%
0-1%
0-52%
0-8%

Deep marine indicators (Physiculus; Myctophidae and Paratrisopterus absent) singular

Widely distributed/unclear environmental relations

Main faunal components specimens (%)
Gobiidae 78.4
Gaidropsaridae 4.7
Labridae 3.5
all others 13.4

14 - 30%
species count  species (%)
25 40.4
3 4.8
2 3.2
32 51.6

FIGURE 12. Environmental indicators in the otolith-based fish fauna in the Medobory backreef and their abundance.
The insert depicts the abundance of the most common fish families in the otolith assemblages in the Medobory back-

reef environment.
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Fishes/Location (%) Mlyntsi  Novyi Pliazh  Staryi Zavod Lisohirka Skala
Reef related 72 50 15 18 55
Non-reef neritic 10 21 7 20 13
Freshwater - <1 <1 1 -
Seagrass indicator 3 - 52 35 -
Open marine <1 8 <1 - 2
Deep offshore - <1 - - -
Unclear 14 20 26 26 30

FIGURE 13. Distribution of environmental indicators in the otolith assemblages of the studied localities in the Medob-
ory backreef. Only localities are shown of which otoliths were sampled also from fine fractions down to 0.3 mm mesh

size.

between 15% in Staryi Zavod and 72% in Mlyntsi
(percentages here and later rounded to whole
numbers) (Figure 13). In fact, the reef component
is greater than 50% in all fish communities except
Staryi Zavod and Lisohirka (18%) (Figure 13). The
latter is surprising, since the lithology at this out-
crop reflects a reefal setting. We assume that the
position of Lisohirka was at the edge of a patch
reef body and was also populated by fishes from
nearby communities that are not reef prone. Such
elements at Lisohirka are the Gadidae and
Gaidropsaridae, which are shallow marine non-
reef-associated families, and elements indicating a
seagrass environment in about equal amounts.

Many fishes identified in the various localities
either are unclear in their environmental prefer-
ences or occur primarily in non-reef neritic associa-
tions. These two guilds account for between 7%
and 21%, and 14% and 30%, respectively (Figure
13). All of them are shallow-water fishes, and while
some may occur in the backreef lagoon as occa-
sional visitors (e.g., Gobius mustus, G. reichen-
bacherae, or G. supraspectabilis), the others,
which are more common, probably had a wider dis-
tribution pattern that included reef environments.
We consider them to be indicative of deeper
regions within the backreef lagoon where occa-
sional visitors have been brought in through surge
channels and broadly distributed species could
easily exchange with off-reef environments.

The new collection activities underlying this
study have also used finer sieves down to 0.3 mm
diameter (localities Mlyntsi, Novyi Pliazh, Staryi
Zavod, Lisohirka, and Skala). As a result, some of
these localities yielded many small otoliths well
below 1 mm in length, which otherwise are typically
not recovered. Most otoliths <1 mm in diameter are
from juvenile, maybe even larval Gobiidae that
cannot be identified to a generic or species level. In
addition, rare occurrences have been observed of
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pipefishes (Syngnathidae) of the genus Syn-
gnathus and clingfishes (Gobiesocidae) of the
genus Apletodon. These fishes have small otoliths
in the range of 0.2 mm to just below 1 mm in length
and are both typically associated with seagrass
meadows (Pollard, 1984). Seagrass meadows in
fact often act as nursery grounds and are therefore
also a preferred environment for juvenile fishes
such as gobies (Heck and Orth, 1980; Jaxion-
Harm et al., 2012; Erzad et al., 2020). The propor-
tion of otoliths indicating a potential seagrass envi-
ronment varies widely from 0% to 52% and is
particularly high in Staryi Zavod (52%) and Liso-
hirka (35%) (Figure 13). Seagrass palaeoenviron-
ments have been commonly recorded from the
Middle Miocene of the Central Paratethys
(Dolakova et al., 2014; Forsey, 2018; Harzhauser
et al.,, 2018; Holcova et al., 2019). Otoliths have
occasionally also been used to indicate potential
seagrass environments. Brzobohaty et al. (2007)
considered the abundance of otoliths of the genus
Spondyliosoma in the lower Badenian of Kienberg
at Mikulov, Czech Republic, as indicative of a pos-
sible seagrass environment. These otoliths, how-
ever, are no more present in the upper Badenian.
In their palaeoenvironmental assessment of Bade-
nian rocks in the northern Vienna Basin. Har-
zhauser et al. (2018) mentioned juvenile sea
breams (Sparidae) and gobies of the genus
Lesueurigobius as potential indicators for seagrass
environments. These taxa are here placed in the
category of unclear/wide environmental distribution
even though they may also be common in sea-
grass environments. Other possible indicators of
seagrass in the Medobory backreef localities are
lucinid clams in live position, ostracods of the gen-
era Aurila, Loxoconcha, and Xestroleberis, and
certain permanently motile foraminifera (see
above). The occurrence of these potential sea-
grass indicators is congruent with that of the otolith
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lagoon

=

_— . seagrass meadow

O patch reefs

Seagrass community:
Staryi Zavod
[Lisohirka]

Patch reef community:
4 Shydlivshchyna

| Miyntsi

Deep lagoon community: Lisohirka
Kozatskyi Yar
Novyi Pliazh
Skala

FIGURE 14. Block diagram depicting a schematic reconstruction of the presumed environments in the Medobory
backreef during the late Badenian and the attribution of the studied localities. For faunal components refer to Figure
13. Figures of extant fishes are used to exemplify fossil taxa (Wiki commons open source); deep lagoon environment:
various Gobiidae, Haemulidae and Gadidae; patch reef community: various Gobiidae, Labridae, Sparidae; seagrass

community: Syngnathidae, juvenile Gobiidae, Gobiesocidae (courtesy K. Conway).

associations, and the indicators occur most
diversely at Staryi Zavod and Lisohirka (Figure 13).
Other environmental indicators are rare in the
otolith associations. A group of open marine, outer-
shelf fishes such as Bellottia (Bythitidae) and
Brachydeuterus (Haemulidae) are absent or rare
and achieve the highest percentage (8%) in Novyi
Pliazh (Figure 13). Their relative abundance could
indicate a deeper position in the backreef, possibly
not far from a surge channel that may have facili-
tated the incursion of such outer-shelf faunal ele-
ments. Interestingly, Novyi Pliazh is also the only
locality with a singular occurrence of a real bathyal
fish, an unidentifiable specimen of Physiculus
(Moridae). Freshwater fishes are also rare and rep-
resented by a species of Umbra (Umbridae), an
unidentified Gasterosteidae and Palaeolebias
(Cyprinodontidae). They occur at a frequency of
one to three specimens per species in the collec-
tion clearly indicating that freshwater input did not
play a major role in any of the studied locations.
The resulting picture is that of a wide backreef
lagoon at a moderate distance from the crest of the
barrier reef (Figure 14). The backreef lagoon prob-
ably contained smaller coralline algal and coral
patch reefs and common biostromes on the sea
floor. However, certain differences in micro-envi-
ronments can also be observed. A full assessment,
however, can only be performed for localities with a
complete data set including otoliths sampled from
small fractions down to 0.3 mm sieve diameter
(Mlyntsi, Novyi Pliazh, Staryi Zavod, Lisohirka, and

Skala; Figure 13). Presumed reef-associated
fishes formed a major component in all studied
localities, often the dominant one. The highest per-
centage of reef-related fishes was identified in
Mlyntsi, which is therefore considered to be located
on or close to a patch reef. The same could be true
for Shydlivshchyna, from where, however, no small
fraction had been sampled, and Lisohirka (Figure
14). The faunal community at Lisohirka is in fact
unusual, as it contains a relatively low number of
reef-related forms along with many non-reef neritic
and widely distributed forms. The lithology indi-
cates a close relation to a reefal environment, while
a high percentage of juvenile goby otoliths indi-
cates a seagrass environment. We assume that
Lisohirka was situated at the fringes of a patch reef
with a nearby seagrass meadow and that the
observed fish community therefore represents a
mixture of both. Non-reef and deeper neritic/open
marine elements might indicate a somewhat
deeper position in the backreef lagoon that was
easier to populate for these fishes. The presence
of usually uncommon open marine faunal elements
would indicate the presence of a surge channel
through the barrier reef nearby, helping such fishes
to occasionally venture into the lagoon. We inter-
pret Novyi Pliazh, Skala, and possibly Kozatskyi
Yar to have been in such a position (Figure 14).
The fish community of Staryi Zavod is the most
divergent of all characterised by an abundance of
juvenile goby otoliths, and a few other juvenile oto-
liths. It is also the only one with pipefish (Syn-
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gnathidae) otoliths. From a lithological perspective,
Staryi Zavod contains the finest-grained sediment
observed in the studied localities. We interpret this
location as having been positioned in a seagrass
meadow (Figure 14). The faunal associations
observed in ostracods, and foraminifera are also
congruent with this interpretation but the distribu-
tion pattern of lucinid bivalves departs somewhat. It
is possible that seagrass occurrences were widely
and possibly discontinuously distributed in the
Medobory backreef.

CONCLUSION AND OUTLOOK

New collections from five localities near the
city of Horodok in western Ukraine have yielded a
significant number of additional fossil fish otoliths
from the Medobory backreef. This time, smaller
fractions (down to 0.3 mm in diameter) were also
sampled for otoliths as well and generated new
insights. The principal results are as follows.

1. With the new locations and the sampling of
the smaller fraction, the otolith-based fish
fauna of the area has now increased to a
total of 62 species.

2. Gobioids are the dominant group with 25
species (40.4% of all species) and 78.4%
of the specimens.

3. Labridae constitute an important second-
ary component indicating proximity to
reefs. Labrid otoliths are otherwise rare in
the fossil record.

4. The small fraction <1 mm in diameter has
yielded primarily unidentifiable gobiid oto-
liths of juveniles and a few new species
with primarily small otoliths such as pipe-
fishes (Syngnathidae) and clingfishes
(Gobiesocidae).

5. The new sampling allows one to distin-
guish micro-environments in the composi-
tion of the fish communities in the
Medobory backreef: (a) a reef-associated
environment dominated by supposed reef-
related gobies and labrids; (b) a deeper

lagoon environment which in addition to
faunal reef elements also includes certain
off-reef neritic fishes; and (c) an environ-
ment within or in the vicinity of seagrass
meadows dominated by juvenile gobies,
which may have acted as a fish nursery,
and with admixture of syngnathids.

Our study documents how new sampling in
the Medobory backreef not only significantly con-
tributes to the size of the fauna but also helps to
recognise and define palaeoenvironments in this
unique setting. The Medobory backreef also shows
how fragmented and diversified the fish fauna was
in the Paratethys during the early Serravallian (late
Badenian/Konkian). We believe that future pros-
pecting for otoliths in the Miocene of the Para-
tethys, particularly in its eastern part, can provide
so much more information about the evolution of
fishes in this evolutinary hotspot at that time.
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