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Abstract

Studies of otoliths suggest that Gobioidei, which are among the most species-rich groups of modern-day vertebrates, were
prominent elements of late middle Miocene (early Sarmatian sensu lato) fish faunas in Europe and Western Asia. However,
few complete skeletons have come to light. Here, we report an assemblage of six marine gobiid species, based on skele-
tons preserved with otoliths in situ, from the lower Volhynian (lower Sarmatian s.1.) of Karpov Yar, Naslavcea, northern
Moldova (Eastern Paratethys). Previously only one of these species had been reported from the Central Paratethys, based
on its otoliths alone. Five new species representing four new genera are described: tKatyagobius prikryli gen. et sp. nov.,
Pseudolesueurigobius manfredi gen. et sp. nov., TSarmatigobius compactus gen. et sp. nov., TYarigobius decoratus gen.
et sp. nov., and Y. naslavcensis gen. et sp. nov. All six species share the following set of characters, suggesting that they
represent a monophyletic clade: 27-29 vertebrae (of which 10 are abdominal); spines of first dorsal fin distally filamentous;
second dorsal fin with spine and 14—16 soft rays; anal fin with spine and 13-15 soft rays; caudal fin longish-to-lanceolate;
otoliths (sagittae) with rounded, trapezoid-to-squarish shape. Their skeletal features suggest that they are closely related to
Lesueurigobius Whitley, 1950, but the otoliths preserved in situ do not support such a classification. The new fossils most
likely represent a stem lineage of the European Aphia lineage, and indicate that the diversity of gobiid lineages 12 million
years ago differed clearly from that observed today.
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Introduction

The middle Miocene of Europe and Asia was a time
of palaeogeographic reorganizations and fluctuating
environments, due to the orogeny and uplift of the
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Alpine-Himalayan mountain chains and global climate
change (Zachos et al. 2001). These changes also affected
the marine environments of the large inland seas that cov-
ered Central and Eastern Europe and Western Asia at that
time, i.e., the Central Paratethys (Pannonian Basin) and the
Eastern Paratethys (Black Sea or Euxinian Basin) (Popov
et al. 2004; Harzhauser and Piller 2007; Kovac et al. 2017).
The late middle Miocene (middle to late Serravallian) is a
particularly interesting time span. Time-equivalent chron-
ostratigraphic stages in the Central Paratethys are the late
Badenian and the Sarmatian (sensu stricto), and in the East-
ern Paratethys the Konkian and the early Sarmatian sensu
lato, i.e., the Volhynian (Fig. 1). During the latest Badenian
(c. 12.6 Ma), the Central Paratethys became isolated due
to a global fall in sea level and the final stage of the Car-
pathian orogeny (Piller and Harzhauser 2005; Kovac et al.
2017; Fig. 2). In both the Central and Eastern Paratethys,
the beginning of the Sarmatian (s.s.) and Volhynian stages,
respectively, was characterized by a transgression, during
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Fig.1 Late Miocene chronostratigraphic framework in the Central
and Eastern Paratethys and correlation to the Global Time Scale. The
stratigraphic age of the study site Karpov Yar in Naslavcea, Moldova,
is indicated with a star. Modified from Raffi et al. (2020)

which continental lowland regions were flooded and trans-
formed into marginal marine and eventually fully marine
areas (Pisera 1996; Piller and Harzhauser 2005).

Fossil remains of teleost fishes are relatively common in
the Sarmatian (s.s.)/Volhynian of the Central/Eastern Para-
tethys, and have received considerable scholarly attention.
In the Central Paratethys, mostly isolated otoliths have been
used to reconstruct the Sarmatian (s.s.) fish fauna (Weiler
1943, 1949; Rado 1968; Brzobohaty and Stancu 1974;
Strashimirov 1984, 1985a, b; Schwarzhans et al. 2015;
Reichenbacher et al. 2019), while relatively few studies
have described articulated skeletal material (Baykina 2013;
Pfikryl et al. 2016; Schwarzhans et al. 2017a, b, c, d, e). In
the Eastern Paratethys, articulated skeletal material has been
an important source of information on the Volhynian tel-
eost fauna (e.g., lonko 1954; Bogatshev 1955; Switchenska
1959a, b, 1973; Bannikov 1986, 1989a, b, 1990, 1992, 1998,
2006, 2009; Carnevale et al. 2006; Bannikov et al. 2016),
but isolated otoliths have also been studied (Pobedina 1954;
Pobedina et al. 1956; Paghida 1962; Paghida-Trelea et al.
1967; Djafarova 2006).

‘Gobies’—small, mostly benthic fishes of the suborder
Gobioidei of the order Gobiiformes (sensu Thacker et al.
2015)—were an important component of the Central Para-
tethys fish fauna during the Sarmatian (s.s.), both in terms
of species numbers and abundance, and it appears that many
endemic species were among them (Schwarzhans et al. 2015,
2017a; Reichenbacher et al. 2019). The time-equivalent
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Eastern Paratethys fish fauna also contains gobioid fishes,
but very little data are available for them (see Carnevale
et al. 2006; Bannikov 2009).

The present study aims to fill this gap on the basis of well-
preserved, articulated skeletons of gobioid fishes, which
have been left unidentified or in open nomenclature in previ-
ous works (Ionko 1954; Bannikov 2009, 2010, 2017, 2018).
These specimens come from the lower Volhynian deposits
at Karpov Yar, in the vicinity of the township Naslavcea in
northern Moldova (western sector of the Eastern Paratethys;
Fig. 3). Because the results of our study reveal an unex-
pected diversity of goby species, we have chosen to split
the presentation of the data into three parts, of which this
is the first. Six species, including five new ones, represent-
ing four new genera are described. All share the following
unique features: large numbers of rays in the second dorsal
fin (14-16) and anal fin (13—-15) and, where preserved, a
caudal fin of longish to lanceolate shape. They resemble the
present-day European genus Lesueurigobius Whitley, 1950,
but, based on their otoliths preserved in situ, they cannot
belong to this genus.

Geological setting

In the Karpov Yar ravine in northern Moldova (Fig. 3a), the
lower Volhynian strata unconformably overlie Upper Creta-
ceous conglomerates and cherts (Ionko 1954; Yakubovskaya
1955), and the clays at their base contain an abundance of
terrestrial plant leaves. Clearly, these are deposits of coastal
swamps, as evidenced by the discovery of a spade-footed
toad there in 2007 (Skutschas and Bannikov 2009). Above
follow diatomites and marls (Fig. 3b) of a lagoonal environ-
ment, as indicated by several thin layers with evidence of
mass mortality of fishes; the fish finds reported here are lim-
ited to these layers. Further up in the outcrop of the Karpov
Yar ravine, these layers disappear, and the early Volhynian
marine transgression is readily traceable. Karpov Yar has
long been known for its well-preserved teleost fish fauna,
and many specimens are preserved with otoliths in situ
(Ionko 1954; Switchenska 1973; Bannikov 1986, 1989a, b,
1990, 1992, 1998, 2006, 2009; Baykina and Schwarzhans
2017; Popov 2017). Furthermore, mollusc species are widely
distributed throughout the sequence. According to Rogca
(2008) they include the bivalve Loripes niveus (von Eich-
wald, 1830) [= Microloripes dentatus Defrance, 1823; see
Studencka (1986)] and the gastropods Terebralia lignitarum
(von Eichwald, 1830), Clavatula doderleini (M. Hoernes,
1856) and Tritonalia striata (von Eichwald, 1853) [= Ocine-
brina striata (von Eichwald, 1853); see Landau et al. 2013].
Some of these species (M. dentatus, C. doderleini) are also
distributed in the early Sarmatian of the Central Paratethys
(Filipescu et al. 2014).
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Fig.2 Palacogeographic map of Central Europe and Western Asia
during the late middle Miocene (12-11 Ma), depicting the open
marine Mediterranean Basin and the semi-closed inland sea of the

Previously described fish fauna from Karpov
Yar

A relatively rich and quite distinctive marine fish fauna is
known from the lower Volhynian of the Karpov Yar locality,
including Moldavichthys switshenskae Baykina and Schwar-
zhans, 2017 (Clupeidae); ‘Prolebias’ sp. (Cyprinodontidae);
Atherina suchovi Switchenska, 1973 (Atherinidae); Nerophis
zapfei Bachmayer, 1980; gen. et sp. indet. (Syngnathidae);
‘Scorpaena’ sp. (Scorpaenidae); Lates gregarius Bannikov,
1992 (Latidae); Morone ionkoi Bannikov, 1993 (Moroni-
dae); Sparus brusinai (Gorjanovi¢-Kramberger, 1882)
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Central and Eastern Paratethys. The location of the study site Karpov
Yar in Naslavcea, Moldova, is indicated with a star. Map after Popov
et al. (2004: map 7)

(Sparidae); Naslavcea fundata (Bannikov, 1990) (Centra-
canthidae); Mullus moldavicus Switchenska, 1959a (Mulli-
dae); Polydactylus frivolus Bannikov, 1989b (Polynemidae);
Mugil acer Switchenska, 1959b (Mugilidae); Symphodus
salvus Bannikov, 1986 (Labridae); Clinitrachoides gratus
(Bannikov, 1989a) (Clinidae) and Pleuronectiformes fam.,
gen. et sp. indet. (e.g., Bannikov 2009, 2019). Unlike many
marine ichthyofaunas of different ages, in which clupeids
typically predominate strongly, in the Karpov Yar fish fauna
the most commonly collected species is the silverside Athe-
rina suchovi. The herring Moldavichthys switshenskae is
almost as abundant as the gobioid fishes; and specimens of
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Fig.3 a Geographic map of Moldova and location of Naslavcea
(star); inset at lower left depicts location of Moldova (in red) in
relation to Central Europa and Western Asia; inset at upper right is
a close-up of the township Naslavcea with the location of the Kar-
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pov Yar outcrop (sources: https://cdn.britannica.com; Wikipedia). b
Photo of the laminated diatomites at the Karpov Yar outcrop (photo
by A.F.B.)
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the seabream Sparus brusinai, the mullet species Mugil acer
and the wrasse Symphodus salvus are also quite common.
The two rarest fish species are a pipefish (Nerophis zapfei)
and a scorpionfish (‘Scorpaena’ sp.), which are represented
by a single find each.

Volhynian fishes of the Eastern Paratethys basin have
been recorded in various localities in the North Caucasus,
the Crimea, Azerbaijan, Moldova and the Ukraine (see Ban-
nikov 2009, 2019). However, only the Tsurevsky assemblage
(SW Russia, Pshekha River) (Carnevale et al. 2006; Ban-
nikov 2009, 2019) is nearly as well known as the coeval Kar-
pov Yar assemblage. Although these two fish assemblages
belong to the same marine basin, i.e., the Eastern Paratethys,
their faunal compositions at the species level are completely
different, and very few genera (Mullus, Mugil and perhaps
Scorpaena) are shared between them. Bottom-dwellers are
far less well represented in the Tsurevsky locality than at
Karpov Yar, and the only gobioid fishes identified there to
date are two specimens of Pomatoschistus sp. (Carnevale
et al. 2006: fig. 12; Bannikov 2009: pl. 10, fig. 3). Appar-
ently, the connection between the North Caucasian and Mol-
dovan basins in the early Volhynian was interrupted, and the
two fish localities were formed under different conditions
(Bannikov 2009, 2019).

Materials and methods
Fossil material

Articulated skeletons of nine fossil specimens are included
in this study. One specimen had no otoliths; in all others one
or both saccular otoliths (=sagitta, sagittae) were preserved
in situ, and in five specimens the utricular otolith(s) (= lapil-
lus, lapilli) were also present. One species is represented
by two skeleton-based specimens, all others are represented
by one specimen each. With one exception, all specimens
were preserved as part (indicated with ‘a’, head to the right)
and counterpart (‘b’, head to the left). The skeletal-based
material is deposited in the Borissiak Palaeontological Insti-
tute of the Russian Academy of Sciences in Moscow, under
the inventory numbers PIN 5274/21a-b, PIN 5274/35a-b,
PIN 5274/36a-b, PIN 5274/38a-b, PIN 5274/75a-b, PIN
5274/76a-b, PIN 1306/71, PIN 1306/72a-b, PIN 1306/81a-
b. The corresponding otoliths are kept in the Bavarian State
Collection for Palaeontology and Geology (SNSB-BSPG)
in Munich, Germany, under the inventory number SNSB-
BSPG 2021 XI.

Comparative material

Specimens of two extant species of Lesueurigobius were
studied from the collections of the National Museum in

Prague, Czech Republic (NMP) and the Zoological State
Collection in Munich, Germany (ZSM-PIS). This mate-
rial comprises eight specimens of L. friesii (Malm, 1874)
(NMP6V 146223-146230) from the Northeast Atlantic off
Galicia (Spain), and two specimens of L. sanzi (de Buen,
1918) (ZSM-PIS-035529_1, _4) from the Southeast Atlantic
off Angola. For study results, see Appendix Table.

Methods

Morphometric, meristic and osteological characters of the
fossil skeletons and the morphology of the otoliths were ana-
lysed and photographed under a Leica M 165 FC stereomi-
croscope equipped with a digital camera (Leica DC 200).
The comparative material of Lesueurigobius was X-rayed in
a Faxitron Ultra Focus cabinet (max. spatial resolution: 100
Ip/mm) at the Zoological State Collection in Munich, and the
X-ray images served as the basis for measurements, counts
and osteological studies. Methods of measurement followed
those given in previous publications on extant gobiid fishes
(e.g., Miller 2004; Liu et al. 2009; Iglésias et al. 2021) and
were applied (as far as possible) to both the fossil speci-
mens and the comparative material; all measurements were
recorded to the nearest 0.1 mm using ImageJ (Schneider
et al. 2012) and were standardized based on the standard
length of the measured fish. For raw measurements of the
fossils, see Supplementary Data 1, and for raw data of the
extant comparative material, see Supplementary Data 2.

Counts of vertebrae include the terminal centrum; counts
of rays in the second dorsal and anal fins encompass every
discernible ray; the pterygiophore formula of the first dorsal
fin follows Birdsong et al. (1988). Topographic terms refer
to the natural anatomical location of the structure concerned,
even if this is rotated or otherwise displaced in the specimen.
Figures were prepared using Adobe Photoshop CS6 (13.0.6).

Otoliths were carefully extracted from the fossil speci-
mens and kept separately. Otolith terminologies are shown
in Fig. 4 and follow Schwarzhans (2014) and Lombarte et al.
(2018) for the sagitta, and Assis (2000, 2005) for the lapillus.
Otolith measurements were done with ImagelJ; the maximum
length and height of the sagittae, and the maximum width
and height of the lapilli were taken by drawing a rectangle
that fully enclosed the outermost elements of the respective
sagitta (Fig. 4b) or lapillus (Fig. 4d); the maximum otolith
thickness was measured in the same way.

Extinct taxa are marked with a dagger (1) preceding their
name.

Abbreviations used in the text. a, inclination angle of sul-

cus; D1, first dorsal fin; D2, second dorsal fin; SL, standard
length.
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Fig.4 Left and right sagitta in medial view (a, b), and left and right
lapillus in ventral view (c, d), based on a specimen of Gobius niger
(59.3 mm SL; NMP6V 146077). The shown terminology and meas-

Institutional abbreviations. AMS, Australian Museum Syd-
ney, Australia; IRSNB, Royal Institute of Natural Sciences
Belgium; NHMW, Natural History Museum, Vienna, Aus-
tria; NMP, National Museum Prague, Prague, Czech Repub-
lic; PIN, Borissiak Palaecontological Institute of the Russian
Academy of Sciences, Moscow, Russia; SMF, Senckenberg
Institute, Frankfurt am Main, Germany; SNSB-ZSM, Bavar-
ian State Collection of Zoology, Munich, Germany.

Systematic palaeontology
Infraclass Teleostei Miiller, 1845 sensu Arratia (1999)

Order Gobiiformes Giinther, 1880 sensu Betancur-R et al.
(2017)
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urements for the sagitta follow Schwarzhans (2014; a indicates sul-
cus inclination angle), Gierl et al. (2018) and Lombarte et al. (2018);
those for the lapillus are according to Assis (2000, 2005)

Suborder Gobioidei Jordan and Evermann, 1896 sensu
Thacker et al. (2015)
Family Gobiidae Cuvier, 1816 sensu Nelson et al. (2016)

Genus TKatyagobius gen. nov.

Type species. tKatyagobius prikryli gen. et sp. nov.
(Figs. 5a, 6a, 7a, 8a, 9a, 10a).

Other species. TKatyagobius sp. (Figs. 6b, 7b, 9b—d, 10b, c,
Supplementary Data 3) from the same locality.

Etymology. The generic epithet honours the goby expert
Dr. Ekaterina (=Katya) D. Vasil’eva (Zoological Museum,
Moscow, Russia) for her important work on the osteology
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TKatyagobius

prikryli
gen. et sp. nov.

tSarmatigobius
compactus
gen. et sp. nov.

o

Fig.5 Holotypes of the five new goby species (a—c, e, f) and
skeleton-type of {Sarmatigobius iugosus (Schwarzhans, Brzobohaty
and Radwarska, 2020) comb. nov. (d) from Karpov Yar, near Naslav-
cea, northern Moldova. a PIN 5274/21b (al), PIN 5274/21a with
left sagitta in situ (a2). b PIN 1306/72a-b (composite image based

on part and counterpart). ¢ PIN 5274/36b with right and left sagit-
tae and right lapillus in situ (c1), PIN 5274/36a (c2). d PIN 5274/38b
with right sagitta in situ. e PIN 1306/71 with right and left sagittae
in situ. f PIN 5274/76a, boxes on the caudal peduncle and flank refer
to scales shown at a higher magnification in Fig. 11d1, d2
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and diversity of the gobiid fishes from the Caspian Basin.  LSID ZooBank. This new genus is registered under urn:lsid:
Gender masculine.

zoobank.org:act:15083225-AFA5-468D-A909-
17411888AE4A.

Stratigraphic range. Lower Sarmatian.
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«Fig.6 a Hyoid bar with five branchiostegal rays of {Katyagobius
prikryli gen. et sp. nov. (holotype, PIN 5274/21a). b Jaw bones of
Katyagobius sp. (PIN 5274/35a). Note the T-shaped palatine (PA,
with ethmoid process indicated by the arrow), the left premaxilla
(PMX) with a moderately developed postmaxillary process, and
jaw teeth of various sizes. ¢ Jaw bones of fSarmatigobius iugosus
(Schwarzhans, Brzobohaty and Radwariska, 2020) comb. nov. (PIN
5274/38), with T-shaped palatine (PA, arrows indicate maxillary and
ethmoid process) and conical jaw teeth of different sizes. d, e fPseu-
dolesueurigobius manfredi gen. et sp. nov. (holotype, PIN 1306/72a)
showing (d) pelvic fins located close to each other and (e) caudal
skeleton showing two preural vertebrae (PU2, PU3), two broad
hypural plates (HY 142, HY3+4), a short, rod-shaped hypural plate
5, a single, long epural (EP) and a long parhypural (PH); numbers
on caudal rays indicate segmented rays in the upper and lower lobe,
respectively

Diagnosis. TKatyagobius gen. nov. is a small gobiid fish;
SL between 31 and 36.2 mm. Head moderately large (23.9—
25.7% SL); body probably laterally compressed (as pre-
served in lateral view); body depth 17.7-18.5% SL at origin
of D1; anal fin inserted one to two vertebrae behind D2;
caudal peduncle moderately long (20.2-21.0% SL); caudal
fin lanceolate and approximately as long as head (24.9-
27.4% SL); length of abdominal part of vertebral column
approx. 53% of that of caudal part. Number of vertebrae
28 (10+ 18); D1 with six relatively robust, distally filamen-
tous spines; distance between spines V and VI is 4.5-4.7%
SL; pterygiophore formula 3-22110; D2 with relatively
long spine (8.4-9.9% SL) that tapers to a distal filament,
and 15 segmented rays; anal fin with moderately long spine
(4.8-6.3% SL) and 14 segmented rays. Pectoral fin with 10
to 13 rays. Pelvic fin length 16.1-17.1% SL; pelvic fin with
relatively long spine (6.0-6.5% SL, 57-66% of adjacent ray)
and five rays; end of pelvic rays distant from anal fin origin.
Caudal fin with 16-17 segmented rays, nine rays in the upper
lobe. Relatively dense cover of ctenoid (in type species) or
cycloid scales (in tKatyagobius sp.) on body.

Oroliths—Sagitta slightly trapezoid, rounded; ventral por-
tion of posterior margin bulged; sulcus ‘shoe-sole’ shaped,
moderately inclined (@ =9.6-15.7°), with well-developed
crista inferior along cauda. Lapillus rectangular-to-ovate in
type species, otherwise ovate; relatively thick (LH/LT 2.5-
2.7); in lateral view with straight to weakly convex ventral
side, symmetrically convex dorsal side, and slightly tapering
anterior tip.

Differential diagnosis. With respect to the presence of a
longish lanceolate caudal fin, large numbers of rays in the
D2 and anal fin, and general proportions of head and body,
the extant genus Lesueurigobius Whitley, 1950 and the
three other new fossil genera described here, i.e., Pseu-
dolesueurigobius gen. nov., fSarmatigobius gen. nov.,
and fYarigobius gen. nov. are phenotypically similar to

tKatyagobius gen. nov. (see Table 1 for data on the fos-
sils and Appendix Table for data on Lesueurigobius). With
regard to the skeletal characters, the relatively robust D1
spines (Fig. 7a) and the comparatively long pelvic-fin spine
(6.0-6.5% SL vs. 3.8-5.2% SL [no data for {Sarmatigobius
gen. nov.]) are characteristic for T Katyagobius gen. nov. Fur-
thermore, the sagitta and lapillus of ¥Katyagobius gen. nov.
are each unique in shape (Figs. 9a—d, 10a—c). Seen in lateral
view, the lapillus has a distinctive contour and is relatively
thicker than any of the other lapilli studied here (ratio lapil-
lus height/thickness 2.5-2.7 vs. 3.0-3.3 [no data for Pseu-
dolesueurigobius gen. nov.]). Furthermore, {Katyagobius
gen. nov. can be distinguished from both Lesueurigobius
and fPseudolesueurigobius gen. nov. by its total number of
vertebrae (28 vs. 27); from both {Pseudolesueurigobius gen.
nov. and {Sarmatigobius gen. nov. by the relatively longer
distance between D1-spines V and VI (4.5-4.7% SL vs. 3.0—
3.4% SL), a slightly longer caudal peduncle (20.2-21.0%
SL vs. 18.0-18.5% SL), and a relatively shorter caudal fin
(24.9-27.4% SL vs. 32.6-33.8% SL); from {Sarmatigobius
gen. nov. also by the more posterior insertion of the anal
fin (one to two vertebrae behind D2 vs. opposite); and from
tYarigobius gen. nov. by a smaller body depth at the origin
of D1 (17.7-18.5% SL vs. 21.4-21.7% SL), slightly shorter
pelvic fins (16.1-17.1% SL vs. 20.9-22.9% SL), and a D1
pterygiophore formula starting with 3-2... (vs. 3—1...).

tKatyagobius prikryli gen. et sp. nov.
Figures 5a, 6a, 7a, 8a, 9a, 10a; Table 1

Type material. Holotype, PIN 5274/21a, b; 31.0 mm SL; part
and counterpart in lateral view; part complete except for the
posterior part of caudal peduncle and caudal fin, with left
sagitta and right lapillus preserved in situ; counterpart com-
plete except for the pectoral girdle and posterior part of head.

Type locality and age. Karpov Yar, Naslavcea, northern Mol-
dova; lower Sarmatian.

Etymology. In honour of Dr. Toméas Pfikryl (Charles Uni-
versity and Czech Academy of Sciences, Prague, Czech
Republic), for his excellent work on Oligocene—Miocene
fish species and diversity.

LSID ZooBank. This new species is registered
under urn:lsid:zoobank.org:act:ESBEO5SB1-EC88
-4086-83B1-FO20F6BDF28E.

Diagnosis. SL. 31 mm; head moderately large (23.9% SL);
caudal peduncle relatively long (21.0% SL); caudal fin lan-
ceolate and slightly longer than head (27.4% SL); spine I
of D1 robust and moderately long (87% of length of spine
I1); D2 with relatively long spine (8.4% SL) and moderately
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TKatyagobius prikryli gen. et sp. nov.

tSarmatigobius compactus gen. et sp.
&7 ? - AR

g/

Fig. 7 Configuration of the D1-spines in the goby species from Kar-
pov Yar, near Naslavcea, northern Moldova. a holotype, PIN 5274/21.
b PIN 5274/35a. ¢ paratype, PIN 1306/81. d PIN 5274/38. e holotype

long filament; anal-fin spine moderately long (4.8% SL);
pelvic-fin spine robust and relatively long (6.5% SL, 66%
of adjacent ray); relatively dense cover of ctenoid flank
scales with thickened posterior margins; about 32 scales in

@ Springer

TKatyagobius sp.

tSarmatigobius iugosus (Schwarzhans et al., 2020)
comb. nov.

2 mm

part (el) and counterpart (e2), PIN 5274/36. f holotype, PIN 5274/76.
g holotype, PIN 1306/71. Roman numerals refer to individual spines;
ptl, pt2...refer to pterygiophore of respective spine

the longitudinal row. Other characters as described in the
generic diagnosis.
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1Yarigobius naslavcensis gen. et sp. nov.

mm

. et sp. nov.

Fig.8 Caudal peduncle and posterior extension of the second dor-
sal fin rays and anal fin rays in the studied new goby species from
Karpov Yar, near Naslavcea, Moldova (close-ups of holotypes of the

General description. Relatively small gobiid fish of 31 mm
SL (Fig. 5a). Body slender, tapering posteriorly, probably
laterally compressed (as preserved in lateral view); head of
moderate size (23.9% SL); D2 slightly in front of insertion of
anal fin; relatively long caudal peduncle (21.0% SL); caudal
fin lanceolate and slightly longer than head (27.4% SL). For
further body proportions and meristic counts, see Table 1.

new species shown in Fig. 5). a PIN 5274/21. b PIN 1306/72. ¢ PIN
5274/36. d PIN 5274/76. e PIN 1306/71

Neurocranium—The neurocranium is preserved in lateral
view; it is relatively deep, but most of its bones are not well
preserved. The eyes are relatively large (6.8% SL). The fron-
tal bones are long and oriented obliquely to the body axis
over the orbit, narrow between the orbits and broad poste-
riorly. The parasphenoid is a straight, thin rod with a broad
posterior portion; the vomer is recognizable, but its shape
is not clear. The ethmoid region is short. Whether scales are
present on the head is unclear.
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tKatyagobius tKatyagobius sp. (PIN 5274/35) TKatyagobius sp. (PIN 5274/75)
prikryli gen. et sp. nov.

TPseudolesueurigobius

tSarmatigobius iugosus
manfredi gen. et sp. nov.

(Schwarzhans et al., 2020)
comb. nov.

Jaws—The lower jaw is relatively long (10.6% SL); the
mandibular joint is situated opposite to the middle of the
orbit. The dentary is narrow anteriorly and becomes deeper

posteriorly; it has a broad coronoid process. A slightly dis-
placed long anguloarticular is also visible. Both the dentary
and the premaxilla bear curved and straight, relatively long,
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«Fig.9 Saccular otoliths (sagittae) of the studied goby species from
Karpov Yar, near Naslavcea, northern Moldova (a-l) and sagitta
of a relatively small specimen (35.6 mm SL) of the extant species
Lesueurigobius friesii (Malm, 1874) from Galicia, Spain (m). Sagit-
tae are depicted in inner (=medial) view (label ‘1’), in dorsal view
with outer (=lateral) face down (label ‘2’), in ventral view with outer
face down (label ‘3’) and in outer view (label ‘4’). a left sagitta,
holotype, PIN 5274/21. b left sagitta, PIN 5274/35. ¢, d left (¢) and
right sagitta, PIN 5274/75. e left sagitta, paratype, PIN 1306/81. f, g
left (f) and right sagitta, holotype, PIN 5274/36. h right sagitta, PIN
5274/38. i, j left (j) and right sagitta, holotype, PIN 1306/71. k, 1 left
(k) and right sagitta, holotype, PIN 5274/76. m, left sagitta, NMP6V
146226 (35.6 mm SL)

slender and pointed teeth of different sizes. The upper jaw
bones are badly damaged; the preserved parts of the pre-
maxilla bear a relatively long and slender ascending process
and a wide, rounded articular process; the maxilla is not
preserved.

Suspensorium, opercular apparatus and hyoid arch—The
suspensorium and opercular bones are poorly preserved.
Five branchiostegal rays are recognizable in more or less
anatomical connection with the hyoid bar (Fig. 6a); the first
ray is thin, the last one expanded; the shape of the hyoid bar
is not clear.

Branchial arches—Most of the bones of the branchial
skeleton are not identifiable. The well preserved and large
lower (= ceratobranchial 5, see Kindermann et al. 2007) and
upper pharyngeal jaws (= pharyngobranchials 2—4, see Kin-
dermann et al. 2007) bear teeth of different sizes and shapes;
most teeth are long, slender and either straight or slightly
curved; some teeth are conical, more robust and shorter.

Vertebral column—There are 28 vertebrae, of which 10 are
abdominal. The length of the abdominal part of the vertebral
column is 52.9% of the length of the caudal part. The verte-
bral centra are constricted in the middle, with the centrum
length being longer than the centrum height (holds for both
abdominal and caudal centra). Only few parapophyses are
recognizable. The first caudal vertebra bears a haemal spine
that is almost as long as the second haemal spine (Fig. 5a2).
Ribs are not easily recognizable (mostly covered by pectoral
fin), the last two pairs are relatively short; tiny epineurals are
also present. The supraneurals are absent.

Pectoral girdle and fins—The posttemporal is well pre-
served; its processes are long and slender, the upper process
is slightly longer than the lower. The cleithrum is massive,
long and only slightly curved. The pectoral radials are broad,
but their precise shape is not discernible. The pectoral fin
is relatively long (Fig. 5al); it contains at least 10 (perhaps
12) thin rays.

Pelvic girdle and fins—The length of the pelvic fins is 16.1%
SL; each fin contains five soft rays and a robust, relatively
long spine (6.5% SL, 66% of adjacent ray), which is longer
than the anal-fin spine. The pelvic-fin rays terminate distant
from the origin of the anal fin (Fig. 5a2).

Dorsal fins—The D1 consists of six relatively robust spines
(Fig. 7a); spines I-V taper posteriorly into short filaments;
spine I longest (12.5% SL); spine I slightly shorter (86.6%
of spine II); spines IIT and IV long (93.8 and 91.5% of spine
ID); spines V and VI decreasing in length (71.4% and 45.9%
of spine II, respectively); distance between spines V and
VI relatively large (twice the distance between spines IV
and V). The pterygiophore formula cannot be unambigu-
ously defined, but is most probably 3-22110. The D2 inserts
opposite to the origin of the first caudal vertebra (Fig. 5a2);
it has a thin, curved, long spine (8.4% SL), narrowing to a
filament distally; the number of segmented and branched D2
rays is 15; whether they reach the procurrent caudal-fin rays
is not clear, because of the poor preservation in this region.

Anal fin—The anal fin inserts opposite to the junction
between the second and third caudal vertebrae (roughly two
vertebrae behind the origin of D2; Fig. 5a). It comprises
a moderately long (4.8% SL), straight, thin spine and 14
segmented and branched rays; it is not clear whether their
distal ends reach the caudal fin origin, owing to the poor
preservation of the holotype in this region. Several anal-fin
pterygiophores are visible; they are unusually short (but it
is possible that only their distal parts are preserved); two
pterygiophores insert before the haemal spine of the first
caudal vertebra (Fig. 5a2).

Caudal endoskeleton and fin—The well-preserved caudal fin
of the counterpart is lanceolate in shape (Fig. 5al). The cau-
dal fin is composed of 17 segmented principal rays, of which
the outermost are not branched; 9 rays are found in the upper
lobe. The proximal portion of the principal rays is covered
by one to two vertical rows of ctenoid scales (Fig. 8a). Four
and five procurrent rays are present dorsally and ventrally,
respectively. The bones of the caudal endoskeleton are con-
cealed by the dense scale cover.

Otoliths—For measurements of the sagitta and lapillus, see
Table 1, for the described characters, see Figs. 9a, 10a.

Sagitta: Inner (=medial) face of sagitta flat; outer (=lat-
eral) face convex, with large central hump covering about
2/3 of outer face; general sagitta shape slightly trapezoid,
rounded; dorsal margin rounded, highest posteriorly, slightly
indented in the middle; posterior margin slightly concave
in the middle, ventral portion with protruding bulge; ven-
tral margin faintly curved, with slight undulations; weak,
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TKatyagobius prikryli
gen. et sp. nov. a

TKatyagobius sp.
PIN 5274/75  PIN 5274/35

TPseudolesueurigobius
manfredi gen. et sp. nov.

tSarmatigobius
compactus gen. et sp. nov.

e2

mmm (0.2 mm (all)

Gobius niger
Linnaeus, 1758

Lesueurigobius friesii (Malm, 1874)

Fig. 10 Utricular otoliths (lapilli) of the new goby genera and species
from Karpov Yar, near Naslavcea, northern Moldova (a—g) and of two
extant gobiid species (h—j). Lapilli are depicted in ventral view (label
‘1’) and in lateral view (label ‘2’), anterior margin is at top. a left
lapillus, PIN 5274/21. b, ¢ left lapilli, d right lapillus, PIN 1306/81
(lateral view cannot be provided as lapillus disaggregated after

rounded preventral protuberance; anterior margin slightly
undulated, with small incision above preventral protuber-
ance, otherwise straight; ventral line relatively broad, end-
ing with some distance from the ostium tip and cauda end;
dorsal depression shallow; sulcus of ‘shoe-sole’ shape and
moderately inclined (@ =9.6-15.7°); ostium elongate, with
shallow upper and lower lobes; cauda narrow and terminally
rounded; crista superior weak; crista inferior well developed
along cauda and posterior part of ostium.

Lapillus: In ventral view, the lapillus is rectangular-to-ovate
and exhibits a relatively long, horse-shoe-shaped cranial
suture and well-defined sulculus; a linea basalis is not rec-
ognizable, possibly due to the small size of the lapillus; in

@ Springer

extraction from the fossil specimen). e right lapillus, PIN 5274/36. f,
g left (f) and right (g) lapillus, PIN 5274/76. h, right lapillus of speci-
men NMP6V 146077 (59.3 mm SL). i, j left (i) and right (j) lapillus
of specimen NMP6V 146223 (45.2 mm SL). a = anterior margin, d
= dorsal side, | = lateral margin, m = medial margin, p = posterior
margin, v = ventral side

lateral view it has a straight to weakly convex ventral outline,
a symmetrically convex dorsal side, and a slightly tapering
anterior tip. The lapillus is relatively thick.

Scales—All scales are ctenoid. The flank scales are ovate,
relatively large and display relatively thick posterior margins
(Fig. 11a); ctenii are short; radii appear to be absent (or
may have been thin and were not preserved). Scale number
in longitudinal row is about 32. The predorsal scales are
absent; the belly scales are similar to the flank scales, but
slightly smaller. Two transverse rows of scales overlie the
base of the caudal-fin rays (Fig. 8a).
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tKatyagobius sp.
Figures 6b, 7b, 9b—d, 10b, c; Table 1; Supplementary Data 3.

Material. Two incomplete specimens. PIN 5274/35a, b;
estimated SL based on the sagitta size is 35.9 mm; part and
counterpart exhibiting the head and abdominal portion of the
body in lateral view; part with left sagitta and both lapilli
preserved in situ. Specimen PIN 5274/75a, b; SL 36.2 mm;
part and counterpart in lateral view; part with well preserved
head with both sagittae and left lapillus preserved in situ,
abdominal portion of the body also relatively well preserved
but caudal portion incomplete; counterpart almost complete,
but poorly preserved.

Locality and age. Karpov Yar, Naslavcea, northern Moldova;
lower Sarmatian.

Remarks. For body proportions and meristic counts of the
two specimens, see Table 1. They have been assigned to
tKatyagobius gen. nov. because they share with the type
species, TK. prikryli gen. et sp. nov., the configuration of
the last three D1-spines, with the distance between spines
V and VI being twice the distance as between spines IV and
V. Furthermore, they share with the type species the pres-
ence of a relatively long and robust pelvic fin spine, and the
shape, relative thickness and contour of the lapilli (Fig. 10b,
¢). The two specimens differ from TK. prikryli gen. et sp.
nov. because their flank scales are exclusively (PIN 5274/75)
or mostly cycloid (PIN 5274/35) (vs. exclusively ctenoid in
tK. prikryli gen. et sp. nov.). Their sagittae display a more
rounded ventral margin and a slightly thicker dorsal margin
as seen in TK. prikryli gen. et sp. nov., the latter charac-
teristic is especially well visible in the dorsal views of the
sagittae (Fig. 9b2, c2).

Differences between the two specimens include the length
of the lower jaw (estimated 8.1% SL in PIN 5274/35 vs.
11.9% SL in PIN 5274/75), the predorsal distance to D1
(estimated 29.0% SL in PIN 5274/35 vs. 34.2% SL in PIN
5274/75), the predorsal distance to D2 (estimated 45.7% SL
in PIN 5274/35 vs. 53.0% SL in PIN 5274/75), the num-
ber of pectoral fin rays (12 or 13 in PIN 5274/35 vs. c. 10
in PIN 5274/75) and the squamation (cycloid plus a few
ctenoid scales in PIN 5274/35 vs. exclusively cycloid in
PIN 5274/75). Also, the sagittae of the two specimens dif-
fer slightly from each other in the curvature of the dorsal
margin (well rounded in PIN 5274/35 vs. flattened in PIN
5274/75, see Fig. 9bl vs. cl, d1), in the curvature of the
inner face (plan in PIN 5274/35 vs. slightly concave in PIN
5274/75, see Fig. 9b2 vs. c2) and also in the curvature of the
outer face (moderately thickened in PIN 5274/35 vs. strongly
thickened in PIN 5274/75). These differences could indicate

the presence of two species, but, as each of the specimens is
incomplete, we prefer to leave them in open nomenclature.

Genus fPseudolesueurigobius gen. nov.

Type species. TPseudolesueurigobius manfredi gen. et sp.
nov. (Figs. 5b, 6d, e, 7c, 8b, 9e, 10d, 11b).

Other species. None.

Etymology. The generic name refers to the similarity of this
fossil genus to the extant gobiid Lesueurigobius Whitley,
1950. Gender masculine.

LSID ZooBank. This new genus is registered under LSID
urn:lsid:zoobank.org:act:78B80CDA-2630-45E6-8E12-
AF21FFABOAFS.

Stratigraphic range. Lower Sarmatian.

Diagnosis. Medium-sized gobiid fish up to 65 mm SL. Head
moderately large (24.1-24.4% SL); body probably laterally
compressed (being preserved in lateral view); pre-anal dis-
tance relatively long (57.6-58% SL); anal fin inserted two
vertebrae behind D2; anal-fin base moderately long (24.6—
25.2% SL); caudal peduncle moderately long (18.0-18.3%
SL); caudal fin lanceolate and longer than head (33.4-33.8%
SL); length of abdominal part of vertebral column approx.
53% of length of caudal part of vertebral column. Total num-
ber of vertebrae 27 (10+ 17); D1 with six slender, distally
filamentous spines; distance between the D1-spines V and
VI relatively short (3.2-3.4% SL); pterygiophore formula
3-22110; D2 with relatively long spine (7.8-8.0% SL) taper-
ing to a distal filament and 14-16 segmented rays; anal fin
with relatively short spine (3.3-4.5% SL) and 14 segmented
rays. Pectoral fin with about 12 rays. Pelvic fin with mod-
erately long spine (3.8-5.0% SL, 34% of adjacent ray) and
five rays; end of pelvic rays distant from anal-fin origin.
Caudal fin with 17 segmented rays, 9 rays in the upper lobe.
Relatively dense cover of ctenoid scales on body.

Oroliths—Sagitta trapezoid-to-rounded in shape, with the
ventral portion being distinctively wider than the dorsal part;
sulcus ‘shoe-sole’-shaped, moderately inclined (a=9.8°),
with well-developed crista superior and crista inferior. Lapil-
lus more or less ovate and tapering posteriorly; lateral mar-
gin relatively straight; medial margin strongly convex.

Differential diagnosis. With respect to the presence of a
lanceolate caudal fin, high number of rays in the D2 and
anal fin, and general proportions of head and body, Lesu-
eurigobius Whitley, 1950 and the three other new fossil
genera described in this study, i.e., TKatyagobius gen. nov.,
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TKatyagobius prikryli gen. et sp. nov. tPseudolesueurigobius manfredi gen. et sp. nov.

&
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«Fig. 11 Squamation of the studied new goby species from Karpov
Yar, near Naslavcea, Moldova. a holotype, PIN 5274/21a, above anal
fin, lateral view. b paratype, PIN 1306/81; bl below second dorsal
fin, medial view (part); b2 third scale row below spine of second dor-
sal fin, lateral view (counterpart). ¢ holotype, PIN 5274/36, medial
view; ¢l beneath first dorsal fin; ¢2 above anterior third of anal fin.
d holotype, PIN 5274/76, (medial view); d1 beneath end of second
dorsal fin (see box in Fig. 5f); d2 large ‘decorative’ scale on caudal
peduncle (see box in Fig. 5f); d3 just before anal fin insertion. e holo-
type, PIN 1306/71, medial view; el beneath anterior third of second
dorsal fin; e2 above anal fin; e3 below second dorsal fin. White
arrows point anteriorly. All scale bars 0.5 mm

tSarmatigobius gen. nov., and TYarigobius gen. nov. are
phenotypically similar to {Pseudolesueurigobius gen. nov.
(see Table 1 for data on the fossils and Appendix Table for
data on Lesueurigobius). The total number of vertebrae (27
vs. 28) differentiates | Pseudolesueurigobius gen. nov. from
the three other new fossil genera, but not from Lesueurigo-
bius. The main diagnostic character of {Pseudolesueurigo-
bius gen. nov. is the sagitta shape (trapezoid, wide ventrally
and comparatively narrow dorsally; see Fig. 9el), which is
very different from the otoliths of the aforementioned other
extinct genera (Fig. 9al—-dl, f1-k1) and from otoliths of
Lesueurigobius (Fig. 12). Also the lapillus shape is distinc-
tive when compared to the other extinct genera (Fig. 10d1
vs. Fig. 10al—cl, el-gl), whereas it bears some similarity
to the lapillus of Lesueurigobius (Fig. 10il, j1) in its poste-
riorly tapered shape and the strong curvature of the medial
margin.

Apart from the aforementioned characters, {Pseudolesu-
eurigobius gen. nov. can be distinguished from {Katyago-
bius gen. nov. by the shorter distance between D1-spines V
and VI (3.2-3.4% SL vs. 3.9-4.7% SL); the slightly shorter
caudal peduncle (18.0-18.5% SL vs. 20.2-21.0% SL), and
the relatively longer caudal fin (32.6-33.8% SL vs. 24.9—
27.4% SL); from fSarmatigobius gen. nov. by its relatively
longer preanal distance (57.6-58% SL vs. 47.9% SL), a
slightly shorter anal fin base (24.6-25.2% SL vs. 28.6%
SL), and the more posterior insertion of the anal fin (two
vertebrae behind D2 vs. opposite); and from {Yarigobius
gen. nov. by the relatively longer caudal fin (33.4-33.8% SL
vs. 25.0% SL), and a D1 pterygiophore formula starting with
3-2...(vs.3-1...).

Notably, none of the morphometric or meristic characters
of the skeleton differed between Pseudolesueurigobius
gen. nov. and Lesueurigobius. The only differences refer
to the scale size and the sagitta shape; Lesueurigobius has
relatively larger scales (number of scales in the longitudinal
row is 26-28 vs. about 46 in fPseudolesueurigobius) and
the sagitta shape in Lesueurigobius is almost rectangular
(Figs. 9m1, 12) vs. trapezoid-to-rounded in {Pseudolesu-
eurigobius (Fig. 9el).

tPseudolesueurigobius manfredi gen. et sp. nov.
Figures 5b, 6d-e, 7c, 8b, 9¢, 10d, 11b; Table 1

Type material. Holotype, PIN 1306/72a, b, 65 mm SL; part
and counterpart, each incomplete, but well preserved (part:
posterior body and caudal fin in lateral view; counterpart:
head in dorsolateral view, anterior half of body in lateral
view); otoliths not preserved. Paratype, PIN 1306/81a, b,
c. 41 mm SL; part and counterpart, each incomplete and
partially damaged, in lateral view; part with left sagitta and
right lapillus preserved in situ.

Type locality and age. Karpov Yar, Naslavcea, northern Mol-
dova; lower Sarmatian.

Etymology. The species epithet is in honour of the husband
of BR, Manfred Reichenbacher, for his patient and continu-
ous support of our work on the fossil gobies from Naslavcea.

LSID ZooBank. This new species is registered under LSID
urn:lsid:zoobank.org:act: 1B5C41B5-5D55-43D0-A9BF-
C4E88D66C994.

Diagnosis. SL up to 65 mm. Head moderately large (24.1-
24.4% SL); preanal distance relatively long (57.6-58.0%
SL); caudal peduncle moderately long (18.0-18.3% SL);
caudal fin lanceolate and longer than head (33.4-33.8%
SL); relatively short first spine of D1 (73% of length of sec-
ond spine); spine of D2 relatively long (7.8-8.0% SL) and
tapering to a filament; anal-fin spine and pelvic-fin spine of
approximately the same size (3.3-5.0% SL); pelvic-fin spine
length is about 34% of adjacent pelvic ray; relatively dense
cover of ctenoid flank scales with not thickened posterior
margins; about 46 scales in the longitudinal row. Other char-
acters as described in the generic diagnosis.

General description. Medium-sized gobiid fish up to 65 mm
SL (Fig. 5b); body cone-shaped and probably laterally com-
pressed (being preserved in lateral view); head of moder-
ate size (24.1-24.4% SL); anal fin inserting two vertebrae
behind D2; caudal peduncle moderately long (18.0-18.3%
SL); caudal fin lanceolate and long (33.2-33.8% SL). For
further body proportions and meristic counts, see Table 1.

Neurocranium—The neurocranium is preserved in lateral
view; it is relatively deep, but most of its bones are not well
preserved. The eyes are relatively large (6.3-7.2% SL). The
frontal bones are long and oriented obliquely to the body
axis over the orbit, narrow between the orbits and broad
posteriorly. The parasphenoid is a straight, thin rod with a
broad posterior portion; the vomer is recognizable, but its
shape cannot be traced. The ethmoid region is short. It is not
clear whether scales are present on the head.
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Lesueurigobius friesii (Malm, 1874)

Fig. 12 Sagittae (medial view) of two species of Lesueurigobius (collection IRSNB)

Jaws—The lower jaw is of moderate length (11.7% SL in
the holotype, not measurable in the paratype); the lower jaw
articulation is situated opposite to the middle of the orbit.
The upper jaw bones are damaged, the maxilla is not recog-
nizable. The premaxilla displays a fragment of the articular
process and the beginning of the postmaxillary process, the
ascending process is not preserved. The oral jaw dentition
is only poorly preserved, but relatively robust, sharp conical
teeth can be recognized.

@ Springer

Suspensorium, opercular apparatus and hyoid arch—Most
of these bones are poorly preserved. A roughly triangular
opercle and a crescent-shaped subopercle are detectable,
while only fragments of the preopercle, branchiostegal rays
and hyoid bars are present.

Branchial arches—Most of the bones of the branchial
skeleton are not identifiable. Pharyngeal jaws are massive;
the pharyngeal dentition is represented by relatively big,
thick, and blunt teeth as well as by sharp, slender, conical
teeth.
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Vertebral column—There are 27 vertebrae, of which 10 are
abdominal. The vertebral centra are constricted in the mid-
dle, with the centrum length (in both abdominal and caudal
centra) being longer than the centrum height. Few parapo-
physes are recognizable. The length of the abdominal part
of the vertebral column is 53% of the length of the caudal
portion. The first caudal vertebra bears a haemal spine that
is slightly approached towards the following haemal spine,
and seems to be slightly shorter than the following haemal
spine (Fig. 5b). At least seven pairs of slender ribs are pre-
sent; the first five pairs are moderately long, and the last
two relatively short; tiny epineurals are also present. The
supraneurals are absent.

Pectoral girdle and fins—The posttemporal is incompletely
preserved; its processes are long and slender. The cleithrum
is robust, long and only slightly curved (Fig. 5b). The pec-
toral radials are broad, but their shapes are not recognizable.
The pectoral fin length is 17.8% SL; it contains at least 12
thin rays.

Pelvic girdle and fins—The basipterygium is somewhat
triangular. The pelvic fins seem to be close to each other
(Fig. 6d); their length is 15.9-18.0% SL. Each pelvic fin con-
tains a moderately long spine (3.8-5.0% SL) and five rays
that are highly segmented and branched distally; proximally
they seem to be unsegmented. The rays terminate distant
from the origin of the anal fin.

Dorsal fins—The D1 has six slender spines, all of which
taper into short filaments (Fig. 7¢); length of first D1-spine
approx. 73% of spine II; spines II to IV of similar lengths,
spine IV is the longest (13.7% SL); spines V and VI
decreasing in length (76% and 53% of spine II); the dis-
tance between spines V and VIis 1.5-1.6 times greater than
that between spines IV and V; the pterygiophore formula
is 3-22110. D2 inserts opposite to the last abdominal and
first caudal vertebrae; it has a slightly bent, distally filamen-
tous spine and 14 (paratype) or 16 (holotype) segmented
and branched rays; the rays become progressively longer
posteriorly and terminate above the last dorsal procurrent
ray of the caudal fin (Fig. 8b).

Anal fin—The anal fin inserts below the third caudal verte-
bra, i.e., two vertebrae behind the origin of D2 (Fig. 5b). It
comprises one moderately long, straight and slender spine
(3.3-4.5% SL) and 14 rays; most of these rays are of simi-
lar length, and those farthest posterior terminate opposite
to the first two caudal procurrent rays (Fig. 8b). The spine
is supernumerary on the first pterygiophore. There are two
anal-fin pterygiophores that insert before the haemal spine
of the first caudal vertebra (Fig. 5b).

Caudal endoskeleton and fin—The caudal fin is wide,
relatively long (33.4-33.8% SL) and lanceolate in shape
(Fig. 5b). It is composed of 17 segmented principal rays,
of which the outermost are not branched; 9 principal rays
are present in the upper lobe. Six procurrent rays occur
both dorsally and ventrally (visible in the holotype); the
last two ventral procurrent rays display their forked bases.
The caudal skeleton has two large hypural plates (HY1+2
and HY3 +4), of which the upper is fused with the terminal
centrum; hypural 5 is slender and short (Fig. 6e). There are
imprints of a long, relatively broad parhypural that almost
reaches the terminal centrum, and of a long, distally wid-
ened epural (Fig. 6e). The second preural vertebra (PU2) has
a shortened neural spine, and a long, broad haemal spine,
which supports the last ventral procurrent ray and the first
two principal rays (Fig. 6e).

Otoliths—For measurements of the sagitta and lapillus, see
Table 1, for the described characters, see Figs. 9e, 10d.

Sagitta: Inner (= medial) face flat; outer (=lateral) face con-
vex, with centrally located, clearly delimited hump which
takes up about one-third of the outer face; sagitta shape is
trapezoid-to-rounded, with the ventral portion being dis-
tinctly wider than the dorsal part; dorsal margin relatively
short, rounded, with slight concavity in the middle; poste-
rior margin with distinct concavity in the midway, lower
half with prominent posteroventral protrusion; ventral mar-
gin strongly symmetrically curved; preventral portion less
protruding than posteroventral; anterior margin indented in
the lower one-third and rounded above; ventral line shallow,
anteriorly terminating opposite to the ostium tip, posteriorly
ending at the tip of the posteroventral protrusion and dis-
tant from the end of the cauda; dorsal depression shallow;
sulcus of ‘shoe-sole’ shape, moderately inclined (@ =9.8°);
well-developed crista superior and crista inferior; the crista
inferior is slightly thickened along the anterior cauda; ostium
with triangular dorsal ostial lobe near the transition to the
cauda; cauda oblong and terminally rounded.

Lapillus: Shape more or less ovate, tapering posteriorly; lat-
eral margin relatively straight; medial margin strongly con-
vex; cranial suture moderately well defined, sulculus curved
and relatively short. Further details cannot be reported as the
lapillus unfortunately disintegrated during extraction from
the specimen.

Scales—The flank scales are ctenoid, round and ovate and
relatively thin, their ctenii are short (Fig. 11b1); 5-8 rela-
tively weak radii are present (Fig. 11b2). Scale number in
longitudinal row is about 46 (based on the paratype). The
belly and predorsal scales are smaller than the flank scales,
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whether or not they are also ctenoid cannot be decided. Thin
scales also cover the bases of the caudal-fin rays (Fig. 8b).

Genus tSarmatigobius gen. nov.

Type species. TSarmatigobius compactus gen. et sp. nov.
(Figs. 5¢c, 7e, 8c, 9f-g, 10e, 11c).

Other species. TSarmatigobius iugosus (Schwarzhans,
Brzobohaty and Radwariska, 2020) comb. nov. (Figs. 5d,
6¢c, 7d, 9h) from the upper Badenian to lower Sarmatian of
the Central Paratethys and Moldova.

Etymology. The name refers to the distribution of this taxon
(Sarmatian) and its general similarity to members of the
Gobiidae. Gender masculine.

LSID ZooBank. This new genus is registered under
urn:Isid:zoobank.org:act:076CD640-BCFE-410B-835F-
59FBD934DS5EE.

Stratigraphic range. Upper Badenian to Lower Sarmatian.

Diagnosis. Medium-sized fish of 54—64 mm SL; head mod-
erately large (21.7-24.7% SL); body probably laterally com-
pressed (being preserved in lateral view); D1 and D2 widely
separated; anal fin inserted opposite to D2; relatively short
preanal distance (47.9% SL); relatively long anal-fin base
(28.6% SL); caudal peduncle moderately long (18.5% SL);
caudal fin lanceolate and longer than head (approx. 32.6%
SL); length of abdominal part of vertebral column approx.
50% of length of caudal part of vertebral column. Number
of vertebrae 28 (10+ 18); D1 with six spines, first five spines
with short distal filaments; D2 with straight, relatively long
spine (7.2% SL) and 16 segmented rays; anal fin with thin,
straight, relatively short spine (3.5% SL) and 15 segmented
rays. Pectoral fin with up to 14 rays; pelvic fins with spine
and five rays; ends of pelvic rays distant from anal-fin origin.
Caudal fin with 17 segmented rays, 9 rays in the upper lobe.
Relatively dense cover of ctenoid (in type species) or prob-
ably cycloid scales (in 1S. iugosus) on body.

Otoliths—Sagitta of squarish-to-ventrally rounded shape,
with very deep dorsal depression that extends to the dor-
sal margin; sulcus ‘shoe-sole’-shaped and slightly inclined
(a¢=5.0-7.6°), with prominent subcaudal iugum. Lapillus of
ovate shape in ventral view; in lateral view wedge-shaped,
with the thickest part located posteriorly.

Differential diagnosis. With respect to the presence of a
longish caudal fin, high number of rays in the D2 and anal
fin, and general proportions of head and body, Lesueurigo-
bius Whitley, 1950 and the three other new fossil genera
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described in this study, i.e., {Katyagobius gen. nov., T Pseu-
dolesueurigobius gen. nov., and {Yarigobius gen. nov. are
phenotypically similar to tSarmatigobius gen. nov. (see
Table 1 for data on the fossils and Appendix Table for data
on Lesueurigobius). Three skeleton-based characters clearly
differentiate tSarmatigobius gen. nov. from these, namely its
relatively shorter preanal distance (47.9% SL vs. 54.3-58.0%
SL), a longer anal-fin base (28.6% SL vs. 23.2-25.3% SL),
and the insertion of the anal fin opposite to D2 (vs. 1.5-2
vertebrae behind). Moreover, TSarmatigobius gen. nov. has
a very distinctive sagitta morphology (in terms of overall
shape, dorsal depression, shallow sulcus inclination angle;
see diagnosis), and also the wedge-shaped lateral view of the
lapillus is unique (see diagnosis).

Remarks. The otoliths of a species originally named
tHesperichthys iugosus Schwarzhans, Brzobohaty and
Radwanska, 2020 share with the otoliths of tSarmatigobius
nov. gen. a squarish-to-rounded shape, a very deep dorsal
depression and a weakly inclined sulcus. No skeleton has
been reported for tH. iugosus; it was defined on the basis
of three otoliths from the upper Badenian to lower Sarma-
tian of the Central Paratethys (Schwarzhans et al. 2020b).
Its assignment to the genus {Hesperichthys Schwarzhans,
Ahnelt, Carnevale and JapundZi¢, 2017 was based on the
similarity with otoliths of tHesperichthys reductus Schwar-
zhans, Ahnelt, Carnevale and Japundzi¢, 2017, of which the
skeleton is also known. According to the original descrip-
tion of the skeleton of {Hesperichthys in Schwarzhans et al.
(2017a), it is obvious that {Hesperichthys and {Sarmatigo-
bius gen. nov. differ from one another in many characters
and cannot represent the same genus. For instance, there are
four interneural spaces between the D1 and D2 in {Hesper-
ichthys (vs. one in TSarmatigobius gen. nov.), the number
of abdominal vertebrae is 11 (vs. 10), there are nine soft
rays in the D2 (vs. 16), and ten soft rays are present in the
anal fin (vs. 15). The otoliths found in situ in the holotype
and paratype of TH. reductus clearly differ from those of
tSarmatigobius gen. nov. insofar as the sulcus shows no
clear boundary/distinction between ostium and cauda (vs.
clear separation), a dorsal depression is lacking (vs. strongly
developed) and the outer face is strongly convex (vs. mod-
erately convex) (Schwarzhans et al. 2017a: fig. 11f, g). The
superficial similarity between the otoliths of TH. reductus
and fSarmatigobius gen. nov. is mainly attributable to the
low inclination angle of the sulcus, which is common to
both. Schwarzhans et al. (2017a) also assigned some isolated
otoliths from the Sarmatian deposits to TH. reductus. Among
them, one displays a clear separation of the ostium from the
cauda and a deep dorsal depression that extends to the dorsal
margin (see Schwarzhans et al. 2017a: fig. 11h); this single
otolith is here tentatively assigned to TSarmatigobius sp.
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tSarmatigobius compactus gen. et sp. nov.
Figures 5Sc, 7e, 8c, 91, g, 10e, 11c

Type material. Holotype; PIN 5274/36a, b, 53.9 mm SL.
Preserved as part and counterpart, with both sagittae and
right lapillus in situ; part almost completely preserved, coun-
terpart comprises well preserved head and anteriormost por-
tion of body.

Type locality and age. Karpov Yar, Naslavcea, northern Mol-
dova; lower Sarmatian.

Etymology. The species name refers to the compact body
shape of this species.

LSID ZooBank. This new species is registered under
urn:lsid:zoobank.org:act:478D15FB-63B2-40E6-B563-
F062DA145D5B.

Diagnosis. Differentiated from the only other species cur-
rently known, 1S. iugosus (Schwarzhans et al. 2020a, b),
by robust oral jaw teeth (vs. very slender), a slightly longer
head (24.7% SL vs. 21.7% SL), a greater body depth (19.3%
SL vs. 11.9% SL), a slightly shorter distance between the
D1-spines V and VI (3.0% SL vs. 3.3% SL), and the pres-
ence of ctenoid scales (vs. probably cycloid). There may be
further differences between the skeletons of the two spe-
cies, which are currently not recognizable because the pres-
ervation of 1S. iugosus is only moderate. The differences
between the sagittae of the two species include: almost flat
or slightly rising dorsal margin in 1S. compactus gen. et
sp. nov. (vs. slightly concave in 1S. iugosus); no prominent
protuberance at the posterior end of the dorsal margin (vs.
present); and presence of ovate, very thick subcaudal iugum
(vs. longish and less thick).

General description. Medium-sized gobiid fish; SL 53.9 mm
(Fig. 5¢). Body preserved in lateral view (Fig. 5c2), head
in dorsolateral view (Fig. 5c1). Body slightly cone-shaped;
head of moderate size (24.7% SL); D2 and anal fin insert-
ing opposite to each other; relatively long caudal pedun-
cle (18.5% SL); caudal fin lanceolate and longer than head
(32.6% SL). For further body proportions and meristic
counts, see Table 1.

Neurocranium—The neurocranium is preserved in dorsolat-
eral view and seems to be moderately deep, but individual
bones of the braincase are barely recognizable. The paras-
phenoid borders the lower margin of the orbit; it is straight,
and relatively narrow, with a broad posterior portion. The
vomer is rounded anteriorly. The ethmoid part of the neuro-
cranium is relatively short. Head scales are not present (or
not preserved).

Jaws—The mouth gape is moderately wide; the lower jaw
articulation is situated slightly anterior to the middle of the
orbit. The maxilla is slender and elongate, slightly broader
posteriorly and somewhat bent in its anterior portion. The
premaxilla has a very thin ascending process and a broad
articular process; the posterior part of the premaxilla is
poorly preserved. Premaxillary teeth seem to be strong and
robust. The dentary is narrow and long; it bears relatively
large and robust teeth. Further details of the jaws are not
recognizable.

Suspensorium, opercular apparatus and hyoid arch—The
suspensorium bones are poorly preserved. The quadrate is
aroughly triangular bone with a deep and wide indentation
in its posterodorsal portion and a strong, thick and pointed
posterior process. Bones of the opercular region are too
poorly preserved to be described. The hyoid bar (cerato-
hyal + epihyal) is relatively straight, the anterior portion of
the ceratohyal is slightly broadened; the posterior portion
of the ceratohyal is not clearly discernible; the epihyal is
triangular. The interhyal is not recognizable. A few branchi-
ostegal rays are visible (Fig. 5c1), but the total complement
of branchiostegal rays cannot be specified.

Branchial arches—The individual bones of the branchial
skeleton are not identifiable. The pharyngeal teeth are rela-
tively robust; some of the teeth are pointed, others are blunt.

Vertebral column—There are 28 vertebrae, of which 10 are
abdominal. Vertebral centra are constricted in the middle;
centrum length exceeds the centrum height. The parapophy-
ses are well developed. The length of the abdominal part
of the vertebral column corresponds to approx. 50% of the
length of the caudal part. The haemal spine of the first cau-
dal vertebra is somewhat shorter than those behind it; all the
haemal spines are more or less equally inclined (Fig. 5¢c2).
Ribs are present from the second to the last abdominal verte-
bra; they are slender and relatively long. In the region of the
ribs, a few slender epineural bones are visible. The supra-
neurals are absent.

Pectoral girdle and fins—Only the main body of the post-
temporal is visible. The supracleithrum is elongate and nar-
row. The cleithrum is stout, long and only slightly curved;
the coracoid is not preserved. Three radial bones, roundish-
to-square in shape, are preserved. The number of the pecto-
ral-fin rays is 14, but their full extents cannot be discerned.

Pelvic girdle and fins—The pelvic bone is located slightly
anterior to the radials of the pectoral fin. The pelvic fins are
not well preserved, but a spine and five soft rays are recog-
nizable. The pelvic-fin rays are relatively thick and distally
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branched; their full lengths cannot be clearly traced, but they
terminate at some distance from the anal-fin origin.

Dorsal fins—The D1 has six slender spines that taper into
long filaments; the last spine is the shortest and lies quite
close to the preceding one (3.0% SL distance between them);
the pterygiophore formula is 3-22110 (Fig. 7e). The D2
inserts distantly from the D1, above the second caudal ver-
tebra (Fig. 5¢2). It consists of a slender spine that narrows
to a long filament and 16 segmented and branched rays; the
posteriormost rays end above the first two procurrent caudal-
fin rays (Fig. 8c).

Anal fin—The anal fin inserts below the second caudal ver-
tebra. It comprises a thin, straight and short spine (3.5% SL)
and 15 segmented and branched rays; the posteriormost rays
terminate opposite to the first two procurrent caudal-fin rays
(Fig. 8c). The number of the anal-fin pterygiophores insert-
ing anterior to the haemal spine of the first caudal vertebra
is not clear, but seems to be two.

Caudal endoskeleton and fin—The caudal fin is longish
(32.6% SL) and probably lanceolate. It is composed of 17
segmented principal rays; 9 principal rays are present in
the upper lobe. Six procurrent rays occur both dorsally and
ventrally. The caudal skeleton has two large hypural plates
(HY1+2 and HY3 +4), of which the upper is fused with
the terminal centrum; hypural 5 is slender. Due to the dense
scale cover, neither the parhypural nor epural are recogniz-
able. The neural spine of PU2 is shorter than the preceding
spines and seems to be duplicated. The haemal spine of PU2
is long, plank-like, and oriented obliquely to the caudal fin,
where it supports two or three principal caudal-fin rays; an
additional (duplicated) shorter haemal spine occurs slightly
behind the middle of the PU2 centrum (Fig. 8c).

Oroliths—For measurements of the sagittae and lapillus, see
Table 1, for the described characters, see Figs. 9f, g, 10e.

Sagitta: Inner (=medial) face flat to weakly convex; outer
(=lateral) face convex, with rounded hump located at and
slightly above the centre; general shape squarish-to-ventrally
rounded; ventral portion wider than dorsal portion; dorsal
margin weakly convex and slightly rising posteriorly; no
preventral or posterodorsal (or any) projections; ventral
line deep and extending up to the sulcus tip and sulcus end,
respectively; deep dorsal depression extending to the dorsal
margin; sulcus very slightly inclined, with wide ostium and
elongate cauda; cauda shorter than ostium, with roundish
and very thick subcaudal iugum.

The right and left sagittae show some asymmetry, the dorsal
margin being slightly more ascending in the right than in
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the left sagitta, while the posteroventral margin is asym-
metrically curved in the right, but regularly curved in the
left sagitta, and the length/height ratio also differs between
the two (0.99 in the right, 1.06 in the left sagitta).

Lapillus: The single preserved right lapillus is rounded to
ovate; in ventral view it shows a clear cranial suture, curved
sulculus, and a more or less V-shaped linea basalis on the
posterior half; in lateral view, it is wedge-shaped, with the
thickest part lying posteriorly.

Scales—All scales are ctenoid. Flank scales are relatively
large, their shape is mostly ovate, and a slight protuberance
can occur in the middle of the posterior margin (Fig. 11c).
The scale surface is relatively smooth, apart from the thick-
ened posterior margin; several circuli and five weak radii can
be observed. Scales above the anal fin display relatively long
ctenii; scales beneath the D2 seem to have shorter ctenii.
Scale number in the longitudinal row is about 45. Predorsal
and belly scales are round, thin and noticeably smaller than
the flank scales. Scales also cover the base of the caudal-fin
rays (Fig. 8c).

tSarmatigobius iugosus (Schwarzhans, Brzobohaty and
Radwarnska, 2020) comb. nov.
Figures 5d, 6¢, 7d, 9h

*2020 Hesperichthys iugosus Schwarzhans, Brzobohaty and
Radwarnska: p. 161, pl. 9, figs. 13—14 [otoliths only].

Material examined. Specimen PIN 5274/38a, b, approx.
64 mm SL; preserved as part and counterpart; part frag-
mented and highly incomplete; counterpart (Fig. 5d) with
well preserved head exposing a left sagitta in situ (right sag-
itta has been extracted and is shown in Fig. 9h) and relatively
well preserved anterior half of the body.

Locality and age. Karpov Yar, Naslavcea, northern Moldova;
lower Sarmatian.

General description. Medium-sized gobiid fish; approx.
64 mm SL; body and head preserved in lateral view. Body
elongate and slender; head of moderate size (21.7% SL);
body depth at origin of anal fin 11.9% SL; base of D2 rela-
tively long (34.8% SL); pectoral fin of moderate length
(15.1% SL). For further body proportions and meristic
counts, see Table 1.

Neurocranium—The neurocranium is preserved roughly
in lateral view and seems to be moderately deep. The eyes
are relatively large; horizontal diameter of the orbit almost
equals the snout length. The long frontal bones are oriented
almost horizontally to the body axis over the orbit; they are
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relatively narrow between the orbits and become broader
posteriorly. The parasphenoid borders the lower margin of
the orbit; it is straight, relatively narrow, with a broad pos-
terior portion. The vomer is recognizable, and is rounded
anteriorly. The ethmoid part of the neurocranium is rela-
tively short. Head scales are not recognizable.

Jaws—The mouth gape is moderately wide; the lower jaw
articulation is situated slightly anterior to the middle of the
orbit (Fig. 5d). The maxilla is slender and elongate, slightly
broader posteriorly and somewhat bent in its anterior por-
tion. The premaxilla has a very thin ascending process, a
broader articular process and a moderately developed post-
maxillary process. Premaxillary teeth are slender, small,
conical, differ somewhat in size and are multiserial. The
dentary is narrow and long, it has a moderately developed
coronoid process; the dentary bears both large (‘caniniform”)
and small slender conical teeth (Fig. 6¢). The anguloarticular
is moderately deep at the retroarticular process.

Suspensorium, opercular apparatus and hyoid arch—Not
all of the suspensorium bones are readily recognizable. The
symplectic is a robust rod in its lower portion; the remains of
the metapterygoid are preserved. The quadrate is a roughly
triangular bone with a deep and wide indentation in its pos-
terior portion and a strong, thick and pointed posterior pro-
cess. The ectopterygoid is a relatively long bone, almost
straight and tapered posteriorly. There is no entopterygoid.
The palatine is T-shaped, its maxillary process is slightly
bigger than its ethmoidal process (Fig. 6¢); the palatine shaft
is tapered posteriorly and it is not clear whether it reaches
the quadrate. The preopercle is strongly curved and cres-
cent-shaped. The opercle is triangular and tapered ventrally;
the subopercle is slightly larger than the opercle, whereas
the interopercle is not recognizable. The hyoid bar (cerato-
hyal +epihyal) is relatively straight; the anterior portion of
the ceratohyal is slightly broadened, while its posterior por-
tion is not clearly visible; the epihyal is triangular. The inte-
rhyal is not recognizable. A few branchiostegal rays are vis-
ible (Fig. 5d), but their total number cannot be determined.

Branchial arches—The individual bones of the branchial
skeleton are not identifiable. Both thin, cylindrical and
sharp, as well as large, cylindrical and somewhat blunt teeth
are recognizable in the pharyngeal jaws.

Vertebral column—Ten abdominal vertebrae are present, but
the total number of vertebrae is not definable because of the
incompleteness of the specimens. The vertebral centra are
somewhat elongated and constricted in the middle; the ver-
tebral spines are moderately long and almost straight. Ribs
are slender and relatively long; these are strongly inclined

posteriorly. Only a few of the slender epineurals are partially
preserved.

Pectoral girdle and fins—Only the main body of the post-
temporal is visible. The supracleithrum is elongate and nar-
row. The cleithrum is stout, long and only slightly curved;
the coracoid is not preserved. The radial bones are poorly
preserved; the number of pectoral-fin rays is at least 12, and
they are moderately long (15.1% SL).

Pelvic girdle and fins—The pelvic girdle is not preserved.
The pelvic-fin rays are disarticulated, relatively thick and
distally branched.

Dorsal fins—The D1 contains six slender spines (Figs. 5d,
7d), of which at least the four anteriormost ones taper dis-
tally into filaments; the last spine is shortest and close to
the preceding one (3.3% SL); the pterygiophore formula is
not recognizable. The D2 is widely separated from the D1
(Figs. 5d, 7d), with a vacant interneural space between them;
the D2 has a relatively robust, straight spine, its posterior
part is missing because of incomplete preservation, but the
number of soft rays is definitely relatively high.

Anal fin—The anal fin is not completely preserved, but the
number of its rays seems to be relatively high.

Caudal endoskeleton and fin—Details of the caudal fin are
not recognizable, owing to the fragmentary preservation.

Oroliths—For measurements, see Table 1, for the described
characters, see Fig. Oh. The species-specific characters of
the sagitta include a somewhat depressed dorsal margin that
bears a rounded protuberance at its posterior end, and the
occurrence of a prominent and relatively long subcaudal
iugum. All other characters are as described above for S.
compactus gen. et Sp. nov.

Scales—The scales appear to be cycloid, but minute spi-
nules are dispersed through the body, and may represent
ctenii that were originally loosely connected to the scale
margins. The flank scales are relatively large; the belly scales
are smaller than the flank scales; scales also overlie the base
of the caudal-fin rays. Predorsal scales are smaller than the
flank scales, very thin and cycloid.

Remark. See differential diagnosis for S. compactus gen. et
sp. nov. for differences between the two species.

Genus tYarigobius gen. nov.

Type species. TYarigobius decoratus gen. et sp. nov.
(Figs. 5f, 71, 8d, 9k, 1, 10f,g, 11d).
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Other species. tYarigobius naslavcensis gen. et sp. nov.
(Figs. Se, 7g, 8¢, 91, j, 11e).

Etymology. The generic name refers to the locality in which
this new genus was discovered (Karpov Yar, Moldova) and
its general similarity to members of the family Gobiidae.
Gender masculine.

LSID ZooBank. This new genus is registered under
urn:lsid:zoobank.org:act: DEE7C882-8602-4E54-B958-
2E5AB7FE631B.

Stratigraphic range. Lower Sarmatian.

Diagnosis. Relatively small to medium-sized gobiid fish,
38.7 to 63.2 mm SL; head moderately large (23.7-24.3%
SL); body probably laterally compressed (as preserved in lat-
eral view); body depth at origin of D1 is comparatively large
(21.4-21.7% SL); pre-anal distance relatively long (54.3—
58.0% SL); anal fin inserted one to two vertebrae behind
insertion of D2; anal-fin base relatively short (23.2-25.3%
SL); pelvic fins relatively long (20.9-22.9% SL); pelvic-fin
spine relatively short (4.6-5.2% SL and 35-36% of adjacent
ray); relatively long caudal part of vertebral column (52.7—
53.5% SL) and caudal peduncle (19.4-23.3% SL); caudal fin
lanceolate and about as long as head (25.0% SL). Number of
vertebrae 28-29 (104 18-19). Dorsal fins widely separated.
D1 with six or seven slender, distally filamentous spines; D1
pterygiophore formula starting with a single first pterygio-
phore (3—1..., 2—-1...); D2 with one spine and 14-16 seg-
mented rays; anal fin with one spine and 13—-14 segmented
rays. Pectoral fin with about 15 rays (not clearly discern-
ible). Pelvic fins with spine and five rays; pelvic rays end
some distance from anal-fin origin. Caudal fin with 16 to 17
segmented rays, eight to nine rays in the upper lobe. Scales
cycloid (type species) or ctenoid. In addition, the following
characters of the saccular otoliths (sagittae) are, in combina-
tion, diagnostic for this genus: sagitta shape rounded-to-rec-
tangular, with ventral portion being slightly wider than dor-
sal portion; weakly pronounced, rounded posterodorsal and
preventral projections and slightly protruding posteroventral
portion; ventral margin slightly undulated; shallow, clearly
delimited dorsal depression; sulcus of ‘shoe-sole’ shape,
moderately to distinctly inclined (@ =6.5-18.5°); clear sepa-
ration into elongate ostium and short cauda. Lapillus with
almost straight dorsal side and moderately convex ventral
side; ovate shape in ventral view; shape in lateral view is
elongate anteriorly and rounded-to-rectangular posteriorly.

Differential diagnosis. The most phenotypically similar gen-
era with respect to the presence of a longish caudal fin, high
number of rays in the D2 and anal fin, and the general pro-
portions of head and body are Lesueurigobius Whitley, 1950
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and the three other new fossil genera described in this study,
i.e., TKatyagobius gen. nov., T Pseudolesueurigobius gen.
nov., and fSarmatigobius gen. nov. (see Table 1 for data on
the fossils and Appendix Table for data on Lesueurigobius).
The presence of a slightly longer caudal part of the vertebral
column (52.7-53.5% SL vs. 49.2-50.5%% SL) and a ptery-
giophore formula starting with a single pterygiophore (vs.
two) differentiates T Yarigobius gen. nov. from these genera.
A further diagnostic character of {Yarigobius gen. nov. is
a rounded-to-rectangular sagitta with slight posterodorsal
and preventral projections (vs. no projections in the sagittae
of the other fossil genera [see Fig. 9], and vs. a well devel-
oped posterodorsal portion or projection in Lesueurigobius
[see Fig. 12]). Also the lapillus shape is distinctive, when
compared to the other new fossil genera (see Fig. 10). The
lapillus shows similarity to the lapillus of Gobius (Fig. 10h)
in both ventral and lateral view, but the dorsal side is straight
in Yarigobius gen. nov. (vs. convex in Gobius).

Further characters of {Yarigobius gen. nov. that differenti-
ate it from {Katyagobius gen. nov. include: greater body
depth at origin of D1 (21.4-21.7% SL vs. 17.7-18.5% SL);
slender D1 spines (vs. robust); slightly longer pelvic fins
(20.9-22.9% SL vs. 16.1-17.1% SL); relatively shorter
pelvic-fin spine (4.6-5.2% SL + 35-36% of adjacent ray vs.
6.0-6.5% SL+ 56-66% of adjacent ray). Characteristics of
tYarigobius gen. nov. that separate it from TPseudolesu-
eurigobius gen. nov. are its 18—19 caudal vertebrae (vs. 17)
and a relatively shorter caudal fin (25.0% SL vs. 33.4-33.8%
SL). Traits that distinguish {Yarigobius gen. nov. from
tSarmatigobius gen. nov. are the relatively longer preanal
distance (54.3-58.0% SL vs. 47.9% SL); relatively shorter
anal-fin base (23.2-25.3% SL vs. 28.6% SL); and an anal fin
that is inserted 1.5-2 vertebrae behind the insertion of the
D2 (vs. opposite).

tYarigobius decoratus gen. et sp. nov.
Figures 5f, 7f, 8d, 9k, 1, 10f, g, 11d

Type material. Holotype, PIN 5274/76a, b, 63.2 mm SL.
Well preserved part and slightly damaged counterpart, with
left and right otoliths (sagittae and lapilli) preserved in situ.

Type locality and age. Karpov Yar, Naslavcea, northern Mol-
dova; lower Sarmatian.

Etymology. The species name refers to the presence of some
enlarged cycloid scales on the posteriormost portion of the
body, which appear to ‘decorate’ the fish.

LSID ZooBank. This new species is registered under
urn:lsid:zoobank.org:act: 14ED4CB9-F03D-4122-B2F8-
SDD41EFFDY4E.
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Diagnosis. Differentiated from the only other species of this
genus currently known, 1Y. naslavcensis gen. et sp. nov. by
a relatively shorter lower jaw (7.9% SL vs. 10.3% SL); a
longer caudal peduncle (23.3% SL vs. 19.4% SL); a greater
body depth at the origin of the anal fin (20.6% SL vs. 16.8%
SL); a wider separation between D1 and D2 (9.5% SL vs.
4.7% SL); six D1 spines (vs. seven); and presence of cycloid
scales (vs. ctenoid), some of which are enlarged. The sag-
itta of TY. decoratus gen. et sp. nov. is longish (vs. slightly
higher than long in Y. naslavcensis) and its posteroventral
protrusion is slightly angular (vs. rounded).

General description. Medium-sized gobiid fish; 63.2 mm
SL (Fig. 5f). The body is preserved in lateral view and mod-
erately elongate; the head is seen in dorsolateral view and
moderately large (23.7% SL); the D2 inserts one vertebra
before the anal fin; the caudal peduncle is relatively long
(23.3% SL); the caudal fin is longish and about as long as the
head (25.0% SL). For further body proportions and meristic
counts, see Table 1.

Neurocranium—The neurocranium is preserved in dorso-
lateral view; it is relatively deep, but most of its bones are
not sufficiently well preserved to be described. The paras-
phenoid is straight, relatively narrow, with a broad posterior
portion; it borders the lower margin of the apparently rela-
tively large orbit. The vomer is not clearly recognizable. The
ethmoid part of the neurocranium is relatively short. Head
scales are either not present or not preserved.

Jaws—The lower jaw is of moderate length (7.9% SL); the
lower jaw articulation is situated slightly behind the middle
of the orbit. The maxilla seems to be slender and moderately
expanded posteriorly. The premaxilla is a robust bone, with
a moderately slender ascending process and a wide articular
process. The dentition comprises both large and small coni-
cal teeth.

Suspensorium, opercular apparatus and hyoid arch—The
suspensorial bones are poorly preserved and hardly recog-
nizable. The opercular bones are not completely preserved;
the preopercle is rather slender and slightly curved, the oper-
cle is roughly triangular and the subopercle is elongate. The
hyoid bars are poorly visible; five branchiostegal rays are
recognizable, of which the first is very slender, whereas the
others are strong.

Branchial arches—The individual bones of the branchial
skeleton are hardly identifiable. The pharyngeal jaws are
robust and their dentition is represented by relatively large,
stout, and blunt teeth as well as by long, slender, conical,
pointed teeth.

Vertebral column—There are 29 vertebrae, of which 10 are
abdominal (only 9 abdominal vertebrae are recognizable, but
based on the space between the first visible centrum and the
basioccipital it can be assumed that the anteriormost verte-
bra is not preserved). The vertebral centra are constricted
in the middle; the centrum length is slightly longer than
the centrum height. The parapophyses are clearly recogniz-
able in the posterior abdominal vertebrae. The length of the
caudal part of the vertebral column is 53.5% SL; the length
of the abdominal part of the vertebral column is equivalent
to 49.1% of the caudal part. The haemal spine of the first
caudal vertebra is slightly shorter than those of the following
caudal vertebrae (Fig. 5f); all the haemal spines are equally
inclined, apart from the spines of preural vertebrae 2 and 3,
which are more strongly inclined. Ribs are slender and mod-
erately long; ribs extend from the third to the last abdominal
vertebra. In the region of the ribs, a few epineural bones are
visible. The supraneurals are absent.

Pectoral girdle and fins—The pectoral girdle is slightly dis-
articulated. The posttemporal has a relatively broad body
and long, slender processes. The cleithrum is relatively
broad, long and only slightly curved, and a small triangular
coracoid is present. The pectoral fin is not preserved.

Pelvic girdle and fins—The basipterygium is somewhat tri-
angular. The pelvic fins seem to be close to each other, their
length is about 22.9% SL. Each pelvic fin contains a rela-
tively short spine (5.2% SL, 35.8% of the adjacent ray) and
five rays that are highly segmented and branched distally;
proximally they seem to be unsegmented. The rays terminate
at some distance from the origin of the anal fin (Fig. 5f).

Dorsal fins—The D1 has six slender spines (Figs. 5f, 7f),
which taper gradually into especially slender filaments; the
last spine is the shortest, lies slightly distant from the pre-
ceding one and much further (9.5% SL) from the D2 spine.
The pterygiophore formula seems to be 3-13110 (visible in
the counterpart), but the neural spine of the fifth vertebra
is slightly distorted and the formula could also be 3-12210.
The D2 inserts above the second caudal vertebra. It consists
of a slender spine with a short filament, and 16 segmented
and branched rays; the first soft rays have about the same
length, the posterior ones become longer and form a slightly
pointed lobe; their distal ends terminate above the anterior
procurrent caudal-fin rays.

Anal fin—The anal fin inserts below the third caudal ver-
tebra, i.e., one vertebra behind the origin of the D2. It
comprises one relatively long (6.3% SL), slender, slightly
curved spine and 14 rays. Overall, the anal fin is similar in
shape and size to the D2 (Fig. 5f); the posteriormost rays of
the anal fin also reach the caudal-fin origin; they terminate
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opposite to the first two procurrent caudal rays (Figs. 5f, 7d).
The spine is supernumerary on the first pterygiophore. This
pterygiophore seems to be the only one that inserts before
the haemal spine of the first caudal vertebra.

Caudal endoskeleton and fin—The caudal fin is wide, of
moderate length (25.0% SL) and longish to lanceolate. It
is composed of 17 segmented principal rays, the outermost
rays are unbranched; 9 principal rays are found in the upper
lobe. Six procurrent rays are present both dorsally and ven-
trally, and display their forked bases (Fig. 8d). The caudal
skeleton comprises two large hypural plates (HY1+2 and
HY3+4), of which the upper is fused with the terminal cen-
trum; hypural 5 is slender. The parhypural is relatively long
and does not reach the terminal centrum; the epural seems
to be very broad. The neural spine of PU2 is slightly broader
and shorter than the preceding spines. The haemal spine of
PU2 is long and distally expanded (Fig. 8d).

Otoliths—For measurements of the sagitta and lapillus, see
Table 1, for the described characters, see Figs. 9k, 1, 10f, g.

Sagitta: Inner (=medial) face flat; outer (=lateral) face
convex, with roundish hump situated in the central and
posteroventral region; general shape of sagitta longish-to-
rectangular with rounded, relatively small posterodorsal
and preventral projections; ventral portion of sagitta slightly
wider than the dorsal; dorsal margin highest in its poste-
rior third, smoothly declining anteriorly; posterior margin
indented; ventral margin slightly undulated; ventral line
relatively broad and shallow, its anterior portion terminates
close to the sulcus tip, its posterior part ends somewhat
distant from the sulcus end; dorsal depression shallow and
clearly delimited from dorsal margin; sulcus of ‘shoe-sole’
shape and moderately inclined (o =6.5-8.5°); ostium longer
than cauda; ostium with rounded-to-triangular dorsal lobe
near the transition to the cauda and weakly curved ventral
lobe; cauda relatively short and roundish.

The right and left sagittae (of the holotype) show slight
asymmetry: the anterodorsal margin exhibits a small angular
projection (right sagitta) or is weakly rounded (left sagitta);
the anterior margin is notched (right sagitta) or faintly con-
cave (left sagitta); and the crenulation of the ventral margin
is mainly in the anterior half (right sagitta) or in the middle
(left sagitta).

Lapillus: Both lapilli are preserved in the holotype. In ven-
tral view their shape is ovate; a cranial suture and a curved
sulculus are well developed; a well-defined linea basalis
extends across the posterior half of the lapillus; the shape of
the linea basalis is V-like, with a longer and slightly undu-
lating medial part and a shorter lateral segment. In lateral
view, the lapilli present a slightly sinuous lateral margin and
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a slender anterior portion; the remaining portion of the dor-
sal side is straight and that of the ventral side is moderately
convex.

Scales—All scales are cycloid. The relatively large flank
scales are thickened along their posterior margin and exhibit
a rounded angle in the middle of the posterior border; overall
their shape is aliform (Fig. 11d3). About 6-7 radii extend
from the focus, which is located in the posterior part of the
scale, to the anterior scale margin (Fig. 11d1). Above and
below the radii the scale is relatively smooth and numerous
circuli are visible. The scale number in longitudinal row is
about 40. At the dorsal and ventral margins of the posterior
caudal peduncle, a few enlarged scales are present (Figs. 5f,
8d, 11d2); they seem to lack any radii. The predorsal scales
are very small; the belly scales are rounded, thin and smaller
than the flank scales. Scales also cover the base of the cau-
dal-fin rays (Fig. 8d).

Coloration—The holotype reveals a dense, dark pigmenta-
tion in the distal portions of the dorsal, anal and pelvic fins.
The most prominent pigmentation is present on the anal fin

(Fig. 56).

tYarigobius naslavcensis gen. et sp. nov.
Figures 5Se, 7g, 8e, 91, j, 11e

Type material. Holotype, PIN 1306/71, 38.7 mm SL; an
almost complete, well-preserved specimen in a single plate,
end of caudal fin missing; both sagittae preserved in situ
(lapilli not preserved).

Type locality and age. Karpov Yar, Naslavcea, northern Mol-
dova; lower Sarmatian.

Etymology. The species is named after the township Naslav-
cea, Moldova, in the vicinity of the type locality.

LSID ZooBank. This new species is registered under
urn:lsid:zoobank.org:act:35847C32-4BEA-4FC1-A06F-
686C41869B41.

Diagnosis. As for genus. Differentiated from the only other
species currently known, Y. decoratus gen. et sp. nov. by
a relatively longer lower jaw (10.3% SL vs. 7.9% SL), a
shorter caudal peduncle (19.4% SL vs. 23.3% SL), a smaller
body depth at the origin of the anal fin (16.8% SL vs. 20.6%
SL), a shorter distance between D1 and D2 (4.7% SL vs.
9.5% SL), seven D1-spines (vs. six) and the presence of
ctenoid scales (vs. cycloid), with no enlarged scales. The
sagitta of TY. naslavcensis gen. et sp. nov. is slightly higher
than long (vs. longish in 1Y. decoratus) and its posteroven-
tral protrusion is rounded (vs. slightly angular).
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General description. Relatively small gobiid fish of 38.7 mm
SL (Fig. 5e); the body is elongate, only slightly tapering
posteriorly; probably laterally compressed (as preserved in
lateral view); the head is of moderate size (24.3% SL); the
anal fin inserts two vertebrae behind D2; the caudal pedun-
cle is moderately long (19.4% SL). For further body propor-
tions and meristic counts see Table 1.

Neurocranium—The neurocranium is deep; the eyes are
relatively large (5.9% SL), and the ethmoid region very
short. The frontal bones are long and oriented obliquely
to the body axis over the orbit, narrow between the orbits
and broad posteriorly. The parasphenoid is a straight, thin
rod with a broad posterior portion; the vomer is recogniz-
able, but its shape is not clear. The ethmoid region is short.
Whether scales are present on the head cannot be decided.

Jaws—The lower jaw is relatively long (10.3% SL); the jaw
joint is located opposite the middle of the orbit (Fig. Se).
The dentary is narrow anteriorly and becomes deeper poste-
riorly; it bears at least two rows of variously sized teeth. The
anguloarticular has a relatively strong retroarticular process;
the groove in which the Meckelian cartilage lay is traceable.
The upper jaw bones are damaged; the preserved parts of
the premaxilla bear a postmaxillary process; the maxilla is
not preserved. Some slender and conical premaxillary teeth
are recognizable.

Suspensorium, opercular apparatus and hyoid arch—The
suspensorium and opercular bones are poorly preserved.
The symplectic is a robust rod. Five branchiostegal rays are
preserved in almost anatomical connection with the hyoid
bar; the shape of the hyoid bar is unclear.

Branchial arches—Most of the bones of the branchial
skeleton are not identifiable. The large pharyngeal jaws bear
slender, pointed teeth of slightly different sizes.

Vertebral column—There are 28 vertebrae, of which 10
are abdominal. The vertebral centra are constricted in the
middle; the centrum length is slightly longer than the cen-
trum height. Only a few parapophyses are recognizable.
The length of the abdominal part of the vertebral column is
52.7% that of the caudal part. The first caudal vertebra bears
a haemal spine that is slightly inclined towards the follow-
ing haemal spine, but is as long as the other haemal spines
(Fig. 5e); all the haemal spines are more or less equally
inclined. At least eight pairs of slender ribs are present; the
first six pairs are moderately long, and the last two pairs are
relatively short; tiny epineurals are also present. Supraneu-
rals are absent.

Pectoral girdle and fins—The posttemporal is incompletely
preserved. The cleithrum is robust, long and only slightly
curved. Only the slightly displaced base of the pectoral fin
is preserved; the number and length of its rays are unknown.

Pelvic girdle and fins—The length of the pelvic fins is 20.9%
SL; the pelvic-fin spine length is 4.6% SL; the pelvic-fin rays
terminate distant from the anal-fin origin.

Dorsal fins—The D1 contains seven slender spines (Figs. 5e,
7g); spines I-V taper into short filaments; spine II is the
longest (13% SL); spines I and I1I are slightly shorter (98.4%
of spine II), while the subsequent spines decrease in length
posteriorly (89%, 67%, 42% and 17% of spine II, respec-
tively). The gap between spines V and VI is relatively long
(4.6% SL) and 2.2 times greater than that between spines
IV and V. The pterygiophores of the D1-spines IV and V
are displaced, but the formula clearly begins with 2—1....
The D2 inserts opposite to the first caudal vertebra. It con-
sists of a relatively thin, long (9.0% SL) and slightly curved
spine (whether it tapers into filaments is not clear) and 14
segmented and branched rays. The D2-rays are incomplete
posteriorly; perhaps they become progressively longer pos-
teriorly, as some of the posterior rays seem to reach the first
procurrent caudal rays.

Anal fin—The anal fin inserts below the third caudal verte-
bra, i.e., two vertebrae behind the origin of D2. It comprises
a moderately long, thin spine (4.9% SL) and 13 rays; most
of the rays have about the same length and it is not clear
whether their distal ends extend to the caudal-fin origin. The
pterygiophores of the anal-fin spine and anterior rays are not
recognizable.

Caudal endoskeleton and fin—Only the proximal portion
of the caudal fin is preserved; therefore, its shape cannot be
determined. Based on its preservation, it is unclear if the
caudal fin contains 17 principal rays (with eight rays in the
lower lobe) or 16 principal rays (assuming the uppermost ray
split longitudinally post-mortem). Seven and six procurrent
rays are present dorsally and ventrally, respectively; some of
them display their forked bases. The caudal skeleton com-
prises two large hypural plates (HY1+2 and HY3 +4), of
which the upper is fused with the terminal centrum (Fig. 8e);
hypural 5 is about half the length of HY3 + 4 and thin. The
epural is slightly curved, elongate and relatively large; the
parhypural is relatively long, narrow and closely associated
with the widened haemal spine of the second preural verte-
bra (PU2); the neural spine of PU 2 seems to be short.

Otoliths—The holotype of this species retained both sag-

ittae in situ, but no lapilli. There is a notable asymmetry
between the right and left sagittae, as described below. For
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measurements see Table 1, for the described characters see
Fig. 9i, j.

Sagitta: Inner (=medial) face flat; outer (=lateral) face
convex, with centrally located bulge accounting for about
50% of the sagitta height; general sagitta shape more or less
squarish-to-rounded, with curved, weakly developed pos-
terodorsal bulge (more prominent in the left sagitta) and
small preventral projection; ventral portion of sagitta slightly
wider than dorsal portion; dorsal margin regularly curved
(left sagitta) or highest posteriorly and slightly indented in
the middle (right sagitta); below the posterodorsal bulge is
a V-shaped incision, followed by the curved ventral portion
of the posterior margin; ventral margin slightly crenulated,
almost straight in the middle, otherwise weakly curved; ante-
rior margin faintly rounded (left sagitta) or with a few knobs
(right sagitta); ventral line well developed; its anterior end
almost reaches the ostium tip, its posterior end terminates
distant from the cauda end; dorsal depression longish and
shallow; sulcus of ‘shoe-sole’ shape and clearly inclined
(¢=15.5-18.5°); ostium smoothly curved; cauda long-
ish and terminally rounded; in the right sagitta the cauda
is distinctly narrower than in the left sagitta; a thin crista
superior and a thin crista inferior surround both the ostium
and cauda; the crista inferior is especially well developed
along the cauda.

Scales—Scales are relatively thin; scale cover is dense
(Figs. Se, 11el). The flank scales are ctenoid and circular or
ovate (Fig. 11e2-3); ctenii are short, number of radii appears
to be seven. Scale number in longitudinal row is about 41.
The predorsal and belly scales are smaller than the flank
scales; whether ctenii are present is not clear. Thin scales
also cover the base of the caudal-fin rays (Fig. 8e).

Discussion

Relationships between the new genera and remarks
on taxonomy

With respect to most of their morphometric, meristic and
osteological characters, fKatyagobius gen. nov., TPseu-
dolesueurigobius gen. nov., TSarmatigobius gen. nov.
and fYarigobius gen. nov. are very similar to each other
(Table 1). More specifically, they share the following suite
of characters: ten abdominal vertebrae, a total vertebrae
number that varies from 27 to 29; two relatively to strongly
widely spaced dorsal fins; distally filamentous spines of the
first dorsal fin; a spine and 14—16 soft rays in the D2; a spine
and 13-15 soft rays in the anal fin; a longish-to-lanceolate
caudal fin; and rounded, trapezoid-to-squarish sagittae with-
out prominent (or any) projections and a ventral part that
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is slightly wider than the dorsal part. This combination of
morphological traits is unique among the Gobioidei (see
below). Thus, on the basis of the morphological evidence at
hand, it can be assumed that TKatyagobius gen. nov., T Pseu-
dolesueurigobius gen. nov., TSarmatigobius gen. nov. and
tYarigobius gen. nov. form a monophyletic group.

Why then have we chosen to introduce four new genera
to accommodate the six species described here, rather than
assigning them all to a single genus? The answer is that,
despite their superficial similarity, these fossil species differ
from each other in several skeletal characters that are usually
constant within a gobioid genus (e.g., Miller 1986, 2004;
Birdsong et al. 1988; Murdy 1989; Hoese and Gill 1993;
Pezold 1993; McKay and Miller 1997; Ahnelt 2003; Ahnelt
and Duchkowitsch 2004; Hoese and Larson 2005).

i. While all the new species have 10 abdominal ver-
tebrae, the number of the caudal vertebrae is 17 in
TPseudolesueurigobius gen. nov., 18 in {Katyagobius
gen. nov. and {Sarmatigobius gen. nov., and 18-19 in
tYarigobius gen. nov.

ii. Two types of pterygiophore formulae can be distin-
guished. The type starting with a single pterygiophore
in the interneural space (2—-1..., 3—1...) is shared by
the two species of {Yarigobius gen. nov.; the other
type, starting with two pterygiophores in the interneu-
ral space (3-2...), is shown by the other genera.

iii. The anal fin inserts opposite to D2 in {Sarmatigobius
gen. nov., but one to two vertebrae posterior to that in
the other genera (Table 1).

iv. We also interpret the configuration of the D1-fin
spines (unique in fKatyagobius gen. nov.) and the
length of the pelvic-fin spine (relatively longest in
tKatyagobius gen. nov.) as genus-typical characters
(Table 1).

In addition, the otoliths preserved in situ yield significant
taxonomic information. As a rule, the sagitta of teleost spe-
cies provides information at both generic and species level
(Nolf 1985, 2013). In the Gobioidei, the sagittae of con-
generic species are generally similar in overall shape; they
share the same sulcus morphology and often show similar
degrees of convexity/concavity of the outer and inner faces
(e.g., Nolf 2013; Gierl et al. 2018; Gut et al. 2020; Schwar-
zhans et al. 2020a, b). However, the taxonomic interpretation
of sulcus morphology, also in gobioid otoliths, is compli-
cated by the fact that considerable variability can occur not
only within a single species (unpublished data of BR, see
also Fig. 12) but within the same specimen, as exemplified
here by the right and left sagittae of {Yarigobius naslavcen-
sis gen. et sp. nov. (see above and Fig. 9i1, j1). Therefore, we
have used a combination of sulcus morphology, overall sag-
itta shape and the relative curvatures of the inner and outer
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Table 2 Compilation of vertebral counts in the lineages of the Gobiidae according to literature data

Lineage Genera Vertebrae

Aphia 2] (2) Aphia, Lesueurigobius 10+17

Asterropteryx [5] (5) Amblyeleotris, Asterropteryx, Ctenogobiops, Gladiogobius, Vanderhorstia 10+ 16

Callogobius [5] (3) Barbuligobius 9+17
Callogobius'*, Mangarinus 10+16

Cryptocentrus [10] (10)  Cryptocentroides’*, Cryptocentrus, Discordipinna, Flabelligobius, Lotilia, Mahidolia, 10+ 16

Myersina, Psilogobius, Stonogobiops, Tomiyamichthys

Glossogobius [4] (4) Bathygobius 10+17

Glossogobius 10+17,

Psammogobius

Grallenia
Gobiodon [13] (7)

Kelloggella
Gobiopsis [27] (17)

Bryaninops, Eviota"™, Gobiodon"*, Luposicya, Paragobiodon, Pleurosicya

Acentrogobius¥™*, Aulopareia, Cabillus, Drombus, Exyrias, Favonigobius¥'%*'>, Gobiopsis,

11+16-17,12+16
10418, 11+17
10+17-18
10+16

11+15

10+16

Hazeus, Heteroplopomus, Istigobius, Macrodontogobius, Oplopomops, Opua, Parachaetu-
richthys, Porogobius, Silhouettea, Yongeichthys

Gobiosomatini [27] (22) Aruma, Barbulifer, Bollmannia, Chriolepis, Elacatinus, Eleotrica, Evermannichthys, Ginsbur-
gellus, Gobiosoma, Gobulus, Gymneleotris, Microgobius, Nes, Ophiogobius, Palatogobius,
Pariah, Parrella, Psilotris, Risor, Tigrigobius, Varicus, Vomerogobius

Gobius [27] (11)

Gorogobius

GobiusV'*16, Mauligobius, Thorogobius, Vanneaugobius

Benthophilus
Anatirostrum
Proterorhinus
Neogobius
Gunnellichthys [13] (9)

Nemateleotris, Oxymetopon, Parioglossus, Ptereleotris

Kraemeria [3] (3) Gobitrichinotus
Kraemeria, Parkraemeria
Lophogobius [5] (4)
Priolepis [10] (5)

Valenciennea [3] (3) Amblygobius, Signigobius, Valenciennea

Caffrogobius’''*16, Coryogalops, Hetereleotris, Sufflogobius

Cerdale, Clarkichthys, Gunnellichthys, Microdesmus, Paragunnellichthys

Coryphopterus, Cristatogobius, Fusigobius, Lophogobius

Feia, Lythrypnus, Priolepis, Trimma, Trimmatom

11+16-17,
124+15-17,
13+16-19,

14+17,154+20

10+17
11+16
11+17
9+18-21, 10+19-20
9+20
12-13+20-21
12-13+21-22
19-39+20-39
10-11+15-16
14+16-17
10+16
10+16
10+16

10+ 16

Genera were sorted into lineages following Agorreta et al. (2013) and Thacker (2015). Vertebral counts were mainly compiled from Birdsong
et al. (1988) and Miller (1986, 2004); additional counts were taken from Ahnelt (2003) [for Anatirostrum, Benthophilus], Ahnelt and Duch-
kowitsch (2004) [Proterorhinus], Shibukawa and Iwata (2007) [Grallenia], Kovaci¢ and Schliewen (2008) [Gorogobius], and Hoese and Allen
(2009) [Glossogobius]. [n], total number of genera included in the respective lineage; (n), number of genera for which vertebral counts were
available from the respective lineage. Superscript V[n+n] indicates the reported variation from the indicated count (according to Birdsong et al.
1988); V +indicates that the reported variation includes a count of 10+ 17. Boldface refers to the three lineages whose vertebral counts partially
or completely match the vertebral counts of the new extinct genera described in this study

faces to corroborate our generic interpretations (see generic
diagnoses and descriptions above). On this basis, the sagit-
tae of {Katyagobius gen. nov., {Pseudolesueurigobius gen.
nov., tSarmatigobius gen. nov. and jYarigobius gen. nov.
are very different from each other, which is consistent with
the assumption that the corresponding specimens belong to
different genera rather than to different species.

The utricular otoliths (=lapilli) also exhibit characters
that are phylogenetically informative at family and/or generic
level, but—owing to the paucity of such characters—they

are seldom suitable for species identification (Assis 2000,
2005; Schulz-Mirbach and Reichenbacher 2006; Schulz-
Mirbach and Plath 2012). Fossil fishes with both sagittae
and lapilli in situ, as in the present case, are exceptional
finds (Assis 2005). Lapilli were recovered from four of the
newly described species as well as from the two specimens
of tKatyagobius sp. (Fig. 10). The study of their overall
shape, thickness and especially of the curvature in lateral
view revealed pronounced differences that provide strong
additional support for the new genera described here.
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Thus, the preservation of both the sagittae and the lapilli
in situ greatly contributed to the recognition of the taxo-
nomic diversity of the specimens from Karpov Yar. The
most striking examples of the relevance of the sagittae are
the specimens PIN 1306/72 and 1306/81 (= fPseudolesu-
eurigobius manfredi gen. et sp. nov.). Without the sagitta
preserved in situ, we would certainly have assigned them to
the extant genus Lesueurigobius, with which they share a
vertebral count of 10 abdominal + 17 caudal vertebrae and
almost all skeleton-based characters (Table 1; Appendix
Table). However, the shapes and curvatures of the sagit-
tae differ strikingly between {P. manfredi gen. et sp. nov.
(Fig. 9e) and Lesueurigobius species (Figs. 9m, 12), which
argues strongly against such a classification.

Affinities of the new genera and species
with previously described gobioids

Most notably among the morphological characters of
tKatyagobius gen. nov., tPseudolesueurigobius gen. nov.,
tSarmatigobius gen. nov. and TYarigobius gen. nov. are the
presence of distally filamentous spines in the first dorsal
fin, large numbers of soft rays in both the D2 and anal fin,
a longish or lanceolate caudal fin comprising 16—17 seg-
mented principal rays, and rounded, trapezoid-to-squarish
sagittae with a ventral portion that is slightly wider than the
dorsal portion. This combination of characters clearly sepa-
rates the new fossil genera and species from all previously
described fossil skeleton-based gobioids (e.g., Arambourg
1927; Carnevale et al. 2006; Schwarzhans et al. 2012, 2017a;
Gierl et al. 2013; Gierl and Reichenbacher 2015, 2017; Ban-
nikov and Carnevale 2016; Reichenbacher et al. 2018, 2020;
Bradi¢-Milinovi¢ et al. 2019), and also from all previously
described otolith-based fossil gobioids (e.g., Nolf 2013; Agi-
adi et al. 2013, 2019; Bratishko et al. 2015; Lin et al. 2015,
2017; Schwarzhans et al. 2015,2020a, b; Reichenbacher
et al. 2019; van Hinsberg and Helwerda 2019). Their distinc-
tive combination of skeleton-related characters also differ-
entiates the new fossil taxa from the extant members of the
Gobioidei (e.g., Miller 1986, 2004; Carpenter et al. 1997,
Carpenter and Niem 2001; Larson 2001; Murdy et al. 2002;
Ahnelt 2003; Ahnelt and Duchkowitsch 2004; Kovacié
2008; Carpenter and De Angelis 2016), whereas otolith data
are not available for every extant species or genus due to the
extraordinary species richness of the Gobioidei.

Three fossil skeleton-based species from the marine lower
Sarmatian of the Vienna Basin deserve special mention
here, as they originate from more or less time-equivalent
deposits representative of a similar environment. These spe-
cies are TGobius elatus Steindachner, 1860, 1G. oblongus
Steindachner, 1860, and G. viennensis Steindachner, 1860.
Their re-examination is part of an ongoing project of BR,
of which some results can be presented here. First of all,
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TG. oblongus appears not to be a valid species because its
original description is insufficient and the holotype is lost
(see Schultz 2013). In contrast, the species named as TG.
elatus and TG. viennensis are more or less well defined.
However, low vertebral counts (24—26) clearly indicate that
they do not represent the genus Gobius, which is character-
ized by the presence of 27-29 (mostly 28) vertebrae (Miller
1986; Birdsong et al. 1988; Table 2). Notably, {G. elatus and
TG. viennensis have similar numbers of soft rays in the D2
(13-14) as our new species. TG. elatus also has 14 soft rays
in the anal fin; in ¥G. viennensis the anal fin is incomplete
and it is only possible to confirm that it has at least 10 rays.
However, the low vertebral counts of ¥G. elatus and TG.
viennensis separate them from the new genera and species
from Karpov Yar, which possess 27-29 vertebrae. This is
further confirmed by the single sagitta preserved in situ in
TG. elatus; its rectangular shape is very different from the
sagittae found in the new species described here.

Assignment of the new genera at higher systematic
levels

Extant Gobioidei can be divided into two groups, based on
the presence of either five or six branchiostegal rays, namely
a (paraphyletic) group whose members have six branchi-
ostegal rays (6brG in the following) and a monophyletic
group whose members possess five branchiostegal rays
(5brG in the following); the loss of one ray is considered to
be a synapomorphy for the latter (Akihito et al. 2000; Wang
et al. 2001; Gill and Mooi 2012). The 5brG contain the fami-
lies Gobiidae and Oxudercidae (nomenclature of Oxuder-
cidae follows Nelson et al. 2016) and represent the most
derived clade within the Gobioidei (Thacker 2009; Agorreta
et al. 2013; Betancur et al. 2017). Apart from the presence
of five branchiostegal rays, Gobiidae and Oxudercidae can
usually be distinguished from the 6brG by further morpho-
logical characters including a T-shaped palatine bone (vs.
L-shaped), absence of entopterygoid (vs. presence) and
fused pelvic fins (vs. separated), however, some exceptions
exist (Hoese 1984; Hoese and Gill 1993; Akihito et al. 2000;
Gill and Mooi 2012).

Among the studied fossil specimens, the holotypes of
tKatyagobius prikryli gen. et sp. nov., {Yarigobius deco-
ratus gen. et sp. nov. and Y. naslavcensis gen. et sp. nov.
each display a total of five branchiostegal rays, the first of
which is very slender (Fig. 6a); in each of these three spe-
cies the rays are preserved almost in anatomical connection
with the hyoid bar. The number of branchiostegal rays could
not be discerned in either {Pseudolesueurigobius gen. nov.
or TSarmatigobius gen. nov., but the head of {S. iugosus
revealed a palatine with an ethmoidal process almost as
large as the maxillary process (Fig. 6¢); such a shape cor-
responds to the T-shape of the Gobiidae and Oxudercidae
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(see Reichenbacher et al. 2020: fig. 3). A T-shaped pala-
tine is also preserved in TKatyagobius sp. (PIN 5274/35a)
(Fig. 6b). Furthermore, the entopterygoid appears to be
absent in each of the fossil specimens. The other derived
character of the 5brG clade, the presence of fused pelvic
fins, cannot be directly detected in a fossil because the fusion
is produced by a membrane. Nevertheless, in Pseudolesu-
eurigobius manfredi gen. et sp. nov. and fKatyagobius sp.
(PIN 5274/35a), the pelvic fins are close to each other, which
may indicate that they were once fused together by a mem-
brane (Fig. 6d). In conclusion, the presence of five branchi-
ostegal rays, a T-shaped palatine, absence of the entoptery-
goid and possibly fused pelvic fins in the assembly of the
four new genera enable them to be confidently assigned to
the 5brG clade (Gobiidae + Oxudercidae).

Members of the Gobiidae or Oxudercidae?

Among the characters that can be used to identify a fossil
species either as a member of the Gobiidae or the Oxuder-
cidae is the configuration of the palatine/ectopterygoid
complex (palatopterygoquadrate complex in Harrison
1989; see also Thacker 2013; Reichenbacher et al. 2018).
Unfortunately, the poor preservation of these bones in the
specimens reported here makes any assignment impossible.
Therefore, we inspected some additional characters that
have been shown to be useful (often in combination) for the
recognition of monophyletic groups within the Gobiidae or
Oxudercidae in previous studies (e.g., Miller 1973, 1986,
2004; Rojo 1985; Birdsong et al. 1988; Pezold 1993, 2004;
McKay and Miller 1997; Larson 2001; Larson et al. 2001;
Murdy et al. 2002; Ahnelt 2003; Ahnelt and Duchkowitsch
2004; Vasil’eva and Bogorodskii 2004; Miller and Sanda
2008; Kramer et al. 2012; Vasil’eva and Vasil’ev 2016;
Reichenbacher et al. 2018). Among these are the counts of
abdominal, caudal and total vertebrae, the pterygiophore
formula of the first dorsal fin, and the presence of one or
two epurals in the caudal skeleton. Each of those characters
can be evaluated in several of the new fossil species, and
their condition is described below. We do not consider here
the presence of a postmaxillary process on the premaxilla
because this character is highly variable within both the
Gobiidae and Oxudercidae (Miller 1973, 2004; McKay and
Miller 1997; Vasil’eva and Kuga 2008; Thacker 2013).

1. The total number of vertebrae in the four new fossil
genera ranges from 27 to 29, and ten vertebrae make
up the abdominal part of the vertebral column in all
cases. Pesudolesueurigobius gen. nov. has a configu-
ration of 10+ 17 vertebrae, {Katyagobius gen. nov. and
tSarmatigobius gen. nov. share a count of 10+ 18 and
tYarigobius gen. nov. has 10+ 18—19 vertebrae. This
condition indicates an assignment to the Gobiidae, as the

same vertebra counts are common for many Gobiidae,
but only rarely occur in the Oxudercidae, which gener-
ally have lower or higher vertebrae counts (Miller 1986;
Birdsong et al. 1988).

2. T Pesudolesueurigobius manfredi gen. et sp. nov.,
tYarigobius decoratus gen. et sp. nov., and TY. naslav-
censis gen. et sp. nov. each display a well-preserved
caudal skeleton exhibiting a single epural (Fig. 6e). The
presence of a single epural argues in favour of the Gobi-
idae, because the Oxudercidae usually have two epurals
(Birdsong et al. 1988; Murdy 1989).

3. The pterygiophore formula of the D1 can provide useful
taxonomic information at the level of family and line-
ages (Birdsong et al. 1988; Ahnelt and Duchkowitsch
2004; Miller 2004; Gierl et al. 2013). The pterygiophore
formula 3-22110 was recognizable in three species,
namely in TK. prikryli gen. et sp. nov., TP. manfredi gen.
et sp. nov., and 1S. compactus gen. et sp. nov. This for-
mula is a common configuration of many gobiid genera;
among the Oxudercidae, it has only been reported for
the genera Rhinogobius, Tridentiger, and Deltentosteus
(Birdsong et al. 1988). But these three oxudercids can
be excluded as potential relatives of our fossils because
their meristic characters are clearly different: (i) Each
has fewer soft rays in the anal fin: up to 9 in Rhinogo-
bius; up to 11 in Deltentosteus; up to 12 in Tridentiger,
vs. 13—15 in the studied fossils; (ii) Rhinogobius and
Deltentosteus also have smaller numbers of soft rays
in the D2: up to 10-11 vs. 14-16; (iii) their vertebral
counts also differ from those of the fossils: 25-27 in
Rhinogobius; 26 in Tridentiger; 33 in Deltentosteus, vs.
27-29; and (iv) Tridentiger has tricuspid teeth in the oral
jaws, vs. conical in the studied fossils (data from Miller
1986; Birdsong et al. 1988; Vasil’eva 2007; Boltachev
and Karpova 2010; Froese and Pauly 2021).

In tYarigobius gen. nov., the pterygiophore formula starts
with an interneural space that is occupied by a single ptery-
giophore (2-1...in tY. naslavcensis gen. et sp. nov.; 3—1...
in 1Y. decoratus gen. et sp. nov.). The entire pterygiophore
arrangement is not identifiable in TY. naslavcensis gen. et sp.
nov., due to some post-mortem displacements. Nevertheless,
its 2—1... pattern, i.e., the insertion of the first pterygiophore
between the spines of the second and third vertebrae, is nota-
ble because the same configuration is only known from the
Ponto-Caspian brackish water gobiid Proterorhinus marmo-
ratus (Pallas, 1814) (see Ahnelt and Duchkowitsch 2004).
But P. marmoratus has 12—13 abdominal vertebrae (vs. 10 in
1Y. naslavcensis gen. et sp. nov.), its total number of verte-
brae is 31-33 (vs. 28) and its common D2 formula is 1617
(vs. 14) (see Ahnelt and Duchkowitsch 2004; Miller 2004).
There are also some morphometric differences between the
extant and the fossil species, including a relatively longer
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D2-base of P. marmoratus (36.6—43.1 vs. 31.5) and a slightly
greater minimum caudal peduncle depth (10.7-13.2 vs. 8.8)
(data from Miller 2004, based on P. marmoratus of similar
SL [39.0-58.0 mm] as {Y. naslavcensis gen. et sp. nov. [SL
38.7]). Unfortunately, the cranial bones are too poorly pre-
served in TY. naslavcensis gen. et sp. nov. to identify simi-
larities or differences with the well-known cranial osteology
of P. marmoratus (see Vasil’eva 1999; Miller 2004). Never-
theless, based on the aforementioned differences, we exclude
a relationship between P. marmoratus and 1Y. naslavcensis
gen. et sp. nov.

In {Yarigobius decoratus gen. et sp. nov., the pterygio-
phore formula of the D1 can be identified as either 3—13110
or 3—12210. Among the Gobiidae similar pterygiophore for-
mulas (3-13100, 3-1221) are known only from the mono-
typic genus Aphia, i.e., from A. minuta (Risso, 1810) (Bird-
song et al. 1988). Among the Oxudercidae, the 3-13110
formula occurs as a rare variant in Rhinogobius (which, as
mentioned above, is definitely not related to any of the fossil
genera), while the 3-12210 condition is common within both
the Mugilogobius lineage (in Eugnathogobius [as Calami-
ana in Birdsong et al. 1988], Mugilogobius, Pseudogobiopis,
Tamanka, Tasmanogobius) and the Stenogobius lineage (in
Ctenogobius, Gnatholepis, Gobionellus, Oligolepis, Oxyu-
richthys, Stenogobius; Gobionellus Group sensu Birdsong
et al. 1988: table 13). However, as outlined below, each of
the aforementioned genera differs significantly in at least one
of its morphological characters from §Yarigobius gen. nov.,
which makes a relationship unlikely.

i. Their usual vertebral count is 10+ 16 (except in Tas-
manogobius); a count of 10+ 18-19, as in {Yarigobius
gen. nov., is unknown among them (Birdsong et al.
1988). The vertebral counts of Tasmanogobius range
from 26-32, and the number of abdominal vertebrae
is 11-13 (Hoese 1991).

ii. Apart from Tasmanogobius and Gobionellus, none of
the genera of interest here has more than 12 soft rays
in the D2 (vs. 14-16 in tYarigobius gen. nov.) (Hoese
1986b; Watson 1991; Larson 2001, 2009; Randall and
Greenfield 2001; Pezold 2004; Larson and Buckle
2012; Pezold and Larson 2015).

iii. Two sagittae of Tasmanogobius lasti were available for
this study (specimens AMS 1.28968); they differ from
the sagittae of Yarigobius gen. nov. and the other new
genera due to their squarish shape, a flat outer face and
a comparatively small sulcus. Thus, both the elevated
number of abdominal vertebrae and the sagitta mor-
phology confirm that Tasmanogobius is distinct from
the studied fossils.

iv.  Gobionellus has the autapomorphy of a “blunt, distally
flared fourth neural spine” (Pezold 2004), which is
clearly not present in Yarigobius gen. nov. or any of
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the other new fossil genera. Moreover, based on the
sagittae of Gobionellus oceanicus (Pallas 1770) and
G. stomatus Starks 1913 shown in Gomes Barboza
(2019: fig. 4), the genus Gobionellus is characterized
by a rectangular sagitta that is distinctively higher than
long and has a small posterodorsal projection. This
type of sagitta is very different from the sagittae of
Yarigobius gen. nov. and the other new genera, which
is consistent with the assumption that Gobionellus is
not closely related to the studied fossils.

To conclude, based on the evidence derived from their
skeletal characters, {Katyagobius gen. nov., 7 Pseudolesu-
eurigobius gen. nov., tSarmatigobius gen. nov. and T Yarigo-
bius gen. nov. are assigned here to the family Gobiidae. Their
sagittae neither support nor contradict such an assignment,
as similar sagittae are unknown in both the Gobiidae and
Oxudercidae. But, as otolith data on the numerous species
of the Gobiidae is still limited, future work may possibly
reveal gobiids with sagittae similar to those described here.

Possible assignment to a gobiid lineage?

The Gobiidae can be divided into 14 lineages based on
molecular data (Agorreta et al. 2013; Thacker 2015). The
assignment of the new fossil species to one of these gob-
iid lineages would require a phylogenetic matrix based on
morphology comprising members of all lineages, which is
currently not available. Hence, the following considerations
are based on literature data (see Table 2), the comparative
material (Appendix Table, Supplementary Data 2), and the
best-fit approach sensu Penk et al. (2019). The aim is to
determine to which of the extant gobiid lineages the new fos-
sil genera are most likely to be related based on the numbers
of shared characters.

We compiled the vertebral counts for all lineages based
on (i) the available information for a gobiid genus (see
Table 2), and (ii) by sorting each genus to its lineage accord-
ing to the molecular phylogenies presented by Agorreta et al.
(2013) and Thacker (2015). The outcome reveals that, on the
whole, the vertebral counts are rather constant within line-
ages (Table 2). The most common count is 10+ 16, which
occurs in nine lineages, with little variation (Table 2). This
count can be interpreted as a plesiomorphic condition among
the Gobiidae, because it is shared with the Thalasseleotridi-
dae, to which the Gobiidae + Oxudercidae are sister (Gill
and Mooi 2012; Thacker et al. 2015). Correspondingly, the
vertebral counts of the new genera (104 17-19) represent a
derived character state and can be used to infer their possible
phylogenetic relationships.

Most members of the European Gobius lineage, as well as
many species of the New World Gobiidae, have 11 abdom-
inal vertebrae (Birdsong et al. 1988; Miller 2004; Hoese
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and Larson 2005). Ten abdominal vertebrae—as in our fos-
sils—are present in many Indo-Pacific as well as in some
European gobiids (Birdsong et al. 1988; Hoese and Larson
2005; Table 2). However, a vertebral count of 10+ 17-18,
as in the fossils described here, seems to be restricted to
the Indo-Pacific Glossogobius lineage and to two European
lineages (Gobius and Aphia) (Miller 1986; Birdsong et al.
1988; Goren 1996). Furthermore, a count of 10+ 19 (as in
tYarigobius decoratus gen. et sp. nov.) is only known for
a single species of the tadpole goby Benthophilus (Gobius
lineage), namely Benthophilus leobergius 1ljin in Berg, 1949
(see Ahnelt 2003, as B. stellatus leobergi). Usually, a num-
ber of nine abdominal vertebrae is diagnostic for Bentho-
philus (Miller 2004). In any case, a relationship between
Benthophilus and tYarigobius gen. nov. can be excluded
because Benthophilus is characterized by several derived
characters including, amongst others, its tad-pole like body
(not present in tYarigobius gen. nov.), the absence of scales
(vs. present in tYarigobius gen. nov.) and a first dorsal fin
with only 2—4 spines (vs. six spines) (see Vasil’eva 1983;
Ahnelt 2003; Miller 2004; Boldyrev and Bogutskaya 2007).

We continued the search for the ‘best fit’ by consider-
ing which members of the Glossogobius, Gobius and Aphia
lineages share with the newly described fossils a similarly
large number of soft rays in the D2 (14-16) and the anal
fin (13—15). On this basis, it is unlikely that the fossils are
related to the Glossogobius lineage, because each of the four
genera included in it (after Thacker 2015) has distinctively
fewer soft rays in both the D2 and anal fin: In Bathygobius
there are nine (D2) and eight (anal fin) (Miller and Stefanni
2001; Tornabene et al. 2010); in Glossogobius 11 (D2) and
up to nine (anal fin) (Hoese and Allen 2009; Hoese et al.
2015); in Grallenia the maxima are 10 (D2) and nine (anal
fin) (Shibukawa and Iwata 2007), and in Psammogobius the
numbers are up to 10 (D2) and up to 11 (anal fin) (Maugé
1986; Froese and Pauly 2021). A similar result is obtained
for the genera of the Gobius lineage that share the vertebral
count of 10+ 17 with the fossils. Their numbers of soft rays
in the anal fin are consistently lower than in the fossils: in
Caffrogobius the number is 8—12 (Goren 1996); in Coryo-
galops it is 8—11 (Kovacic et al. 2014); in Gorogobius it is
9-11 (Kovaci¢ and Schliewen 2008); in Hetereleotris it is
up to 11 (Hoese 1986a; Hoese and Larson 2005; Kovacic¢
et al. 2014); and in Sufflogobius it is 12—13 (Hoese 1986Db).
However, the two genera comprising the Aphia lineage,
Lesueurigobius and Aphia, share high counts of soft rays in
the D2 and anal fin with the fossils (Miller 1986; La Mesa
et al. 2005). But, as mentioned above, the sagittae of Lesu-
eurigobius are almost rectangular, have a dorsal portion that
is equal or slightly wider than the ventral portion, and a
broad posterodorsal region (in L. friesii) or projection (in L.
suerii) (Fig. 12; see also Nolf 2013: pl. 324; Lombarte et al.
2018: fig. 2b, c; Schwarzhans et al. 2020b: pl. 2, figs. 1-3);

they are thus very different from the sagittae of the fossils.
Conversely, the lapillus of Lesueurigobius, shown here in
Fig. 10i-j, has a similar shape (in ventral view) to that of
tPseudolesueurigobius gen. nov., and its lateral view some-
what resembles the lateral view of the lapillus of {Yarigob-
ius decoratus gen. et sp. nov. But also the lateral view of the
lapillus of the extant Gobius, shown here in Fig. 4c, d and
Fig. 10h, is superficially similar to that of 1Y. decoratus gen.
et sp. nov. One should keep in mind that almost nothing is
known concerning the diagnostic characters of gobiid lapilli;
thus the observed similarities should be treated with caution.
The sagitta of Aphia minuta shows a rounded ventral margin
(La Mesa 1999), which makes it somewhat similar to the
sagittae of the fossils. However, A. minuta is characterized
by the persistence of several larval traits in adulthood (La
Mesa et al. 2005). It is possible that its sagitta shape is one of
these, because a rounded sagitta is typical for larval and very
juvenile teleosts (Nolf 1985; Vahed et al. 2018, 2019). The
lapillus of A. minuta is illustrated in Assis (2000). Its lateral
view is similar to that of the lapillus of {Katyagobius gen.
nov., but, as stated above, the database concerning gobiid
lapilli is too limited for a secure conclusion to be drawn.

In conclusion, the fossil gobiids reported here were
probably not members of the Aphia lineage, but can be
interpreted as a stem lineage of this clade. This would be
consistent with the fossil record, because the Aphia lineage
appears to be an ancient clade. The oldest otoliths similar
to those of Lesueurigobius were reported from the marine
upper Oligocene Eger Formation (27.3-23.04 Ma) of the
Central Paratethys (Nolf and Brzobohaty 1994, as “genus
aff. Lesueurigobius” sp.).

The fossil record of Lesueurigobius

There is a rich otolith-based fossil record of Lesueurigobius,
but no skeleton-based fossil has yet been recovered. In the
early Miocene (early Aquitanian, c. 23-22 Ma), Lesueurigo-
bius was abundantly present in the western Mediterranean
Sea, where it comprised up to 90% of the ancient gobiid
assemblage (Reichenbacher and Cappetta 1999). Until the
end of the early Miocene (Karpatian), the only recognized
species of the genus is TL. vicinalis (Koken 1891) (Reichen-
bacher 1998; Schultz 2013). In the middle Miocene (Bad-
enian) of the Central Paratethys, three species occur, i.e.,
tL. bicornutus (Lin et al., 2015), TL. magnijugis Schwar-
zhans, 2017 and {L. vicinalis (Koken, 1891) (Schultz 2013;
Schwarzhans et al. 2020b). Given the substantial variability
of the otoliths identified as TL. vicinalis, and considering
that the otoliths of the extant L. friesii and L. suerii species
are virtually indistinguishable from each other (Fig. 12), the
otoliths of {L. vicinalis may actually represent several spe-
cies. Likewise, fossil otoliths identified as L. aff. vicinalis,
or resembling Lesueurigobius but left in open nomenclature
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(e.g., Steurbaut 1984; Radwarska 1992; Brzobohaty 1994;
Brzobohaty et al. 2007; Caputo et al. 2009), could indicate
a hidden diversity of the genus Lesueurigobius during the
Miocene.

Concluding remarks

The present study is the first part of a project on the fossil
gobioid fishes from the lower Volhynian (lower Sarmatian
s.l.) strata exposed at Karpov Yar, Naslavcea, northern Mol-
dova, which formed part of the western region of the Eastern
Paratethys at that time. We focused exclusively on those fos-
sil specimens that resembled the extant genus Lesueurigo-
bius Whitley, 1950 in possessing a longish or lanceolate
caudal fin and large numbers of soft rays in the D2 and anal
fin. In most of these specimens, the otoliths were preserved
in situ. There are several additional gobiid species from Kar-
pov Yar which are unrelated to the specimens studied here;
they will be documented in subsequent reports. Here, four
new genera comprising six species, of which five are new,
are described. As all species share a unique combination of
characters, they are interpreted as a monophyletic group.
Their skeleton data imply a close relationship with Lesu-
eurigobius, but the otoliths preserved in situ do not support
such a classification. A number of six species of Lesueurigo-
bius look-alikes from a single site seems surprisingly high at
first sight. However, the fossil record of otoliths attributed
to Lesueurigobius by previous authors also suggests that the
true Lesueurigobius may have been much more diverse in
the Miocene than is currently recognized.

Among the new fossil species described in this study,
only tSarmatigobius iugosus comb. nov. has previously

been reported, based on three isolated otoliths from marine
and lagoonal deposits of the Badenian and upper Bade-
nian—lower Sarmatian of the Central Paratethys (Schwar-
zhans et al. 2020b, as THesperichthys iugosus). The pres-
ence of a gobiid species in the lower Volhynian of northern
Moldova that was previously known only from the Central
Paratethys could argue in favour of a marine or euryhaline
gateway between the Central and Eastern Paratethys, as pro-
posed by Popov et al. (2004). However, the sparse finds of
TS. iugosus otoliths in the marine Badenian, which is gener-
ally rich in gobiid otoliths, imply that it was a rare species.
Hence, it could be argued that §S. iugosus has not previ-
ously been found in the time-equivalent (Konkian) otolith
assemblages of the Eastern Paratethys (see Bratishko et al.
2015) because it was rare; thus we cannot be sure that it was
restricted to the Central Paratethys.

The discovery of four new gobiid genera that most likely
formed a monophyletic group in the lower Volhynian of
northern Moldova indicates that the overall character of
European gobiid diversity about 12 Ma was clearly differ-
ent from that seen today. On the basis of the best-fit approach
sensu Penk et al. (2019), the new fossils were classified as
a possible stem lineage of the European Aphia lineage,
which is represented today by A. minuta and five species
of Lesueurigobius. Given the long stratigraphic range of
Lesueurigobius, for which otoliths are known from as far
back as the late Oligocene, the presence of a stem lineage
of its clade (the Aphia lineage) is not unexpected. It also
implies that the phenotype of Lesueurigobius, and its ‘look-
alikes’, was successful over the long evolutionary history of
the Gobiidae, although few of the extant gobiid species have
retained the large numbers of rays in the D2 and anal fin that
are—together with other traits—characteristic for the group.

Appendix Table: Morphological characters of Lesueurigobius friesii (Malm, 1874)

and Lesueurigobius sanzi (de Buen, 1918)

L. friesii (7 specimens, NMP6V L. sanzi (2 specimens, ZSM
035529_1, _4)

146223-146225, 146227—
146230)

Combined

SL (mm) 44.8-50.3; up to 100M!
Morphometry in % of SL (see Suppl. Data 2 for raw measurements)
Head length 21.8-24.2 (22.9+0.7)

11.1-12.6 (11.9+0.6)
32.2-34.2 (33.5+£0.7)
51.1-53.3 (52.5+0.8)
11.7-14.2 (12.8 +£1.0)

Lower jaw
Predorsal distance to D1
Predorsal distance to D2

Distance end of D2 to first
procurrent caudal ray
Prenanal distance 56.9-59.9 {57.7+0.8)

Caudal peduncle length 18-20.1 (19.0+0.8)

22.9-25.5 (24.2+1.8)BY

61.2-64.1; at least 95M

21.8-25.5 (23.2«1.1)

26-289, in juv. 30°!
13.1-13.6 (13.3+0.3)
31.7-33.8 (32.7+1.5)
53.5-54.6 (54.0+0.8)
9.0-10.6 9.8+ 1.1)

57.4-58.2 (57.8+0.5)
13.4-14.2 (13.8 +0.6)

11.1-13.6 (12.2+0.8)
31.7-34.2 (33.3+0.9)
51.1-54.6 (52.8+ 1.0)
9.0-14.2 (12.1+ 1.6)

56.9-59.0 (57.7+0.7)
13.4-20.1 (17.9+2.4)
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L. friesii (7 specimens, NMP6V
146223-146225, 146227
146230)

L. sanzi (2 specimens, ZSM

035529_1, _4)

Combined

Minimum caudal peduncle
depth

BD at origin of D1
BD at origin of A
D1 base

D2 base

Distance between insertion of
D1-spine VI and begin of D2

Distance between insertion of
D1-spines V and VI

Distance between insertion of
D1-spines IV and V

Ratio of distance D1-spines V-
VI/IV-V

D2 spine length

A base

A spine length

A spine length in % of next ray
Caudal fin length

Pectoral fin length

Pelvic fin length

Pelvic fin spine length

Pelvic fin spine length (% of
next ray)

Abd. vertebral column length
Caudal vertebral column length

Abd. vertebral column in % of
caudal vertebral column

7.7-8.9 (8.4+0.4)

17.1-20.0 (18.3+1.1)
14.2-16.1 (15.3+0.7)
10.9-12.6 (11.6+0.6)
29.0-32.3 (30.7+1.1)
6.7-8.6 (7.6 £0.8)

3.4-4.2 (3.8+0.3)
2.1-2.4 (22+0.1)
1.6-1.9 (1.7+0.1)

8.3-9.3 (8.8+0.5)
23.7-24.3 (24.0+0.3)
4.2-6.0 (5.0+0.9)

68.0-80.0 (74.7+6.1)
25.8-30.3 (27.1+2.1)
16.2-20.5 (18.9+ 1.8)
18.3-21.6 (19.6+ 1.3)
5.0-5.5 (5.2+0.2)

83.0-92.6 (89.3+5.5)

28.6-29.5 (29.0+0.4)
47.4-49.2 (48.5+0.7)
58.4-61.9 (59.9+1.3)

Meristics (see Suppl. Data 2 for individual data)

Vertebrae (abd. + caudal)
D1 spines
D1 pterygiophore formula

D2 elements
A elements

AP

Caudal fin rays, segmented
(dorsal/ventral)

Caudal procurrent rays (dorsal/
ventral)

Pectoral fin rays
Pelvic fin elements

Other fin related characters (see Suppl. Data 2 for individual data)

D2 spine shape

A spine shape

Insertion of A in relation to D2
origin

last D2 rays reach procurrent
rays

27 (10+17)
VI
3-22110

114, I with filament
114-168"

113, 112-15Ma Mi
113-158¢

2

15 (8/7)

8-9/8-9

18_19(Bu, Ma, Mi)
L5

slightly curved or curved
straight or curved
1.5-2 vertebrae behind

variable, mostly yes

9.2-9.8 (9.5+0.4)

22.2-23.4 (22.8+0.8)
19.8-20.0 (19.9+0.1)
12.9 (12.9+0)
31.2-31.7 (31.5+04)
7.8-9.0 (8.4+0.9)

4.7-4.9 (4.8+0.2)

2.0-2.5(22+0.3)

2.0-2.3(2.2+0.2)

8.5-9.2 (8.9+0.5)
28.7-29.4 (29.1+0.5)

5.2 (single measurement)

23.5-27.1 (25.3+2.6)
18.8-20.9 (19.8+1.5)
22.2-22.8 (22.5+0.4)

27.1-28.1 (27.6+0.7)
48.9-49.5(49.2+0.4)
55.5-56.8 (56.2+0.9)

27 (10+17)
VI+long filaments
3-22110
115-16®Y

116, 116—17 Ma Mi
116-18B¢

2
16 (8/8)

9-11/7-10
22(Bu, Ma, Mi)

L5

very slightly curved
curved
1.5 vertebrae behind

yes

7.7-9.8 (8.6+0.6)

17.1-23.4 (19.3+2.2)
14.2-20.0 (16.3+2.1)
10.9-12.9 (11.9+0.8)
29.0-32.3 (30.9+1.0)
6.7-9.0 (7.8+0.8)

3.4-4.9 (4.0+0.5)
2.0-2.5(2.2+0.2)
1.6-2.3 (1.8+0.2)

8.3-9.3 (8.8+0.4)
23.7-29.4 (25.3+2.4)
4.2-6.0 (5.0+0.7)

as for L. friesii
23.5-30.3 (26.5+2.2)
16.2-20.9 (19.2+1.7)
18.3-22.8 (20.3+1.7)
as for L. friesii

as for L. friesii

27.1-29.5 (28.7+0.8)
47.4-49.5 (48.7+0.7)
55.5-61.9 (§9.0+2.0)

27 (10+17)
VI

3-22110

14-16 (14.3+0.7)

13-16 (13.8+1.4)

2
15-16 (8/7-8)

8-11/7-9

18-22 (19.1+1.3)
L5

slightly curved or curved
straight or curved
1.5-2 vertebrae behind

variable, mostly yes
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L. friesii (7 specimens, NMP6V L. sanzi (2 specimens, ZSM Combined
146223-146225, 146227 035529_1, _4)
146230)
last A rays reach procurrent no yes no or yes
rays
Caudal fin shape lanceolate lanceolate lanceolate
Squamation
Flank scales ctenoid ctenoid ctenoid
Scales in longitudinal row 28-29Bu. Mi 25-268u M 25-28
Predorsal scales present™® Mi present™ present

Values indicate ranges; mean values + standard deviation are given in
brackets; morphometric values refer to % of standard lengths. Super-
scripts indicate the literature source, superscripts in brackets refer to
literature data consistent with our new data (Bu, de Buen 1931; Mi,
Miller 1986; Ma, Maul 1971; Ol, Olivar 1989). Other abbreviations:
A, anal fin; abd., abdominal; AP, number of pterygiophores of anal
fin inserting before the first caudal vertebra; BD, body depth; D1, first
dorsal fin; D2, second dorsal fin; juv., juveniles; -, could not be deter-
mined. For individual measurements and counts of the specimens, see
Supplementary Data 2.

Supplementary information

Supplementary Data1 Raw data of measurements (mm) of
the new gobiid fossils from Karpov Yar, Naslavcea, northern
Moldova.

Supplementary Data 2 Individual measurements (in mm)
and counts of the studied specimens of Lesueurigobius
friesii (Malm, 1874) and Lesueurigobius sanzi (de Buen,
1918).

Supplementary data 3 {Katyagobius sp. from Karpov Yar,
Naslavcea, northern Moldova.
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