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Abstract

The Middle Miocene (upper Serravallian, Sarmatian sensu latu, Volhynian) deposits at Karpov Yar near Naslavcea, northern
Moldova, yield exceptionally preserved fish fossils, often with otoliths in situ. This study, the third in our series on goby
fossils from Karpov Yar, describes four new dwarf goby species (standard lengths 16-34 mm), including two new genera:
tMoldavigobius gloriae sp. nov., TCryptograciles conicus gen. et sp. nov., TCryptograciles robustus gen. et sp. nov., and
tAlienagobius pygmaeus gen. et sp. nov. A fifth species is left in open nomenclature as TMoldavigobius sp. The new genera
share 27 vertebrae (10 abdominal), a D1 with six spines, a D2 with a spine and 9-11 rays, and ctenoid flank scales. Differ-
ences include the D1-pterygiophore formula, pelvic- and anal fin ray counts, scale number, and otolith morphology. The
phylogenetic analyses suggest that TMoldavigobius spp. could be part of the Aphia lineage (Gobiidae), T Cryptograciles gen.
nov. may belong to the Pomatoschistus lineage (Oxudercidae), and tAlienagobius gen. nov. possibly represents a stem mem-
ber of the Stenogobius lineage, although this is surprising given the tropical biogeography of this lineage and its absence in
the fossil record. Morphological similarities across the fossil genera likely reflect adaptations to a cryptobenthic lifestyle in
a low-energy, lagoonal environment, while variations in scales and otoliths between species indicate microhabitat speciali-
zation. Our findings suggest Karpov Yar was an ecologically dynamic site, providing various microhabitats that allowed for
the coexistence of multiple cryptobenthic goby species.
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Introduction

The present study continues our research on well-preserved,
articulated skeletons of gobioid fishes (gobies in the follow-
ing) from the Middle Miocene sediments at the Karpov Yar
ravine, in the vicinity of the township Naslavcea, northern
Moldova. The age of the sediments is upper Serravallian (ca.
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12 Ma) and corresponds to the Sarmatian sensu lato stage
and the Volhynian substage, respectively (Reichenbacher
and Bannikov 2022, 2023). The Karpov Yar locality, situated
in the western sector of the Eastern Paratethys, has long been
known for its well-preserved and diverse marine fish fauna
and terrestrial flora (Reichenbacher and Bannikov 2022 and
references therein). Moreover, it has revealed a surprisingly
high diversity of gobies, including several new genera and
species. A notable feature of the fish fossils from Karpov
Yar is their well-preserved articulated skeletons, often with
otoliths preserved in situ.

This study is the third part of our description of the goby
assemblage from Karpov Yar. In the first part, we described
four new genera and six species that resembled the pre-
sent-day genus Lesueurigobius (so-called ‘Lesueurigobius
look-alikes’) and interpreted them as stem members of the
Aphia lineage (sensu Agorreta et al. 2013) of the European
Gobiidae. The species included {Katyagobius prikryli
Reichenbacher & Bannikov, 2022, {Pseudolesueurigo-
bius manfredi Reichenbacher & Bannikov, 2022, tSarma-
tigobius compactus Reichenbacher & Bannikov, 2022, §S.
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iugosus (Schwarzhans, Brzobohaty & Radwariska, 2020),
tYarigobius decoratus Reichenbacher & Bannikov, 2022,
and 1Y. naslavcensis Reichenbacher & Bannikov, 2022. In
the second part, we have introduced a further new genus
and species, TMoldavigobius helenae Reichenbacher &
Bannikov, 2023, characterized by a small body size, large
ctenoid scales, and nearly square otoliths (sagittae), which
we considered as a possible member of the extant Aphia
lineage (sensu Agorreta et al. 2013) within the European
Gobiidae. The fourth and final part of our study on the goby
assemblage from Karpov Yar will focus on fossils represent-
ing extinct species of the modern Ponto-Caspian goby group.

The aim of the present third part of our project is to
describe four additional new goby species from Karpov Yar,
all of remarkably small size. Among these, one represents
another species of fMoldavigobius, while the other three
belong to new extinct genera: TCryptograciles gen. nov.,
represented by two new species, and fAlienagobius gen.
nov., with one new species. We employ both comparative
morphology and Bayesian inference phylogenetic analyses
to explore their possible relationships and provide a brief
account of their palaecoenvironmental information.

Geological setting

At the Karpov Yar locality, diatomites and marls with several
thin layers containing numerous well-preserved fish fossils
(mass-mortality fish layers) are exposed. These fossiliferous
strata overlie clays with abundant terrestrial plant remains,
which in turn unconformably lie on Upper Cretaceous con-
glomerates and cherts (Ionko 1954; Yakubovskaya 1955).
Above the fossiliferous diatomites and marls, marine sedi-
ments containing molluscs indicative of a Volhynian age are
present (Rosca 2008). For additional details of the geological
profile and previously described fossils (fishes, molluscs),
see Reichenbacher and Bannikov (2022).

Materials and methods
Fossil material

The studied material consists of 12 articulated skeletons that
all have otoliths in situ except for PIN 5274/58. Four speci-
mens (PIN 5274/46a-b, PIN 5274/58a-b, PIN 5274/67a-b,
PIN 5274/68a-b) are represented based on both part (head
to the right, indicated with “a”) and counterpart (head to
the left, indicated with “b”). Note that for specimens PIN
1306/85b, PIN 5274/27a, and PIN 5274/27b, each preserved
on a single plate, the suffixes “a” and “b” are used to distin-
guish different specimens on the same slab. The skeleton-
based material is deposited in the Borissiak Paleontological
Institute of the Russian Academy of Sciences in Moscow,
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under the inventory numbers PIN 1306/85b, PIN 5274/27a,
PIN 5274/27b, PIN 5274/34, PIN 5274/43, PIN 5274/46a-b,
PIN 5274/47, PIN 5274/51, PIN 5274/58a-b, PIN 5274/67a-
b, PIN 5274/68a-b, and PIN 5274/70. The otoliths extracted
from some specimens are kept in the Bavarian State Col-
lection for Palaeontology and Geology (SNSB-BSPG) in
Munich, Germany, under the inventory number SNSB-
BSPG 2021 XI.

Comparative material

Morphometric data for 14 extant gobies (10 marine species
of Gobius, family Gobiidae; three marine and one fresh-
water species of Pomatoschistus, family Oxudercidae) were
compiled from the supplementary material provided by Gut
et al. (2020). This dataset served as an actualistic compara-
tive basis for assessing morphometric variation within and
between species, in order to estimate the degree of differ-
ence that can be expected within a species and, conversely,
to identify morphometric differences that may indicate the
presence of two distinct species. Details of the species and
morphometric variables are presented in Table 1, while the
raw measurement data can be found in Supplementary Data
1.

Morphological study of the fossil specimens

Imaging. The fossil skeletons and otoliths were examined
and photographed under a Leica M 165 FC stereomicroscope
equipped with a digital camera (Leica DC 200). Otoliths
preserved in situ that were solid enough to allow cautious
extraction were carefully removed and are stored separately
(PIN 5274/27a, right sagitta, lapillus; PIN 5274/27b, right
sagitta; PIN 5274/43, left sagitta, lapillus; PIN 5274/46a-b,
both sagittae; PIN 5274/47, left sagitta; PIN 5274/51, left
sagitta; PIN 5274/67a, left sagitta). Among the extracted
otoliths of very small size, the sagitta of specimen PIN
5274/51, the sagitta and associated lapillus of specimen
PIN 5274/43, and the lapillus of specimen PIN 5274/27a
were imaged using a HITACHI SU 5000 Schottky FE-SEM
at the Department of Earth and Environmental Sciences,
LMU Munich. In addition, the sagitta preserved in situ in
specimen PIN 1306/85b and the lapillus preserved in situ
in specimen 5274/67b were SEM imaged using a TESCAN
VEGA 1I at the Borissiak Paleontological Institute of the
Russian Academy of Sciences, Moscow, Russia.

Measurements and interpretation. Morphometric meas-
urements were performed based on photographs of the fossil
skeletons. The measurements followed Gut et al. (2020) and
Reichenbacher and Bannikov (2022, 2023) and included the
following distances: head length (from the tip of the snout
to the basioccipital), eye length, lower jaw length, body
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Table 1 Variation of morphometric variables (minimum and maximum values in % of standard length) between and within extant goby spe-
cies; variables that varied by at least 5% SL within a species are highlighted by bolditalics

Species, locality (number of individuals), standard length (SL) in mm SN/D1 SN/D2 SN/A D2C CPL BDl1 D2b Ab

Gobius auratus Risso, 1810, Selce (9), SL 26.1-41.6 Min 34.8 524 577 124 184 169 259 199
Max 38.2 56.2 59.8 146 213 18.1 294 247
Diff 3.4 3.9 2.1 23 29 12 36 4.7
Gobius bucchichi Steindachner, 1870, Selce (9), SL 44.4-67.3 Min 29.4 49.5 54.1 107 16.6 139 309 228
Max 33.6 52.9 57.5 131 199 17.1 33.8 26.7
Diff 4.2 34 34 23 33 33 29 4.0
Gobius cobitis Pallas, 1814, Montenegro (10), SL 33.4-80.0 Min 33.8 52.8 58.6 11.3 19.2 148 26.6 184
Max 36.9 55.7 609 153 22.0 18.1 29.6 20.8
Diff 3.1 2.9 24 40 28 33 3.0 24
Gobius couchi Miller & El-Tawil, 1974, Krk (4), SL 32.9-44.3 Min 31.7 50.9 555 120 192 16.5 29.7 22.1
Max 33.2 54.1 58.6 146 22.6 21.0 31.0 233
Diff 1.5 3.2 31 26 34 46 13 13
Gobius geniporus Valenciennes in Cuvier & Valenciennes, 1837, Selce (6), SL Min 33.0 53.2 572 100 16.1 142 28.2 22.1

63.6-129.7 Max 366 552 612 132 18.1 164 314 253
Diff 3.6 2.0 41 32 21 22 32 32
Gobius incognitus Kovadié¢ & Sanda, 2016, Peljesac (9), SL 44.0-79.0 Min 29.6 492 524 10.1 169 156 29.5 234

Max 33.8 52.2 584 143 214 19.7 33.8 282
Diff 4.2 3.0 6.1 41 45 41 43 48
Gobius niger Linnaeus, 1758, Pilsey Island (7), SL 40.7-59.5 Min 33.1 52.6 562 129 18.8 157 264 19.6
Max 35.6 56.2 594 139 213 18.8 284 234
Diff 2.5 3.6 33 1.0 25 3.0 20 37
Gobius paganellus Linnaeus, 1758, Faro (10), SL 46.8-69.2 Min 32.1 524 55.6 103 19.2 195 28.6 20.0
Max 35.4 55.2 59.4 135 223 21.6 323 240
Diff 3.2 2.8 3.8 32 31 22 37 40
Gobius roulei de Buen, 1928, Selce (4), SL 52.0-56.2 Min 33.2 51.2 56.7 12.6 18.6 143 28.7 215
Max 36.6 55.8 59.9 13,6 19.6 169 31.8 246
Diff 3.4 4.6 31 1.0 10 26 32 31
Gobius vittatus Vinciguerra, 1883, Selce (9), SL 17.3-43.2 Min 31.9 51.7 56.7 157 20.0 165 243 174
Max 36.6 56.3 604 194 243 214 273 222
Diff 4.7 4.6 3.7 37 43 50 3.0 48
Pomatoschistus knerii (Steindachner, 1861), Krk (10), SL 21.6-27.0 Min 35.6 54.9 557 21.1 234 133 157 150
Max 38.6 57.7 584 241 27.6 165 19.5 203
Diff 3.0 2.8 2.7 30 42 32 37 54
Pomatoschistus marmoratus (Risso, 1810), Selce (7), SL 24.8-37.1 Min 36.2 56.4 56.6 18.8 228 14.8 162 14.3
Max 39.9 59.6 624 215 275 185 199 183
Diff 3.7 3.2 57 28 47 37 37 40
Ninnigobius montenegrensis (Miller & §anda, 2008), Skadar Lake (10), SL Min 38.6 56.2 587 214 257 157 12.6 10.0

17.1-23.7 Max 41.0 592 618 269 306 194 17.5 13.6
Diff 2.4 30 32 55 49 37 49 35
Pomatoschistus quagga (Heckel, 1837), Krk (10), SL 26.3-29.9 Min 329 533 535 228 276 113 158 134

Max 35.3 55.7 574 263 306 134 184 169
Diff 2.4 24 4.0 35 30 20 26 35

Data compiled from Gut et al. (2020). Individual measurements of each specimen are provided in the Supplementary Data 1. For collection
numbers of species and geographic coordinates of sites see Gut et al. (2020)

Ab anal-fin base, BDI body depth at insertion of D1, CPL caudal peduncle length, D2b second dorsal-fin base, D2C distance between the end of
D2 and the first procurrent caudal-fin ray, SN/A prenanal distance, SN/D1 predorsal distance to D1, SN/D2 predorsal distance to D2

@ Springer



288

B. Reichenbacher, A. F. Bannikov

proportions, fin sizes, fin base lengths, distance between
D1-spines, and length of the spine in the D2, anal fin, and
pelvic fin. Additionally, scale height was measured as the
maximum vertical size of the scale. All measurements were
recorded to the nearest 0.1 mm using ImageJ (Schneider
et al. 2012) and were normalized using either the standard
length (SL) or head length (HL) of the fossil as reference.

Because of the limited number of specimens available
for each species and the incomplete preservation of some,
statistical tests to evaluate the significance of morphologi-
cal differences between species or genera could not be
performed. Instead, for taxonomic purposes, we consid-
ered only those body morphometric variables that differed
by at least 5% of SL between two taxa as diagnostic of
the species or genus. This 5% threshold is based on the
observed intraspecific morphometric variation in the com-
parative dataset (Table 1). When ranges are provided, the
5% threshold applies to the difference between the ranges,
specifically the maximum value of a variable in one taxon
and the minimum value in the other taxon (or vice versa).
For example, caudal peduncle length would be considered
different if its range were 15-17% SL in one taxon and
22-25% SL in the other, but not if the range in the second
taxon were 21-25%.

Meristic and osteological characters. When preservation
quality allowed, counts were conducted for the abdominal
vertebrae, caudal vertebrae (including the terminal centrum),
fin rays (with every discernible ray counted), and scales in
the longitudinal row. If recognizable, the pterygiophore for-
mula of the first dorsal fin (D1) was determined following
Birdsong et al. (1988). In specimen PIN 1306/85b, a direct
count of scales in the longitudinal row was not possible due
to preservation issues. Instead, the horizontal length of two
overlapping scales was measured, and the total scale number
was estimated based on the standard length of the specimen.
Standard terminology for osteological characters followed
Reichenbacher and Bannikov (2022, 2023) with topographi-
cal terms referring to the natural anatomical location of the
described structures.

Otoliths, otolith morphometry, and statistical analysis.
The terminology for sagitta and lapillus followed the defi-
nitions provided by Reichenbacher and Bannikov (2022,
2023). Sagitta measurements included the sulcus inclina-
tion angle (SuA) and seven linear dimensions: maximum
otolith length (OL), maximum otolith height (OH), collicu-
lum length (CoL), horizontal sulcus length (SuL), vertical
sulcus height (SuH), vertical distance from the sulcus tip to
the ventral otolith margin (SuTipV), and vertical distance
from the sulcus end to the ventral otolith margin (SuEndV).

The linear measurements were standardised by express-
ing them as percentages of either OL, OH, or SuEndV as
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reference values. For LH (length-to-height ratio), the ratio
of OL to OH was calculated. Accordingly, the following
nine otolith variables were obtained: LH, CoL (%OL), SuL.
(%OL), SuL (%0OH), SuH (%OL), SuH (%OH), SuTipV
(%SuEndV), SuTipV (%OH), and SuEndV (%OH). The SuA
measurement was treated as a separate variable and used as
well (for details see Reichenbacher et al. 2023).

The ten variables were subjected to descriptive statisti-
cal analysis using the PAST software (version 4.03; Ham-
mer et al. 2001) to quantitatively assess otolith differences
between genera and species. The Shapiro—Wilk test was
applied to evaluate the normality of each variable’s distri-
bution (p > 0.05 indicating normal distribution). Since most
variables had a normal distribution, a one-way ANOVA with
post-hoc tests was performed to assess differences in otolith
variables across multiple groups with differences considered
significant at p < 0.05. Tukey’s post-hoc test was applied
when Levene’s test indicated homogeneity of variance (p >
0.05). If variances were heterogeneous (Levene’s test, p <
0.05), the Mann—Whitney post-hoc test with Bonferroni-
corrected p-values was used. For comparison between two
groups, a T-test (with and without Monte Carlo permutation)
was conducted for normally distributed variables to detect
significant differences (p < 0.05). For non-normally distrib-
uted data, the Mann—Whitney test was employed (p < 0.05).

Phylogenetic analysis

A total-evidence matrix suitable for the phylogenetic analy-
sis of gobioid fossils has recently been made available by
Gierl et al. (2022) and Dirnberger et al. (2024). The latest
version of this matrix (Dirnberger et al. 2024) includes mor-
phological and molecular data for 48 extant gobioid species,
representing each family, as well as data for Sphaeramia
nematoptera Bleeker, 1856 (Apogonidae), which was used
as the outgroup. To this dataset we added the morphologi-
cal characters of TMoldavigobius and the two new genera
described here, and examined their phylogenetic placement
using Bayesian inference, implemented in MrBayes 3.2.7a
(Ronquist et al. 2012) via the CIPRES Science Gateway
version 3.3 (Miller et al. 2010). Parameter settings, model
selection, and assessment of convergence for the Bayesian
inference were performed following Dirnberger et al. (2024).
The phylogenetic results were summarized in a 50% major-
ity-rule consensus tree with posterior probabilities (PP) and
were rooted and visualized using FigTree 1.4.4 (Rambaut
2018). The input files of the Bayesian analyses are publicly
available on Figshare:
https://figshare.com/account/home#/projects/244994
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Abbreviations used in the text

For skeletons. BD1, body depth at insertion of D1; BD2,
body depth at insertion of anal fin; D1, first dorsal fin; D2,
second dorsal fin; D2 C, distance between the end of D2 and
the first procurrent caudal-fin ray; HY, hypural; PU, preural
vertebra; SL, standard length. Further abbreviations are
explained in the captions of the figures and tables. A dagger
(1) precedes the name of an extinct genus or species.

For otoliths. CoL, colliculum length; LH, ratio OL-OH;
OH, maximum otolith height; OL, maximum otolith length;
SuA, sulcus inclination angle; SuH, vertical sulcus height;
SuL, horizontal sulcus length; SuEndV, vertical distance
from the end of the sulcus to the ventral otolith margin;
SuTipV, vertical distance from the tip of the sulcus to the
ventral otolith margin.

Institutional abbreviations. PIN, Borissiak Paleontologi-
cal Institute of the Russian Academy of Sciences, Moscow,
Russia; SNSB-BSPG, Bavarian State Collection for Palae-
ontology and Geology, Munich, Germany.

Systematic palaeontology

The systematic classification and higher clade definitions
follow Near and Thacker (2024). The distinction between
the families Gobiidae and Oxudercidae is based on Nelson
et al. (2016).

Order Gobiiformes Bleeker, 1859
Suborder Gobioidei Bleeker, 1849
Family Gobiidae Cuvier, 1816 sensu Nelson et al. (2016)

Genus tMoldavigobius Reichenbacher & Bannikov, 2023

Type species. TMoldavigobius helenae Reichenbacher &
Bannikov, 2023

tMoldavigobius gloriae sp. nov.
Figures 1a, 2a, 3

Type material. Holotype, PIN 5274/46a-b, 33.5 mm SL; part
(well-preserved) and counterpart (head incomplete, skeleton
complete) in lateral view (Fig. 1a, Supplementary Data 2),
with left sagitta in situ in the part and right sagitta in the
counterpart.

Type locality and age. Karpov Yar ravine, Naslavcea, north-
ern Moldova; upper Serravallian, lower Sarmatian sensu lato
(Volhynian).

Referred material. None.

Etymology. The species epithet honours Prof. Dr. Gloria
Arratia (University of Kansas, Lawrence, Kansas, USA) for
her outstanding contributions to the morphology, osteology,
and systematics of both fossil and extant teleost fishes, as
well as for her long-term mentorship of the first author’s
academic career.

LSID ZooBank. This new species is registered under https://
zoobank.org/NomenclaturalActs/914C2C75-3BD6-491 A-
9E8F-7589547F927C.

Generic classification. The new species is assigned to the
genus tTMoldavigobius based on its shared traits with M.
helenae, the type species of the genus. These shared charac-
teristics include the main features of the squamation, such as
the presence of large, aliform-shaped flank scales, fewer than
30 scales in the longitudinal row, and squarish-to-slightly
rectangular sagittae with a narrow sulcus (i.e., a relatively
small sulcus height). Additional shared traits include a pre-
maxilla with a distinct postmaxillary process, 10 abdominal
and 17 caudal vertebrae, fin formulae for D2 and the anal
fin (I, 11 each), the insertion of the anal fin one vertebra
behind the origin of D2, an abdominal part of the vertebral
column that comprises approximately 66% of the total length
of the caudal part, and several other morphometric traits (for
details see Table 2 and Supplementary Data 3).

Diagnosis. TMoldavigobius gloriae sp. nov. is a small, slen-
der, cylindrical goby with a standard length (SL) of 33.5
mm. The general osteology, morphometry, and meristic
traits align with those of the genus, except for specific char-
acters that distinguish it from {M. helenae. These differences
include a relatively longer lower jaw (47% HL vs. 34-36%
HL), a slenderer body (BD1 12.5% SL vs. 17.2-21.0% SL,;
BD2 12.8% SL vs. 20.7-22.2% SL), the insertion of the
D2 and anal fin being one vertebra more posterior, flank
scales with more numerous radii (14 vs. 8), and sagittae
with well-rounded predorsal and posterodorsal curvatures
(vs. slightly angular), absence of a subcaudal iugum, and a
slightly greater L/H index (for details see Table 2).

The only other nominal species of TMoldavigobius is
the otolith-based tM. suavis (Schwarzhans, 2014, as Knip-
owitschia). The otoliths of TM. gloriae sp. nov. differ from
those of TM. suavis by having a flat, rounded predorsal cur-
vature (vs. slightly bulging), the presence of a preventral
protrusion (vs. absent), a slightly greater L/H index, a sig-
nificantly longer SuL (%OH), and absence of a subcaudal
iugum (see Supplementary Data 4-part 2 for statistical tests
of otolith variables between the species of TMoldavigobius).

@ Springer



290

B. Reichenbacher, A. F. Bannikov

Fig. 1 Holotypes of the four new dwarf goby species from the Vol-
hynian of Karpov Yar, near Naslavcea, northern Moldova. a fMol-
davigobius gloriae sp. nov. with left sagitta preserved in situ (PIN
5274/46a). b tCryptograciles conicus gen. et sp. nov. with both sagit-
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tae preserved in situ (PIN 5274/70). ¢ 1C. robustus gen. et sp. nov.
with both sagittae preserved in situ (PIN 5274/34). d tAlienagobius
pygmaeus gen. et sp. nov. with right sagitta preserved in situ (PIN
5274/68b). Scale bars 5.0 mm
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Remarks. The otoliths of M. gloriae sp. nov. show some
similarities to the otolith-based species {Knipowitschia
polonica Schwarzhans, Brzobohaty & Radwarska, 2020,
from the lower Langhian (lower Badenian) of Poland,
particularly in overall otolith shape and the presence of a
slightly protruding preventral projection (Supplementary
Data 5). However, they differ from those of K. polonica
in having a larger sulcus, as shown by significantly greater
values in the otolith variables CoL (%OL), SuH (%OH), SuLL
(%OL) and SuL. (%OH) (Supplementary Data 5).

Fossil skeletal material of Knipowitschia is currently
unknown, but details of the skeleton and squamation in
extant species of Knipowitschia are provided in Miller
(2004). Among other distinctions, Knipowitschia species
have a total of 30-34 vertebrae (vs. 27 in TM. gloriae) and
lack scales on the nape and back up to origin of D2 (vs.
present in TM. gloriae). These differences confirm that 7M.
gloriae cannot be assigned to the genus Knipowitschia.

Otoliths of {Protobenthophilus strashimirovi Schwar-
zhans, Bradi¢ & Bratishko, 2017, which may also be con-
sidered as similar to the new species, differ from tM. gloriae
sp. nov. both in the overall outline and sulcus morphology.
According to the original description (see Schwarzhans
et al. 2017), their outline is characterized by a short pos-
terodorsal projection (vs. no posterodorsal projection in
tM. gloriae sp. nov.), a posterior margin with a distinct
concavity in the middle (vs. weak concavity), and a predor-
sal curvature which is below the level of the posterodorsal
curvature (vs. at same level). The sulcus of this species is
positioned slightly supramedian (vs. median in tM. gloriae
sp. nov.), ostium and cauda are poorly distinguished (vs. well
distinguished), and a crista inferior is absent (vs. present).
Additionally, the skeleton of tProtobenthophilus squamatus
Schwarzhans, Ahnelt, Carnevale & JapundZié, 2017 reveals
distinctive differences when compared with tM. gloriae sp.
nov. including presence of five D1-spines and eight D2-rays
(vs. six D1-spines and 11 D2-rays in TM. gloriae sp. nov.),
a naked predorsal region (vs. covered with scales), and a
massive head (vs. slender head) with a head length of 32%
SL (vs. 23.6% SL).

General description. TMoldavigobius gloriae sp. nov. is a
relatively small, slender goby (SL 33.5 mm) with a mod-
erately large head (HL 24% SL), almost cylindrical body
outline, and low body depths at origin of D1 (12.5% SL) and
anal fin (12.8% SL) (Fig. 1a, Table 2, Supplementary Data
2). Base of D2 slightly longer than D2C (22% SL and 18.8%
SL, respectively); caudal peduncle only slightly tapered.
Number of vertebrae 27 (10 + 17); D1 with six spines, last
spine distant from preceding one (distance is 4.5% SL);
D1-pterygiophore formula probably 3-22110; D2 and anal
fin each with a spine and 11 segmented rays. Pectoral girdle
has well developed, roughly hourglass-shaped radial bones

with relatively big interspaces; pectoral fins not preserved.
Pelvic fins close together, each with a spine and probably
five rays. Caudal fin seems to be slightly fan-shaped (entire
length not preserved), with 17 segmented rays (nine rays in
the upper lobe). Squamation on the middle and posterior
portions of body dense, anterior body portion (beneath the
D1) less densely scaled (Fig. 1a). Scales ctenoid, relatively
large, of aliform shape; estimated number of scales in lon-
gitudinal row <30. Sagittae of rounded-rectangular shape,
slightly longer than high (LH 1.02 and 1.08), without pos-
terodorsal projection (Fig. 2a).

Neurocranium. The neurocranium is preserved in lateral
view. The frontal bones are not well preserved but seem to
be long and narrow above the orbit and widened posteriorly.
The parasphenoid is straight and relatively narrow; details of
the vomer are not visible. The ethmoid bones of the neuro-
cranium are fragmented, no details are recognisable. Head
scales seem to be absent.

Jaws. The mouth gape is moderately wide; the lower jaw
articulation is situated just before the middle of the orbit
(Fig. 3al). The dentary is a robust bone and long (46.8%
HL) (Fig. 3al, a3); the anguloarticular is relatively short and
has a relatively deep retroarticular process. Of the maxilla,
only the articular head is preserved. Of the premaxilla, a
massive articular process and slender ascending process are
recognizable, while the postmaxillary process is fragmented
and only partially preserved (Fig. 3a3). The dentition of the
premaxilla and dentary is multiserial; both bones bear slen-
der, curved, sharp conical teeth of different sizes.

Suspensorium, opercular apparatus, and hyoid arch. The
suspensorium bones are mostly not well preserved. The sym-
plectic is a slender rod in its lower portion; the metaptery-
goid is not recognizable. The quadrate is relatively small and
triangular. It has a deep and wide indentation in its posterior
portion and a well-developed posterior process. Both the
palatine and ectopterygoid are badly damaged and no details
are recognizable. There is no endopterygoid. The opercle
is relatively large, triangular, and tapered ventrally. Further
opercular bones are not recognizable. The ceratohyal and
epihyal bones form a relatively slender hyoid bar, but the
individual bones are incompletely preserved. Most of the
branchiostegal rays are not preserved; their total complement
is unknown. The interhyal is not preserved.

Branchial arches. Faint remains of the ceratobranchials and
few gill filaments are preserved. The pharyngeal dentition

consists of slender, sharp conical teeth of different sizes.

Vertebral column. There are 27 vertebrae, of which 10 are
abdominal. The length of the abdominal part of the vertebral
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TC. cf. conicus gen. et sp. nov.
dorsal view

b

ventral view

TC. robustus gen. et sp. nov.

ventral view

1'A pygmaeus

dorsal view sulculus

ventral view
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«Fig.2 Otoliths (sagittae, lapilli) found in situ of the studied dwarf
gobies from the Volhynian of Karpov Yar, near Naslavcea, northern
Moldova. Sagittae are depicted in inner view, if not indicated other-
wise; lapilli (j2, f3, g2) are shown in ventral view, with the anterior
margin at top. al, a2 Sagitta pair of holotype, PIN 5274/46a-b. b Left
sagitta, PIN 5274/47a. cl, ¢2 Sagitta pair of holotype, PIN 5274/70.
d Left sagitta of paratype, PIN 5274/51. e Left sagitta of holotype,
PIN 5274/34. f1-£3 Sagitta pair (f1, £2) and right lapillus (f3) of
paratype, PIN 5274/27a. g1, g2 Left sagitta (gl) and right lapillus
(g2) of PIN 5274/67. h1, h2 Sagitta pair of holotype, PIN 5274/68.
i Left sagitta of paratype, PIN 1306/85b. j1, j2 Left sagitta (j1) and
right lapillus (j2) of paratype, PIN 5274/43. k Right sagitta of PIN
5274/27b. Scale bars for sagitta 0.5 mm, for lapilli 0.2 mm

column is 65.6% of the length of the caudal part. Verte-
bral centra are elongate and distinctively constricted in the
middle; the neural spines are short and relatively slender
(Fig. 3a2). Parapophyses are visible on the two posterior
abdominal vertebrae. The haemal spines are more strongly
inclined in the anterior caudal vertebrae than in the subse-
quent ones. Ribs extend from the third to the last abdominal
vertebra; they are strongly inclined and thin; the anterior five
rib pairs are relatively long, the subsequent ribs become suc-
cessively shorter. Few, very tiny epineural bones are visible
in the region of the ribs.

Pectoral girdle and fins. The posttemporal is not recogniz-
able. The supracleithrum is elongate and robust, but rela-
tively short; the cleithrum is strong, long and slightly curved
(Fig. 3al). The radial bones of the pectoral fin are relatively
large and of more or less hourglass shape (Fig. 3al). The
pectoral fins are not preserved in the holotype, only bases
of some of their rays are visible.

Pelvic girdle and fins. The pelvic fins are close together and
terminate far from the anal-fin origin (Figs. 1a, 3al). Their
length is 15.2% SL. Each fin consists of a thin, long spine
and probably five rays; the rays bifurcate after ca. 30% of
their lengths. The basipterygii are relatively slender. The
pelvic-fin base is situated under the pectoral-fin base.

Dorsal fins. The first dorsal fin comprises six slender spines;
spines I to IV are nearly equally long, spines V and VI are
increasingly shorter (Figs. 1a, 3al). D1-pterygiophore for-
mula is uncertain due to taphonomic distortion of pterygio-
phores, but seems to be 3-22110 (Fig. 3al, a2, Supplemen-
tary Data 2). The vacant interneural space is located between
the neural spines of vertebrae seven and eight.

The origin of D2 is above the junction of vertebrae 11 and
12; the fin consists of a long slender spine and 11 relatively
evenly spaced, segmented, distally branched rays (Fig. 1a).
The first D2-pterygiophore inserts into the interneural space
between the neural spines of the vertebrae eight and nine;
the following pterygiophores are strongly inclined (if not

displaced post-mortem) and the posterior ones are hardly
recognizable (Fig. 3al, Supplementary Data 2).

Anal fin. The anal fin originates below the junction of ver-
tebrae 12 and 13, i.e., one vertebra behind the D2 origin. It
comprises a relatively long spine (6.3% SL) and 11 rays that
seem to be more or less equally spaced. Most of the anal-fin
pterygiophores are not clearly recognizable.

Caudal endoskeleton and fin. The caudal fin seems to be
slightly fan-shaped (Fig. 1a), but its distal part is damaged.
There are 17 segmented caudal-fin rays, with nine rays in
the upper lobe. Five dorsal procurrent rays and three ven-
tral procurrent rays are visible. Poorly preserved small
cycloid scales cover the proximal part of the caudal-fin
rays (Fig. 3b1). The caudal skeleton has two relatively large
hypural plates (hypl +2, hyp3 +4) with a narrow gap in-
between; the upper hypural plate is fused with the termi-
nal centrum; hypural 5 is preserved as imprint and seems
to be thin and short (Fig. 3b1). The parhypural is rod-like
and adjoins both the hypaxial hypural plate and the haemal
spine of PU2 (Fig. 3b1). The epural comprises a single large
bone with a weak longitudinal ridge along its lower portion
(Fig. 3bl). The neural spine of PU2 is poorly preserved; the
haemal spine of PU2 is broad and posteriorly expanded; the
haemal spine of PU3 is somewhat thicker than that of the
preceding vertebra.

Scales. The abdominal portion of the flank is almost scale-
less, only some dispersed cycloid scales occur (Figs. 1a,
3al). The remaining body displays a squamation consist-
ing of large, thick, ctenoid flank scales of aliform shape
(Figs. 1a, 3bl, b2). The scales bear up to 14 distinct radii,
which have their origin in the posterior portion of the scale
from where they spread anteriorly across almost the entire
scale (Fig. 3b2). The predorsal region (anterior to and
beneath the D1 origin) and the base of the caudal-fin rays
are covered with round cycloid scales (Fig. 3a2, bl). Small,
rounded, cycloid belly scales are also present.

Otoliths. The holotype part (PIN 5274/46a) is preserved
with the left sagitta in situ (Fig. 1a), while the holotype
counterpart exposes the right sagitta. Both sagittae possess
a rounded-rectangular shape and are slightly longer than
high (left sagitta: LH 1.02, right sagitta: LH 1.08) (Fig. 2al,
a2). They have no posterodorsal projection. All margins are
smooth; the dorsal and ventral margins are slightly curved,
the anterior and posterior margins are slightly concave.
There is a notable left—right asymmetry in the preventral
curvature, as a preventral projection is clearly present in the
right sagitta (Fig. 2a2), but not in the left sagitta (Fig. 2al).
The sulcus is relatively narrow, moderately inclined (16°—
17°), and ‘shoe-sole’ shaped; the cauda is relatively short
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«Fig. 3 Details of TMoldavigobius gloriae sp. nov. from the Volhynian
of Karpov Yar, near Naslavcea, northern Moldova. a Holotype part
(PIN 5274/46a); al head and anterior portion of body with pectoral
girdle and partially preserved pelvic fins; a2 close-up to show predor-
sal scales and insertion of the first three D1-pterygiophores; a3 close-
up to show well-preserved articular process (art) and partially broken
postmaxillary process of the premaxilla. b Holotype counterpart (PIN
5274/46b); bl posteriormost portion of body and proximal part of
caudal-fin rays covered by small cycloid scales; b2 close-up of flank
scales with ctenii partially in situ, partially detached (indicated with
arrows). art articular process of premaxilla, ep epural, HYP hypural
plate, hs haemal spine, pelvR pelvic-fin rays, pelv'’” pelvic fin spine,
ph parhypural, postmx pr postmaxillary process of premaxilla, PU
preural vertebra, ra radials of pectoral girdle, v vertebra. Numbers
refer to ordinal numbers of D1 pterygiophores and vertebrae, respec-
tively

and posteriorly rounded. A thin, bar-shaped crista inferior
extends along the lower sulcus margin, a subcaudal iugum
is absent. The ventral line is long; its anterior end is slightly
broadened and terminates close to the ostium tip; its poste-
rior end is somewhat indistinct and located approximately
opposite to the cauda end. The lapillus is not preserved.

Moldavigobius sp.

Figure 4

Material. Specimen PIN 5274/58a-b, 34.4 mm; part with
incomplete and partly disarticulated skeleton (abdominal
vertebrae either disarticulated or not preserved, dorsal part
of both caudal peduncle and caudal fin lacking) and coun-
terpart (only head and anterior portion of body); part with
mold of sagitta preserved in situ.

Locality and age. Karpov Yar ravine, Naslavcea, northern
Moldova; upper Serravallian, lower Sarmatian sensu lato
(Volhynian).

Remark. With its slender body shape (Fig. 4al), the presence
of robust jaws with a distinct postmaxillary process of the
premaxilla and the presence of flank scales with numerous
radii (up to 15, Fig. 4a4), the specimen PIN 5274/58 resem-
bles the new species 7M. gloriae sp. nov. On the other hand,
it differs from both M. gloriae sp. nov. and TM. helenae in
the number of only seven rays in the second dorsal fin and
anal fin (vs. 11), in the insertion of the anal fin opposite
to the insertion of the second dorsal fin (vs. one vertebra
behind), and in the large size of its flank scales (scale height
5.1% of SL, vs. up to 4.2% SL). It is unclear if these differ-
ences are owing to the poor preservation of the specimen (it
is not perfectly articulated). Further potentially diagnostic
characters of specimen PIN 5274/58 are frontal bones that
are very narrow above the eyes and markedly widened in the
posterior portion (Fig. 4a2) and a triangular opercle that is
relatively slender (Fig. 4a3). Frontal bones and opercle shape
are unfortunately not well preserved in M. helenae and TM.

gloriae sp. nov., making comparison impossible. Therefore,
specimen PIN 5274/58 is left here in open nomenclature.
For details of its morphometric and meristic characters see
Supplementary Data 3.

Family Oxudercidae Giinther, 1861 sensu Nelson et al.
(2016)

Genus tCryptograciles gen. nov.
Type species. TCryptograciles conicus gen. et sp. nov.

Other species. TC. robustus gen. et sp. nov. from the same
locality.

Etymology. Crypto, from the Greek word xpv@dc (= hid-
den), and graciles, modified from the Latin adjective gracilis
(= slender). The name was selected because a hidden life
style can be inferred for this small-sized new taxon. Gender
masculine.

LSID ZooBank. This new genus is registered
under https://zoobank.org/NomenclaturalActs/
FFFE9724-7691-4992-AEBO-F8B0248BA&F]1.

Diagnosis. TCryptograciles gen. nov. is a small-sized,
moderately slender goby with a standard length (SL) up to
25.5 mm (Fig. 1b, c; Supplementary Data 3 and 6). Head
moderately large (24-29% SL), caudal peduncle relatively
long (23-25% SL), caudal fin approximately as long as head
and slightly fan-shaped. Number of vertebrae 27 (10 +17),
length of abdominal part of vertebral column about 57-65%
of that of caudal part. D1 with six spines, last spine dis-
tant from preceding one (distance is 3.4-3.5% SL); ptery-
giophore formula is probably 3—122100. D2 with spine and
about 9-11 segmented rays, anal fin with spine and about
9-10 segmented rays, caudal fin with 16—17 segmented rays.
Number of pectoral-fin rays is 12—-16; pelvic fins separate,
each with spine and five rays. Pectoral girdle with four well-
developed radial bones of rounded-rectangular shape, with
relatively big openings in-between. Dense squamation on
body; scales ctenoid, number of scales in longitudinal row
41-44.

Sagitta rounded—squarish (LH 0.89-1.02) with a
slightly crenulated ventral margin and no or short postero-
dorsal projection (Fig. 2b—g1). Sulcus ‘shoe-sole’ shaped
and relatively short, with variable inclination (7.5°-25.0°);
cauda usually narrower than ostium. Sulcus with straight
or slightly curved crista inferior and flat subcaudal iugum
(best visible in the sagittae shown in Fig. 2¢ and f). Lapil-
lus ovate with clearly defined sulculus (Fig. 2f3, g2).
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Table 2 Morphological traits of tMoldavigobius gloriae sp. nov., tM. helenae Reichenbacher & Bannikov, 2023, ¥Cryptograciles gen. nov. spp.
and fAlienagobius pygmaeus gen. et sp. nov. from the Volhynian of Karpov Yar (Naslavcea, northern Moldova)

tMoldavigobius tMoldavigobius helenae +Cryptograciles gen. nov. tAlienagobius pygmaeus gen.
gloriae sp. nov. PIN 5274/73, spp. based on TC. conicus et sp. nov.
PIN 5274/46a-b PIN 1306/68Db, gen. et sp. nov. and 1C. PIN 1306/85b, PIN 5274/27b,
PIN 1306/68a robustus gen. et sp.nov., PIN 5274/68a-b, PIN 5274/43
PIN 5274/70,
PIN 5274/51, PIN
5274/47,
PIN 5274/34, PIN
5274/27a, PIN 5274/67a-b
Standard length (SL) in mm 335 24.2-34.2 16.8-25.5 c. 16.1-20.1
Morphometric characters in % SL (Iengths eye and lower jaw in % HL)
Head length 23.6 25.8-26.9 23.9-28.7 25.4-27.4
Length eye (% HL) c.29.1 21.7-29.3 c.23.2-28.6 21.2-29.3
Length lower jaw (% HL) 46.8 33.8-35.9 41.5-46.9 41.2
SN/D1 36.4 32.1-36.2 34.6-37.6 36.6-39.0
SN/D2 55.5 49.3-58.2 53.1-55.3 54.6-55.2
D2C 18.8 13.4-18.4 19.5-21.2 14.9
SN/A 58.8 55.4-59.9 56.9-59.0 57.7
CPL 20.3 16.1-17.2 23.4-25.1 23.7-25.9
CPD 8.6 11.1-11.4 6.2-8.7 7.5-9.0
BD1 12.5 17.2-21.0 7.3-16.9 11.2-13.4
BD2 12.8 20.7-22.2 13.7-14.7 11.9-12.4
D1 base 11.6 9.3-10.5 10.2 11.3-11.9
D2 base 224 19.8-24.0 19.5-19.6 24.9
Distance insertion D1-spine VI 7.5 6.7-9.1 8.6-8.8 6.0
to begin of D2
Distance insertion D1-spine V.. 4.5 3.8-4.4 34-35 4.5-.5.0
to VI
Distance insertion D1-spine IV~ 1.8 1.7-2.3 1.6-1.9 1.7-2.0
toV
Ratio distance D1-spines V-VI 2.4 1.7-2.2 1.7-2.2 2.5-2.7
to IV-V
D2 spine length 11.0 8.2-10.3 - -
Ab 20.9 21.9 15.8-17.6 17.9—. 19.8
A spine length 6.3 4.1-6.2 - 4.7
A spine length in % of nextray 73 c. 46-60 - -
Caudal fin length - 243 23.9-27.7 23.4-26.0
Pectoral fin length - 13.6-16.1 17.4-20.0 -
Pelvic fin length 15.2 14.9-19.3 c. 14.1-16.4 159
Pelvic fin spine length 5.1 3.8 - c.5.0
Abd. vert. column length 30.7 28.9 27.0-29.9 26.1-26.9
Caudal vert. column length 46.8 43.6 44.6-48.3 46.948.7
Abd. vert. column in % of cau-  65.6 66.4 57.3-64.5 55.1
dal vert. column
Meristic and other fin-related characters
Vertebrae (abd. + caudal) 27 (10 +17) 27 (10 +17) 27 (10+17) 27 (10+17)
D1 spines VI VI VI VI
D1 pterygiophore formula Probably Probably Probably 3-12...
3-22110 3-22110 3-122100
D2 elements I 11 L 11 I,c.9,10-11 I, 10-11
A elements I 11 L 11 1,c.9,10 I,11-12
AP - 2-73 2 2

@ Springer



Diversity of gobioid fishes in the late Middle Miocene

297

Table 2 (continued)

tMoldavigobius
gloriae sp. nov.
PIN 5274/46a-b

PIN 5274/73,
PIN 1306/68b,
PIN 1306/68a

tMoldavigobius helenae

tCryptograciles gen. nov.
spp. based on {C. conicus
gen. et sp. nov. and {C.
robustus gen. et sp.nov.,
PIN 5274/70,

PIN 5274/51, PIN
5274/47,

PIN 5274/34, PIN
5274/27a, PIN 5274/67a-b

‘tAlienagobius pygmaeus gen.
et sp. nov.

PIN 1306/85b, PIN 5274/27b,
PIN 5274/68a-b, PIN 5274/43

Segmented caudal fin rays (dor-  9/8 9/8 8-9/7-8 8/7-8
sal/ventral)
Caudal procurrent rays (dorsal/  5/min3 (78) 9/8 7-8/3-6 c.7/-
ventral)

Pectoral fin rays - c. 15-17 12-16, stiff 14

Pelvic fin elements 1,57 L5 I, 5 separated 14

Insertion D2 opposite to v 11/12 v 10, 11 v 11/12-12 v 11-11/12

Insertion A opposite to v 12/13 v 1l v 12-12/13 v 11-12/13

Caudal fin shape Slightly fan-shaped Fan-shaped Slightly fan-shaped Slightly fan-shaped
Squamation

Flank scale type Ctenoid Ctenoid Ctenoid Cycloid and ctenoid

Radii number c. 14 8 7-8, weak 6— < 10, thick

Scale height (% SL) 3.9-42 3.64.8 2.0-23 2.6-3.5

Scales in longitudinal row <30 <30 41-44 44

Belly scales Small, clear circuli Cycloid, weak radii Small, round Cycloid, round

Predorsal scales Small Present Present Cycloid
Otolith (sagitta) morphometry

LH 1.02-1.08 0.9-1.03 0.9-1.0 0.9-1.0

CoL (%OL) 50.6-51.3 47.9-53.8 36.5-49.4 42.3-49.4

SuAngle 15.9-16.8 15.7-20.4 7.5-25.1 11.2-15.7

SuL (%OL) 58.5-61.4 58.2-62.2 42.2-51.7 52.9-56.0

SuL (%OH) 59.7-66.5 56.4-59.7 38.7-52.9 51.2-52.8

SuH (%OL) 29.1-34.2 23.5-33.8 18.1-33.7 23.9-26.2

SuH (%OH) 29.7-37.0 24.2-32.5 17.5-34.5 23.0-25.6

SuTipV (%SuEndV) 64.8-65.2 54.7-69.0 57.4-89.5 67.4-78.0

SuTipV (%OH) 30.2-30.3 27.5-33.8 31.0-40.0 33.7-37.8

SuEndV (%OH) 46.5-46.6 47.7-51.0 43.2-54.0 46.1-51.4

For details of specimens see Supplementary Data 2

Abbreviations for skeletons: A anal fin, Ab anal-fin base, AP number of pterygiophores of anal fin inserting before the haemal spine of first cau-
dal vertebra, BDI body depth at insertion of D1, BD2 body depth at insertion of A, CPD lowest caudal peduncle depth, CPL caudal peduncle
length, D1 first dorsal fin, D2 second dorsal fin, D2C distance between the end of D2 and the first procurrent caudal-fin ray, HL head length,
SN/A preanal distance, SN/D1 predorsal distance to D1, SN/D2 predorsal distance to D2, v vertebra, vertebrae,—not preserved, ? not certain due

to preservation issues

Abbreviations for otoliths: CoL colliculum length, LH ratio OL-OH, SuA sulcus inclination angle, SuH vertical sulcus height, SuL horizontal sul-
cus length, SuEndV vertical distance from the end of the sulcus to the ventral otolith margin, SuTipV vertical distance from the tip of the sulcus

to the ventral otolith margin

Differential diagnosis. TCryptograciles gen. nov. differs
from tMoldavigobius in the D1-pterygiophore -formula
(3-122100 vs. 3-22110 in TMoldavigobius), presence of two
interneural gaps before the insertion of the first D2-ptery-
giophore (vs. one), and smaller number of anal-fin rays
(9-10 vs. 11) (Table 2). Additional differences are appar-
ent regarding squamation and otoliths: The number of flank

scales in the longitudinal row is 41-44 (vs. <30), and the
scales are smaller (scale height 2.0-2.3% SL vs. 3.6-4.8%
SL) (Table 2). The otoliths have a rounded-to-squarish shape
(vs. rectangular), a slightly crenulated ventral margin (vs.
smooth), and seven otolith variables are significantly differ-
ent between the two genera (Supplementary Data 4-part 1).
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Fig.4 Details of fMoldavigobius sp. from the Volhynian of Karpov
Yar, near Naslavcea, northern Moldova (specimen PIN 5274/58a).
al Overview of specimen; a2 close-up of frontal bones; a3 close-up

From the ‘Lesueurigobius look-alikes’, with which
tCryptograciles gen. nov. co-occurs at Karpov Yar (see
Reichenbacher and Bannikov 2022), the new taxon can
be distinguished by its slightly fan-shaped caudal fin (vs.
longish-lanceolate), fewer rays both in the D2 (9-11 vs.
14-16) and anal fin (9—-10 vs. 13-15), a different D1-ptery-
giophore formula (3—122100 vs. 3-22110), and presence
of rounded to squarish otoliths possessing a slightly cren-
ulated ventral margin. From other previously described
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(a2, a3)

of opercle (op) and mould of sagitta (ot); a4 close-up of flank scale
below origin of D2

skeletal- and otolith-based marine and brackish fossil goby
genera from the western Mediterranean and Paratethyan
regions TCryptograciles gen. nov. can be separated by its
specific combination of body morphometric, meristic, and
otolith characters (Gierl and Reichenbacher 2015; Schwar-
zhans et al. 2017, 2020a, b, 2022; Carolin et al. 2023;
Dirnberger et al. 2024; Schwarzhans et al. 2024).



Diversity of gobioid fishes in the late Middle Miocene

299

Remarks. The two species of TCryptograciles gen. nov. are
not optimally preserved and some details are only visible
in one specimen, while other details are only visible in the
other (Figs. 5, 6, 7; Supplementary Data 3 and 6). Neverthe-
less, the general osteology and morphometric proportions
of the two species appear to be very similar. Therefore, we
provide a summary description of the new genus below. Dif-
ferences between the species relate to the relative length of
the abdominal vertebral column, the numbers of rays in the
D2 and pectoral fin (Supplementary Data 3), the shape of
the frontal bone and the opercle (Fig. 6), the overall otolith
morphology (Fig. 2¢c, d vs. e-g), and the sulcus length (Sup-
plementary Data 4-part 3). See species diagnoses below for
details.

Description of TCryptograciles gen. nov.

Neurocranium. The neurocranium is preserved either in lat-
eral or dorsolateral view. The frontal bones are long, nar-
row above the orbit and broad posteriorly (Figs. 5al, 6).
The parasphenoid is straight, relatively narrow anteriorly
and broadened posteriorly; the vomer is rounded anteriorly.
Rounded sphenotic bones and a relatively short ethmoid
region are visible in TC. robustus gen. et sp. nov. (Fig. 6b),
other details of the neurocranium are not recognizable. Head
scales seem to be absent.

Suspensorium, opercular apparatus, and hyoid arch. The
symplectic is a robust rod in its lower portion; only remains
of the metapterygoid are preserved. The quadrate is a
roughly triangular bone with a deep and wide indentation
in its posterior portion and a strong, thick and pointed poste-
rior process (Fig. 7al). The ectopterygoid is a relatively long
bone, almost straight and tapered anteriorly. There seems to
be no endopterygoid. The palatine is T-shaped; its proximal
portion is not preserved. The preopercle is slightly curved
and crescent-shaped. The opercle is triangular and tapered
ventrally; the subopercle is slender (Fig. 6). The interop-
ercle is not visible. The hyoid bar (ceratohyal + epihyal)
is relatively straight (Fig. 7al); the anterior portion of the
ceratohyal is slightly broadened, the posterior portion of
the ceratohyal is not well recognizable, and the epihyal is
triangular. The interhyal is not recognizable. The number of
branchiostegal rays seems to be five.

Jaws. The mouth gape is moderately wide; the length of
the lower jaw is 42-47% HL. The lower jaw articulation is
situated approximately opposite to the posterior third of the
orbit (Fig. 7al). The dentary is slender and long; the angu-
loarticular is low at the retroarticular process. The maxilla is
slender and elongate, slightly broader posteriorly and some-
what bent anteriorly. The premaxilla is moderately long and
slightly curved; it has a thin ascending process, a relatively

massive, rounded articular process and a moderately devel-
oped postmaxillary process (Fig. 7a2). The dentition of the
premaxilla is multiserial; the teeth are long, slender, curved
and of different sizes.

Branchial arches. Remains of few gill arches (ceratobranchi-
als) are preserved in TC. robustus gen. et sp. nov. (Fig. 7al),
and some gill rakers are recognizable in C. conicus gen. et
sp. nov. (PIN 5274/70). The pharyngeal dentition includes
both thick and slender conical teeth, and the teeth (even the
slender ones) are more massive than the oral teeth.

Vertebral column. There are 27 vertebrae, of which 10 are
abdominal. The length of the abdominal part of the ver-
tebral column is 57-65% of the length of the caudal part.
Vertebral centra in the abdominal part of the vertebral col-
umn are elongate and distinctively constricted in the middle
(Fig. 7a3), vertebral centra in the caudal part of the vertebral
column are also constricted in the middle but seem to be
slightly more robust (Fig. 7a4). Parapophyses are visible at
the last four abdominal vertebrae (Fig. 5a3, a5) and increase
in length posteriorly in the series. The haemal spine of the
first caudal vertebra is somewhat shorter than the subsequent
ones, which are more or less equally inclined (Fig. 5a5).
Ribs are slender and relatively long and extend from the
third to the last abdominal vertebra. Few very tiny epineural
bones are visible in the region of the ribs.

Pectoral girdle and fins. The posttemporal comprises a flat
main body and two processes, of which the anterior one
is almost as long as the supracleithrum. The cleithrum is
strong, long, and clearly curved; its dorsal tip presents the
‘cleithral notch’ that is typical for gobioids (see Winterbot-
tom 1993) (Fig. 7al). The pectoral girdle comprises four
well-developed radial bones of rounded-rectangular shape,
with relatively big openings in-between (Fig. 5a2). The pec-
toral fin is well preserved in both {C. conicus gen. et sp.
nov. (Figs. 1b; 5al, a2) and {C. robustus gen. et sp. nov.
(PIN 5274/27a, Supplementary Data 6) and elongate and
slightly tapered at its end. The complete number of the pec-
toral fin-rays is only detectable in TC. conicus gen. et sp.
nov., in which it is 16 (Fig. 5a2). The pectoral fin-rays are
branched at the very end, which gives the fin a “stiff” appear-
ance (Figs. 1b; 5al, a2; Supplementary Data 6). The pectoral
fin length is 17-20% SL.

Pelvic girdle and fins. The pelvic fins are separated by a rela-
tively large gap suggesting that they were separate (clearly
visible in the holotype of {C. conicus gen. et sp. nov., see
Fig. 1b and Supplementary Data 2). Each fin has a slender
and moderately long spine and five slender rays. Pelvic-fin
length is ca. 14-16% SL, and the fins terminate relatively
far from the anal-fin origin. The basipterygii are not well
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Fig.5 Details of {Cryptograciles conicus gen. et sp. nov. from the
Volhynian of Karpov Yar, near Naslavcea, northern Moldova based
on the holotype (PIN 5274/70). al Overview of skull (with both sag-
ittae preserved in situ), pectoral girdle, anterior body, and first dor-
sal fin remains; a2 close-up of pectoral girdle and fin; a3 close-up
of anterior part of vertebral column, box indicates position of scales
shown in a4; a4 close-up of flank scales below end of D1, arrows
indicate ctenii; a5 close-up of middle part of body showing origin of
the second dorsal and anal fins, the first caudal vertebra (v11) and the
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parapophyses of the last abdominal vertebrae; a6 caudal skeleton. A
anal fin, AP anal fin pterygiophores inserting before the haemal spine
of the first caudal vertebra, DI first dorsal fin, D2 second dorsal fin,
ep epineural, hs haemal spine, HYP hypural plate, intn gap interneu-
ral gap, ns neural spine, pa parapophysis, PH parhypural, pt ptery-
giophores of D1 and D2, PU preural vertebra, ra radials of pectoral
girdle, v vertebra (numbers refer to ordinal numbers of vertebrae and
D1 pterygiophores, respectively)




Diversity of gobioid fishes in the late Middle Miocene

branchiostegal ray; ect, ectopterygoid; fr, frontal bone; op, opercle;
sop, subopercle; ps, parasphenoid; sph, sphenotic; vo, vomer. Scale

Fig.6 Differences in the shape of the frontal bone and the opercle
between T Cryptograciles conicus gen. et sp. nov. (PIN 5274/70) (al-
a3) and TC. robustus gen. et sp. nov. (PIN 5274/34) (b1-b3). Super- bars 0.5 mm
scripts L and R indicate element from left and right body sides. br,
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«Fig. 7 Details of {Cryptograciles robustus gen. et sp. nov. from the
Volhynian of Karpov Yar, near Naslavcea, northern Moldova based
on the holotype (PIN 5274/34). al Overview of skull (with both sag-
ittae preserved in situ) and anteriormost body; a2 close-up of snout
region shown in al; a3 three abdominal vertebrae; a4 three caudal
vertebrae; a5 posteriormost body and caudal skeleton, arrows indi-
cate ctenii. art articular process of premaxilla, asc ascending pro-
cess of premaxilla, br branchiostegal ray, cb ceratobranchial bones,
cl cleithrum, ch anterior ceratohyal (displaced), de dentary, fr frontal
bone, hs haemal spine, HYP hypural plate, ns neural spine, op oper-
cle, PH parhypural, pop preopercle, postmx pr postmaxillary process
of premaxilla, pmx premaxilla, ps parasphenoid, PU preural vertebra,
g quadrate, sag sagitta, scl supracleithrum, sop subopercle, sph sphe-
notic, TC terminal centrum, vo vomer, v vertebra (numbers refer to
ordinal numbers of vertebrae). Scale bars 1 mm

preserved and seem to be elongate to rounded-triangular in
shape.

Dorsal fins. The first dorsal fin contains six spines; the spines
are not well preserved in any of the specimens, the last spine
being shortest and clearly distant from the preceding one
(1.7-2.2x the distance between spines IV and V; Table 2,
Supplementary Data 3). The D1-pterygiophore formula
seems to be 3—122100 (based on specimen PIN 5274/67,
TCryptograciles robustus gen. et sp. nov.); the presence of
two interneural gaps between the last D1-pterygiophore and
the first D2-pterygiophore is additionally shown by speci-
men PIN 5274/70 (C. conicus gen. et sp. nov.) (note that the
precise formula cannot be identified in this specimen, since
the position of the neural spines is disturbed, see Fig. 5a3).

The D2 originates opposite or slightly anterior to the ori-
gin of the anal fin, approximately above the second caudal
vertebra (Fig. 5a5). It consists of one spine and ca. 9-11
segmented rays; further details of its structure and whether
the D2 rays reach the procurrent caudal-fin rays cannot be
recognized due to the poor preservation.

Anal fin. The anal fin originates opposite or slightly behind
to the D2 origin (Fig. 5a5). It comprises a short spine and ca.
9-10 rays, which are not completely preserved posteriorly.
Two anal-fin pterygiophores insert before the haemal spine
of the first caudal vertebra (Fig. 5a5).

Caudal endoskeleton and fin. The caudal fin is moderately
long (24-28% of SL) and slightly fan-shaped (Fig. 1b, c;
Supplementary Data 6). The number of segmented and
branched caudal-fin rays is 16—17, with 8-9 rays in the upper
lobe and 7-8 rays in the lower lobe. Seven or eight dorsal
and three to six ventral procurrent rays are visible. The cau-
dal skeleton has two relatively large hypural plates (HY1
+2 and HY3 +4), of which the upper one is fused with
the terminal centrum; hypural 5 seems to be relatively short

and slim (Fig. 5a6). The parhypural is slender; its entire
length is not clear, since the proximal part appears not to
be preserved (Fig. 5a6). Two straight, plank-like epurals are
present (Fig. 5a6). The penultimate vertebra (preural verte-
bra 2, PU2) displays an expanded haemal spine and a neural
spine that is slightly wider and a little bit shorter than the
neural spines of the preceding vertebrae (Figs. 5a6, 7a5).
The hypural plates, parhypural, epurals, and the ventral por-
tion around PU?2 are covered by a few relatively large ctenoid
scales, whereas the proximal portion of the principal caudal-
fin rays is covered by two rows of relatively smaller scales
(Figs. 5a6, 7a5).

Scales. The body displays a dense squamation consisting
of relatively large, ctenoid scales (Figs. 1b, c; 5a5), with
41-44 scales in the longitudinal row. The scales bear about
7-8 radii, their posterior margin is somewhat thickened
and has small ctenii (Fig. 5a3, a4). Relatively small cycloid
scales cover the belly, the predorsal area, and the base of the
caudal-fin rays.

Otoliths. The sagitta is rounded—squarish with a slightly
crenulated ventral margin and a wavy dorsal margin
(Fig. 2b—gl). The mean L/H index is 0.96 +0.04. The sul-
cus is ‘shoe-sole’ shaped and relatively short; the sulcus
inclination is quite variable (mean value 15.5 +6.4). The
cauda is narrower than the ostium. The sulcus is adjoined
by a straight or slightly curved crista inferior and a flat sub-
caudal iugum. Based on {C. robustus gen. et sp. nov., the
lapillus is almost ovate with a straight lateral margin and
a slightly curved medial margin. Furthermore, the lapillus
presents a well-defined sulculus, which is slightly longer
and steeper inclined on the lateral side than on the medial
side (Fig. 2f3, g2). For details of otolith measurements see
Supplementary Data 3.

tCryptograciles conicus gen. et sp. nov.

Figures 1b, 2b—d, 5, 6a

Type material. Holotype, PIN 5274/70, 25.5 mm SL; single
plate with almost complete skeleton in lateral to slightly dor-
solateral view with both sagittae preserved in situ (Fig. 1b).
Single paratype is PIN 5274/51a-b (part and counterpart)
(Supplementary Data 6).

Referred material. Specimen PIN 5274/47a-b (part and
counterpart) (Supplementary Data 6).

This poorly preserved specimen is tentatively assigned as
TC. cf. conicus gen. et sp. nov. based on its otolith morphol-
ogy (Fig. 2b) and the same relative length of the abdominal
part of the vertebral column as in the holotype (57.3% of the
caudal part vs. 57.5% in the holotype).

@ Springer



304

B. Reichenbacher, A. F. Bannikov

Type locality and age. Karpov Yar ravine, Naslavcea, north-
ern Moldova; upper Serravallian, lower Sarmatian sensu lato
(Volhynian).

Etymology. From the Latin adjective conicus (= cone-
shaped), which refers to the conical body outline of this
species.

LSID ZooBank. This new species is registered
under https://zoobank.org/NomenclaturalActs/
B59D9BAS-1D1B-450B-8864-EOCEE10D4F20.

Diagnosis. TCryptograciles conicus gen. et sp. nov. is a
small-sized goby with a conical body outline and a standard
length (SL) up to 25.5 mm. The general osteology and mor-
phometry of this species are as described for the genus. The
new species differs from its congener §C. robustus gen. et
sp. nov. in the following traits: calyx-shaped frontal bones
that are expanded posteriorly (vs. funnel-shaped and not
expanded) (Fig. 6a2 vs. b2), opercle with slightly steeper
and slightly more convex anterior margin (Fig. 6a3 vs. b3),
slightly shorter lower jaw (41.5% HL vs. 45-47% HL),
shorter abdominal part of vertebral column (57.3-57.5%
of caudal part of vertebral column vs. 63.2-64.5%), one
more D2 ray (11 vs. 10), more pectoral-fin rays (16 vs. ca.
12) (Supplementary Data 3), otoliths without posterodorsal
projection (vs. presence of small posterodorsal projection)
(Fig. 2b—d vs. 2e—g1), and significantly smaller values in the
otolith variables SulL (%OL) and SuL (%OH) (Supplemen-
tary Data 4-part 3).

Short description. Small goby up to 25.5 mm SL with a
cone-shaped body outline (Fig. 1b, Supplementary Data
2 and 6). Number of vertebrae 27 (10 +17); D1 with six
spines, last spine distant from preceding one; D2 with a
spine and 11 segmented rays; number of rays in the anal fin
not recognizable. Pectoral fin with 16 rays; pelvic fin with a
spine and five rays. Pelvic fins separated by relatively large
gap suggesting that they were separate. Caudal fin slightly
fan-shaped and about as long as head, with 16—17 segmented
rays; 8-9 rays in the upper lobe. For further details see diag-
noses for genus and species and Supplementary Data 3.

Oroliths. The sagitta has a squarish to slightly rounded
shape, the mean L/H index is 0.94 +0.05. The dorsal mar-
gin is curved and wavy with a predorsal and posterodor-
sal corner but no posterodorsal projection (Fig. 2b—d); the
predorsal corner is positioned slightly lower than the pos-
terodorsal one. The anterior and posterior margins are rela-
tively smooth and slightly to clearly incised. The preventral
transition is rounded or faintly protruding, the posteroven-
tral transition is rounded or has a slight edge. The ventral
margin is slightly crenulated and moderately curved. The
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sulcus is ‘shoe-sole’ shaped and short, as is characteristic
for the genus (see generic diagnosis), but shorter than in C.
robustus gen. et sp. nov. A flat subcaudal iugum is present.
The sulcus inclination angle ranges between 13° and 25°.
The dorsal depression is relatively shallow and the ventral
line is clearly incised. No lapilli are preserved. For details
of otolith measurements and otolith variables see Supple-
mentary Data 3 and 4.

tCryptograciles robustus gen. et sp. nov.

Figures lc, 2e-g, 6b, 7

Type material. Holotype, PIN 5274/34, SL ca. 18.4 mm;
single plate with almost complete skeleton preserved in dor-
solateral view, with both sagittae in situ (Fig. 1b). Single
paratype is PIN 5274/27a (single plate), which is an almost
complete skeleton preserved in lateral view, with both sagit-
tae and the right lapillus in situ (Supplementary Data 6).

Referred material. Specimen PIN 5274/67a-b (part and
counterpart, Supplementary Data 6), moderately well-
preserved specimen with both sagittae and a single lapillus
preserved in situ (only the left sagitta could be extracted).
It shares with the type specimens of {C. robustus gen. et
sp. nov. two species-diagnostic morphometric characters
(relative lengths of the lower jaw and abdominal part of the
vertebral column, Supplementary Data 3), a sagitta with a
small, rounded posterodorsal projection, as typical for this
species (Fig. 2g1), and the shape of the lapillus (Fig. 2g2).
It differs in the presence of a slightly larger and wider sulcus
as usually typical for TCryptograciles gen. nov.

Type locality and age. Karpov Yar ravine, Naslavcea, north-
ern Moldova; upper Serravallian, lower Sarmatian sensu lato
(Volhynian).

Etymology. From the Latin adjective robustus, which refers
to the comparatively robust body of this small species.

LSID ZooBank. This new species is registered under https://
zoobank.org/Nomenclatural Acts/1B535D7D-705D-4F23-
9BS8F-770C0OCE8850C.

Diagnosis. TCryptograciles robustus gen. et sp. nov. is a
small-sized goby with a relatively robust body outline; its
standard length (SL) reaches 18.4-20.5 mm. The general
osteology and morphometry of this species are as described
for the genus. For differences from TC. conicus gen. et sp.
nov. see the diagnosis of the latter.

Short description. Small goby up to 20.5 mm SL with a
robust, only slightly tapering body outline (Fig. 1c, Supple-
mentary Data 2 and 6). Number of vertebrae 27 (10 +17);
D1 with six spines, last spine distant from preceding one
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(3.4% SL); D2 and anal fin each with a spine and about 9—10
segmented rays. Pectoral fin with 12 rays; pelvic fin with a
spine and five rays; pelvic fins seem to be separated. Caudal
fin slightly fan-shaped and about as long as head, with 17
segmented rays (8-9 rays in the upper lobe). For further
details see Supplementary Data 3.

Otroliths. The sagitta has a squarish to slightly rounded shape
(Fig. 2e—g1), the mean L/H index is 0.98 +0.03. The dorsal
margin is curved, while its precise contour is variable and
can bear a relatively deep notch (right sagitta of paratype,
Fig. 2f2) or can be almost smooth (left sagitta of paratype,
holotype and referred specimen; Fig. 2e, f1, gl). A small
posterodorsal projection is present. The predorsal portion
can be rounded (Fig. 2e, gl) or displays a slight corner
(Fig. 2f1, £2). The anterior margin is almost straight; the
posterior margin is clearly incised beneath the posterodorsal
projection. The preventral and posteroventral transitions are
each regularly rounded. The ventral margin is almost straight
or weakly curved and slightly to moderately crenulated. The
sulcus is ‘shoe-sole’ shaped and comparatively short, as is
characteristic for this genus (see generic diagnosis); the sul-
cus inclination angle is variable and ranges between 7.5°
and 22°. A narrow crista inferior and a flat subcaudal iugum
extend along the sulcus. The dorsal depression is relatively
shallow, the ventral line clearly incised. For details of oto-
lith measurements and otolith variables see Supplementary
Data 3 and 4.

Two right lapilli could be photographed (Fig. 23, g2).
They have an ovate shape with a straight lateral margin. The
sulculus is well-defined and slightly steeper and longer on
the lateral side than on the medial side.

Genus tAlienagobius gen. nov.

Type and only species. tAlienagobius pygmaeus gen. et sp.
nov.

Etymology. The name refers to the foreign (‘aliena’ in Latin)
phenotypic appearance of the new taxon, and its general
similarity to members of the Gobiidae. Gender masculine.

LSID ZooBank. This new genus is registered under https://
zoobank.org/Nomenclatural Acts/176CC3C6-25C1-4726-
BB3E-1DDI1F319E7F6.

Diagnosis. TAlienagobius gen. nov. is a small-sized, slender
goby (SL up to 20.1 mm). Head moderately large (25-27%
SL); caudal peduncle relatively long (24-26% SL); caudal
fin approximately as long as head (23-26% SL) and slightly
fan-shaped. Number of vertebrae 27 (10 + 17); length of
abdominal part of vertebral column is 55-57% of that of
caudal part. D1 with six spines, last spine distant from

preceding one (distance is 4.5-5% SL); pterygiophore for-
mula starts with 3—12 (further configuration not discernible).
D2 with spine and 10-11 segmented rays; anal fin with spine
and 11-12 segmented rays; caudal fin with 15-17 segmented
rays (eight rays in the upper lobe). Number of pectoral-fin
rays is 14; pelvic fins close together and probably not sepa-
rated, each with spine and four rays. Pectoral girdle with four
well developed radial bones of rounded-rectangular shape,
with relatively big openings in-between. Relatively large and
thick scales cover the middle and posterior parts of the body,
while the abdominal body portion is almost scaleless. Scales
seem to comprise both cycloid and ctenoid types; estimated
number of scales in the longitudinal row is 44 (see Supple-
mentary Data 3).

Sagitta rounded—squarish (LH 0.94-0.99) with a gently
crenulated ventral margin; the posterodorsal projection is
typically lacking (Fig. 2h—k). Sulcus short and ‘shoe-sole’
shaped, with flat subcaudal iugum. Its inclination ranges
from 11° to 16°. The lapillus is egg-shaped (Fig. 2j2).

Remarks. Although a number of only four pelvic-fin rays is
not the ‘normal condition’ in Gobioids, several species are
known that have such a reduced number. Examples of the
family Gobiidae are Austrolethops Whitley, 1935, some spe-
cies of Hetereleotris Bleeker, 1874, e.g., H. apora (Hoese &
Winterbottom, 1989) and H. vinsoni Hoese, 1986, all spe-
cies of Parioglossus Regan, 1912 (Rennis & Hoese, 1985;
Wang and Winterbottom 2006), and some species of Eviota
Jenkins, 1903. Furthermore, the Microdesminae are char-
acterized by a reduced number of only 2—4 pelvic-fin rays
(Gill and Mooi 2010) and also Milyeringa veritas Whitley,
1945 (Milyeringidae) has only four pelvic-fin rays (Larson
et al. 2013). Finally, the oldest fossil gobioid, +Carlomon-
nius Bannikov & Carnevale, 2016 has only four pelvic-fin
rays (Bannikov and Carnevale 2016).

Differential diagnosis. The new genus fAlienagobius gen.
nov. differs from both $Moldavigobius and | Cryptograciles
gen. nov. in the presence of only four pelvic-fin rays (vs.
five), a sagitta with a sulcus length (% OH), which is signifi-
cantly lower than in TMoldavigobius, but significantly higher
than in {Cryptograciles gen. nov. (One-way ANOVA, p <
0.05, Supplementary 4-part 1), and a lapillus with a more
ovate shape and a more symmetrical contour of the sulculus
(Fig. 2j2 vs. £3, g2; for the lapillus of TMoldavigobius see
Reichenbacher and Bannikov 2023, fig. 1d3). When com-
pared solely to TMoldavigobius, additional characteristics of
tAlienagobius gen. nov. include a D1-pterygiophore formula
that starts with 3—12 (vs. 3-22), a higher number of flank
scales in the longitudinal row (44 vs. <30), a rounded-to-
squarish sagitta (vs. rectangular) with a slightly crenulated
ventral margin (vs. smooth), and significant differences in
two otolith variables, i.e., a lower value in SuA and a higher
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«Fig. 8 Details of tAlienagobius pygmaeus gen. et sp. nov. from the
Volhynian of Karpov Yar, near Naslavcea, northern Moldova. a
Holotype counterpart (PIN 5274/68b); al head and anteriormost
body with pectoral and pelvic girdles (arrows at pelvic-fin rays indi-
cate the points of their bifurcation); a2 first dorsal fin spines 1-VI,
corresponding pterygiophores and pterygiophore insertion between
neural spines; a3 caudal skeleton and base of caudal-fin rays. b Head
of holotype part (PIN 5274/68a). ¢ Paratype (PIN 5274/43); c1 head
with left sagitta and both lapilli preserved in situ; ¢2 anterior to mid-
dle part of body, note the almost lacking squamation. Superscripts L
and R indicate bone from left and right body side respectively (when
necessary). art articular process of premaxilla, basip basipterygium,
br branchiostegal ray, cb ceratobranchial bones, ch anterior cerato-
hyal (displaced in al), ¢/ cleithrum (arrow indicates cleithral notch),
de dentary, ect ectopterygoid, eh epihyal, ep epural, fr frontal bone,
hs haemal spine, hyo hyomandibular, HYP hypural plate, lap lapillus,
mx maxilla, ns neural spine, op opercle, orb orbit, pal palatine, pectR
pectoral-fin rays, pelv? pelvic fin spine, ph parhypural, pmx premax-
illa, pop preopercle, ps parasphenoid, pt pterygiophore, PU preural
vertebra, g quadrate, ra radials of pectoral girdle, sag sagitta, scl
supracleithrum, sy symplectic, v vertebra. Numbers refer to ordinal
numbers of branchiostegal rays, caudal-fin rays, D1 pterygiophores,
epurals, pelvic-fin rays, radials and vertebrae, respectively

value in SuTipV (%OH). Likewise, when compared solely
to TCryptograciles gen. nov., further characteristic traits of
tAlienagobius gen. nov. include a longer D2-base (24.9%
SL vs. 19.6% SL), a slightly higher number of anal-fin rays
(11-12 vs. 9-10), an almost scaleless abdominal part of the
body (vs. dense squamation), pharyngeal teeth that are solely
slender (vs. both thick and slender types), a premaxilla with
a high articular process (vs. low), and significantly higher
values in CoL (%OL) and Sul. (%OL) (Figs. 2, 8; Table 2,
Supplementary Data 3 and 4).

From the ‘Lesueurigobius look-alikes’, with which
tAlienagobius gen. nov. co-occurs at Karpov Yar (Reichen-
bacher and Bannikov 2022), the new taxon can be distin-
guished by its slightly fan-shaped caudal fin (vs. longish-
lanceolate), fewer rays in the D2 (10-11 vs. 14-16), and
the presence of rounded to squarish otoliths possessing a
slightly crenulated ventral margin. From other previously
described skeletal- and otolith-based marine and brackish
fossil goby genera from the western Mediterranean and Para-
tethyan regions, tAlienagobius gen. nov. can be separated
by its specific combination of body morphometric, meris-
tic, and otolith characters (Gierl and Reichenbacher 2015;
Schwarzhans et al. 2017, 2020a, b, 2022; Carolin et al. 2023;
Dirnberger et al. 2024; Schwarzhans et al. 2024).

tAlienagobius pygmaeus gen. et sp. nov.

Figures 1d, 2h—j, k (cf.), 8

Type material. Holotype, PIN 5274/68a-b; 20.1 mm SL;
somewhat incomplete part and well-preserved counterpart,
with both sagittae and right lapillus preserved in situ. Two

not very well preserved paratypes (PIN 1306/85b, PIN
5274/43, both in a single plate; Supplementary Data 6), each
displaying the left sagitta and one (PIN 1306/85b) or both
lapilli (PIN 5274/43) preserved in situ.

Referred material. Specimen PIN 5274/27b (shown in Sup-
plementary Data 6) is referred to as A. cf. pygmaeus gen.
et sp. nov. Compared to the holotype and paratypes (see
Supplementary Data 3), it possesses one ray less both in
the D2 and the anal fin, one ray more in the caudal fin, a
slightly more anteriorly inserted anal fin (opposite vertebra
11 vs. opposite vertebra 12/13), a slightly lower scale height
(2.6-2.9% SL vs. 2.9-3.5% SL) and an otolith with a small
posterodorsal projection (vs. no projection) (Fig. 2k).

Type locality and age. Karpov Yar ravine, Naslavcea, north-
ern Moldova; upper Serravallian, lower Sarmatian sensu lato
(Volhynian).

Etymology. The species epithet refers to the small size of this
species, not exceeding about 20 mm.

LSID ZooBank. This new species is registered under https://
zoobank.org/Nomenclatural Acts/OE38BA61-DE10-4616-
8D6F-BBEA1A2046BS.

Diagnosis. As described for the genus.

General description. A very small goby up to 20.1 mm SL
with an elongated body outline (Fig. 1d, Supplementary
Data 2 and 6). Number of vertebrae 27 (10 +17); D1 with
six spines, last spine distant from preceding one, D1-ptery-
giophore formula starting with 3—12; D2 with a spine and
11 segmented rays (10 in A. cf. pygmaeus); anal fin with
a spine and 12 segmented rays (11 in TA. cf. pygmaeus).
Pectoral fin with about 14 rays. Pelvic fins close together,
each with a spine and four rays that bifurcate after ca. 37% of
their lengths. Caudal fin about as long as head, with 15-16
segmented rays (17 in TA. cf. pygmaeus); eight rays in the
upper lobe. For further details see below and Supplementary
Data 3.

Neurocranium. The neurocranium is preserved in lateral
(holotype) or dorsolateral (paratypes) view (Fig. 8al, b,
cl). The frontal bones are long and narrow above the orbit
and widened in a fan-shape posteriorly. The parasphenoid is
straight, relatively narrow, and posteriorly broadened; details
of the vomer are not visible. The ethmoid bones of the neu-
rocranium are fragmented and no details are recognizable.
Head scales seem to be absent.
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Suspensorium, opercular apparatus, and hyoid arch. The
suspensorium bones are mostly not well preserved. The sym-
plectic is a robust rod in its lower portion (Fig. 8b), while the
metapterygoid is not recognizable. The quadrate displays a
triangular shape with a pronounced, wide indentation in its
posterior part along with a well-developed posterior pro-
cess (Fig. 8al, b). The ectopterygoid exhibits an elongated,
slightly triangular shape and extends towards the quadrate
(Fig. 8b). There is no endopterygoid. The palatine shaft
measures approximately half the length of the ectopterygoid
(Fig. 8al, also discernible in the paratype PIN 1306/85b).
Although the palatine head potentially has a T-shaped con-
figuration, definitive confirmation is hindered by preserva-
tion constraints. The opercle shape is triangular, tapering
ventrally (Fig. 8al), while other opercular bones remain
obscured by overlapping bones, leaving only traces of the
subopercle and the lower arm of the preopercle discernible.

The paratype PIN 1306/85b exhibits a right hyoid bar
with four relatively well-preserved, robust branchiostegal
rays, of which the last ray is separated by a small gap from
the others. More anteriorly, the hyoid bar reveals two thin
rays. However, these rays are not embedded on the same
bedding plane and represent the first branchiostegal ray of
the right and left hyoid bar, respectively. Consequently, there
are a total of five branchiostegal rays. The epihyal is trian-
gular; the interhyal is not recognizable.

Jaws. The mouth gape is moderately wide. The articula-
tion of the lower jaw is positioned slightly anterior to the
midpoint of the orbit (Fig. 8al, b). The dentary is relatively
slender and long (41% HL); the anguloarticular is relatively
short and has a thin retroarticular process. The maxilla
exhibits moderate width in its posterior half and is not spatu-
late. The premaxilla is moderately long and slender, nearly
straight, featuring a prominent, elevated articular process;
the ascending process is not well discernible (Fig. 8al, cl).
The postmaxillary process appears to be absent. Both the
premaxilla and dentary display multiserial dentition, char-
acterized by long, sharp, slender, curved teeth of varying
sizes and thicknesses.

Branchial arches. Remains of the gill arches and gill rakers
are preserved in the part of the holotype. The pharyngeal
dentition comprises slender, conical teeth.

Vertebral column. The vertebral column consists of 27
vertebrae, with 10 abdominal vertebrae. The length of the
abdominal part of the vertebral column comprises 55-57%
of the length of the caudal part. Vertebral centra are elon-
gated with distinctive constriction at the midpoint and typi-
cally slender neural spines (Fig. 8a2, c2). Parapophyses are
discernible on the posterior abdominal vertebrae. Slender
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ribs extend from the third to the last abdominal vertebra;
they are elongated from the third to the seventh vertebra, and
then become gradually shorter. In the vicinity of the ribs,
minute epineural bones are observable. The caudal vertebrae
bear more or less equally inclined haemal spines.

Pectoral girdle and fins. The posttemporal comprises a flat
main body and two processes, of which the anterior one is
almost as long as the supracleithrum (well visible in PIN
1306/85b). The supracleithrum is elongate and robust.
The cleithrum is strong, long and slightly curved; it has a
‘cleithral notch’ at its dorsal tip (indicated with arrow in
Fig. 8al). The radial bones of the pectoral girdle are well
developed, of more or less rectangular shape and display
round gapes in between (Figs. 1d, 8al). The pectoral fin is
preserved only in PIN 1306/85b and exhibits 14 rays.

Pelvic girdle and fins. The pelvic fins seem to be not separate
and terminate far from the anal-fin origin (Fig. 1b). Their
length is 16% SL. Each fin consists of a thin, moderately
long spine and four rays; the rays bifurcate after ca. 37% of
their lengths (Fig. 8al, Supplementary Data 2). The basip-
terygii are slender and slightly curved.

Dorsal fins. The first dorsal fin comprises six slender spines.
Spines [ to IV are nearly of equal length (spine II is the long-
est), while spines V and VI, the latter being displaced in the
holotype, gradually decrease in length (Fig. 8a2). While the
D1-pterygiophore formula lacks clarity due to the state of
preservation, the initial three pterygiophores suggest that it
begins with 3—12 (Fig. 8a2).

The origin of the D2 occurs above vertebrae 11-12; it
comprises a moderately long spine and 11 (10 in fA. cf.
pygmaeus gen. et sp. nov.) segmented rays, of which the
distal ends are not preserved. The first D2-pterygiophore
inserts into the interneural space between the neural spines
of the vertebrae nine and ten. The presence or absence of an
interneural gap remains uncertain due to the distortion of
the neural spines within this section of the abdominal part
of the vertebral column.

Anal fin. The anal fin originates one vertebra behind the ori-
gin of D2, opposite to the vertebrae 12/13 (or vertebra 11 in
TA. cf. pygmaeus gen. et sp. nov.). It comprises a moderately
long spine (4.7% SL) and 12 rays (11 in tA. cf. pygmaeus
gen. et sp. nov.). The number of anal-fin pterygiophores
inserting before the first haemal spine is not discernible in
the type specimens, whereas in TA. cf. pygmaeus gen. et sp.
nov. this count is two.

Caudal endoskeleton and fin. The holotype and paratype PIN
1306/85b exhibit a relatively well-preserved caudal fin and
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caudal endoskeleton. The caudal fin, constituting approxi-
mately 23-24% of SL, possesses a slightly fan-shaped struc-
ture comprised of 15-16 segmented and branched rays (17
in TA. cf. pygmaeus gen. et sp. nov.), with eight rays in the
upper lobe. In the holotype, seven dorsal procurrent rays
are discernible, whereas the ventral procurrent rays are not
preserved. The caudal skeleton includes two relatively large
hypural plates (HY1 +2 and HY3 +4) with the upper one
fused to the terminal centrum; hypural 5 appears to be rela-
tively elongated (Fig. 8a3). A distinctive gap separates the
two hypural plates. The parhypural is more or less rectan-
gular and as long as the hypaxial hypural plate. Although
the preservation is rather poor, two relatively long and nar-
row epurals are identifiable as depicted in Fig. 8a3 and also
observed in PIN 1306/85b.

The penultimate vertebra (PU2) presents a relatively
short, triangular neural spine (best visible in PIN 1306/85b)
and a broad, slightly curved, posteriorly expanded haemal
spine (Fig. 8a3). PU3 and PU4 exhibit strongly inclined
neural spines that are positioned closer together than those
of the preceding vertebrae (Fig. 8a3, also apparent in PIN
1306/85b).

Scales. The abdominal section of the flank is almost scale-
less and has only a few scattered cycloid scales (Figs. 1d,
8al, c2; Supplementary Data 6). Small, rounded, cycloid
scales cover the base of the D1, the belly, and the proxi-
mal part of the caudal-fin rays, where they are arranged in
one or two vertical rows (Fig. 8a). The middle and poste-
rior sections of the body (behind the vertebra 11) exhibit
a squamation characterized by relatively large, thick flank
scales with distinct radii and thickened posterior margins.
In the paratype PIN 1306/85b, the flank scales are clearly
ctenoid. In the holotype, the flank scale type is indistinct,
but a few, minute, disseminated spinules possibly indicate
detached ctenii.

Otoliths. The sagitta is rounded—squarish in shape (LH
0.94-0.99) with the highest point located in the middle or
posterior region of the dorsal margin; the ventral margin is
gently crenulated. The sagittae of the type specimens do
not possess a posterodorsal projection (Fig. 2h, i, j1). The
short sulcus is moderately inclined (11°-16°); the cauda is
narrower than the ostium. The sulcus is accompanied by a
straight or slightly curved crista inferior and flat subcaudal
iugum. The egg-shaped lapillus exhibits a clearly defined
sulculus with an almost symmetrical curvature along the
medial and lateral margins (Fig. 2j2).

In contrast to the type specimens, the sagitta of speci-
men PIN 5274/27b shows a small posterodorsal projection
(Fig. 2k), which is one of the reasons why this specimen is
provisionally assigned to the species and designated TA. cf.
pygmaeus gen. et sp. nov. (see “Referred material” above).

Phylogenetic results

We added tMoldavigobius spp. (combined data of TM. hele-
nae and TM. gloriae sp. nov.), TCryptograciles spp. (com-
bined data of {C. conicus gen. et sp. nov. and 1C. robustus
gen. et sp. nov.), and TAlienagobius pygmaeus gen. et sp.
nov. to the total evidence dataset of extant gobioid species
from Dirnberger et al. (2024) to analyse the phylogenetic
relationships of these new taxa using Bayesian inference. In
the resulting tree, apart from the Gobiidae and Oxudercidae,
all gobioid families are resolved as monophyletic, and their
relationships are consistent with previous studies based on
molecular data (see Supplementary Data 7). The Gobiidae
and Oxudercidae are recovered as a clade with high sup-
port (PP 0.98), but several polytomies occurred within this
clade, and the two families are not monophyletic. The three
dwarf gobies were positioned in a polytomy with members
of both the Gobiidae and Oxudercidae. A sister relationship
was indicated between TAlienagobius pygmaeus gen. et sp.
nov. and TMoldavigobius spp. (PP 0.58), though this rela-
tionship had low support.

Given these results, we followed the approach of Gierl
et al. (2022), which recommends adding only one fossil
taxon to the total evidence dataset when the inclusion of
multiple fossils leads to the collapse of undoubtedly mono-
phyletic clades (such as the Gobiidae and Oxudercidae).
Accordingly, we conducted three separate Bayesian infer-
ence analyses, each including only one of the three dwarf
goby taxa. In all cases, the gobioid families were recovered
as monophyletic, and their relationships were consistent
with previous molecular-based studies. The Gobiidae and
Oxudercidae were well supported (PP 0.94-0.98), and the
remaining families received maximal support values (PP 1)
(Fig. 9a—c).

TMoldavigobius spp. was recovered within the Gobi-
idae, and positioned in a subclade (PP 0.85) that contains
the European species Gobius niger Linnaeus, 1758, three
Indo- or Indo-West-Pacific gobiids, and the European Aphia
lineage. Within this subclade, TMoldavigobius spp. forms
a weakly supported sister relationship with Aphia minuta
(Risso, 1810) (PP 0.56), which is in turn sister to Lesu-
eurigobius sanzi (de Buen, 1918). However, the support
value for the Aphia lineage as a whole was low (PP 0.63).

Both {Cryptograciles spp. and tAlienagobius pygmaeus
gen. et sp. nov. were resolved within the Oxudercidae, but in
different subclades. T Cryptograciles spp. was recovered in
a polytomy within a subclade (PP 0.73) that contains three
lineages, i.e., the European Pomatoschistus, the northern
Pacific Acanthogobius and the Indopacific Mugilogobius lin-
eage (Fig. 9b). tAlienagobius pygmaeus gen. et sp. nov. was
recovered within the Stenogobius lineage (PP 0.84), form-
ing a sister relationship with the Western Atlantic species
Gobioides broussonnetii Lacépede, 1800 (PP 0.78) (Fig. 9¢).
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Fig.9 Results of the total evidence Bayesian inference analyses (50%
majority-rule consensus trees) based on 48 extant gobioid species
(data from Dirnberger et al. 2024), with the addition of tMoldavigo-
bius spp. (a ASDSF =0.008738), {Cryptograciles spp. (b ASDSF
=0.007641) and fAlienagobius pygmaeus gen. et sp. nov. (¢ ASDSF
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=0.017866). Values indicate posterior probabilities; scale bars depict
average number of substitutions per site and character changes per
character, respectively. ASDSF average standard deviation of split fre-
quencies between two independent runs
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Fig.9 (continued)

Discussion

Phylogenetic interpretation of the new dwarf
gobies from Karpov Yar

The attribution of our three dwarf goby genera to the clade
comprised by the families Gobiidae + Oxudercidae, as sug-
gested by the Bayesian inference phylogenetic analyses
(Fig. 9, Supplementary Data 7), can additionally be con-
firmed based on the comparative morphological approach.
An important synapomorphy for the Gobiidae + Oxuder-
cidae is the presence of five branchiostegal rays; all other
extant gobioid families possess six branchiostegal rays
(Wang et al. 2001; Gill and Mooi 2012). The presence of five
branchiostegal rays could be confirmed for all three dwarf
goby genera from Karpov Yar (for tMoldavigobius see
Reichenbacher and Bannikov 2023, for the other two genera
see section Systematic Palaecontology). Additional characters
that are usually typical for the Gobiidae + Oxudercidae clade
include a T-shaped palatine, absence of the endopterygoid,
and presence of at least one interneural gap between the two
dorsal fins (Akihito et al. 1984; Hoese 1984; Hoese and Gill
1993). These three traits can be confirmed for TMoldavigo-
bius and Cryptograciles gen. nov., while the preservation

of fAlienagobius gen. nov. only allowed to recognize the
absence of the endopterygoid.

tMoldavigobius. Based on comparative morphology of its
skeleton and otoliths, TMoldavigobius has previously been
interpreted as a probable member of the European Aphia
lineage within the family Gobiidae (Reichenbacher and
Bannikov 2023). This is now additionally indicated by our
phylogenetic analysis, in which tMoldavigobius is recov-
ered within the Aphia lineage and in a sister-group relation-
ship with Aphia Risso, 1827. Nevertheless, {Moldavigobius
remains a probable fossil member of this lineage, since the
posterior probability values for this relationship are low
(Fig. 9a).

tCryptograciles gen. nov. The attribution of TCryprograc-
iles gen. nov. to the family Oxudercidae, as suggested in
the phylogenetic analysis, receives additional support from
the comparative morphological approach. §Cryptograciles
gen. nov. has revealed a D1-pterygiophore formula that starts
with 3—12, which is a derived character of the Oxudercidae,
although exceptions exist (Harrison 1989; McKay and Miller
1997). In the Gobiidae as well as in other gobioid families
the formula usually starts with 3-22 (Birdsong et al. 1988;
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McKay and Miller 1997). Additionally, the presence of two
epural bones in the caudal skeleton of $Cryptograciles gen.
nov. aligns with its attribution to the Oxudercidae; there are
usually two epurals in Oxudercidae (plesiomorphic condi-
tion) and one in Gobiidae (derived) (Miller 1973; Birdsong
et al. 1988; Harrison 1989).

In the phylogenetic tree shown in Fig. 9b, §Cryptograc-
iles gen. nov. is recovered in a polytomy with the Poma-
toschistus lineage and a clade comprising members of the
Acanthogobius and Mugilogobius lineage. In the follow-
ing, we discuss whether the comparative morphological
approach suggests a fit with any of these three lineages.
Assignment of discussed extant species to the Poma-
toschistus -, Acanthogobius — or Mugilogobius lineage is
according to Agorreta et al. (2013).

Extant gobies of the Pomatoschistus lineage have at
least 11 abdominal and 18 caudal vertebrae (vs. 10 + 17
in TCryptograciles gen. nov.), and many species have a
reduced or absent postmaxillary process (Birdsong et al.
1988; McKay and Miller 1997), unlike the condition in
tCryptograciles gen. nov., where this process is well
developed (Fig. 7a2). On the other hand, the presence of
two interneural gaps between the two dorsal fins, as seen
in TCryptograciles gen. nov., often occurs in extant spe-
cies of the Pomatoschistus lineage, while it is rare in other
lineages (Birdsong et al. 1988; McKay and Miller 1997).
Furthermore, there is some similarity between the otoliths
of TCryptograciles gen. nov. and those of the ‘sand gob-
ies’ among the Pomatoschistus lineage with respect to the
small size of the cauda (see Gierl et al. 2018: fig. 3) and
the low value (around 45%) of the otolith variable SuL
(%OL) (see Supplementary Data 4; see Gierl et al. 2018:
fig. 4d). Nevertheless, there are also clear differences
because none of the sand gobies of which the otoliths are
known has rounded otoliths with finely to markedly crenu-
lated margins, as is characteristic for {1 Cryptograciles gen.
nov. (see Gierl et al. 2018; Schwarzhans et al. 2020a).

Among the species of the Acanthogobius lineage, a
highly elevated count in both abdominal and caudal ver-
tebrae is usual, except in Tridentiger Gill, 1859a and Rhi-
nogobius Gill, 1859b that mostly have a count of 10 + 16
(Birdsong et al. 1988). However, Tridentiger and Rhinogo-
bius clearly differ from {Cryptograciles gen. nov. (and
most other Oxudercidae) by a D1-pterygiophore formula
that starts with 3-22 (Birdsong et al. 1988). Additionally,
TCryptograciles gen. nov. does not have tricuspid jaw teeth
as is diagnostic for Tridentiger (see Cui et al. 2013), and
its otoliths clearly differ from those of Rhinogobius in the
more rounded shape, presence of crenulated margins, and
smaller sulcus (see Gierl et al. 2018: fig. 2I-L).

The extant species of the Mugilogobius lineage have vari-
able numbers of vertebrae, but the count 10 + 17 observed
here is not common for them. This count has so far been
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reported solely for Pseudogobius Popta, 1922, and also in
this genus it is an exception since the typical countis 10 + 16
(Birdsong et al. 1988). Moreover, a count of ten rays in the
D2 and anal fin, as in TCryptograciles gen. nov., does not
occur in Pseudogobius, which usually has seven (occasion-
ally eight) rays in these fins (Larson and Hammer 2021).

In conclusion, §Cryptograciles gen. nov. reveals a mosaic
of characters, which is best fitting with its assignment to the
sand gobies within the Pomatoschistus lineage but lacks the
increased number of vertebrae of this group. Alternatively,
TCryptograciles gen. nov. could represent a stem member of
the Pomatoschistus lineage, which would also explain why
the Bayesian analysis failed to unambiguously assign it to
any of the extant clades.

tAlienagobius gen. nov. The assignment of tAlienagobius
gen. nov. to the family Oxudercidae in our phylogenetic anal-
ysis receives support from the comparative morphological
approach as has been discussed above for TCryptograciles
gen. nov. Likewise, fAlienagobius gen. nov. shares with the
Oxudercidae the derived condition of a D1-pterygiophore
formula that starts with 3—12, and the presence of two epural
bones in the caudal skeleton.

An interesting outcome of the phylogenetic analysis is the
placement of tAlienagobius gen. nov. within the Stenogo-
bius lineage (Fig. 9c). The extant species of this lineage
share a global tropical distribution, but they do not occur in
Europe, and fossils of this lineage are unknown. The ver-
tebral count in the Stenogobius lineage is usually 10 + 16,
with the 10 + 17 count, as seen in fAlienagobius gen. nov.,
being restricted to Gobioides Lacépede, 1800 (in which it is
common), Evorthodus Gill, 1859c¢ (rare), and Ctenogobius
Gill, 1858 (rare) (Birdsong et al. 1988). In the following, we
briefly discuss these three genera and whether fAlienago-
bius gen. nov. bears similarities with them.

Gobioides is represented now with five species which
occur at the western Atlantic and eastern Pacific coasts of
America (three species) and the eastern Atlantic coast of
W-Africa (two species) (Murdy 1998; Froese and Pauly
2024). The species of Gobioides have an eel-like body, a
continuous dorsal fin, a number of 14-21 rays in the dor-
sal and anal fins, a lanceolate caudal fin and a squamation
consisting of numerous small cycloid scales (Murdy, 1998);
Gobioides appears thus to be very different from fAliena-
gobius gen. nov.

The only members of Evorthodus are two species dis-
tributed allopatrically on both sides of the Isthmus of Pan-
ama (Rocha et al. 2005). They show some similarity with
tAlienagobius gen. nov. in the body morphometry (but are
not as elongate), in the presence of one ray more in the anal
fin than in the D2, and in the counts of 11 and 12 rays,
respectively, in these fins (Dawson 1967; Gilbert and Ran-
dall 1979; Smith 1997). On the other hand, their otoliths,
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depicted in Schwarzhans and Aguilera (2024: fig. 42v-y),
are clearly different from those of fAlienagobius gen. nov.

Pezold (2004) has re-validated Ctenogobius, previ-
ously considered as junior synonym of Gobionellus, and
included 15 species in the genus. The biogeographic range
of these species includes the western Atlantic and eastern
Pacific coasts of America (14 species) and the eastern Cen-
tral Atlantic region of W-Africa (one species), where they
occur in freshwater, brackish, and also in marine environ-
ments (Froese and Pauly 2024). All 15 species have counts
of lateral series scales <46 (Gilbert and Randall 1979;
Pezold 2004) and the scales of the type species, C. fasciatus
Gill, 1858, are reported as “finely ctenoid” (Regan 1906).
Scale size and scale type of Ctenogobius are thus similar to
those in TAlienagobius gen. nov. Further shared characters
are presence of one more ray in the anal fin than in the D2
(Pezold 2004) and counts of 10—12 rays in the D2 and 11-13
rays in the anal fin (data compiled from Froese and Pauly
2024). Nevertheless, the otoliths of Ctenogobius, shown in
Schwarzhans and Aguilera (2024: fig. 42), are either long-
rectangular or high-rectangular, and their sulcus is larger and
more inclined as in TAlienagobius gen. nov.

In conclusion, we cannot discern a relationship of tAlien-
agobius gen. nov. with any extant genera of the Stenogo-
bius lineage based on comparative morphology. The bio-
geographic distribution of these genera and the present-day
members of the Stenogobius lineage also do not hint to
such a relationship; however, the result of the phylogenetic
analysis may indicate that the biogeographic history of this
lineage could be more complex as the present-day distribu-
tion indicates (see Thacker 2015; Reichenbacher and Prikryl
2024).

Remarks on the palaeoenvironment

In the Karpov Yar ravine in the north of Moldova, the upper
Serravallian (lower Sarmatian sensu lato, Volhynian) strata
unconformably overlie Cretaceous conglomerates and cherts
(Ionko 1954; Yakubovskaya 1955), and the clay at their base
is overflowing with leaves of terrestrial plants. Apparently,
these are deposits of coastal swamps, as evidenced by the
discovery of a spade-footed toad there in 2007. The overly-
ing diatomites and marls clearly belong to lagoonal deposits,
as indicated by several thin layers with evidence of mass
mortality of fishes; all fish discoveries are limited to these
layers. There are no mass-mortality layers further up in
the outcrop, and presence of marine molluscs indicates a
marine transgression in this place by the late Serravallian
(early Sarmatian sensu lato, Volhynian) (Bannikov 2019;
Reichenbacher and Bannikov 2022).

In terms of the number of finds, gobies of the Karpov Yar
locality concede only to the pelagic silversides (tAtherina

suchovi Switchenska, 1973) and herrings (tMoldavichthys
switshenskae Baykina & Schwarzhans, 2017). At the same
time, their systematic diversity is exceptionally high. Other
bottom-dwelling fishes of the Karpov Yar locality, on the
contrary, are quite rare: they are known to date only from
a few finds of clinid blennies, even less abundant flounders
and pipefishes, and a single specimen of scorpionfish.

Why do the dwarf gobies from Karpov Yar exhibit
minimal skeletal differences?

As discussed above, the three dwarf goby genera from the
early Sarmatian of Karpov Yar belong to different families
and lineages, with tMoldavigobius being part of the Gobi-
idae and TCryptograciles and tAlienagobius placed within
different clades of the Oxudercidae (Fig. 9). It is surpris-
ing that these three genera show low morphological dis-
parity, particularly in vertebrae numbers (all have 10 +17
vertebrae), and limited variation in body morphometry and
fin-ray counts (Fig. 10a, Table 2, Supplementary Data 3).
Given their distant phylogenetic relationships, it is unlikely
that these similarities in skeletal features are due to genetic
constraints. Instead, it is more plausible that they result from
adaptations to similar microhabitats (see Moen et al. 2013;
Cerca et al. 2019). Their small size and nearly identical
skeletal and body morphologies may have been optimized
for the specific environmental conditions at Karpov Yar,
such as interacting with a slightly muddy substrate and low
hydrodynamic turbidity (as inferred from the prevalence of
diatomites and marls).

Moreover, the presence of five dwarf goby species (two
species of fMoldavigobius, two of TCryptograciles gen.
nov., one of fAlienagobius gen. nov.), together with six
species of relatively larger gobies resembling Lesueurigo-
bius (see Reichenbacher and Bannikov 2022), suggests that
the Karpov Yar locality was ecologically more heterogene-
ous than the lithofacies might indicate. As seen in extant
dwarf gobies (Tornabene et al. 2013; Brandl et al. 2018),
a cryptobenthic lifestyle is likely for the fossil dwarf gob-
ies, with each genus and species adapted to specific micron-
iches within available microhabitats. This could also explain
their relatively high species diversity, as small body size in
cryptobenthic fish has been linked to increased diversifica-
tion rates (Brandl et al. 2018).

Among the three dwarf goby genera, notable differences
are evident in scale size, longitudinal scale row counts, scale
ornamentation (number of radii), and otolith (sagitta and
lapillus) morphology (Fig. 10a, for details see Differential
diagnoses for genera). Scales play key roles in structural
robustness, swimming efficiency, and predator avoidance via
mechanical protection or reflection (Helfman et al. 2009;
Zhu et al. 2012; Vernerey and Barthelat 2014), while otoliths
are part of the inner ear and are crucial for balance, sound
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Fig. 10 Morphological dif- ) P ) -

. . oldavigobius | tMoldavigobius Cryptograciles
ferences between dwarf goby Morphological differences 35_ 9 35_ 9 ;er?./ Fr:oa
genera (a) and their species ?rit:?:rﬂ::,dyv;’:rf goby genera tCryptograciles | tAlienagobius | vs. tAlienagobius
(b) from Karpov Yar, near P gen. nov. gen. nov. gen. nov.
Naslavcea, nQrther.n Moldova. Pharyngeal dentition A
Morphometric variables are Jaws, teeth - A
considered significantly differ- Pmx articular proc.
ent if they differ by >5% SL. Morphometry | D2-base (% SL) A
Differences in otglith variables D1-pteryg. formula A
were analysed using one-way Meristics Anal-fin rays A A
ANOVA with posthoc tests (p :

Pelvic-fin rays A
< 0.05) for the three genera Scale heidht % SL) | A
and the three tMoldavigobius . cae. eight (% SL) N
species, and using T-test (with Squamation Longit. scale number
Monte Carlo permutation, p < Density scale cover A
0.05) for the two TCryptograc- Col (%OL) A A
iles species. Grey shading indi- SuAngle A
cates variables that distinguish SuL (%OL) A A
twohor .;1111 thFree grm%{)s fE(zirn Sagitta Sul_ (%OH) A A A
each other. For details of data variables SuH (%0L) A
see Supplementary Data 3 and 4
SuH (%OH) A
SuTipV (%SuEndv) | A
SuTipV (%OH) A A
Lapillus Overall shape A A A
P Sulculus A A A
a
Morphological differences tM. gloriae | tM. gloriae tM. helenae | tC. conicus
between congeneric dwarf goby | vs. vs. vs. Vs.
species from Karpov Yar 1M. helenae | TM. suavis 1M. suavis 1C. robustus
Neurocranium | Shape frontals Unknown A
Suspensorium | Shape opercle Unknown A
Length lower jaw A No data No data
Morphometry | BD2 A - -
(M. suavis is (M. suavis is
abdVc (%caudVc) ] i A
otolith-based) otolith-based)
D2-rays A
Meristics Pectoral-fin rays kJA?I;?gr\;V'ar:em A
Insertion anal fin A
Squamation Radii flank scale A
Sagitt Col (%0L) A
ga SuL (%O0L) A
variables A
Sul (%O0H) A
b

localization, and acoustic communication (Popper et al.
2005; Horvati¢ et al. 2021). Based on the references men-
tioned, we assume that differences in scales and otoliths may
be related to improved performance within specific micron-
iches. This could explain why scale and otolith morphometry
vary significantly between our genera (see section Results
and Fig. 10, see statistical results in Supplementary Data 4),
while the constraints of the shared habitat led to minimal
disparity in skeletal traits. Such a pattern of divergent otolith
morphology coupled with absence of other morphological
traits is well known for another group of small-sized fishes,
which is the Aphaniidae (tooth carps) (e.g.Teimori et al.
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2012; Charmpila et al. 2024), but the underlying processes
are still matter of future research.

Another interesting observation is that sagitta differences
between congeneric species are less pronounced than those
between genera, but that other taxonomic traits distinguish
the species (Fig. 9b). Some, like differing lower jaw lengths
between TM. gloriae sp. nov. and TM. helenae, or opercle
shape differences between 1C. conicus gen. et sp. nov. and
TC. robustus gen. et sp. nov., are likely linked to feeding
strategies. Others, such as variations in anal-fin insertion
between TM. gloriae sp. nov. and TM. helenae, or differences
in D2 and pectoral fin-ray counts between {C. conicus gen.
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et sp. nov. and TC. robustus gen. et sp. nov., may reflect
adaptations for maneuverability.

In conclusion, dwarf goby diversification at Karpov Yar
appears to have been driven by adaptation to different micro-
niches with improved swimming efficiency (derived from
scale and fin variation), auditory perception (derived from
otolith variation), and adaptation to particular dietary niches.
Evidence for the latter process is not only indicated by dif-
ferences in jaw length and opercle shape between congeneric
species (see above), but also by differences in the jaw and
suspensory bones between genera, i.e., premaxilla with high
articular process in tAlienagobius gen. nov. (Fig. 8al) vs.
low articular process in T Cryptograciles gen. nov. (Fig. 7a2),
and solely slender pharyngeal teeth in TAlienagobius gen.
nov. vs. both thick and slender types in {Cryptograciles gen.
nov.

Only because the new fossil taxa were at least partially
exceptionally well-preserved and the otoliths were preserved
in situ it was possible to recognize their taxonomic and
phylogenetic diversity. In other words: all four new species
described here would otherwise probably have been grouped
together under one and the same species name.

Conclusion

The discovery of a taxonomically diverse assemblage of
dwarf gobies from Karpov Yar indicates high ecological
complexity of the late Serravallian (early Sarmatian sensu
lato, Volhynian) coastal ecosystems in this part of the East-
ern Paratethys. Despite their distinct phylogenetic posi-
tions—spanning both the families Gobiidae and Oxuder-
cidae—the morphological similarities observed among
these dwarf gobies suggest convergent evolution driven by
habitat-specific selective pressures. The shared skeletal traits
and body morphometry across the genera likely reflect adap-
tations to similar cryptobenthic lifestyles in a low-energy,
muddy, lagoonal environment. Nevertheless, clear differ-
ences in fin positions, fin-ray counts, bones of the jaw and
suspensorium as well as scale and sagitta and lapillus mor-
phology between genera and species indicate adaptations
to particular microniches and highlights the significance
of scale and otolith morphology in elucidating taxonomic
diversity in fossils.

The findings suggest that Karpov Yar was an ecologically
dynamic site that provided diverse microhabitats that ena-
bled the coexistence of multiple cryptobenthic goby species.
These results not only advance our understanding of goby
evolution and paleoecology but also underscore the impor-
tance of exceptional fossil preservation, which in this case
allowed for a detailed taxonomic and phylogenetic recon-
struction that would otherwise have been impossible.
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