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ABSTRACT

We describe fossil catfish (Siluriformes) material from late Miocene through Pleis-
tocene strata of Southeastern Europe. The material under study is represented by dis-
articulated bones from 26 localities in the territory of Southern Ukraine and the Russian
Federation. Catfish fossils in that region are represented by members of two genera,
Heterobranchus and Silurus, of two families (Clariidae and Siluridae, respectively), and
five species, including one as new for science (Silurus spinosus n. sp.) and two
described in open nomenclature (Silurus cf. S. glanis, Silurus sp.). The presence of
†Heterobranchus austriacus in the late Sarmatian of Southern Ukraine can be
explained by expansion of this species from Africa to Europe during the late Miocene
(earlier remains of this taxon were documented only in Central and Western Europe).
Geographic distribution of Silurus soldatovi was broader in the past as indicated by the
numerous findings of its bones in the late Miocene and Pliocene deposits of Southeast-
ern Europe. Modern Silurus glanis first appeared during the final stage of late Miocene
(Pontian) and probably supplanted S. soldatovi because of its wider ecological plas-
ticity (especially temperature tolerance – this species can spawn in cooler waters). An
interesting evolutionary trend has been observed in the change of size, shape and ori-
entation of denticulations on the shaft of pectoral-fin spine in different species of the
genus Silurus. Such tendency may be explained in terms of the oligomerization of
homologous structures, but this question deserves a special study and is not
addressed herein.
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INTRODUCTION

Catfishes (Order Siluriformes) along with cypr-
inids, pikes and percids form the core of the late
Neogene freshwater fish fauna of Southeastern
Europe. The oldest skeletal catfish remains in
Europe are from the middle Eocene (?) of Ger-
many (Böhme and Ilg, 2003) identified therein as
Astephus resimus Lundberg, 1975 (family Ictaluri-
dae), a species originally described from western
North America. Earlier remains, in the form of oto-
liths, were reported from the Late Cretaceous of
Germany (Schwarzhans, 2010) and the middle
Paleocene of Denmark (Schwarzhans, 2003), as
Arius danicus Koken, 1891. Isolated unidentified
skeletal remains of catfishes are abundant
throughout late Miocene and Pliocene deposits of
Europe. Air-breathing catfishes (Clariidae) are
known in the fossil record of Austria (Thenius,
1952; Böhme, 2002), Germany (Weiler, 1928), Slo-
vakia (Böhme and Ilg, 2003), Turkey (Gillet et al.,
1978) and represented by the genus Heterobran-
chus Geoffroy-Saint-Hilaire, 1809. Bones assigned
to the genus Silurus Linnaeus, 1758 of the family
Siluridae were found from late Miocene, Pliocene
and Pleistocene strata in Austria (Gaudant, 1994;
Böhme, 2002), Bulgaria (Kamenov and Kojumd-
shieva, 1983), Germany, Greece, Hungary, Slova-
kia (Böhme and Ilg, 2003), Ukraine (Tarashchuk,
1965) and Turkey (Rückert-Ülkümen et al., 2002;
Rückert-Ülkümen and Yigitbaş, 2006). Most of
those discoveries were described using open
nomenclature, except Silurus joergi Gaudant, 2015
from the late Miocene of Höwenegg locality in Ger-
many.

Here we describe catfish material from late
Miocene through Pleistocene strata of southern
Ukraine and Russia. Those remains document the
presence of at least three species of the genus
Silurus and one species of the genus Heterobran-
chus. This study provides new data on species
diversity of catfishes in Southeastern Europe in the
range of late Miocene – Pleistocene with inference
to their past diversity and biogeographical history
of European catfishes.

MATERIAL AND METHODS

The material under study is represented by
disarticulated bones, housed in the Department of
Paleontology of the National Museum of Natural
History (NMNHU-P), National Academy of Sci-
ences of Ukraine (collection No. 4, 29, 33, 37, 38,
41, 42, 45, 53). It is derived from 26 localities in the
territory of Southern Ukraine and the Russian Fed-

eration (Figure 1). The majority of those localities
yielded heterochronous layers with numerous cat-
fish remains, dated as the late Miocene, Pliocene
and Pleistocene (Table 1). Their ages were estab-
lished based on published accounts of small mam-
mals (Nesin and Nadachowski, 2001; Krochmal
and Rekovets, 2010; Nesin, 2013) and are consis-
tent with biostratigraphic dates derived from the
accompanying fauna. Identification of the catfish
bones is based on comparative material from the
osteological collections of NMNHU-P and PIN as
well as descriptions and illustrations in the litera-
ture (see Appendix). The taxonomic hierarchy fol-
lows Nelson (2006) and Ferraris (2007).
Correlation of the Eastern Paratethys stages fol-
lows Topachevsky et al. (1997, 1998), Nesin and
Nadachowski (2001). General stratigraphic scale
of Quaternary rocks (Head et al., 2015) has been
used for correlation of the Pleistocene sediments
containing catfish fossils. Measurements were
taken with a digital caliper, with 0.1 mm precision.
Bone terminology follows Sytchevskaya (1989),
Lepiksaar (1994), Otero and Gayet (2001), and
Böhme (2002).

Institutional Abbreviations

HU, Howard University, USA; IAUS, Islamic Azad
University Shiraz, Iran; IZ, Schmalhausen Institute
of Zoology of the National Academy of Sciences of
Ukraine; NMNHU-P, Department of Paleontology of
the National Museum of Natural History of the
National Academy of Sciences of Ukraine; PIN,
Borissiak Paleontological Institute at the Russian
Academy of Sciences; SMNHS, State Museum of
Natural History Stuttgart, Germany; UNAM, Univer-
sidad Nacional Autónoma de México; UPW, Wro-
claw University of Environmental and Life
Sciences, Poland.

SYSTEMATIC PALAEONTOLOGY

Order SILURIFORMES Cuvier, 1816
Family CLARIIDAE Bonaparte, 1846

Genus HETEROBRANCHUS Geoffroy-Saint-
Hilaire, 1809

†Heterobranchus austriacus Thenius, 1952
Figure 2.1-10

1952 Heterobranchus austriacus sp. nov.; Thenius,
abb. 3.

1954 Heterobranchus austriacus Thenius, 1952; Wein-
furter, plate 6, figures 12-14.

2002 Heterobranchus austriacus Thenius, 1952;
Böhme, plate 4, figures 1-3, 6.

Material. pectoral-fin spines – 34 left, 34 right
(NMNHU-P 33/570-637, Mykhailivka 2), 8 left,
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12 right (NMNHU-P 41/2891-2893, 2908-2924,
Frunzovka 2), 5 left, 1 right (NMNHU-P 41/3459-
3464, Palievo), 2 left (NMNHU-P 41/3563-3564,
Otradovo), 4 right (NMNHU-P 41/3731-3734,
Kubanka 2), 1 left, 1 right (NMNHU-P 41/3412-
3413, Novoelizavetovka 2).
Description. Slender pectoral-fin spine (Figure
2.1, 2.4, 2.6) is slightly curved posteriorly. There
are numerous blunt denticulations along the
postaxial margin of the shaft. The regular denticu-
lations are weak and directed perpendicular to the
shaft. The anterior margin of the shaft has small
rounded (tear-shaped) denticulations (Figure 2.1,
2.6, 2.9). A well-developed shallow groove is situ-
ated proximally along the posterior margin of the
shaft (Figure 2.2). Edges of the pectoral-fin spine
are narrow and laterally compressed; therefore the
shaft is lenticular in cross-section. The broad
cleithral surface (Figure 2.3, 2.5, 2.7, 2.10) is cres-
cent-shaped with numerous frequent ridges, which
are characteristic of the genus Heterobranchus
(Böhme, 2002). The three processes are desig-
nated as dorsal, ventral and anterior (Diogo et al.,
2001) or dorsolateral, ventrolateral and axial (Otero
and Gayet, 2001), respectively. The ventrolateral3

process is large, with a proximally directed
rounded tip; the dorsolateral process is medium-
sized and the axial process is smooth. A right pec-
toral-fin spine with an abnormal accrete intravital
fracture (Figure 2.8) was obtained from the
Mykhailivka 2 locality.
Remarks. The pectoral-fin spines are similar in
overall morphology and size to those identified as
Heterobranchus austriacus from the Vösendorf-
Brunn and Sandberg in Austria (Gaudant, 1994;
Böhme, 2002). However, pectoral-fin spines from
the late Miocene of Ukraine have a larger ventrolat-
eral process and more regular denticulations at the
postaxial margin.

Family SILURIDAE Cuvier, 1816
Genus SILURUS Linnaeus, 1758

†Silurus spinosus n. sp.
Figure 3.1-13

zoobank.org/08CBCE52-6752-400C-ABD4-B95290CC2AE5

Etymology. The name refers to the unusual multi-
serial denticulations on the pectoral-fin spine.
Type material. Holotype NMNHU-P 29/1747, com-
plete left pectoral-fin spine (Figure 3.1-5). Para-
types NMNHU-P 29/1748, 1749, 1750 right

FIGURE 1. Investigated localities with late Miocene, Pliocene and Pleistocene catfish remains. 1, Popovo. 2,
Mykhailivka. 3, Lobkovo. 4, Frunzovka. 5, Palievo. 6, Otradovo. 7, Lysa Gora. 8, Kubanka. 9, Novoelizavetovka. 10,
Cherevichne. 11, Vasylivka. 12, Verkhnya Krynitsya. 13, Egorovka. 14, Novoukrainka. 15, Pontian lectostratotype.
16, Vinogradovka. 17, Nerubaiske. 18, Trudomirovka. 19, Novopetrovka. 20, Kamenskoe. 21, Kotlovina. 22, Shko-
dova Gora. 23, Shirokino. 24, Obukhovka. 25, Novokyivka. 26, Semibalka.
3
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pectoral-fin spines, 29/1756 parasphenoid, 29/
1906 praemaxilla, 29/1911 quadrate, 29/4002 right
dentary, 29/1852 articular, and 29/1814 cleithrum.
Additional material. 5 praemaxillae, 1 articular, 5
quadrates, 30 dentaries, 9 cleithra, 72 proximal
and 42 distal portions of pectoral-fin spines

(NMNHU-P 29/1751-1755, 1757-1813, 1815-1851,
1853-1905, 1907-1910, 1912-1917, Popovo 3); 8
dentaries, 17 proximal and 13 distal portions of
pectoral-fin spines (NMNHU-P 29/3997-4001,
4003-4035, Lobkovo); and 6 proximal portions of

TABLE 1. Stratigraphic distribution of investigated localities with catfish remains.
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Pleistocene Middle 0.77 26 Semibalka 1

Early 2.58 21 Kotlovina 3

Pliocene Piacenzian 10 Cherevichne 2

24 Obukhovka 2

3.60 23 Shirokino

Zanclean 21 Kotlovina 1

20 Kamenskoe

25 Novokyivka

19 Novopetrovka

5.33 18 Trudomirovka

Late Miocene Pontain 22 Shkodova Gora

17 Nerubaiske

16 Vinogradovka 1

7.25 15 Pontian 
Lectostratotype

Maeotian 14 Novoukrainka 1

13 Egorovka 1

13 Egorovka 2

12 Verkhnya Krynitsya 
2

11 Vasylivka 1

9.88 10 Cherevichne 3

Late Sarmatian 
s.l.

9 Novoelizavetovka 2

8 Kubanka 2

7 Lysa Gora 2

6 Otradovo

5 Palievo

4 Frunzovka 2

3 Lobkovo

2 Mykhailivka 2

11.0 1 Popovo 3
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pectoral-fin spines (NMNHU-P 638-643, Mykhail-
ivka 2).
Type locality. Popovo 3, near Vasylivka, Zapor-
izhzhia region, Southern Ukraine (Figure 1).
Geological age and distribution. late Miocene,
late Sarmatian of Southeastern Europe.
Diagnosis. Silurus spinosus n. sp. differs from
other species of the genus Silurus in the following
unique combination of characters: (1) multiserial
denticulations at the lateral margin of pectoral-fin
spine shaft; (2) projecting flattened crests on the
ventral surface of medial part of the parasphenoid;
(3) rounded and shortened facies articularis qua-
drati on the articular; and (4) narrow oral surface of
the dentary with 3-5 tooth rows, weakly developed
dental shelf and widened symphysis.

Description. Pectoral-fin spine (Figure 3.1-7) is
extended in length and tapered to a point at the
distal end. The surface of the bone has distinct lon-
gitudinal grooves. The shaft is lenticular or rounded
in cross-section, with a deep furrow on the anterior
plane, starting from the base and continuing to the
tip. The base of the pectoral-fin spine is moderately
widened and slightly flattened (arched in some
specimens), deflected medially from the shaft.
There are usually 3, rarely 4-5, rows of weak den-
ticulations. The denticulations extend basally to the
level of approximately 1/5 of the shaft length and
point in different directions. The medial margin of
the shaft has strong, pointed, conical and slightly
curved denticulations. The ratio of width to length is
near 1:4-1:5. The dorsal process of the spine base

FIGURE 2. Isolated bones assigned to †Heterobranchus austriacus Thenius, 1952. 1-3, left pectoral-fin spine
(NMNHU-P 33/570, Mykhailivka 2): dorsal view (1), ventral view (2), proximal articulation surface (3). 4-5, right pecto-
ral-fin spine (NMNHU-P 41/3732, Kubanka 2): dorsal view (4), proximal articulation surface (5). 6-7, right pectoral-fin
spine (NMNHU-P 41/2891, Frunzovka 2): dorsal view (6), proximal articulation surface (7). 8, right pectoral-fin spine
with wrong accrete fracture (NMNHU-P 33/574, Mykhailivka 2), lateral view. 9-10, right pectoral-fin spine (NMNHU-P
41/2908, Frunzovka 2): lateral view (9), proximal articulation surface (10). Scale bars equal 5 mm (Figure 2.1-2, 2.4,
2.6, 2.8-9) and 2 mm (Figure 2.3, 2.5, 2.7, 2.10).
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(Figure 3.5) has a swollen margin, the ventral pro-
cess is fairly wide and lobate, and the anterior pro-
cess is small and rounded. The longest spine
examined was 45.2 mm (holotype 37.0 mm). The
parasphenoid (Figure 3.8) is an arched bone, com-

pressed dorsoventrally, with two flattened crests
projecting on the ventral surface. The posterior part
of the parasphenoid is widened caudally and the
carotid grooves are high and wide. The dentary
(Figure 3.9) is characterized by a narrow oral sur-

FIGURE 3. Isolated bones assigned to †Silurus spinosus n. sp. 1-5, holotype, left pectoral-fin spine (NMNHU-P 29/
1747, Popovo 3): dorsal view (1), ventral view (2), medial view (3), lateral view (4), proximal articulation surface (5). 6-
7, distal fragments of pectoral-fin spines (NMNHU-P 29/4034-4035, Lobkovo). 8, medial part of parasphenoid
(NMNHU-P 29/1756, Popovo 3), dorsal view. 9, right dentary (NMNHU-P 29/4002, Lobkovo), medial view. 10, symph-
ysal fragment of cleithrum (NMNHU-P 29/1814, Popovo 3), lateral view. 11, articular (NMNHU-P 29/1852, Popovo 3),
lateral view. 12, praemaxilla (NMNHU-P 29/1906, Popovo 3), ventral view. 13, articular facet of quadrate (NMNHU-P
29/1911, Popovo 3), anterior view. Scale bars equal 10 mm.
6



PALAEO-ELECTRONICA.ORG
face (only 3-5 tooth rows), weakly developed den-
tal shelf and widened symphysis. Dentary teeth are
small, with conical crowns and circular bases. The
praemaxilla (Figure 3.12) is flattened, elongated
and contains numerous rows of small teeth. The
cleithrum has a deep cavity for the articular head of
the pectoral-fin spine (Figure 3.10) that is uniform
in width and medially curved in a smooth arc. The
articular facet (facies articularis quadrati) on the
articular bone (Figure 3.11) is wide anteriorly and
narrow posteriorly. The bone wall is high (45°), with
a wide ventroposterior angle. The quadrate (Figure
3.13) is robust; its articular facet is nearly rectangu-
lar, with smoothly rounded edges.
Remarks. The various disarticulated bones that
comprise the paratype series and additional mate-
rial were assigned to †Silurus spinosus n.sp.
based on their clear differences from the compara-
ble elements of the only other catfishes (Silurus
soldatovi, Silurus sp.) currently known from the
outcrop. Differences in those elements are not
emphasized in the systematic discussion, below,
inasmuch as the pectoral-fin spine differences are
sufficient to establish the species as new and the
associated bones are necessarily only hypothe-
sized to be those of †S. spinosus.
Systematic discussion. The only other named
extinct species of catfish that is currently assigned
to Silurus is Silurus joergi Gaudant, 2015, from the
Miocene strata of Höwenegg (Germany). The pec-
toral-fin spine of Silurus joergi is comparably
shorter, much more robust and clearly rounded in
cross-section. There are short blunt denticulations
on the medial margin, which are slightly shifted in
lateral projection (Gaudant, 2015).
Of the extant species of the genus. †Silurus spi-
nosus n.sp. is most similar in morphology to Silurus
soldatovi Nikolsky and Soin, 1948, and Silurus
cochinchinensis Valenciennes, 1839, in curvature
of the pectoral-fin spine. However, the spine of S.
soldatovi has only numerous uniserial small weak
denticulations on the medial and lateral margins,
and the spine of S. cochinchinensis has a deep
notch at the base and characterized by the pres-
ence of large flattened accrete denticulations only
on the medial margin of the shaft, which becomes
very thin (Kobayakawa, 1989). The pectoral-fin
spine of the new species is significantly narrower
distally and is characterized by a less swollen dor-
sal process and less regular uniserial denticula-
tions on both margins of the shaft than that of
Silurus aristotelis (Agassiz, 1856), (Kobayakawa,
1989). The pectoral-fin spine of Silurus biwaensis
(Tomoda, 1961), in addition to features mentioned

above, is comparably narrower (Kobayakawa,
1989). Other species of the genus Silurus are even
less similar to †Silurus spinosus n. sp. For exam-
ple, pectoral-fin spine of Silurus glanis Linnaeus,
1758 has more robust articular processes and
yielded long accrete denticulations on the medial
margin; at the same time there are no any denticu-
lations at the lateral margin of the shaft. The pecto-
ral-fin spine of Silurus grahami Regan, 1907 has a
wider base and ventral process, a naked medial
margin and small weak uniserial denticulations on
the lateral margin (Kobayakawa, 1989). Such den-
ticulations are completely absent on the pectoral-
fin of Silurus microdorsalis (Mori, 1936), with the
exception of a few of them at the top of the shaft
(Kobayakawa, 1989).

Silurus soldatovi Nikolsky and Soin, 1948
Figure 4.1-28

1962 Parasilurus sp.; Tarashchuk, p. 10.

1965 Parasilurus sp.; Tarashchuk, p. 77, figure 1.

1980 Parasilurus cf. asotus (Linnaeus, 1758);
Sytchevskaya, plate 13, figures 3-7.

1989 Silurus cf. soldatovi Nikolsky and Soin, 1948;
Sytchevskaya, plate 24, figures 4-6.

2011 Silurus sp.; Kovalchuk, p. 134, figure 2.1-2.3.

Material. pectoral-fin spines – 2 prox., 3 dist.
(NMNHU-P 41/2894-2898, Frunzovka 2), 1 prox.,
2 dist. (NMNHU-P 29/551-553, Lysa Gora 2), 2
prox., 2 dist. (NMNHU-P 41/5376-5379, Novoeliza-
vetovka 3), 8 prox., 1 complete (NMNHU-P 41/
4282-4290, Egorovka 1), 2 prox. (NMNHU-P 38/
1953-1954, Novoukrainka 1), 1 prox. (NMNHU-P
41/2454, Pontian lectostratotype), 1 prox.
(NMNHU-P 41/2730, Vinogradovka 1); 1 cleithrum,
pectoral-fin spines – 3 prox., 1 dist. (NMNHU-P 45/
5662-5666, Cherevichne 3); 1 articular bone, 5
dentary fragments, 3 cleithra, pectoral spines – 4
prox., 7 dist. (NMNHU-P 29/1221-1240, Vasylivka
1); 4 dentary fragments, 1 cleithrum, pectoral-fin
spines – 3 prox., 2 dist. (NMNHU-P 29/662-671,
Verkhnya Krynitsya 2); 3 cleithra, pectoral-fin
spines – 13 prox., 12 dist. (NMNHU-P 41/4432-
4459, Egorovka 2); 1 pectoral-fin spine (NMNHU-P
37/736, Novopetrovka); 6 articulars, 23 dentaries,
5 quadrates, 22 cleithra, pectoral-fin spines – 61
prox., 34 dist., 20 isolated centra (NMNHU-P 42/
197-213, 215, 217-236, 238-240, 242-260, 441,
478, 488-499, 501-502, 504, 509, 590, 616- 618,
621-626, 659, 660-662, 664, 667, 674, 677-699,
779, 784-786, 819, 885, 1219, 1223, 1249, 1253-
1296, Kamenskoe); 2 proximal portions of pectoral-
fin spines (NMNHU-P 29/3971-3972, Shirokino); 3
dentaries, 24 articulars, 44 cleithra, 27 centra of
Weberian apparatus, 60 proximal and 28 distal por-
7
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tions of pectoral-fin spines (NMNHU-P 53/4507-
4692, Novokyivka).
Description. Pectoral-fin spine (Figure 4.1-14) is
straight or slightly curved. Articular head of the
bone is elongated and flattened, with small medial
and ventral processes and a wide anterior process.
The medial and lateral margins of the shaft have
numerous uniserial small weak denticulations, and
additional weaker denticulations along medial
edge. Cleithrum (Figure 4.15-17, 4.21) are gener-
ally fragments, mostly represented by a wide
medial portion. Wide crest of horizontal part of the
cleithrum (crista articularis) is well-developed and
extended medially. Cavity for the articular head of
the pectoral-fin spine is narrow anteriorly and wid-
ened posteriorly. Slightly gracile quadrate (Figure
4.18) has a low and narrow articular facet. Dentary
(Figure 4.19-20, 4.22) is triangular in cross-section,
with moderately wide rounded symphysal edge
and convex oral surface. Articular bone (Figure
4.23-24) has a low wall (35-40°) with a narrow and
elongated facet articularis quadrati. Ventral surface
of articular is nearly straight, with a rounded ventral
posterior angle. Weberian centrum (Figure 4.25-
27) is short and high, its articular surface is deep-
ened, higher than wide, with the opening for the
spinal cord is displaced dorsally; posterior surface
is slightly deeper than wide and ventrally narrowed,
with a more central position of the opening for the
spinal cord. Abdominal centrum (Figure 4.28) is
round in end view and nearly rectangular in cross-
section.
Remarks. The numerous pectoral-fin spines and
other bones of this species, from localities different
ages appear to belong to both juvenile and adult
individuals. They are very similar in morphology to

those of extant Silurus soldatovi, as well as Silurus
cf. soldatovi from the late Miocene and Pliocene of
Western Mongolia and Kazakhstan (Sytchevskaya,
1989), and we confidently assign them to that spe-
cies.

Silurus glanis Linnaeus, 1758
Figure 5.1-12

1989 Silurus glanis; Kobayakawa, p. 158, figure 4d.

2015 Silurus glanis; Kovalchuk et al., p. 54, figure 4.

2015 Silurus glanis; Kovalchuk, p. 205, figure 3.

Material. 1 dentary fragment, 2 isolated jaw teeth,
1 cleithrum, 1 distal and 4 proximal portions of pec-
toral-fin spines (NMNHU-P 41/2529-2536, Kot-
lovina 1); 1 dentary fragment, 1 articular bone, 1
quadrate, 3 parasphenoids, cranial bones, 1
cleithrum, 4 pectoral-fin spines, 2 abdominal centra
(NMNHU-P 41/52, 218, 543, 545, 579, 609, 615,
617-620, 623-624, 626, 717, 1137, 1233, Shko-
dova Gora); pectoral-fin spines – 3 prox., 1 dist.
(NMNHU-P 53/4693-4696, Obukhovka 2), 4 prox.,
1 dist. (NMNHU-P 41/2537-2541, Kotlovina 3), 1
prox. (NMNHU-P 53/4697, Semibalka 1).
Description. Massive pectoral-fin spine (Figure
5.1-2) is straight or slightly curved in medial projec-
tion. The bone is oval or rounded in cross-section,
with a weakly expanded and dorsoventrally com-
pressed base (Figure 5.3). Medial margin of the
shaft yielded long concrescent denticulations (Fig-
ure 5.4), located on distal one-third of the spine.
Lateral margin of the shaft is usually smooth. Dor-
sal process of the spine has narrow edge; ventral
process is small-sized, anterior is wide and flat-
tened. Parasphenoid (Figure 5.9-10) is robust and
wide (especially in its medial part), trapezoidal in
cross-section. Proximal and distal portions of the

FIGURE 4 (previous page). Isolated bones assigned to Silurus soldatovi Nikolsky and Soin, 1948. 1, left pectoral-fin
spine (NMNHU-P 41/2894, Frunzovka 2), medial view. 2-4, right pectoral-fin spine (NMNHU-P 41/2454, Pontian lecto-
stratotype): lateral view (2), medial view (3), proximal articulation surface (4). 5, left pectoral-fin spine (NMNHU-P 37/
736, Novopetrovka), dorsal view. 6, left pectoral-fin spine (NMNHU-P 41/4432, Egorovka 2), dorsal view. 7, left pectoral-
fin spine with wrong accrete fracture (NMNHU-P 41/4457, Egorovka 2), medial view. 8-9, right pectoral-fin spine
(NMNHU-P 42/213, Kamenskoe): dorsal view (8), medial view (9). 10, distal part of pectoral-fin spine (NMNHU-P 42/
254, Kamenskoe), ventral view. 11, distal part of pectoral-fin spine (NMNHU-P 53/4508, Novokyivka), dorsal view. 12-
14, left pectoral-fin spine (NMNHU-P 53/4507, Novokyivka): dorsal view (12), lateral view (13), proximal articulation sur-
face (14). 15, symphysal part of cleithrum (NMNHU-P 29/1223, Vasylivka 1), lateral view. 16, fragment of cleithrum
(NMNHU-P 29/664, Verkhnya Krynitsya 2), lateral view. 17, symphysal part of cleithrum (NMNHU-P 41/4458, Egorovka
2), lateral view. 18, articular facet of quadrate (NMNHU-P 42/784, Kamenskoe), anterior view. 19, fragment of left den-
tary (NMNHU-P 29/1238, Vasylivka 1), lateral view. 20, fragment of right dentary (NMNHU-P 42/885, Kamenskoe), lat-
eral view. 21, right cleithrum (NMNHU-P 53/4614, Novokyivka), lateral view. 22, left dentary (NMNHU-P 53/4610,
Novokyivka), lateral view. 23, right articular (NMNHU-P 29/1237, Vasylivka 1), medial view. 24, right articular (NMNHU-
P 53/4593, Novokyivka), medial view. 25-26, Weberian centrum (NMNHU-P 42/207, Kamenskoe), lateral view. 27,
Weberian centrum (NMNHU-P 53/4580, Novokyivka), lateral view. 28, abdominal centrum (NMNHU-P 42/1249,
Kamenskoe), anterior view. Scale bars equal 10 mm (Figure 4.1-5, 4.8-16, 4.18, 4.20-26) and 5 mm (Figure 4.6-7, 4.17,
4.19, 4.27-28).
9
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bone are slightly expanded. Ventral surface (Figure
5.9) is smooth, dorsal surface with well-developed
carotid grooves (Figure 5.10). Wide articular facet
of quadrate is nearly rectangular (Figure 5.11), with
caudally deflected posterior process. Articular
bone (Figure 5.7-8) is massive, with a partly broken
distal end. Anterior part of its oval articular facet is

expanded, and the posterior part is smoothly
rounded. Dentary (Figure 5.6) has flattened dentig-
erous surface yielding numerous tooth rows
(n=17). The lateral surface of the dentary has well-
developed sensory-canal pores. Jaw tooth (Figure
5.5) is small and conical; its crown is posteriorly
curved, circular at the base and pointed at the tip.

FIGURE 5. Isolated bones assigned to Silurus glanis Linnaeus, 1758. 1-4, right pectoral-fin spines (NMNHU-P 41/
609, 621, Shkodova Gora): dorsal view (1), lateral view (2), proximal articulation surface (3), fragment of the shaft
with denticulations (4). 5, isolated jaw tooth (NMNHU-P 41/2530, Kotlovina 1), lateral view. 6, fragment of left dentary
(NMNHU-P 41/52, Shkodova Gora): dorsal view. 7-8, right articular (NMNHU-P 41/626, Shkodova Gora): lateral view
(7), dorsal view (8). 9-10, parasphenoid with basioccipital bone (NMNHU-P 41/717, Shkodova Gora): ventral view (9),
dorsal view (10). 11, fragment of quadrate (NMNHU-P 41/623, Shkodova Gora), anterior view on the articular facet.
12, fragment of cleithrum (NMNHU-P 41/615, Shkodova Gora), lateral view. Scale bars equal 20 mm (Figure 5.9-10,
5.12), 10 mm (Figure 5.1-4, 5.6-8, 5.11) and 5 mm (Figure 5.5).
10
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Cleithrum (Figure 5.12) has high and robust
ascending process. Its long vertical branch is
deflected posterodorsally and compressed at the
base. The cavity for the articular part of the pecto-
ral spine is anteriorly narrowed and posteriorly
expanded.
Remarks. All described bones are morphologically
identical to those in extant Silurus glanis. Judging
by their sizes, it appears that they belonged to rela-
tively large adult individuals.

Silurus cf. S. glanis Linnaeus, 1758
Figure 6.1-7

Material. Four proximal portions of pectoral-fin
spines, 1 centrum (NMNHU-P 41/2731-2735, Vino-
gradovka 1); 2 centra (NMNHU-P 53/4698-4699,
Nerubaiske); 2 centra (NMNHU-P 37/797, 2257,
Trudomirovka); 1 fragment of parasphenoid, 2 cen-
tra (NMNHU-P 41/680, 876, 1165, Shkodova
Gora); 1 centrum (NMNHU-P 29/3973, Shirokino);
1 centrum (NMNHU-P 45/4052, Cherevichne 2).
Description. Pectoral-fin spine is rounded and
characterized by an expanded flattened base and
small blunt denticulations on the medial margin of
the shaft. Dorsal process of articular base is
medium-sized, whereas the ventral and anterior
processes are small with conical tips. Parasphe-
noid (Figure 6.7) is represented by its medial part,
anterior and posterior ends are completely broken.
The bone is wide, with well-developed and clearly
visible carotid grooves on its surface. Centra (Fig-
ure 6.1-5) are oval or rounded in end view and rect-
angular in lateral view. Most have shallow articular
surfaces at their anterior and posterior ends. Large
abdominal centra (Figure 6.1, 6.3-6) are typically
wider than high or long, although sometimes height
and width are comparable. Wide and robust para-
pophyses are developed on the dorsal and lateral
sides of those bones. Caudal centrum (Figure 6.2)
is higher or longer than wide.
Remarks. The centra and other bone fragments
described above are similar to those in Silurus gla-
nis based on their characteristic morphology,
shape and surface sculpturing. Because of their
poor preservation, however, we only cautiously
assign them to that species.

Silurus sp.

2014 Silurus sp.; Kovalchuk et al., p. 50, figure 6.

Material. 544 centra (NMNHU-P 29/1918-2461,
Popovo 3); 2 fragments of cleithra, 8 distal portions
of pectoral-fin spines, 47 centra (NMNHU-P 33/
644-722, Mykhailivka 2); 5 dentaries, 4 praemaxilla

fragments, 1 proximal and 3 distal portions of pec-
toral-fin spines, 6 centra (NMNHU-P 29/3974-
3992, Lobkovo); 3 dentary fragments, 1 (articular)
portion of cleithrum, 5 centra (NMNHU-P 41/2899-
2907, Frunzovka 2); pectoral-fin spines – 3 prox., 3
dist., 1 centrum (NMNHU-P 41/3465-3471,
Palievo); 2 distal portions of pectoral-fin spines
(NMNHU-P 41/3565-3566, Otradovo); 3 praemax-
illa fragments, 1 dentary, 2 centra (NMNHU-P 29/
554-559, Lysa Gora 2); 2 dentary fragments, 2 jaw
teeth, 4 centra (NMNHU-P 41/3735-3742,
Kubanka 2); 2 distal portions of pectoral-fin spines,
15 centra (NMNHU-P 41/3414-3430, Novoeliza-
vetovka 2); 1 dentary fragment, 1 jaw tooth, 22
centra (NMNHU-P 45/5666-5689, Cherevichne 3);
2 cleithra, 1 proximal portion of pectoral-fin spine,
152 centra (NMNHU-P 29/1241-1395, Vasylivka
1); 6 dentary fragments, pectoral-fin spines – 6
prox., 6 dist., 343 centra (NMNHU-P 29/672-1032,
Verkhnya Krynitsya 2); 2 praemaxilla and 22 den-
tary fragments, 4 isolated teeth, 1 cleithrum, 9 dis-
tal portions of pectoral-fin spines (NMNHU-P 41/
4460-4497, Egorovka 2); 1 praemaxilla and 19
dentary fragments, 12 distal portions of pectoral-fin
spines (NMNHU-P 41/4291-4322, Egorovka 1); 1
proximal and 4 distal portions of pectoral-fin
spines, 4 centra (NMNHU-P 38/1955-1963,
Novoukrainka 1); 5 isolated teeth, 5 fragments of
pectoral-fin spines (NMNHU-P 41/2455-2464, Pon-
tian lectostratotype); 1 dentary fragment, 1 centrum
(NMNHU-P 41/2736-2737, Vinogradovka 1); 2
centra (NMNHU-P 53/4700-4701, Nerubaiske); 7
centra (NMNHU-P 37/737-739, 797-799, 2558,
Trudomirovka); 1 cranial bone, 1 centrum, 2 proxi-
mal portions of pectoral-fin spines (NMNHU-P 29/
3993-3996, Shirokino); 1 praemaxilla fragment, 1
proximal portion of pectoral-fin spine (NMNHU-P
53/4707-4708, Obukhovka 2); 41 centra (NMNHU-
P 41/582, 588, 680, 697-699, 883, 887, 890, 1165,
1168, 1170-1171, 1182-1183, 1186, 1197, 1213,
1218, 1234, 1238, 4709-4728, Shkodova Gora);
156 centra (NMNHU-P 53/4729-4884, Novoky-
ivka); 1 centrum (NMNHU-P 45/4052, Cherevichne
2).
Description. All examined bones are represented
by small fragments, for which it is not possible to
measure or describe them here. The remains do
not appear to be those of Heterobranchus and are
comparable in morphology with those that we inter-
preted as belonging to the genus Silurus. They are
not, however, sufficiently recognizable to be
assigned to any of the species.
11
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DISCUSSION

Taxonomic Composition

Catfishes in the fossil record of Southeastern
Europe are represented by six species, including
two extinct (†Heterobranchus austriacus, †Silurus
spinosus n. sp.), two extant (Silurus soldatovi, S.
glanis) and two (Silurus cf. S. glanis, Silurus sp.)
that cannot be assigned to any species at this time.
All known species are members of two genera
(Heterobranchus, Silurus) and two families – Clarii-
dae and Siluridae.

The presence of †Heterobranchus austriacus
in the late Miocene of Southeastern Europe is
rather interesting. That species was reported previ-
ously from the late Miocene of Central and West-
ern Europe (Thenius, 1952; Böhme, 2002; Böhme
and Ilg, 2003), and its presence in Eastern Europe
is documented here for the first time. Another
extinct member of this genus – †Heterobranchus
palaeindicus Lyddeker, 1886 – is known from the
Pliocene strata of Ladhyani locality (India) and
found there along with other clariids – Clarias
batrachus Linnaeus, 1758 and Clarias falconeri
Lyddeker, 1886 (Sahni and Khare, 1977). The four

FIGURE 6. Isolated bones assigned to Silurus cf. S. glanis Linnaeus, 1758. 1, centrum (NMNHU-P 41/2731, Vinogra-
dovka 1). 2, centrum (NMNHU-P 53/4698, Nerubaiske). 3, centrum (NMNHU-P 41/1165, Shkodova Gora). 4, centrum
(NMNHU-P 29/3973, Shirokino). 5, centrum (NMNHU-P 37/797, Trudomirovka). 6, centrum (NMNHU-P 45/4052,
Cherevichne 2). All centra (Figure 6.1, 6.3-6 – abdominal, Figure 6.2 – caudal) are presented in anterior view. 7, frag-
ment of parasphenoid (NMNHU-P 41/680, Shkodova Gora). Scale bars equal 10 mm.
12
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extant species of Heterobranchus are confined to
freshwater bodies of Africa (Ferraris, 2007).

The discovery of numerous remains assigned
to Silurus soldatovi in the fossil record of South-
eastern Europe is no less interesting. This species
(or its morphological analogue – Silurus cf. solda-
tovi) was reported from the late Miocene and Plio-
cene of Western Mongolia and Kazakhstan
(Sytchevskaya, 1989). The current distribution of
this species is restricted to the Far East region: the
Amur and Ussuri river basins, as well as Lake
Khanka (Froese and Pauly, 2015).

Biogeography

Diversity of catfishes in the late Miocene, Plio-
cene and Pleistocene strata of Southeastern
Europe sheds light upon the evolutionary history of
these fishes and establishing some characteristics
of their distribution during the late Cenozoic.
Ancient late Miocene ichthyocomplex yielded one
primitive silurid species, †Silurus spinosus n. sp.,
which was reported for the early late Sarmatian of
Southern Ukraine. The remains of Heterobranchus
austriacus first appeared in the study region some-
what later. That species was found during the
whole late Sarmatian (11.0-9.88 Ma) and was likely
an African immigrant (Gaudant, 2015), which pene-
trated to Central and Western Europe around the
same time. It is hypothesized that this was not a
single expansion (prochoresis) from Africa to
Europe and Asia, based the presence of some Afri-
can native mammals, e.g., rodents (Cricetidae,
Muridae, Spalacidae), lagomorphs (Serengetila-
gus) and ungulates in the fossil record of South-
eastern Europe (Topachevsky, 1987; Korotkevich,
1988; Krakhmalnaya, 1996; Topachevsky et al.,
1997; Topačevsky and Skorik, 1984). Such migra-
tions were repeated and recurred with a certain
periodicity due both to the dynamics of large
marine basins in the Eastern Paratethys area as
well as with the tectonic activity in the Mediterra-
nean region during the late Miocene and Pliocene.

The first finds of the fossil remains of Silurus
soldatovi in the study region are also confined to
the late Sarmatian time (Table 1). It is unlikely that
this species expanded into Europe from Asia; prob-
ably its area in the late Miocene and Pliocene was
much more extensive, covering not only the water
bodies of Asia, but also Eastern Europe. For a
while (until the end of Sarmatian) Silurus soldatovi
coexisted with †Heterobranchus austriacus. Later
S. soldatovi became the dominant (but hardly the
only) form of catfish in the late Miocene and Plio-
cene freshwater ichthyocomplexes of Eastern

Europe. Evolutionary success of this species may
have been the result of the Miocene climatic opti-
mum (Böhme, 2003).

It is difficult to say when extant Silurus glanis
appeared for the first time. Undoubted remains of
this species are derived from the late Miocene
(Shkodova Gora) and middle Pliocene (Kotlovina
1), but some bones from the late (Pontian) stage of
the late Miocene and the earliest Pliocene are very
similar to those in European catfish and described
here as Silurus cf. S. glanis (Table 1). We do not
identify these remains as belonging to the same
taxon (due to poor preservation), but do not
exclude such possibility.

There is no evidence of coexistence of Silurus
soldatovi and Silurus glanis in water bodies of
Southeastern Europe (Table 1), although it seems
quite probable. It appears that Silurus glanis gradu-
ally supplanted S. soldatovi, with subsequent
reduction of the area of the latter species. The loss
of Silurus soldatovi in the late Pliocene of South-
eastern Europe and success of Silurus glanis from
that time through to the present was linked to the
changing global climate which underwent a cooling
and drying phase as the earth transitioned from
greenhouse to icehouse climate (Syabryaj et al.,
2007; Ivanov et al., 2011). Increased seasonality
with a reduction in the number of cool months
meant that temperatures would have favoured spe-
cies with a wider temperature tolerance and those
that spawn in cooler waters. Triantafyllidis et al.
(2002) discussed the possible existence of a single
(eastern) refugium around the Ponto-Caspian
region, from which all populations of Silurus glanis
spread throughout Central and Southern Europe.
Since this species existed in the study region at
least from the middle Pliocene, our data are con-
gruent with that refugial hypothesis.

Evolutionary Trends

We need to point out some of the morphologi-
cal changes that occurred within the genus Silurus,
in particular related to the pectoral-fin spines. That
skeletal element is one of the most numerous for
all described catfish taxa in late Miocene, Pliocene
and Pleistocene localities (Table 2). In the course
of our study certain patterns were noticed; which
were manifested in the change of size, shape and
orientation of denticulations as well as the number
of their rows on the shaft of pectoral-fin spine. At
least three stages of such changes can be defined:
(1) multiserial denticulations on both medial and
lateral margins of pectoral-fin spine shaft (Silurus
spinosus n. sp.); (2) stouter uniserial denticulations
13
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on both margins of the shaft (Silurus soldatovi); (3)
very long accrete denticulations only on the medial
margin of the pectoral-fin spine shaft (Silurus gla-
nis). We speculate that those changes may be a
special case of the oligomerization of homologous
structures – the weakening or disappearance some
of them, with an increase or appearance of others
in the course of a gradual change in their functional
load. The reason for this change lies, apparently, in
the emergence of innovations in the form of unsta-
ble variations (the first appearance of denticula-
tions on pectoral-fin spine), followed by
stabilization and consolidation of these acquisitions
in descendants (Shishkin, 2012).
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Comparative material examined. All specimens are dried skeletons and c&s (cleared and
stained) bones. Each number represents an individual specimen.

Silurus glanis: NMNHU-P 1/113, 114, 115, 117, 118, 119,
120, 121, 122, 123, 124, 125, 216, 218 (dried
skeletons); NMNHU-P 1/126 (c&s).

Silurus soldatovi: PIN (comparative collection) – quad-
rate, articular, dentary, hyomandibular, epihyal,

ceratohyal, cleithrum, pectoral spine, Weberian
centrum (c&s).

Silurus asotus: PIN (comparative collection) – pectoral
spine (c&s).

Additional data for comparison were obtained from literature:

†Heterobranchus austriacus: pectoral spine (see The-
nius, 1952; Weinfurter, 1954; Böhme, 2002).

†Parasilurus altus: complete skeleton (see
Sytchevskaya, 1989).

†Silurus joergi: complete skeleton, isolated bones (see
Gaudant, 2015).

Silurus cf. S. soldatovi: isolated bones (see
Sytchevskaya, 1989).

Silurus aristotelis: skull, shoulder girdle, pectoral spine
(see Kobayakawa, 1989).

Silurus biwaensis: pectoral spine (see Kobayakawa,
1989); cleithrum, praemaxilla, pectoral spine,

Weberian centrum (see Kobayakawa and
Okuyama, 1994).

Silurus cochinchinensis: skull, shoulder girdle, pectoral
spine (see Kobayakawa, 1989).

Silurus glanis: pectoral spine (see Kobayakawa, 1989);
skull (see Ünlü et al., 2012).

Silurus grahami: skull, pectoral spine (see Kobayakawa,
1989).

Silurus microdorsalis: skull, shoulder girdle, pectoral
spine (see Kobayakawa, 1989).

Silurus triostegus: skull, pectoral spine (see Ünlü et al.,
2012).
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