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Abstract. A new species of  early actinopterygian fishes, Moythomasia lebedevi sp. nov., is described based on nu-
merous isolated scales occurring in Middle Devonian (Givetian, Polotskian Regional Stage) marine deposits (Goryn, 
Stolin and Moroch Beds) of  Belarus. These scales characterize different ontogenetic stages (adult and subadult) of  the 
fish. Few additional scales from Upper Devonian (Famennian) marine deposits of  Russia (Perm Krai) are attributed 
to Moythomasia cf. lebedevi sp. nov. based on the ornamentation, scale shape, and the type of  scale-to-scale articulation. 
The new data add to our knowledge on the taxonomic composition of  the Givetian and Famennian ichthyofaunas of  
the East European platform.
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Introduction

Moythomasia Gross, 1950 is a genus of  Devo-
nian actinopterygian fishes described on the basis 
of  fossils collected in a number of  localities in Eu-
rope, Northern and Southern America, Asia and 
Australia (Choo 2015; Schultze et al. 2021). This 
genus is one of  the rare examples of  Devonian taxa 
having a global distribution. Fossils of  this genus 
are known since the Late Eifelian of  the Northern 
Hemisphere. Representatives of  this genus reached 
their widest distribution in the Early Frasnian, both 

in Laurussia and Gondwana (Choo 2015). The type 
species of  the genus was initially described by W. 
Gross as Aldingeria perforata (Gross, 1942) on the ba-
sis of  two skulls and associated scales from Upper 
Devonian deposits of  Kokenhusen (Latvia). Since 
the generic name Aldingeria was preoccupied (Moy-
Thomas, 1942), the fish from Latvia was renamed as 
Moythomasia by Gross (1950).

Eight valid species of  Moythomasia are known 
up to the present time. Three of  them are described 
based on articulated fossils, while the other five 
have been established upon separate scales (Choo 
2015; Schultze et al. 2021). The type species M. 
perforata (Gross, 1942) was described on the basis 
of  more complete remains. This species occurs in Received: April 06, 2024; accepted: October 10, 2024
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the Snetnaya Gora and Pskov Beds of  the Lower 
Frasnian Plavinas Regional Stage of  the Baltic re-
gion and Russia, as well as in the Skrygalovo and 
Saria Beds of  the Lower Frasnian Sargaevian Re-
gional Stage of  the Republic of  Belarus. The spe-
cies M. nitida Gross, 1953 and M. lineata Choo, 2015 
are known from the upper beds of  the Plattenkalk 
Quarry of  Heiligenstock and from the fish-bearing 
beds of  Bergisch Gladbach, North Rhine-West-
phalia (Upper Givetian to Lower Frasnian), Ger-
many (Gross 1953; Jessen 1968; Choo 2015). The 
species M. durgaringa Gardiner et Bartram, 1977 is 
known from outcrops of  the Gogo Formation near 
the Fitzroy Crossing settlement as well as from the 
Gneudna Formation of  the Southern Carnarvon 
Basin, Western Australia (Trinajstic 1999).  The spe-
cies M. devonica (Clarke, 1885) has been described 
from the Upper Devonian of  the USA based on 
a disarticulated skeleton. Species established upon 
isolated scales are M. striata Gross, 1953 and M. lae-
vigata Gross, 1953, originating from Frasnian depos-
its of  Bad Wildungen in Hessen, Germany (Gross 
1953), as well as M. antiqua (Williams, 1886) from 
Givetian deposits of  the USA. The last two spe-
cies were described very briefly and they have never 
been revised.

The present paper is dedicated to the descrip-
tion of  the new species M. lebedevi sp. nov., estab-
lished also upon a collection of  isolated scales origi-
nating from the Goryn, Stolin, and Moroch Beds 
of  the Givetian Polotskian Regional Stage of  the 
Republic of  Belarus.  

Geological setting

Record of  new actinopterygian scales 
from Belarus

Scales presented in the description part of  
the paper have been collected from siliciclastic and 
carbonaceous-siliciclastic deposits of  the Goryn, 
Stolin, and Moroch Beds of  the Givetian Polotskian 
Regional Stage from Belarus, reached in the follo-
wing boreholes: Pinsk 10, Zhitkovichi 2, Berdyzh 
1, Klimovichi 4p, Smol’ki 6p, and North-Polotsk 
1 (Fig. 1). According to the Stratigraphic Chart of  
Devonian deposits of  Belarus (Obukhovskaya et al. 
2010) (Fig. 2), the deposits of  the Goryn and Stolin 
Beds should be attributed to the Geminospora vulgata 
- Retispora archaeolepidophyta palynomorph zone. This 

stratigraphic interval corresponds to the Polygnathus 
hemiansatus conodont zone and the lower part of  
the Polygnathus varcus. The Moroch Beds belong to 
the Cristatisporites triangulatus – Corrystisporites serratus 
palynomorph zone, which approximately equals the 
upper part of Polygnathus varcus conodont zone. 

According to the ichthyofaunal data, the Go-
ryn, Stolin, and Moroch Beds belong to the Po-
lotskian Regional Stage of  Belarus. This regional 
stage corresponds to the Diplacanthus gravis acantho-
dian zone (Valiukevičius 1994; Valiukevičius 1998; 
Plaksa 2008; Plax 2008). The Goryn Beds and the 
lower part of  the Stolin Beds of  the Polotskian Re-
gional Stage are synchronous to the Aruküla Re-
gional Stage of  the Middle Devonian Givetian Stage 
of  the Baltic and might possibly be correlated to the 
Pycnosteus palaeformis and P. pauli heterostracan zones 
(Sorokin et al. 1981; Mark-Kurik 2000; Ivanov & 
Lebedev 2011). 

The upper part of  the Stolin Beds and the 
Moroch Beds should be correlative to the Burtnieki 
Regional Stage of  the Middle Devonian Givetian 
Stage of  the Baltic. The upper part of  the Stolin 
Beds is equivalent to the Asterolepis dellei placoderm 
zone of  and the Pycnosteus tuberculatus heterostracan 
zone. The Moroch Beds belong to the Microbrachius 
placoderm zone (Plaksa 2008; Plax 2008). The Bela-
rusian Polotskian Regional Stage corresponds to the 
Vorob’evkian, Ardatovian, and Mullinian Regional 
Stages of  the Staryi Oskol Regional Superstage of  
the central regions of  the East European platform, 
as well as to the Diplacanthus gravis acanthodian 
zone (Valiukevičius & Kruchek 2000), and to the 
Podliptsy unit of  the upper part of  the Lopusha-
ny Formation, the Pelcha, Kryzhov, and Batyatych 
Formations of  the Volyn-Podolia region (Ukraine) 
(Plax 2011). Scale finding localities, their lithological 
characteristics, and the taxonomical composition of  
the ichthyofauna found there are discussed in detail 
below.

The Pinsk 10 borehole, located in the Staro-
bin Centrocline within the western part of  the Pri-
pyat Trough, reached platy fine-grained siltstones 
of  light-grey and greenish to blue-grey color, 
quartz-dominated, well-cemented with clayey ce-
ment and locally carbonate at depths of  146.0 m 
and 142.9 m, belonging to the Stolin Beds deposits. 
The siltstones yielded fish remains, i.e., 17 isolated 
scales of  M. lebedevi sp. nov., scales and dentine tu-
bercles of  Psammolepis sp., Ganosteus sp., Psammo-
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steoidei indet., scales of  Holonema sp., a fragment 
of  a right mixilateral plate and an indeterminate 
plate fragment of  Asterolepis sp. 1, small indeter-
minate fragments of  plates of  Asterolepis sp., small 
plate fragments of  Antiarcha gen. indet., scales 
of  Cheiracanthus latus Egerton, 1861, C. brevicostatus 
Gross, 1973, Diplacanthus gravis Valiukevičius, 1988, 
D. tenuistriatus Traquair, 1894, Acanthodes ? sp., frag-
ments of  fin spines of  Haplacanthus sp., H. margina-
lis Agassiz, 1845, scale fragments of  Glyptolepis sp., 
Onychodus sp., Osteolepididae gen. indet., Actinop-
terygii indet., small indeterminate bones and teeth 
of  Sarcopterygii indet., scales of  Cheirolepis sp., C. 
cf. gaugeri Gross, 1973, Orvikuina vardiaensis Gross, 
1953 (Plax & Kruchek 2014; Plax & Newman 2021; 
Plax & Newman 2022). 

At depths of  131.5 m and 122.0 m, the same 
drilling penetrated light-grey, fine-grained, dense, 
weakly cemented, platy quartz-feldspar sandstones 
belonging to the Moroch Beds deposits. Thirteen 
scales of  M. lebedevi sp. nov. were found in these 
sandstones. Five scales of  M. lebedevi sp. nov. were 
found in the same borehole at the depth of  99.0 m 
in light grey, fine-grained, dense, weakly cemented, 
platy siltstones of  the Moroch Beds with clayey-

carbonate cement. Together with the scales of  the 
new species noted above, this unit yielded shell frag-
ments of  lingulid brachiopods, dentine tubercles 
and scales of  Psammolepis sp., Psammosteoidei indet., 
small fragmentary plates of  Antiarcha indet., scales 
of  Cheiracanthus sp., C. brevicostatus Gross, 1973, C. 
latus Egerton, 1861, C. intricatus Valiukevičius, 1985, 
Diplacanthus gravis Valiukevičius, 1988, D. tenuistriatus 
Traquair, 1894, Rhadinacanthus longispinus (Agassiz, 
1844), Acanthodes ? sp., Glyptolepis sp., Osteolepidi-
dae gen. indet., Cheirolepis sp., Orvikuina sp., O. vardi-
aensis Gross, 1953, Actinopterygii indet., fin spine 
fragments of  Haplacanthus sp., Acanthodii gen. in-
det., teeth of  Onychodus sp., and Sarcopterygii indet. 
(Plax & Kruchek 2014; Plax & Newman 2021).

The Zhitkovichi 2 borehole located in the 
Starobin Centrocline of  the western part of  the 
Pripyat Trough penetrated a light grey to grey, lo-
cally with motley color spots, dense, unclearly lami-
nated clays of  the Stolin Beds at depths of  86.2 m, 
88.7 m, and in the 98.0-103.0 m interval. 19 isolated 
scales of M. lebedevi sp. nov. were discovered in these 
clay layers. Together with these scales in the same 
clays the tubercles, scales, tesserae, and small plate 
fragments of  Schizosteus sp., S. cf. asatkini Obruchev, 

Fig. 1 - Geographic map showing 
the location of  the boreho-
les yielding scales of  Moy-
thomasia lebedevi sp. nov.:  1) 
Pinsk 10, 2) Zhitkovichi 2, 
3) Berdyzh 1, 4) Klimovichi 
4p, 5) Smol’ki 6p, 6) North-
Polotsk 1.



Plax D.P. , Bakaev A.S. & Naugolnykh S.V.28

1940, Pycnosteus sp., Ganosteus sp., Psammolepis sp., 
Psammosteoidei indet., a nuchal plate, a fragment 
of  lateral plate, a fragment of  a Cd1 plate of  proxi-
mal segment of  the pectoral fin and a fragment of  a 
Cd3 or Cv3 plate of  distal segment of  the pectoral 
fin of  Asterolepis sp. 2, scales of  Acanthodes ? sp., fin 
spine fragments of  Haplacanthus marginalis Agassiz, 
1845, scales of  Chondrichthyes gen. indet., teeth of  
Onychodus sp., scales of  Glyptolepis sp., Osteolepidi-
dae gen. indet., Sarcopterygii indet., Orvikuina sp., 
O. vardiaensis Gross, 1953, and Actinopterygii indet. 
(Plax & Kruchek 2010, 2014; Plax & Newman 2022) 
were identified.

The Berdyzh 1 borehole drilled within the 
Zhlobin Saddle contains at depths of  234.0 m, 233.0 
m, 232.4 m, 232.0 m, 231.7 m, 231.6 m, 231.2 m, 
and 230.8 m grey to light-grey, greenish-blue-grey or 
violet-brown, fine- to middle-grained, feldspar and 
mica-bearing, clayey, well-cemented platy sandsto-
nes; light-grey to bluish-, yellowish-, brown-, brown-
ish- or greenish-grey fine- and medium-grained, 
feldspat-quartz, micaceous, mainly clayey platy silt-
stones; and light-grey to greenish-grey, lilac, sandy-
silty, dense lympy clays of  the Stolin Beds. 79 iso-
lated scales of  M. lebedevi sp. nov. were found in these 
clays, siltstones and sandstones. Together with these 
scales, small fragments of  lingulid shells, dentine tu-

bercles, small plates, tesserae, and scales of  Schizos-
teus ? sp., Pycnosteus sp., Psammolepis sp., P. ? sp., Psam-
mosteus ? sp., Ganosteus sp., G. stellatus Rohon, 1901, 
Psammosteoidei indet., a tritor of  Ptyctodontida gen. 
indet., a single spinal plate of  Actinolepidae gen. in-
det., small plates of  Coccosteidae gen. indet., small 
indeterminate  plates of  Holonematidae gen. indet. 
4, a small infragnathal plate of  Euarthrodira gen. in-
det., the fragment of  a medioventral plate of  Astero-
lepis sp. 2, small plates of  Byssacanthus sp., Asterolepis 
sp., A. dellei Gross, 1940, Antiarcha gen. indet., Placo-
dermi indet., scales of  Cheiracanthus sp., C. brevicostatus 
Gross, 1973, C. latus Egerton, 1861, Diplacanthus gra-
vis Valiukevičius, 1988, D. tenuistriatus Traquair, 1894, 
Ptychodictyon sp., Rhadinacanthus sp., R. deltosquamosus 
Pinakhina et Märss, 2018, Acanthodes ? sp., fin spine 
fragments of  Haplacanthus sp., H. marginalis Agassiz, 
1845, Diplacanthus sp., Devononchus sp., D. concinnus 
(Gross, 1930), Archaeacanthus sp., Ischnacanthiformes 
indet., Acanthodii gen. indet., scales of  Chondrich-
thyes indet., teeth of  Protacrodus sp., Protacrodus ? sp., 
Phoebodus ? sp., scale fragments of  Glyptolepis sp., Os-
teolepididae gen. indet., scales of  Cheirolepis gaugeri 
Gross, 1973, C. cf. gaugeri Gross, 1973, Orvikuina sp., 
O. vardiaensis Gross, 1953, Sarcopterygii indet., Acti-
nopterygii indet., and teeth of  Onychodus sp. and Sar-
copterygii indet. (Plax 2015; Plax & Newman 2022) 
were found.

The Klimovichi 4p borehole situated in the Or-
sha Depression penetrated platy sandstones of  light 
grey color, fine-grained, quartz-bearing, weakly con-
taining mica, well-cemented, with carbonate-clayey 
cement, massive, dense, breccia-like, belonging to the 
Stolin Beds at depths of  235.5 and 235.0 m. 23 sepa-
rate scales of M. lebedevi sp. nov. were found in these 
beds. Together with the scales, rare small fragments 
of  brachiopods, tubercles and small indeterminate 
plates of  Psammolepis sp., Pycnosteus sp., Psammosteoi-
dei indet., fragmentary preserved plates of  Asterolepis 
sp., Placodermi indet., rounded scales of  Holonema ? 
sp., scales of  Cheiracanthus sp., C. latus Egerton, 1861, 
C. brevicostatus Gross, 1973, С. intricatus Valiukevičius, 
1985, Nostolepis gaujensis Valiukevičius, 1998, Acan-
thodes ? sp., fin spine fragments of  Diplacanthus sp., a 
tooth plate of  Dipteridae gen. indet., teeth and scales 
of  Glyptolepis sp., Onychodontidae gen. indet., Osteo-
lepididae gen. indet., Porolepiformes indet., Sarcop-
terygii indet., as well as scales of  Cheirolepis cf. gaugeri 
Gross, 1973, Orvikuina sp., and Actinopterygii indet. 
were found (Plax & Bahdasarau 2023).

Fig. 2 - Stratification of  the Givetian deposits in Belarus with under-
lying sediments and the correlation with synchronous de-
posits of  adjacent territories (according to Obukhovskaya 
et al. 2010).
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The Smol’ki 6p borehole is located within 
the Surazh Buried Ridge of  the Voronezh Ante-
clise. At a depth of  279.2 m, it penetrated a platy 
marlstone of  light-grey color, dense, unclearly lam-
inated, solid, sand-bearing, belonging to the Goryn 
Beds. Eleven isolated scales of  M. lebedevi sp. nov. 
were found in this marl. Together with these scales, 
rare scolecodonts, numerous small fragments of  
lingulid shells, rare small fragments of  indetermi-
nate plates and a spinal plate of  Placodermi indet., 
two tritors of  Ptyctodontida gen. indet., rare scales 
of  Cheiracanthus brevicostatus Gross, 1973, teeth of  
Onychodontiformes indet., and numerous scales 
of  Orvikuina vardiaensis Gross, 1953 were found.

The North-Polotsk 1 borehole, located in 
the Latvian Saddle, reached at a depth of  231.0 m 
platy clayey sandstones of  light grey color, quartz 
to mica-containing, fine-grained, well-cemented, 
belonging to the Stolin Beds. These sandstones 
yielded three isolated scales of  M. lebedevi sp. nov.  
Together with them, rare coalified plant remains, 
fragments of  lingulid shells, rare tubercles of  
Ganosteus sp., plate fragments, tesserae and scales 
of  Tartuosteus cf. maximus Mark-Kurik, 1965 (in 
Obruchev & Mark-Kurik 1965), scales of  Holone-
ma sp., small plate fragments of  Placodermi indet., 
scales of  Rhadinacanthus longispinus (Agassiz, 1844), 
Diplacanthus tenuistriatus Traquair, 1894, Ptychodic-
tyon rimosum Gross, 1973, P. sulcatum? Gross, 1973, 
Nostolepis gaujensis Valiukevičius, 1998, Cheiracan-
thus latus Egerton, 1861, Acanthodes? sp., fin spine 
fragments of  Rhadinacanthus sp., Acanthodii gen. 
indet., rare scales (or small platelets) of  Karksilepis 
parva Märss, 2008, polygonal platelets of  Karksi-
lepis sp., scale fragments of  Osteolepididae gen. 
indet., Porolepiformes gen. indet., Sarcopterygii 
indet., teeth of  Onychodontidae gen. indet., Sar-
copterygii indet., scales of  Orvikuina sp., Actinop-
terygii indet. (Plax & Newman 2021, 2022) have 
been found.

Records of  new actinopterygian scales 
from Russia

The study material was collected from the 
Gubakha locality (Figs. 3 and 4), situated some-
what downstream opposite the Koksokhim Bridge 
(thus abbreviated as the OKB section), on the left 
bank of  the Kosva River, opposite the Koksokhim 
industrial area of  the City of  Gubakha, Perm Krai 
(=Perm Region), Russia.

The deposits outcropping at the cliff  are rep-
resented by black, dark-grey to brownish fine-lam-
inated oil-bearing siltstones of  so called “Domanic 
facies” enriched in organic matter, which belong to 
the Upper Devonian (Famennian; for further infor-
mation see Naugolnykh, 2009). In terms of  struc-
tural geology, the locality is in the core area of  the 
Kizel anticlinal zone. The siltstones contain shells 
of  clymeniids preliminary determined as Clymenia 
laevigata (Münster, 1831) and Clymenia sp. Several 
clymeniid jaws, rare orthoconch nautilids, numer-
ous rhynchonellid brachiopods and ichnofossils 
were found in the same strata as well. The scales of  
species of  Moythomasia described in the present pa-
per were collected from these deposits. The general 

Fig. 3 - Geographical and stratigraphic position of  the Gubakha 
Opposite Koksokhim Bridge (OKB), section (marked by an 
asterisk). A) geographical position of  the section (asterisk); 
B) stratigraphic column of  the Gubakha, Opposite Kok-
sokhim Bridge (OKB) section; C) stratigraphic column of  
the Gubakha–Stary Most (b) sections. Legend: 1 – sand-
stones; 2 – siltstones; 3 – claystones; 4 – limestones; 5 – 
cross-bedding; 6 –build-ups; 7 –palaeosols; 8 – chert layer; 
9 – marine invertebrates; 10 – chert concretions; 11 – fossil 
roots; 12 – plant macro- and microfossils; 13 – oil-bearing 
siltstones of  “Domanic”-facies.
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thickness of  the Famennian deposits in this section 
is about 15 m.

The Famennian deposits are covered upstre-
am the Kosva River by grey and greyish-yellow 
mudstones of  Early Carboniferous (Tournasian) 
age. In contrast to the relatively deep-marine the 
Famennian siltstones, the Tournasian mudstones 
represent shallow-water marine environments with 
a taxonomically rich fauna of  corals (Tabulata and 
Rugosa), bryozoans, brachiopods and mollusks 
(Naugolnykh 2022; see this paper for further refe-
rences). The Tournasian mudstones are covered by 
Viséan sandstones and limestones, often with paleo-
sols (FPS-profiles) and remains of  terrestrial plants, 
mostly lepidodendrids. Thus, the general succession 
of  the Famennian to Viséan deposits in this area 
records a prominent regressive trend. 

 Materials and methods

All remains attributed to the new species de-
scribed below are isolated scales. They derive from 
Givetian (Middle Devonian) deposits of  Belarus. 
Numerous scales have been discovered both in 
clastic and clastic-carbonatic deposits of  Middle 
Devonian age. Samples containing the studied sca-
les were collected from the boreholes: Pinsk 10, 
Zhitkovichi 2, Berdyzh 1, Klimovichi 4p, Smol’ki 
6p, and North-Polotsk 1. Several similar scales were 
found in Gubakha, opposite the Koksokhim Brid-
ge, in Russia, in Famennian deposits (see below).

The studied specimens are kept in the palae-
ontological collection at the Department of  Mining 
of  the Belarusian National Technical University 
(BNTU), and at the Borissiak Palaeontological In-

Fig. 4 - A, C) Views of  the Gubakha 
Opposite Koksokhim Brid-
ge (OKB) section; B) Clyme-
nia laevigata (Münster, 1831); 
D) a pear-shaped burrow 
ichnofossil (putative dipno-
an burrow; E) Clymenia sp. 
and rhynchonellid brachio-
pods. Scale bar for B, D, E 
is 1 cm. 
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stitute of  the Russian Academy of  Sciences, collec-
tion number 5912.

5 % formic acid and 9–10% acetic acid were 
used for the extraction of  fish scales from the drill 
cores. Rock was dissolved in acid during three to 
five days. The residual sediment was washed throu-
gh several times to remove the clayey particles. The 
washed sediment was dried and then carefully che-
cked under a MBS-1 binocular microscope. Scales 
were selected by hand using fine brushes and col-
lected in Franke cameras.

Scanning electron micrographs were made 
at the Belarusian State Technological University 
(BSTU) with a JSM-5610 LV (JEOL, Japan) elec-
tron microscope and at the PIN Analytic Instru-
ment Department with a TESCAN VEGA-III 
XMU electron microscope without coating. The 
micrographs were processed with Adobe Photo-
shop CS6 program. Figures were prepared using the 
software CorelDRAW 2019 Graphics Suite.

Scales are described following Esin’s (1990) 
scheme, which subdivides the squamation into are-
as of  sufficiently similar scale morphology (Fig. 5). 
Only flank scales from the anterior body half  (are-
as A and B) are suitable for taxonomic description. 
This algorithm has been successfully used for de-
scribing the scale cover of  the Devonian actinop-
terygians Moythomasia (Trinajstic 1999a, b), Mimipiscis 
(Trinajstic 1999b; Choo 2011), Donnrosenia (Long et 
al. 2008), and Gogosardina (Choo et al. 2009). Scale 
morphology has been described using the termino-
logy of  Schultze (1966), with modifications by Esin 
(1990), Burrow (1994), Qu et al. (2013), Bakaev & 
Kogan (2020, 2022) and Bakaev & Bulanov (2021).

Esin (1995) described three ontogenetic 
stages in the growth of  palaeoniscoid-type ganoid 
scales: juvenile, subadult and adult, with transitional 
periods in between. Trinajstic (1999b) identified 
the same three ontogenetic stages for M. durgaringa 
scales. Our data suggest that the growth pattern of  
M. lebedevi sp. nov. scales are very similar to that of  M. 
durgaringa. M. lebedevi sp. nov. scales described herein 
can be identified as adult (Fig. 6B, E-G, M-P), tran-
sitional (Fig. 6C, D) or subadult (Fig. 6A, I-L) based 
on their small size, marked boundaries between the 
ganoine ridges and absence or underdevelopment 
of  the articular elements. According to Esin (1995), 
species-level taxonomic features develop towards 
the end of  the subadult stage, making their obser-
vation in the scales described below possible. We 

describe both adult and subadult scales. However, 
the species is erected upon scales with completely 
developed “adult” characters (Fig. 6B). Thus, we 
give a diagnosis for adult scales in areas A and B.

Institutional abbreviations: BNTU: Belarusian National Techni-
cal University, Minsk, Belarus; PIN: Borissiak Palaeontological Insti-
tute, Russian Academy of  Sciences, Moscow, Russia.

Systematic palaeontology

Class OSTEICHTHYES Huxley, 1880
Subclass ACTINOPTERYGII Cope, 1887 (sensu 

Goodrich, 1930)
Superorder Palaeoniscimorpha Lund, Poplin & 

Mccarthy, 1995
Family Moythomasiidae Kazantseva, 1971

Genus Moythomasia Gross, 1950

Moythomasia lebedevi sp. nov.
Figs. 6, 7

2008 Moythomasia ? sp. (pars). – Plax, p. 79, table. 1.
2010 Moythomasia ? sp. – Plax, Kruchek, p. 35 and 45, text-fig. 2, pl. 

II, figs. 9–11.
2013 Moythomasia ? sp. (pars). – Plax, p. 89.
2014 Moythomasia ? sp. – Plax, Kruchek, p. 34 and 36, text-fig. 3, text-

fig. 4, table, pl. VI, figs.11, 12.
2014 Moythomasia ? sp. (pars). – Plax, p. 17 and 18.
2015 Moythomasia ? sp. – Plax, p. 31, table, text-fig. 3, pl. V, fig. 8.
2023 Moythomasia ? sp. – Plax, Bahdasarau, p. 165, pl. VII, figs. 6, 7 

(?), 8, 9, 10, 11, 13, 14.
2023 Moythomasia sp. – Plax, p. 236.

Etymology: The name of  the species is given in honor of  
the palaeoichthyologist Oleg Anatolevich Lebedev.

Holotype: Scale of  area B, close to area C; collection num-
ber BNTU 143/4-12. (Fig. 6B).

Material: 170 isolated scales.
Type horizon and locality: Klimovichi 4p borehole, depth 

235.0 m; Belarus, Klimovichi district, Mogilev region; Middle Devo-
nian, Givetian, Polotskian Regional Stage, Stolin Beds.

Diagnosis: Rectangular scales, with a small and rounded 
anterodorsal corner and a weakly inclined anteroventral corner. Peg 
and socket well-developed. Depressed field very narrow (less than 
1/10 the length of  the scale). The anterior margin of  the free field 

Fig. 5 - A generalized basal actinopterygian with typical squamation 
areas A–H according to Esin (1990). 
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consists of  vertically or subvertically aligned ridges with pronounced 
second-order ridges along the sloping leading edge. Towards the an-
teroventral corner, the ridges curve posterior and then follow the 
ventral margin to create a serration on the posterior margin. The pos-
terior part of  the free field bears coalesced ridges or is almost smooth 
with subhorizontally oriented rolls separated by shallow cannelures. 
Posteoventrally-facing large elliptical pores are concentrated in the 
grooves or cannelures and follow an approximately linear pattern. 
The free field terminates with short denticles.

Description. Area A (Fig. 6A, D). Rectan-
gular scales, with a height/length ratio varying be-
tween 2:1 for midline anterior scales (Fig. 6A) and 
1.5:1 for scales closer to area B (Fig. 6D) and to the 
dorsal and ventral margins. The anterior and poste-
rior margins are straight. The anterodorsal corner is 
small and rounded and does not extend significantly 
above the dorsal scale margin. The anteroventral 
corner has a weak (less than 30°) dorsal inclination. 
The peg and socket are high and deep, and the peg 
base is ca. 1/5 the length of  the scale. The keel is 
well-developed. The depressed field is very narrow, 
ca. 1/10 the length of  the scale. The anterior margin 
of  the free field consists of  vertically aligned; nar-
row ridges flattened-triangular in cross-section with 
pronounced second-order ridges along the sloping 
leading edge. The ridges curve posteriad in the area 
of  the anteroventral corner to create a serrated pos-
terior margin of  the scale. The grooves separating 
the ridges are wide and long. The posterior part of  
the free field consists of  ganoine ridges well-sep-
arated by long grooves, which do not anastomose 
in the subadult scale (Fig. 6A), but consist of  co-
alesced ridges in the adult-subadult scale (Fig. 6D). 
There are deep elliptical pores between the ridges. 
The ganoine ridges terminate with up to nine short 
denticles along the caudal margin.

Area B (Fig. 6B, C, I, L, O). Scales with a 
height equal to or slightly exceeding the length. The 
keel, peg and socket are well-developed in the adult 
scale (Fig. 6B), poorly developed in a subadult scale 
(Fig. 6L), and broken in others (Fig. 6C, I). The an-
terior margin of  the free field consists of  vertically 
aligned ridges (like in area A scales). The posterior 
part of  the free field of  the adult scale (Fig. 6B) is 
made of  an almost smooth surface (on the periph-
ery) and flattened subhorizontally oriented rolls (in 
the central part) separated by shallow cannelures. 
In contrast, the anterior part of  the free field is 
ornamented with of  coalesced ridges in the adult-
subadult scale (Fig. 6C) and well-separated ridges 
that do not anastomose in the subadult (Fig. 6L) 

and juvenile-subadult (Fig. 6I) scales. Numerous 
moderately large pores are located on the smooth 
surface (concentrated in the cannelures) or in the 
grooves between the ridges. All pores have higher 
anterodorsal than posteroventral margins, forming a 
posteroventrally-facing slope for each pore. In both 
cases, pores follow an approximately linear pattern 
towards the serrations along the caudal margin. The 
free field terminates in up to six denticles along the 
posterior margin. Other characters are as in area A. 

Area C (Fig. 6E-H, J, K, M). Rhombic scales, 
length exceeding height by 1.2–1.5 times. The peg 
and socket are poorly developed in scales close to 
area B and absent in scales close to area D. The free 
field is covered by coalesced, short, subvertically or 
diagonally aligned ridges in the anterior part and 
separate ridges in most of  the posterior part.  The 
ganoine ridges terminate in up to four short poste-
rior denticles along the caudal margin. Other char-
acters (and their evolution during ontogeny) are as 
in areas A and B. 

Area D (Fig. 6P). Scales are rhomboid, more 
than twice as long as high, and become more elon-
gate towards the caudal fin. The free field has fine 
second-order ridges along the anterior and dorsal 
margins. Keel, peg and socket are absent. The free 
field of  adult scales is smooth, with a few postero-
ventrally-facing large pores in the center. The poste-
rior margin of  the scale bears one or two denticles. 
Other features as in area C.

Area F (Fig. 6N). Elongated rhombic scales. 
The depressed field is moderately developed, oc-
cupies approximately 1/4 of  the scale and extends 
along the dorsal margin of  the free field. Peg, socket 
and keel are small or absent. The anterior and dor-
sal margins of  the free field are dissected by thin 
furrows. The ridges of  the free field are sparse and 
short, with pronounced second-order ridges along 
the sloping leading edge. The surface of  the free 
field is smooth with several pores, some linearly ar-
ranged in the center (Fig. 4G). The posterior margin 
of  the free field bears one to three denticles. Other 
features as in area C.

Remarks. The type specimen BNTU 143/4-
12 (Fig. 6B) represents the most anatomically infor-
mative specimen. Smaller scales are available, but 
they are inappropriate as holotype given their likely 
juvenile ontogenetic status.

Choo (2015) mentioned that Moythomasia spp. 
“…do not share any unique squamation-based characters 
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Fig. 6 - Moythomasia lebedevi sp. nov. scales in crown view, from the Givetian deposits of  Belarus. A) subadult scale from area A, BNTU 86/34-
22, Berdyzh 1 borehole, depth 231.2 m, Polotskian Regional Stage, Stolin Beds; B) holotype, adult scale from area B, close to area C, 
BNTU 143/4-12, Klimovichi 4p borehole, depth 235.0 m, Polotskian Regional Stage, Stolin Beds; C) transitional adult-subadult scale 
from area B, BNTU 57/31б-16с, Zhitkovichi 2 borehole, depth 86.2 m. Polotskian Regional Stage, Stolin Beds; D) transitional adult-
subadult scale from area A, close to area B, BNTU 57/28g-66, Zhitkovichi 2 borehole, depth 98.0-103.0 м, Polotskian Regional Stage, 
Stolin Beds; E) adult scale from area C, close to area H, BNTU 86/27-24, Berdyzh 1 borehole, depth 234.0 m, Polotskian Regional 
Stage, Stolin Beds; F) adult scale from area C, close to area D, BNTU 86/35-23, Berdyzh 1 borehole, depth 230.8 m, Polotskian Re-
gional Stage, Stolin Beds; G) adult scale from area C, close to area D, BNTU 86/32-12, Berdyzh 1 borehole, depth 231.6 m, Polotskian 
Regional Stage, Stolin Beds; H) fragmentary scale from area C, BNTU 143/5-14, Klimovichi 4p borehole, depth 235.5 m, Polotskian 
Regional Stage, Stolin Beds; I) transitional juvenile-subadult scale from area B, close to area C, BNTU 86/34-21, Berdyzh 1 borehole, 
depth 231.2 m, Polotskian Regional Stage, Stolin Beds; J) subadult scale from area C, BNTU 86/30-1b, Berdyzh 1 borehole, depth 
232.0 m, Polotskian Regional Stage, Stolin Beds; K) subadult scale from area C, BNTU 85/21-2a, Pinsk 10 borehole, depth 122.0 m, 
Polotskian Regional Stage, Moroch Beds; L) subadult scale from area B, close to area C, BNTU 86/34-24, Berdyzh 1 borehole, depth 
231.2 m, Polotskian Regional Stage, Stolin Beds; M) adult scale from area C, BNTU 86/32-18, Berdyzh 1 borehole, depth 231.6 m, 
Polotskian Regional Stage, Stolin Beds; N) adult scale from area F, BNTU 86/31-13, Berdyzh 1 borehole, depth 231.7 m, Polotskian 
Regional Stage, Stolin Beds;  O) adult scale from area C, close to areas H and D, BNTU 143/4-19, Klimovichi 4p borehole, depth 235.0 
m, Polotskian Regional Stage, Stolin Beds; P) adult scale from area D, BNTU 86/27-13, Berdyzh 1 borehole, depth 234.0 m, Polotskian 
Regional Stage, Stolin Beds. Arrows point anteriad.
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exclusive to other Devonian actinopterygians”. Therefore, 
we compare the scales of  Moythomasia lebedevi sp. 
nov. across Devonian actinopterygians.

Unlike the scale cover of  M. lebedevi sp. nov., 
the squamation of  Cheirolepis (Zylberberg et al. 
2016) and Tegeolepis (Dunkle & Schaeffer 1973) is 
micromeric. Osorioichthys (Taverne 1997), Mimipiscis 
(Trinajstic 1999b; Choo 2011), Gogosardina (Choo 
et al. 2009), Krasnoyarichthys (Prokofiev 2002), Don-
nrosenia (Long et al. 2008), Howqualepis (Long 1988; 
Choo et al. 2009), Raynerius (Giles et al. 2015) and 
Palaeoneiros (Giles et al. 2023) differ from M. lebedevi 
sp. nov. in the wider depressed field, in the lack of  
vertically aligned ridges and posteroventrally-facing 
large elliptical pores and the presence of  diagonal, 
rarely or not anastomosing, non-coalesced ganoine 
ridges on the free field.

Vertically or subvertically aligned ridges along 
the leading edge of  the free field are present on 

scales of  the Famennian actinopterygians Limnomis 
(Daeschler 2000), Cuneognathus (Friedman & Blom 
2006) and Stegotrachelus (Swartz 2009; Choo 2015). 
However, the adult scales of  these fishes are squat 
(about as high as long even in the A and B areas) 
and have more pronounced and non-coalesced 
sculptural ridges in the posterior part of  the free 
field, unlike M. lebedevi sp. nov. Additionally, Limno-
mis and Cuneognathus have a weakly developed peg 
and socket.

M. lebedevi sp. nov. differs from all other spe-
cies of  Moythomasia, except for Moythomasia from the 
Middle or Late Devonian of  Iowa, in the combina-
tion of  a very narrow depressed field and vertically 
aligned ridges on the anterior margin of  the free 
field. M. striata and M. lineata differ from M. lebedevi 
sp. nov. in a linear free-field ornament consisting 
of  straight, separate ridges without the presence of  
pores. Additionally, M. striata differs from M. lebedevi 

Fig. 7 - Moythomasia lebedevi sp. nov. 
Tentative restoration of  the 
fish with the distribution of  
scale types over the body. 
Lettering corresponds to fi-
gure indexes in Fig. 6. Gen-
eral morphology of  the fish 
skull is given after Jessen, 
1968, with modifications. 
Scale bars are 0.5 mm.
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sp. nov. in the much more prominent anterodorsal 
process (higher than the articular peg).

M. nitida and M. durgaringa resemble M. lebedevi 
sp. nov. in the free field sculpture (coalesced ridges 
or rolls with second-order ridges along the slop-
ing leading edge and large posteroventrally-facing 
pores, which are concentrated in grooves or can-
nelures) and in the scale shape. However, they differ 
from M. lebedevi sp. nov. in the relatively more pro-
nounced sculptural ridges (even in adult scales) and 
the lack of  vertically aligned ridges along the leading 
edge of  the free field.

The overall morphology of  the scales of  M. 
lebedevi sp. nov. is closest to that of  Moythomasia from 
the Middle or Late Devonian of  Iowa (Storrs 1987), 
from the Holy Cross Mountains of  Poland (Lisz-
kowski & Racki 1993) and from the Gubakha local-
ity (Famennian of  Perm Krai) (Fig. 8). The similarly 
aged scales of  Moythomasia from Iowa and Poland 
may belong to M. lebedevi sp. nov., but they are too 
fragmentary and represented by a small sample. 
Therefore, we consider them as M. cf. lebedevi sp. 
nov. The more recent scales from Gubakha differ 
from M. lebedevi sp. nov. by the nearly smooth (ex-
cept the vertically aligned ridges) free field, the finer 
and more numerous pores and denticles. However, 
these could be ontogenetic differences and we con-
sider them too as M. cf. lebedevi sp. nov.

Thus, M. lebedevi sp. nov. is mostly similar to 
M. nitida and M. durgaringa among all Devonian ray-
finned fishes. Morphological similarity (but with 
distinct differences) of  M. lebedevi sp. nov. with two 
valid species of  Moythomasia allows us to describe a 
new species, assigning it to this genus.

Geological age and geographical distri-
bution. Middle Devonian, Givetian, Polotskian Re-
gional Stage, Goryn, Stolin and Moroch Beds; Be-
larus, Luninets district of  the Brest region, Soligorsk 
district of  the Minsk region, Chechersk district of  
the Gomel region, Klimovichi and Kostyukovichi 
districts of  the Mogilev region, Rossony district of  
the Vitebsk region.

Occurrence. Belarus, Luninets district, Brest 
region, Pinsk 10 borehole, depths 146.0 m, 142.9 
m, 131.5 m, 122.0 m and 99.0 m; Soligorsk district, 
Minsk region, Zhitkovichi 2 borehole, depths 86.2 
m, 88.7 m, and 98.0-103.0 m; Chechersk district, 
Gomel region, Berdyzh 1 borehole, depths 234.0 
m, 233.0 m, 232.4 m, 232.0 m, 231.7 m, 231.6 m, 
231.2 m and 230.8 m; Klimovichi district, Mogilev 
region, Klimovichi 4p borehole, depths 235.5 m 
and 235.0 m; Kostyukovichi district, Mogilev re-
gion, Smol’ki 6p borehole, depth 279.2 m; Rossony 
district, Vitebsk region, North-Polotsk 1 borehole, 
depth 231.0 m. 

Discussion

Devonian actinopterygians are relatively less 
diverse, both taxonomically and ecologically, than 
coeval sarcopterygians (Anderson et al. 2011). How-
ever, already in the Devonian, the radiation of  sev-
eral actinopterygian lineages had occurred. These 
lineages continued their independent existence in 
the Carboniferous (Giles et al. 2015; Figueroa et al. 
2021; Giles et al. 2023). Their divergence was not 
accompanied by an increase in ecological diversity. 

Fig. 8 - Moythomasia cf. lebedevi sp. nov. 
scales in crown view, from 
the Famennian deposits of  
Russia. City of  Gubakha, 
Perm krai (=Perm region), 
Russia. A) scale from area A, 
close to area B, PIN 5912/1; 
B) ridge scale, PIN 5912/2; 
C) close-up of  B; D) scale 
from area B, PIN 5912/3; 
E) close-up of  D; F) scale 
from area B, PIN 5912/4; 
G) close-up of  F.
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Key modifications in the jaw and locomotion appa-
ratus that allowed the inhabitation of  new ecologi-
cal niches had only appeared in the Carboniferous, 
just after the Hangenberg event (Giles et al. 2023).

The earliest evolution of  actinopterygians, 
which branched off  from the sarcopterygians in the 
Middle or Late Silurian, is still weakly studied. The 
most ancient findings of  the actinopterygians origi-
nate in the Middle Devonian. However, by this time 
several independent and parallel evolved clades had 
already existed. M. lebedevi sp. nov. is the most an-
cient representative of  the genus Moythomasia, and 
it is closely related to the two valid species M. ni-
tida and M. durgaringa. Moreover, M. lebedevi sp. nov. 
is characterized by a wide geographic distribution 
in Laurussia, and by a wide stratigraphic range as 
well. Earlier, Choo (2015) suggested that the genus 
Moythomasia appeared in Gondwana in pre-Frasnian 
time for the first time. However, our data contradict 
to this assumption and point to a first appearance 
of  this genus at least in the Middle Devonian of  
Laurussia, from where the genus spread out into 
Gondwana already by the beginning of  the Late 
Devonian.

Conclusion

Numerous isolated scales form the base for 
the description of  the new species M. lebedevi sp. 
nov. as a result of  a careful revision of  the palaeoi-
chthyological collections at hand. Scales of  the new 
species considerably differ from other previously 
described scales of Moythomasia species. Their cha-
racteristics are easily diagnosable. The new species 
adds new data on the taxonomic composition of  
the Middle and Upper Devonian palaeoichthyologi-
cal assemblages of  the East European Platform and 
the Urals of  Russia.

Data Availability Statement
The data supporting the results of  this research are available 

upon request. Interested researchers may contact the corresponding 
Author to obtain access.

Acknowledgements: The authors express their deep gratitude 
to V.G. Lugin (Belarusian State Technological University, Centre for 
Physical and Chemical Research) for help in SEM studies, and also 
grateful to Dr. R. B. Blodgett (Consulting Geologist, Anchorage, 
Alaska, USA) and Dr. I. Kogan (Museum für Naturkunde Chemnitz, 
Chemnitz, Germany) for their help in editing the English version of  
the manuscript. The authors are grateful to the reviewers for their 
valuable advice and comments, which were made during the discus-

sion of  the manuscript. This work of  A.S. Bakaev was performed 
within the framework of  a state assignment of  Udmurt State Univer-
sity (project no. FEWS-2024-0011). The work of  S.V. Naugolnykh 
was fulfilled in the framework of  the State Program of  the Geologi-
cal Institute of  the Russian Academy of  Sciences.

References

Agassiz J.L.R. (1844-45) - Monographie des poissons du Vieux 
Grès Rouge ou Système Dévonien (Old Red Sandstone) 
des Isles Britanniques et de Russie. Jent and Gassmann, 
Neuchâtel, 171 pp. 

Bakaev A. & Kogan I. (2020) - A new species of  Burguklia 
(Pisces, Actinopterygii) from the Middle Permian of  the 
Volga Region (European Russia). PalZ, 94: 93-106.

Bakaev A.S. & Bulanov V.V. (2021) - The squamation mor-
phology and stratigraphic distribution of  Isadia arefievi A. 
Minich (Actinopterygii, Eurynotoidiformes). Paleontologi-
cal Journal, 55(2): 205-216.

Bakaev A.S. & Kogan I. (2022) - Squamation of  the Permian 
actinopterygian Toyemia minich, 1990: evenkiid (Scani-
lepiformes) affinities and implications for the origin of  
polypteroid scales. Bulletin of  Geosciences, 97(2): 235-259.

Burrow C.J. (1994) - Form and function in scales of  Ligulalepis 
toombsi Schultze, a palaeoniscoid from the Early Devo-
nian of  Australia. Records of  the South Australian Museum, 
27: 175-185.

Choo B. (2011) - Revision of  the actinopterygian genus Mi-
mipiscis (=Mimia) from the Upper Devonian Gogo For-
mation of  Western Australia and the interrelationships 
of  the early Actinopterygii. Earth and Environmental Sci-
ence Transactions of  the Royal Society of  Edinburgh, 11: 1-28. 

Choo B. (2015) - A new species of  the Devonian actinopter-
ygian Moythomasia from Bergisch Gladbach, Germany, 
and fresh observations on M. durgaringa from the Gogo 
Formation of  Western Australia. Journal of  Vertebrate Pa-
leontology, 35(4): 1-21. 

Choo B., Long J.A. & Trinajstic K. (2009) - A new genus and 
species of  basal actinopterygian fish from the Upper 
Devonian Gogo Formation of  Western Australia. Acta 
Zoologica (Stockholm), 90: 194-210.

Clarke J. M. (1885) - On the Higher Devonian fauna of  Ontar-
io County, New York. Bulletin of  the US Geological Survey, 
Washington, 3: 39-120.

Cope E.D. (1887) - Geology and Paleontology. American Natu-
ralist, 21: 1014-1019.

Daeschler E. B. (2000) - An early actinopterygian from the 
Catskill Formation (Late Devonian, Famennian) in 
Pennsylvania, U.S.A. Proceedings of  the Academy of  Natural 
Sciences of  Philadelphia, 150: 181-192.

Dunkle D.H. & Schaeffer B. (1973) - Tegeolepis clarki (Newber-
ry), a palaeonisciform from the Upper Devonian Ohio 
Shale. Palaeontographica Abteilung A ,143:151-158.

Egerton P. de M.G. (1861) - British fossils. (Descriptions of  
Tristichopterus, Acanthodes, Climatius, Diplacanthus, Cheira-
canthus). Memoirs of  the Geological Survey of  the United King-
dom (British Organic Remains), 10: 51-75.

Esin D.N. (1990) - The scale cover of  Amblypterina costata 
(Eichwald) and the paleoniscid taxonomy based on iso-
lated scales. Paleontological Journal, 1990(2): 90-98.

Esin D.N. (1995) - Ontogenetic development of  the squama-
tion in some Palaeoniscoid fishes. Bulletin du Muséum Na-



A new species of  the devonian actinopterygian fish Moythomasia from Belarus. 37

tional d’Histoire Naturelle, Section C, 17: 227-234.
Figueroa R.T., Weinschütz L.C. & Friedman M. (2021) - The 

oldest Devonian circumpolar ray-finned fish? Biology Let-
ters, 17: 20200766 

Friedman M. & Blom H. (2006) - A new actinopterygian from 
the Famennian of  East Greenland and the interrelation-
ships of  Devonian ray-finned fishes. Journal of  Paleontol-
ogy, 80: 1186-1204.

Gardiner B.G. & Bartram A.W.H. (1977) - The homologies 
of  ventral cranial fissures in osteichthyans. In: Andrews 
S.M., Miles R.S. & Walker A.D. (Eds.) - Problems in Ver-
tebrate Evolution: 227-245. Academic Press. London.

Giles S., Darras L., Clément G., Blieck A. & Friedman M. 
(2015) - An exceptionally preserved Late Devonian acti-
nopterygian provides a new model for primitive cranial 
anatomy in ray-finned fishes. Proceedings of  the Royal Soci-
ety, B, 282: 20151485.

Giles S., Feilich K., Warnock R.C.M., Pierce S.E. & Friedman 
M. (2023) - A Late Devonian actinopterygian suggests 
high lineage survivorship across the end-Devonian mass 
extinction. Nature Ecology and Evolution, 7: 10-19.

Goodrich E.S. (1930) - Studies on the structure and develop-
ment of  Vertebrates. Macmillan, London, 837 pp.  

Gross W. (1930) - Die Fische des mittleren Old Red Süd-
Livlands. Geologische und Paläeontogische Abhandlungen, 18: 
123-156.

Gross W. (1940) - Acanthodier und Placodermen aus den 
Heterostius-Schichten Estlands und Lettlands. Annals So-
cietatis Rebus Naturae Investigandis in Universitate Tartuensi  
Constitutae, 46: 12-99.

Gross W. (1942) - Die Fischfaunen des baltischen Devons und 
ihre biostratigraphische Bedeutung. Korrespondenz-blatt 
der Naturforscher-Vereins zu Riga, 64: 373-476.

Gross W. (1950) - Umbenennung von Aldingeria Gross (Pa-
laeoniscidae; Oberdevon) in Moythomasia n. nom. Neues 
Jahrbuch für Mineralogie, Geologie, und Paläontologie, Monat-
schefte, 1950: 145.

Gross W. (1953) - Devonische Palaeonisciden-Reste in Mit-
tel- und Osteuropa. Paläontologische Zeitschrift, 27: 85-112.

Gross W. (1973) - Kleinschuppen, Flossenstacheln und Zähne 
von Fischen aus europäischen und nordamerikanischen 
Bonebeds des Devons. Palaeontographica A, 142: 51-155.

Huxley T.H. (1880) - On the applications of  the laws of  evo-
lution to the arrangement of  the Vertebrata and more 
particularly of  the Mammalia. Proceedings of  the Zoological 
Society of  London 1880, 43: 649-662.

Ivanov A. & Lebedev O. (2011) - Devonian vertebrate locali-
ties in the Luga River basin (Leningrad Region, Russia). 
Guidebook of  the field trip. St. Petersburg: 1- 37.

Jessen H. (1968) - Moythomasia nitida Gross und M. cf. striata 
Gross, Devonische palaeonisciden aus dem oberen Plat-
tenkalk der Bergisch-Gladbach-Paffrather Mulde (Rhe-
inisches Schiefergebirge). Paläontographica Abteilung A, 
128: 87-114.

Kazantseva A.A. (1971) - On the taxonomy of  the Palaeonis-
ciformes. Proceedings of  the Palaeontological Institute of  the 
USSR Academy of  Sciences, 130: 160-167 [In Russian].

Liszkowski J. & Racki G. (1993) - Ichthyoliths and deepen-
ing events in the Devonian carbonate platform of  the 
Holy Cross Mountains. Acta Palaeontologica Polonica, 37: 
407-426.

Long J.A. (1988) - New palaeoniscoid fishes from the Late 
Devonian and Early Carboniferous of  Victoria. Memoirs 
of  the Association of  Australian Palaeontologists, 7: 1-64.

Long J.A., Choo B. & Young G.C. (2008) - A new basal acti-
nopterygian from the Middle Devonian Aztec Siltstone 
of  Antarctica. Antarctic Science, 20(4): 393-412.

Lund R., Poplin C. & Mccarthy K. (1995) - Preliminary analy-
sis of  the interrelationships of  some paleozoic actinop-
terygii. Geobios, M.S., 19: 215-220.

Mark-Kurik E. (2000) - The Middle Devonian fishes of  the 
Baltic States (Estonia, Latvia) and Belarus. Courier Forsc-
hungsinstitut Senckenberg (Final Report of  IGCP 328 project), 
223: 309-324.

Märss T., Kleesment A. & Niit M. (2008) - Karksilepis parva 
gen. et sp. nov. (Chondrichthyes) from the Burtnieki 
Regional Stage, Middle Devonian of  Estonia. Estonian 
Journal of  Earth Sciences, 57: 219-230.

Moy-Thomas J.A. (1942) - Carboniferous Palaeoniscids from 
East Greenland. Annual Magazine of  Natural History, 9: 
737-759. 

Münster Graf  zu M. (1831) - Über das geognostische Vorkom-
men der Ammoneen in Deutschland. Jahrbuch für Miner-
alogie, Geognosie, Geologie und Petrefaktenkunde, 1831: 367-
375.

Naugolnykh S.V. (2009) - The Koksokhim Section (the locality 
of  the Devonian climeniids). In: Geological monuments 
of  Perm krai. Perm: Knizhnaya ploschad: 161-162 [in 
Russian].

Naugolnykh S.V. (2022) - Peat-accumulation and Early Car-
boniferous environments of  the Kizel Coal Basin, Urals, 
Russia. Acta Geologica Sinica, 96(3): 1098-1112. 

Obruchev D.V. (1940) - About some psammosteids of  the 
Leningrad and Baltic Middle Devonian. Reports of  the 
USSR Academy of  Sciences, 28(8): 766 -768 [In Russian].

Obruchev D.V. & Mark-Kurik E. (1965) - Devonian Psammo-
steids (Agnatha, Psammosteidae) of  the USSR, 204 pp. 
Institute of  Geology, Academy of  Sciences of  the Estonian SSR; 
Tallinn [In Russian, with English summary].

Obukhovskaya T.G., Kruchek S.A., Pushkin V.I., Nekryata 
N.S., Plax D.P., Sachenko T.Ph., Obukhovskaya V.Yu & 
Antipenko S.V. (2010) - The Devonian system: 98-114. 
In: Stratigraphic Chart of  Precambrian and Phanero-
zoic deposits of  Belarus: Explanatory note (with strati-
graphic charts of  the Devonian deposits of  Belarus (2 
sheets)). Minsk: State Enterprise «BelNGRI» [in Rus-
sian].

Pinakhina D.V. & Märss T. (2018) - The Middle Devonian 
acanthodian assemblage of  the Karksi outcrop in Esto-
nia. Estonian Journal of  Earth Sciences, 67: 96-111.

Plaksa D.P. (2008) - Introduction of  vertebrate zonal scales 
into the Stratigraphic Chart of  Devonian deposits of  
Belarus. Proceedings of  the National Academy of  Sciences of  
Belarus, 52(4): 83-88 [in Russian, with English summary].

Plax D. P. (2008) - Devonian fish fauna of  Belarus. Lithosphere, 
2(29): 66-92 [in Russian, with English summary].

Plax D.P. (2011) - Devonian ichthyofauna of  the Volyn Mono-
cline. Lithosphere, 2(35): 12-21.

Plax D.P. (2013) - The short palaeogeographical characteristic 
of  the formations of  the Late Emsian, Eifelian, Give-
tian and Frasnian of  Belarus. Bulletin of  Brest University, 
Series 5, Chemistry, Biology, Earth Sciences, 2: 85-93 [in Rus-
sian, with English summary].

Plax D.P. (2014) - Ichthyofauna of  the Polotsk Regional Stage 
of  the Givetian Stage of  Belarus. In: Sanko A.F. (Ed.) - 
Geology and useful minerals of  the Quaternary depos-
its. Proceedings of  the VIII University geological read-
ings, Minsk, 3-4 April 2014, Volume II. 16-19. Minsk: 



Plax D.P. , Bakaev A.S. & Naugolnykh S.V.38

“Tsifrovaya pechat” [in Russian].
Plax D.P (2015) - Stratigraphic ichthyofauna assemblages of  

the Devonian deposits in the east and southeast of  Be-
larus. Lithosphere, 1(42): 20-44.

Plax D.P. (2023) - Ichthyofauna from the Lower and Middle 
Devonian deposits of  the Klimovichi 4п parametric 
borehole (Mogilev region, Belarus)In: Rozanov A.Yu. 
et al.  (Eds.) - Bio- and geoevents in the history of  the 
Earth. Stages of  evolution and stratigraphic correlation. 
Materials of  the LXIX session of  the Palaeontological 
Society of  the Russian Academy of  Sciences (April 3-7, 
2023, St. Petersburg):  235-236.  St. Petersburg: VSEGEI 
Publishing House [In Russian].

Plax D.P. & Bahdasarau M.A. (2023) - Stratigraphy and ich-
thyofauna of  the Upper Emsian-Givetian deposits in 
the section of  the Klimovichi 4п borehole (Mogilev re-
gion, Belarus). Nature Management, 1: 151-172.

Plax D.P. & Kruchek S.A. (2010) - Stratigraphy and fish fauna 
from Middle Devonian deposits of  the southern part of  
the Starobin Centrocline of  the Pripyat Trough. Litho-
sphere, 2(33): 32-48 [in Russian, with English summary].

Plax D.P. & Kruchek S.A. (2014) - Stratigraphy of  Middle 
Devonian deposits of  the western part of  the Pripyat 
Trough (according to results of  the study of  ichthyo-
fauna). Lithosphere, 1(40): 24-42.

Plax D.P. & Newman M.J. (2021) - Middle Devonian acantho-
dians from Belarus - new data and interregional biostra-
tigraphy. Acta Geologica Polonica, 71(4): 393-414.

Plax D.P. & Newman M.J. (2022) - Placoderm remains from 
the Middle Devonian of  Belarus. Fossil Record 8. New 
Mexico Museum of  Natural History and Science Bulletin, 90: 
331-337.

Prokofiev A.M. (2002) - First finding of  an articulated acti-
nopterygian skeleton from the Upper Devonian of  Si-
beria and a reappraisal of  the family Moythomasiidae 
Kazantseva, 1971 (Osteichthyes). Palaeontological Research, 
6: 321-327.

Qu Q., Zhu M. & Wang W. (2013) - Scales and dermal skel-
etal histology of  an early bony fish Psarolepis romeri and 
their bearing on the evolution of  rhombic scales and 
hard tissues. PLoS One 8(4), e61485. doi 10.1371/jour-
nal.pone.0061485.

Rohon J.V. (1901) - Beitrage zur Anatomie und Histologie der 
Psammosteiden. Sitzungsberichte der Königlichen Böhmischen 
Gesellschaft der Wissenschaften. Mathematisch-naturwissen-
schaftliche Classe Bd. 16: 1 - 31.

Sorokin V.S., Lyarskaya L.A., Savviatova A.S., Narbutas 
V.V., Žejba S.I., Mark-Kurik E., Kleesment A., Viid-
ing K.A., Kajak K.F., Kedo G.I., Obukhovskaya T.G., 
Gravitis V.A., Kuršs V.M., Nenastjeva V.E., Polivko I.A., 
Karatajūtė-Talimaa V.N., Vaitekunene G.K. & Vorobye-
va E.I. (1981) - The Devonian and Carboniferous of  the 
Baltic Area, 502 pp. Zinātne, Riga [In Russian].

Schultze H.-P. (1966) - Morphologische und histologische 
Untersuchungen an Schuppen mesozoischer Actinop-
terygier (Übergang von Ganoid- zu Rundschuppen). 
Neues Jahrbuch für Geologie und Paläontologie, Abhandlungen, 
126(3): 232-314.

Schultze H.-P, Mickle K.E., Poplin C., Hilton E.J. & Grande L. 
(2021) - Handbook of  Paleoichthyology, 8A. Actinop-
terygii I. Palaeoniscimorpha, Stem Neopterygii, Chon-
drostei. Dr. Friedrich Pfeil, München, 299 pp.

Storrs G.W. (1987) - An ichthyofauna from the subsurface De-
vonian of  Northwestern Iowa and its biostratigraphic 
and paleoecologic significance. Journal of  Paleontology, 61: 
363-374.

Swartz B.A. (2009) - Devonian actinopterygian phylogeny and 
evolution based on a redescription of  Stegotrachelus. Zoo-
logical Journal of  the Linnean Society, 156: 750-784.

Taverne L. (1997) - Osorioichthys marginis, Paleonisciform du 
famennien de Belgique, et le phylogenie de Actinopte-
rygiens devonians (Pisces). Bulletin de l’Institut Royal des 
Sciences Naturelles de Belgique, 67: 57-78.

Traquair R.H. (1894) - On a new species of  Diplacanthus, with 
remarks on the acanthodian shoulder-girdle. Geological 
Magazine (Decade 4), 1: 254-257.

Trinajstic K. (1999a) - Scale morphology of  the Late Devo-
nian palaeoniscoid Moythomasia durgaringa Gardiner et 
Bartram, 1977. Alcheringa, 23: 9-19.

Trinajstic K. (1999b) - Palaeoniscoid scales from the Late De-
vonian of  Western Australia. Records of  the Western Aus-
tralian Museum Supplement, 57: 93-106.

Valiukevičius J. & Kruchek S. (2000) - Acanthodian biostra-
tigraphy and interregional correlations of  the Devonian 
of  the Baltic States, Belarus, Ukraine and Russia. Courier 
Forschungsinstitut Senckenberg (Final Report of  IGCP 328 
project), 223: 271-289.

Valiukevičius J.J. (1985) - Acanthodians from the Narva Re-
gional Stage of  the Main Devonian Field, 144 pp. Moks-
las, Vilnius [In Russian with English summary].

Valiukevičius J.J. (1988) - New species of  acanthodians from 
the Middle Devonian of  the Baltic Region and Byelo-
russia. Palaeontological Journal, 2: 80-86 [In Russian].

Valiukevičius J. (1994) - Acanthodian zonal sequence of  Early 
and Middle Devonian in the Baltic basin. Geologija, 17: 
115-125.

Valiukevičius J. (1998) - Acanthodians and zonal stratigraphy 
of  Lower and Middle Devonian in East Baltic and Bye-
lorussia. Palaeontographica, Abteilung A: Palaozoologie - Stra-
tigraphie, 248 (1-2): 1-53.

Williams H.U. (1886) - Notes on the fossil fishes of  the Gene-
see and Portage Black Shales. Bulletin of  the Buffalo Society 
of  Natural Sciences, 5: 81-84.

Zylberberg L., Meunier F.J. & Laurin M. (2016) - A microana-
tomical and histological study of  the postcranial dermal 
skeleton of  the Devonian actinopterygian Cheirolepis ca-
nadensis. Acta Palaeontologica Polonica, 61(2): 363-376.


