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(Agassiz, 1833) and other Amblypteridae
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Abstract: Paramblypterus rohani (Heckel & Kner, 1861) which belongs to the most abundant ray-finned fishes of the Permian sediments of the limnic basins
of the Bohemian Massif is redescribed. The study is based on both old material and newly discovered specimens from the Krkonose Piedmont Basin and Intra-
Sudetic Basin. The abundant material shows a great variability of cranial bones, the structure of the rostral part of the skull, the opercular apparatus and the bones
of the cheek, including the characteristic maxilla and dentition on the jaws. Attention is paid to the position of the fins and to the determination of the general
appearance of the fish body with regard to the considerable pressure affected individuals during fossilization. Arrangement of the scales and great variability
of their sculpture is also one of important characters. New knowledge about the anatomy of the skull and the overall body shape allows the reconstruction
of Paramblypterus rohani and comparison with the closely related species Paramblypterus duvernoyi (Agassiz, 1833) from the Lower Permian basins of Germany
and the determination of different characters. The relationships to other species of the family Amblypteridae are discussed.
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INTRODUCTION

The actinopterygian fish Paramblypterus rohani (Heckel
& Kner, 1861) is a very important component of the fish
fauna in the Lower Permian sediments of the KrkonoSe
Piedmont Basin and Intra-Sudetic Basin and is one
of the earliest described fish from the Permo-Carboniferous
sediments of the Bohemian Massif. HECKEL & KNER
(1861) originally described Paramblypterus rohani as
Palaeoniscus rohani together with other species Palaeoniscus
caudatus, Palaeoniscus reussii, Palaeoniscus luridus
and Palaeoniscus obliquus from the Lower Permian of
the Krkonose Piedmont Basin. FRITSCH (1894, p. 100)
recognized the close resemblance of the above mentioned
species to Amblypterus duvernoyi (Agassiz, 1833). However,
FRITSCH (1894) considered the two individuals figured by
AGASSIZ (1833) as two different species, while lacking
more detailed descriptions of the head bones, scales and
fins. For this reason, he listed the species described by
Heckel as certain forms of Amblypterus duvernoyi under
the generic name Amblypterus, namely A. rohani, A. obliquus,
A caudatus, and A. luridus. Only Palaeoniscus reussii is
listed separately as Amblypterus reussii. Later, HEYLER
(1969) gives a description of Paramblypterus rohani from
the Krkonose Piedmont Basin and subsequently assigns
a relatively large amount of osteological material from
the Lower Permian of the Autun Basin in France (HEYLER
1971) to Paramblypterus rohani as well. The species originally
described by Heckel (in HECKEL & KNER1861) have been
studied in detail by the author of this paper (STAMBERG
1976). They were classified in the genus Paramblypterus,

namely as P. rohani, P. caudatus, P. reussi, P. luridus and

P. obliquus. Subsequently, STAMBERG (1977) placed

the species P. luridus and P. obliquus in the synonymy

of P. rohani. Differences between P. rohani, P. reussi and

P. caudatus were seen (STAMBERG 1977) mainly

in differences in the shape of the dermal bones of the skull

roof (shape of the parietals and their lateral processes,
course of the interparietal suture, shape of the supratemporal),
differences in the shape of the maxillary plate and in
the shape of the body. Great similarity was noted several times
between P. rohani from the basins of the Bohemian Massif
and P. duvernoyi from the Saar-Nahe Basin of Germany

(FRITCH 1894, WOODWARD 1891, STAMBERG 1976,

2013a, DIETZE 1999, 2000). The present study, based

on material including type specimens studied by HECKEL

& KNER (1861), FRITSCH (1894, 1895) and on extensive

material collected over the last 50 years, has the following

basic objectives:

— the most complete knowledge of the species P. rohani
which is one of the most abundant actinopterygians
in the Permian sediments of the Bohemian Massif;

— searching for identical or different characters between
P. rohani and P. duvernoyi and clarifying whether P. rohani
and P. duvernoyi are two different species or whether
P. rohani belongs to the synonymy of P. duvernoyi,

-— comparing osteological and morphological characters with
other species of the family Amblypteridae.

Paramblypterus duvernoyi is a species of ray-finned

fish in the family Amblypteridae originally described as
Palaeoniscus duvernoy by AGASSIZ (1833) from Permian
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strata of the Saar-Nahe Basin from the Miinsterappel locality.
These strata are assigned by BOY et al. (1990, 2012) to the
Kappeln-Schwarzschieferbank Horizon, L-O9 (Meisenheim
Formation, Odernheim Subformation, early Permian).
The specimens that Agassiz illustrated and were to be deposi-
ted in the Munich Museum and the University of Heidelberg
were probably lost during World War II. Since Agassiz’s
description of the species in 1833, no proper revision
of the species has been made in many years. This was
probably the reason that many more species were added over
the course of about 150 years and no proper comparison with
the original material was made. In this respect, an attempt
was also made in the 1970s by the author of this paper to
discover the type material of P. duvernoyi, but without
success and a study of the material from the Saar-Nahe Basin
was not possible for the author of this paper at that time. Only
in relatively recent times has Dietze (DIETZE 1999, 2000,
2001) collected a larger amount of material from museums
and universities collections from localities in the Saar-Nahe
Basin and revised the species Paramblypterus duvernoyi.

The following description of Paramblypterus rohani is
based on the description given by the author of the present
paper (STAMBERG 1976, 1977) with substantial additions
of newly acquired knowledge. The basis of this work is not
only the study of older material deposited in the National
Museum, Prague and other museums, but especially
the extensive material obtained during more than 50 years
of research in the basins of the Bohemian Massif carried out
by the author of this work.

GEOLOGICAL SETTING

The actinopterygians described below, belonging to
the species Paramblypterus rohani, come from the Krkonose
Piedmont Basin and the Intra-Sudetic Basin. In both basins
their occurrence is linked to the Lower Permian strata.
The intramontane Krkonose Piedmont Basin occupies
the north-eastern region of the Bohemian Massif. The area
of the basin is more than 1100 km?, and the maximum
thickness of the volcano-sedimentary basin fill in the central
part is nearly 1800 m. The basin was formed as part of
a system of basins that opened in the Bohemian Massif during
the late phases of the Variscan orogeny. Deposition within
the basin started during the Westphalian D (Moscovian), and
it continued with several interruptions to the Early Permian
(Sakmarian). The youngest units (Saxonian to Triassic) have
been preserved only in the eastern part of the basin (Trutnov —
Néchod subbasin) (PROUZA & TASLER 2001). The Early
Permian filling is represented by the Vrchlabi Formation
(Asselian) and Prose¢né Formation (Asselian) (Fig. 1). Both
formations contain several important fossiliferous horizons
from which the Rudnik Horizon in the Vrchlabi Formation
contains the most common occurence of paramblypterids
described below. The Rudnik Horizon (after TASLER et
al. 1981, PROUZA & TASLER (2001), PROUZA et al.
(2013), also present as Rudnik Lake (MARTINEK at al.
2006) represents 40—60 m thick succession of lacustrine grey
mudstone with minor interbeds of black claystone, carbonate,
sandstone and conglomerates. Sediments of the Rudnik
Horizon can reach a thickness of up to 130 m of grey to black
shales along the northern margin of the basin (MARTINEK
et al. 2006). The occurrence of actinopterygians and other
vertebrates is restricted to lacustrine organic rich gray-black
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calcareous claystone only, which outcrops in one or two beds.
The organic rich grey black shales with fauna are chara-
cterized by fine lamination, high organic matter content,
and represent anoxic offshore sedimentation (MARTINEK
et al. 2006). Present outcrops indicate the eastwest extent
of the Rudnik Horizon to be more than 30 km in length, and
the surface area to be approximately 300-500 km?, although
it could be much larger, around of 1000 km> (MARTINEK
et al. 2006).

The Prose¢né Formation (Asselian) represents 300—400 m
thick sediments where dominate red-brown mudstones
intercalated with fine-grained sandstones, volcanogenic
rocks, laminated grey mudstones and carbonate. The upper
part of formation is characterized by sequence of laminated
grey and variegated claystones, mudstones and carbonates.
This lacustrine unit is called Kalna Horizon (TASLER et
al.1981) or Kalna Lake (BLECHA et al. 1999). The Kalna
Lake extends the area by about 60 km? as documented by
present outcrops, but the original extent of the lake was much
larger (BLECHA et al. 1999). The Kalna Lake sediments
contain not only one fossiliferous layer, but two sets of
layers which can be distinguished from each other by the
presence of actinopterygians and amphibians (STAMBERG
2014). OPLUSTIL et al. (2016) used the term upper and
lower Kalna Horizons (Fig. 1) for these fossiliferous layers.
Bituminous sediments of the lower Kalna Horizon occurring
in the vicinity of the villages Horni Kalna and Vesel4 contain
xenacanthid sharks Xenacanthus decheni (Goldfuss,1847),
actinopterygians Paramblypterus rohani (Heckel & Kner,
1861), P. vratislaviensis (Agassiz, 1833), P. kablikae
(Geinitz, 1860), P. feistmanteli (Fritsch, 1895) and branchi-
osaurid amphibian Apateon sp. Variegated, mostly pinkish
dolomitic limestones and laminated calcareous claystones
of the upper Kalna Horizon are characterized by the presence
of the shark Xenacanthus, actinopterygians Paramblypterus
rohani, P. zeidleri (Fritsch, 1895) and Aeduellidae indet.,
small branchiosaurid amphibians together with seymouri-
amorph Discosauriscus pulcherrimus (Fritsch, 1879) and
a large stereospondylomorph Korkonterpeton kalnense
Werneburg, Stamberg & Steyer, 2020.

The Intra-Sudetic Basin is located on the border of Poland
and the Czech Republic and its area extends to about
1,800 km?. Less than a third of the basin is located on
the territory of the Czech Republic (Fig. 2). The filling of
the basin is continental with fluvial and lacustrine strata next
to short-term interconnection of the basin with the sea in
the late Viséan. Massive sedimentary input in connection with
volcanic lava flows and pyroclastic rocks produced a thick
filling of the basin which in the Czech part is up to 3.500 m
(PROUZA & TASLER 2001). The basin filling is divided
into eight formations from which the Broumov Formation
is the most important in terms of the focus of this work.
The early Permian Broumov Formation (Fig. 2) is 800—-1.000 m
thick and is divided into the Nowa Ruda Member (at the base),
Olivétin Member and Martinkovice Member (Tasler et al.
1979). The Olivétin Member with a 200 m thick set of
colourful rocks with a high proportion of products related to
volcanic activity is the most important concerning vertebrate
occurrence. It contains two fossiliferous horizons, namely
the Ruprechtice Limestone Horizon located in the base
of the Upper Olivétin Member and the Otovice Limestone in
the upper part of the Upper Olivétin Member. The Ruprechtice
Limestone Horizon with a main layer of light grey or pinkish
Ruprechtice Limestone contains rich fauna including actinop-
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Fig. 1. A— Simplified geological map of the Krkonose Piedmont Basin (after BLECHA et al. 1997) with position of the localities
with occurence of Paramblypterus rohani. B — Permian units of the Krkonose Piedmont Basin (after PROUZA & TASLER 2001,
OPLUSTIL et al. 2016) with fossiliferous horizons and occurence of Paramblypterus rohani.

Obr. 1. A — Zjednodusena geologicka mapa podkrkonosské panve (podle BLECHA et al. 1997) s oznacenim umisténi lokalit

s vyskytem Paramblypterus rohani. B — Jednotky permu podkrkonosské panve (podle PROUZA & TASLER 2001,

OPLUSTIL et al. 2016) s fosilifernimi obzory a vyskytem Paramblypterus rohani.
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Vysvetlivky: 1 — bohdasinské souvrstvi (trias),
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souvrstvi (saxon), 4 — 13 — broumovské souvrstvi (autun):
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12 — ruprechticky vapencovy obzor, 13 — otovicky
vdpencovy obzor. Lokality: OI — Otovice ,, Cerny potok*,
02 — Otovice ,,Sténava “, O3 — Otovice ,, Chmelnice“.

Fig. 2. A— Geological sketch map of the Intra-Sudetic Basin, here simplified (after PROUZA & TASLER 2001) with position
of localities with occurrence of Paramblypterus rohani. B — Permian units of the Intra-Sudetic Basin (after OPLUSTIL et al. 2016)

with fossiliferous horizons and occurrence of Paramblypterus rohani.

Obr. 2. A — Zde zjednodusend geologickd mapa vnitrosudetské panve (podle PROUZA & TASLER 2001) se zakreslenim umisteni
lokalit s vyskytem Paramblypterus rohani. B — Jednotky permu vnitrosudetské panve (podle OPLUSTIL et al. 2016) s fosilifernimi
horizonty a vyskytem Paramblypterus rohani.
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terygians Paramblypterus vratislaviensis, xanacanthid sharks
and numerous amphibians of the family Branchiosauridae,
Eryopoidae and Discosauriscidae. Grey-black Otovice
Limestone contains beside P. rohani also actinopterygians
of the family Aeduellidae, xenacanthid shark Xenacanthus sp.
(STAMBERG 2021), but amphibians are missing.

MATERIAL AND METHODS

A large collection of specimens that had already been used
for the study of FRITSCH (1894, 1895), including the type
material described by Heckel (in HECKEL & KNER 1861),
which is housed in the National Museum, Prague was now
used for the study. The main basis, however, is a collection
of 600 specimens obtained by fieldwork carried out by the
author of this paper during over the last 50 years. The study
material has been supplemented by two new collections
of specimens from private collectors, which are now housed
in the National Museum, Prague and in the collections of
the Faculty of Science, Charles University, Prague.

A Krantz pneumatic needle was used for extracting
the fossils from the rock. Photographs were prepared using
a Canon EOS 400D camera, and some of the samples
were whitened with ammonium chloride or immersed in
ethanol for both photographing and drawing. Suitable scales
and microsculpture of scales and teeth were documented
using a Hitachi S-3700N SEM. Drawing were prepared using
a SM 20 stereomicroscope with camera lucida.

Traditional naming convention of the bones of the skull
roof is abandoned in this paper and a convention based on
the homology of the bones of the skull roof (WESTOLL
1936, SCHULTZE 2008, SCHULTZE et al. 2021) is used
in this paper. The descriptive terminology of the other
bones of the skull and parts of the body conforms to that
used by SCHULTZE et al. (2021). At the end of each of
the chapters devoted to individual anatomical units,
differences or similarities with other species of the family
Amblypteridae are discussed. Species that have not been
revised to date (e.g. Paramblypterus kablikae (Geinitz, 1860)
are not included in these comparative studies.

The local names of the localities of the Krkonose Piedmont
Basin are used according to the work of ZAJiC (2014),
the names of the localities of the Intra-Sudetic Basin are used
according to the work of STAMBERG (2021).

Institutional abbreviations

DP: Institute of Geology and Palacontology, Faculty of
Science, Charles University, Prague, the Czech Republic

MHK: Museum of Eastern Bohemia in Hradec Kralové,
Hradec Kralové, the Czech Republic

MNP: Museum of Nova Paka, the Czech Republic

NHMW: Naturhistorisches Museum, Wien, Austria

NM: Department of Palacontology, National Museum,
Prague, the Czech Republic

SYSTEMATIC PALAEONTOLOGY
Paramblypterus rohani (Heckel & Kner, 1861)

1861 Palaeoniscus Rohani Heck. — Heckel & Kner,

pp. 51-54, figs 1-3.

1861

1861

1861

1861

1891
1894

1895
1895

1895

1895

1942

1942

1967

1969

1975

1976

1976

1976

1976

1976

1993

1999
2006

2006

2007b

2007b

2008

2008

2008

2008

2013a

2013a

2020
2021

Palaeoniscus luridus Heck. — Heckel & Kner,

pp. 54-56, fig. 4.

Palaeoniscus obliqguus Heck. — Heckel & Kner,
pp.56-58, fig. 5.

Palaeoniscus caudatus Heck. — Heckel & Kner,

pp. 58-61, fig. 6.

Palaeoniscus Reussii Heck. — Heckel & Kner,

pp. 61-63, fig. 7.

Amblypterus reussi (Heckel) — Woodward, p. 445.
Amblypterus Rohani (Heckel). — Fritsch,

pp. 104-109; figs 297-301; pl. 123.

Amblypterus caudatus (Heck.). — Fritsch, p. 111.
Amblypterus luridus (Heckel). — Fritsch, p. 109;
fig. 302.

Amblypterus obliquus (Heckel) — Fritsch, pp. 109,
111; figs 304, 305.

Amblypterus Reussi (Heck.) — Fritsch, p. 112,

fig. 307.

Amblypterus rohoni Heckel — Lemke & Weiler,

pp. 7-16, figs. 2—12.

Amblypterus reussi Heckel — Lemke & Weiler,

pp- 16-17.

Janassa lacustris sp. n. — Zidek, p. 203, pl. 1,

figs 1, 2.

Paramblypterus rohani Heckel (1861) — Heyler,
pp. 72-75; fig. 22; pl. 14, figs 1-2.
Paramblypterus rohani (Heckel, 1861) — Stamberg,
pp- 305-308, figs. 1, 2a, pls 1-2.

Paramblypterus rohani (Heckel, 1861) — Stamberg,
pp. 12-30, figs 1-17, pls 1-2, fig. 1, pls 3-7.
Paramblypterus caudatus, Heckel, 1861 — §tamberg,
pp. 37-44; figs. 22-24; pl. 2, fig. 2; pls 10-12.
Paramblypterus luridus Heckel, 1861 — Stamberg,
pp. 4445, pl. 2, fig. 3.

Paramblypterus obliquus, Heckel, 1861 — Stamberg,
pp. 45-46.

Paramblypterus reussii (Heckel, 1861) — Stamberg,
p- 31, figs 19-21, pls 8-9.

Paramblypterus gelberti (Goldfuss, 1847) — Stamberg,
pp. 84-85, figs 1-2, pl. 1.

Paramblypterus sp. — Stamberg, p. 15, fig. 4.
Paramblypterus rohani (Heckel 1861) — Stamberg,

pp. 225, 227.

Paramblypterus reussii (Heckel, 1861) — Stamberg,
p. 225, 227.

Paramblypterus rohani (Heckel, 1861) — Stamberg,
pp. 6-8, figs 1-5.

Paramblypterus caudatus (Heckel, 1861) —
Stamberg, pp. 8-9, fig. 1.

Paramblypterus rohani (Heckel, 1861) — Stamberg
& Zajic, p. 157, Fig. 235

Paramblypterus caudatus (Heckel, 1861) — Stamberg
& Zajic, pp. 157-158, fig. 236.

Paramblypterus reussii (Heckel, 1861) — Stamberg
& Zajic, p. 158, fig. 237.

Paramblypterus gelberti (Goldfuss, 1847) —
Stamberg & Zajic, p 158, fig. 238.

Paramblypterus rohani (Heckel, 1861) — Stamberg,
p. 172, pl. 1, fig. 1.

Paramblypterus reussii (Heckel, 1861) — Stamberg,
p. 173, pl. 1, fig. 2.

Paramblypterus sp. — Stamberg, p. 16, fig. 10.
Paramblypterus cf. rohani — Stamberg, p. 86,
text-figs 9-12.
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Diagnosis: Fusiform body arched in front of the dorsal
fin, not exceeding 35 cm total body length. Scales behind
the skull bear fine ridges extending posteriorly to denticles.
Area of serrated scales above and below lateral sensory line
and number of dents on their posterior margin gradually
decline and disappears between the pelvic and anal fins. Half
of the dorsal fin base on the dorsal body margin is placed
anteriorly to the begin of the anal fin base on the ventral body
margin. Square postrostral is convex anteriorly. The nasal is
not in contact with the intertemporal. Oblong parietals, two
times longer than wide, with strongly curved interparietal
suture and one or two processes on lateral side of parietals.
Postparietals approximately square, two times shorter than
the length of the parietals. Triangular intertemporal which
is wide posteriorly. Large undivided preorbital is in contact
with the intertemporal and dermosphenotic posteriorly.
The preorbital and dermosphenotic form together anterior
and dorsal edge of the orbit. Supratemporal of oblong shape
with a large process posteriorly. Distinct sculpture is formed
by ridges on the bones of the skull roof. 6 to 7 suborbital
bones. One median extrascapular, one large posterior and two
small anterior paired lateral extrascapulars. Spiracular bone
of oblong shape is present. Sclerotic ring is present.
Preoperculum conspicuously bent anteriorly along posterior
and dorsal borders of the deep maxillary plate. Length
of the maxillary plate is larger than its deep. Dorsal edge of
the maxillary plate is straight. The scale count is following:

28-31

41-43

9-11 23-26 38-40

Lectotype: Specimen M 849 designated by STAMBERG
(1976) from the material figured by Heckel (in HECKEL &
KNER 1861) is deposited in the National Museum, Prague.

Type horizon and locality: Kostdlov; Rudnik Horizon,
Vrchlabi Formation, Asselian, Krkonose Piedmont Basin.

Occurence: (Figs 1, 2) KrkonoSe Piedmont Basin, Rudnik
Horizon of the Vrchlabi Formation Asselian, KrkonosSe
Piedmont Basin: Cista; Kostalov; Kostalov “Kovaiav
mlyn”; Kostalov “Za hospodou”; Dolni Lanov “Kovarsko”;
Kundratice “Doly”; Kundratice “Rokle v lese”; Dolni
Lanov “Kovatsko”; Prostfedni Lanov “Za tovarnou”; Piikry
“Honkuv potok”; Semily “Levy bieh Jizery”; Rybnice
“Hradecky potok”; Vrchlabi “Zarez silnice”.

Krkonose Piedmont Basin, Kalna Horizon of the Prose¢né
Formation: Arnultovice; Vesela “Veselsky potok”; Horni
Kaln4 “Odvaly dolu Adam”.

Intra-Sudetic Basin, Broumov Formation, Otovice
Limestone Horizon of the Olivétin Member: Otovice “Cerny
potok”; Otovice “Sténava”; Otovice “Chmelnice”; Otovice
“Vépenka”.

Stratigraphical range: Krkonose Piedmont Basin: from
Rudnik Horizon of the Vrchlabi Formation (Asselian) to
Kalna Horizon of the Prosecné Formation (Asselian); Intra-
Sudetic Basin, Otovice Limestone Horizon of the Olivétin
Member, Broumov Formation (Asselian).

Material (List of specimens cited in this thesis with their
relevant localities):

Paramblypterus rohani (Heckel & Kner, 1861)

Krkonose Piedmont Basin, Vrchlabi Formation, Rudnik
Horizon
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Kostalov: MHK-P 19837; MHK-P 80206; MHK-P 81196;
NM-M 484; NM-M 490; NM-M 849; NM-M 1252; NM-M
1983; NM-M2695; NM-M 4915; NM-M 4916; NM-M 4920;
NM-M 4924; NM-M4928; NM-M 4929; MNP 167, NHMW
1866/XXI1/5; NHMW 1901/VI1/3.

Kostalov “Kovaruv mlyn”: MHK-P 64896; MHK-P
64910; MHK-P 64914; MHK-P 64925; MHK-P 80193;
MHK-P 80198; MHK-P 80204.

Kostéalov “Za hospodou”: MHK-P 64834; MHK-P 64842;
MHK-P 80153; MHK-P 80156; MHK-P 81423; MHK-P
81450; MHK-P 81490

Kundratice “Doly”: MHK-P 64854; MHK-P 64858,
MHK-P 80194; MHK-P 80197; MHK-P 83140.

Piikry “Honkuv potok”: MHK-P 64821; MHK-P 70075;
MHK-P 70084; MHK-P 70091; MHK-P 81437; MHK-P
81442.

Semily “Levy bieh Jizery”: MHK-P 64753; MHK-P
64775; MHK-P 64795; MHK-P 64796; MHK-P 64797,
MHK-P 64799; MHK-P 64804; MHK-P 64805; MHK-P
64808; MHK-P 64809; MHK-P 64813; MHK-P 64816;
MHK-P 81399; MHK-P 81431; MHK-P 81432; MHK-P
81433; MHK-P 81463; MHK-P 82451; NM-M 1215

Rybnice “Hradecky potok”: MHK-G 241; MHK-P 10979;
MHK-P 30753; MHK-P 30755; MHK-P 30867; MHK-P
30873; MHK-P 30877, MHK-P 30878; MHK-P 30883;
MHK-P 30885; MHK-P 30899; MHK-P 30900; MHK-P
70046; MHK-P 81380; MHK-P 81398; MHK-P 81400;
MHK-P 81401; MHK-P 81406; MHK-P 81412; MHK-P
81446; MHK-P 81451; MHK-P 81457, MHK-P 81459;
MHK-P 81461; MHK-P 81462; MHK-P 81464; MHK-P
81797; MHK-P 81810; MHK-P 82353; MHK-P 82354,
MHK-P 82356, MHK-P 82369; MHK-P 82384; MHK-P
82763; MHK-P 83099; MHK-P 83108; MHK-P 83118,;
MHK-P 83125; MHK-P 83130; MHK-P 83137.

Vrchlabi “Zatez silnice”: MHK-P 64954,

Krkonose Piedmont Basin, Prose¢né Formation, Horni
Kalna Horizon

Vesela “Veselsky potok™”: MHK-P 80245.

Horni Kalna “Odvaly dolu Adam”: MHK-P 27571.

Arnultovice “Uvozové cesta na okraji lesa”: MHK-P
81471.

Intra-Sudetic Basin, Broumov Formation, Otovice
Limestone of the Olivétin Member

Otovice “Cerny potok”: MHK-P 80178.

Otovice “Sténava”: DP 4529.

Otovice “Chmelnice”: MHK-P 30945; MHK-P 64665;
MHK-P 64673; MHK-P 64687; MHK-P 30945; MHK-P
30947, MHK-P 64661.

Paramblypterus sp.

Krkonose Piedmont Basin, Vrchlabi Formation, Rudnik
Horizon

Kostéalov “Za hospodou”: MHK-P 81420.

Rybnice “Hradecky potok”: MHK-P 30754; MHK-P
81404; MHK-P 81409.

Paramblypterus rohani from the sediments of the
Bohemian Massif includes specimens ranging from juveniles
27 mm long (MHK-P 70084) to adults with a total body
length 300 mm (MHK-P 81471) and fragments of large
specimens. Their fusiform body is slightly arched anteriorly
to the dorsal fin at a level perpendicular to the beginning of
the pelvic fin. The body length/deep ratio is of about 4.2 but it
significantly varies from 4.0 to 4.8 depending upon specimen



preservation and degree of deformation. The skull length
is of about 5 times in the total body length. The dorsal fin
originates immediately behind the middle of the total body
length and at least the half of the dorsal fin base is anteriorly
to the anal fin base origin. The base of the pelvic fin is closer
to the anal fin than to the pectoral.

The vast majority of P. rohani specimens from the
sediments of the Rudnik Horizon of the Krkonose Piedmont
Basin have a markedly arched trunk dorsally at the level of
the space between the pectoral and pelvic fins. This arching
is sometimes extremely pronounced (NM-M 490, MHK-P
80206, MHK-P 81196 - Fig. 23C). The different arching of
the trunk at first gave the impression that it is in fact a species
character that distinguishes these individuals from others that
do not have such an arched trunk. After studying a large num-
ber of specimens, it turns out that the abnormal trunk arching
is a deformation that occurred during fossilization.

SKuULL

Rostral part of the skull

The snout is bluntly rounded in front. The rostral part
of the skull is generally very rarely preserved in Permo-
Carboniferous actinopterygians, and partially preserved
bones of the rostral part of the skull are present on specimens
MHK-P 80194, MHK-P 81437, MHK-P 81446, MHK-P
81442, MHK-P 81471 and others. On the studied material
(Figs 3, 4), the rostral part is built by a large medially located
postrostral, which is laterally flanked by a paired nasal.
The nasal is separated from the orbit by a large preorbital
with which the nasal sometimes coalesces into a single unit.
Anterior to the postrostral lies the paired rostro-premaxillo-
lacrymal (Fig. 3A, B).

The postrostral is approximately square in shape with
the posterior margin only slightly convex in its central part.
The posterior margin of the bone is in contact with the anterior
margin of the parietals. The lateral margins of the postrostral
are slightly undulating and the anterior nasal aperture can be
observed in the anterior part of this margin in MHK-P 80204,
MHK-P 81446, MHKP 81437, MHK-P 81471 (Figs 3D, 4A).
The anterior edge of the bone is markedly convex. A strong
sculpture is developed on the postrostral, formed by mounds
parallel to the posterior margin of the bone. The central part of
the posterolateral half of the postrostral is without sculpture
and at the interface between the posterior and anterior halves
of the bone the sculpture is formed by short mounds.
The anterior half of the bone is sculptured exclusively by
bumps (Figs 3A, D, 4A).

The rostro-premaxillo-lacrymal forms an anterior margin
of the rostral part of the skull. Specimen MHK-P 81442
(Fig. 3A, B, C) shows paired lateromedially extended bones
with their medial margins in contact. The morphology of
the preserved parts suggests that the rostro-premaxillo-lacrymal
is composed of three bones, with one of the bones separated
and slightly displaced on the specimen. No teeth were found
on the anterior margin of these bones, but it can be assumed
that they were developed during the animal’s lifetime and
the bones formed a junction between the right and left jaws.
The rostro-premaxillo-lacrymal is thickened at the site of
the ethmoid commissure. The sensory canal passes from this
thickened point on the anterior margin posteriorly and passes
to the nasal. At the point of thickening there is a distinct area
on the inner margin of the bone which probably served as

an articulation with the ethmoid portion of the neurocranium.
The flat medial portion of the outer surface of the bone shows
a sculpture consisting of prominent bumps in the negative
impression.

The postrostral is laterally flanked by the nasal. The nasal
may have sutures laterally with the preorbital. Very often
the two bones are fused without sutures, or the nasal may be
separated from the preorbital by a suture on one side of the
skull but suture is missing between these bones on the other
side of the skull.

A well-developed structure of the rostral part of the skull
is preserved on the specimen MHK-P 81442 (Fig. 3A, B, C),
which shows the inner surface of the bones of the cranial
vault and especially those of the rostral part of the skull.
The nasal is a narrow, antero-posteriorly elongated bone
bearing a prominent supraorbital canal. This canal continues
from the parietal through the nasal to the rostro-premaxillo-
lacrymal. The detached anterior part of the left nasal shows
small prominent bumps forming the external sculpture of
the anterior part of the nasal. The preorbital firmly connected
to the nasal is stretched antero-posteriorly with a slightly
concave lateral margin flanking the orbit. This bone usually
bears three sensory pores located just below the border with
the nasal. The broken portions of the bone show a distinct
sculpture of the outer surface formed by mounds parallel
to the edges of the bone (Fig. 3A, B). The preorbital abuts
posteriorly with the intertemporal and thus separates the nasal
from the intertemporal. The isolated nasal can be observed
in MHK-P 81412 (Fig. 4C). It is a narrow, anteroposteriorly
elongated bone 9 mm long. The posterior margin is rounded
and the anterior margin is divided into small folds and
projections. A distinct fold is observed in the anterior part
of the medial margin, which is a remnant of the anterior
nostril. The surface of the bone is formed by distinct mounds
and flat bumps in its posterior part, with small bumps in
the anterior part. The remains of the sensory line are preserved
as the remains of three pores arranged in an anterio-posterior
direction.

The preorbital is a relatively large bone lining the anterior
and partly dorsal margin of the orbit (NM-M 1983, MHK-P
81442, MHK-P 30867, MHK-P81399). It is usually separated
medially by a suture from the nasal but often fuses with
the nasal into a single unit. The preorbital is elongated
dorsoventrally, the bone is relatively robust, always showing
a consistent shape and sculpture consisting of conspicuous
ridges parallel to the margins of the bone. Antero-ventrally
and postero-dorsally it is slightly tapered and its posterior
margin flanking the orbit is always curved. Three distinct
pores which probably form the posterior narinal opening
are usually observed on the medial margin of the bone.
Posteriorly, the preorbital is in contact with the intertemporal
and dermosphenotic, thus separating the nasal not only from
the orbit but also from the intertemporal.

The described arrangement of the bones of the rostral
part coincides in basic characteristics with the characters
described by DIETZE (1999, 2000) in P. duvernoyi and
P. gelberti (Goldfuss, 1847) and also coincides with
Amblypterus latus (Agassiz, 1833) (STAMBERG 2013b).
Rostro-premaxillo-lacrymal in Paramblypterus vratisla-
viensis (Agassiz, 1833) does not participate in delimiting of
the orbit anteriorly because it is separated from the orbit by
the preorbital and ventral infraorbital (STAMBERG 2021).
The Paramblypterus decorus (Egerton, 1850), as described
by BLOT (1966), shows the postrostral greatly expanded
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Fig. 3. Paramblypterus rohani (Heckel & Kner, 1861). Scale bars 5 mm. A, B — Drawing and photograph of the rostral part of the skull in ventral
view. MHK—P 81442. C — Whole skull with the bones of the rostral part, the skull roof and cheek. MHK—P 81442. D — Bones of the rostral part and
the skull roof in dorsal view. The postrostral with distinct notches of the anterior nasal openings on the lateral margins of the bone. MHK—P 81437.
Obr. 3. . Paramblypterus rohani (Heckel & Kner 1861). Méritka 5 mm. A, B — Perokresba a fotografie rostralni casti lebky v pohledu ventralnim.
MHK-P 81442. C — Cela lebka s kostmi rostralni casti, klenby lebecni a lice. MHK—P 81442. D — Kosti rostralni casti lebky a klenby lebecni

v pohledu dorsalnim. Postrostrale nese na svych lateralnich okrajich zarezy prednich nasalnich otvori. MHK—P81437.

Abbreviations: Dhy — dermohyal; Dsph — dermosphenotic; Ext.l — extrascapular lateral; Ext.m — extrascapular medial; fn — facet for articulation
with ethmoidal part of the neurocranium; lop — infraorbital posterior; It — intertemporal; Ju — jugal; Mx — maxilla; Na — nasal; narl — anterior
nasal opening; Op — operculum; Pa — parietal; Par — parasphenoid; Ppa — postparietal; Pre — preorbital; Ptr — postrostral; Rpml — rostro-premaxillo-
lacrimal; Sbo — suborbital; soc — supraorbital canal; sp — sensory pores; St — supratemporal.

in its anterior part and the preorbital (superorbital anteriéur
in the sense of BLOT 1966) as a solid bone surrounding the
orbit anteriorly and partially dorsally. A revisionary study of
this species by DIETZE (2000) shows a postrostral similarly
shaped to that of P. duvernoyi. At the same time, DIETZE
(2000) depicts the preorbital (nasal 2 of DIETZE 2000)
in contact with the postrostral in P. decorus, thus comple-
tely separating the nasal (nasal 1 of DIETZE 2000) from
the premaxilla. The nasal (nasal 1 of Dietze) is in contact with
the intertemporal (dermosphenotic in the sense of BLOT
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1966, dermosphenotic 1 in the sense of DIETZE 2000).

Very important is the preorbital (superorbital antérieur in
the sense of BLOT (1966); supraorbital antérieur in the sense
of HEYLER (1969); superorbital anterius in the sense of
STAMBERG (1976); superantorbital in the sense of GAD
(1988), which is part of the rostral region. On the described
material, it is always a robust bone of stable shape, which,
as said, can fuse with the nasal. DIETZE (1999) described
in P. duvernoyi the fusion of this bone from two, namely
the supraorbital and the preorbital. Similarly, in Cheirolepis



Fig. 4. Paramblypterus rohani (Heckel & Kner, 1861). Scale bars 5 mm. A — The postrostral in dorsal view with notches of the anterior nasal
openings. MHK—P 80193. B — Rostral part of the skull in dorsal view with the preorbital fuses with the nasal on the left side while they are partly
separated on the right side. MHK—P 80204. C — Isolated nasal in dorsal view with notch of the anterior nasal opening. MHK—P 81412.

Obr. 4. . Paramblypterus rohani (Heckel & Kner, 1861). Méritka 5 mm. A — Postrostrale v pohledu dorsalnim se zarezy prednich nasdlnich otvorii.
MHK-P 80193. B — Rostralni cast lebky v pohledu dorsalnim s preorbitale, které je na levé strané lebky srostlé s nasale, kdezto na pravé strané
lebky je castecne oddélené. MHK—P 80204. C — Izolované nasale v pohledu dorsalnim se zarezem pro prredni nasalni otvor. MHK—P 81412.
Abbreviations: Na — nasal; narl — anterior nasal opening; Pa — parietal; Pre — preorbital; Pre+Na — preorbital fuses with the nasal;

Ptr — postrostral; It — intertemporal.

canadensis Whiteaves, 1881, ARRATIA & CLOUTIER
(1996) described two bones in place of the preorbital, namely
the more dorsally situated supraorbital and the more ventrally
situated preorbital, which form the anterior margin of the orbit.
No indication of the division of the preorbital into two bones,
or the formation of the preorbital from two bones, has been
noted on material described from the basins of the Bohemian
Massif. Also the sculpture of this bone, consisting mainly of
long ridges running parallel to the ventral margin of the bone
and covering the entire outer surface of the bone, indicates
growth from a single ossification centre located at the anterior
margin of the bone at the site of the large pores.

The preorbital has also recently been described in several
species of the family Aeduellidae and it was previously
described as the antorbital by WESTOLL (1937) in Aeduella
blainvillei from Muse in Autun Basin. STAMBERG (2007a)
documented the occurrence of this bone in Bourbonnella
hirsuta §tamberg, 2007a and in Neslovicella rzehaki gtamberg,
2007a. It also occurs in Neslovicella elongata Stamberg,
2010a and has been documented in material of Aeduella
blainvillei Westoll, 1937 from the Bourbon-1’ Archambault
Basin in France (STAMBERG 2018, text-fig. 26d).

SKULL ROOF

The bones of the skull roof form a thick covering of
the dorsal side of the skull consisting of paired parietal
postparietal, intertemporal, supratemporal and a strip of
extrascapular bones (NM-M 4920, MHK-P 64658, MHK-P
64665, MHK-P 64673, MHK-P 81399, NHMW 1901/VII/3
and many others). The skull roof bones tend to be relatively
well preserved on the specimens studied, either as a compactly
interconnected unit or as isolated bones (Figs 3D, 5, 6, 7, 8).

The parietal is a rectangular bone twice as long as it is
wide and twice as long as the length of the postparietal.
The anterior margin of the parietal is slightly convex,

straight or slightly concave. The medial and lateral margin
of the frontal tends to be markedly curved. The interfrontal
suture also produces multiple lobed folds (MHK-P 81461
—Fig. 6A) on the right and left parietals, which fit together
in a finger-like manner. Also, the lateral margin of the bone
forms a lobate process running between the intertermporal
and supratemporal (MHK-P 64795, MHK-P 64805) in about
one half of its length. This process can be extremely long
and extended as in DP 2700, MHK-P 80206, NM-M1983
and other specimens (Fig. 5F) and the variation in the
shape of the process is very marked. The different shapes of
the frontal bones and other bones of the cranial vault are
shown in the accompanying figures (Figs 5, 6). The parietal
is distinctly sculptured by mounds and bumps. The shorter
mounds of the lateromedial direction are developed mainly
in the anterior third of the bone, whereas in the posterior third
of the bone the long mounds are paralleled with the lateral
and posterior margins of the bone. The entire medial part
of the parietal is covered with flat irregularly shaped bumps.

The postparietal is approximately square in shape
(e.g., MHK-P 80194 is 4 x 4 mm; MHK-P 64795 is 6 x 6 mm),
but may be markedly elongated at the margins and sometimes
with anteriorly elongated processes. The suture between right
and left postparietal may be strongly curved (MHK-P 64805),
and anteriorly there is usually a large prominence (MHK-P
81399, MHK-P 70091) that extends between the parietal
and supratemporal. Specimen MHK-P 81433, representing
an old individual (Fig. 7A), shows broad articulating surfaces
on which the surrounding bones are superimposed, especially
the right postparietal and left supratemporal. The outer surface
of the bone without articulating surfaces is 10 mm long
and 7 mm wide. The bone including the articulating surfaces
is 11 mm long and 12 mm wide. The sculpture is made up of
irregularly bordered flat bumps.

The intertemporal of triangular shape borders the lateral
margin of the parietal from the anterior margin of the pari-
etal to the lateral process of the parietal where it contacts

69



Fig. 5. Paramblypterus rohani (Heckel & Kner, 1861). The skull roofs in dorsal view. Scale bars 5 mm. A — The parietal where the supraorbital canal
passes from the parietal to the postparietal and the medial pit line passes laterally from the postparietal to the supratemporal. NHMW 1901/V1l/3.

B — Photograph of the skull roof. MHK—P 80198. C — The parietal with conspicuously curved interparietal suture. MHK—P 64805. D — The skull
roof with the extrascapular lateral. Large spiracular and the dermosphenotic border the lateral margin of the intertemporal and supratemporal.
MHK-P 64665. E — The skull roof with only party visible interparietal suture which is overlaid by the sculpture. MHK-P 81399. F — Right side

of the skull roof with large lobate lateral process on the parietal. The extrascapular medial and extrascapular lateral bear pores

of the supratemporal commissure. The small accessory extrascapular lateral is without pores of sensory lines. MHK—P 80206.

Obr. 5. Paramblypterus rohani (Heckel & Kner, 1861). Kosti klenby lebecni v pohledu dorsalnim. Méritka 5 mm. A — Klenba lebecni se supraorbital-
nim kandlem prechdzejicim z parietale na postparietale a pit line stredni na postparietale je protazena laterdlné az na supratemporale. NHMW 1901/
VI1I/3. B — Foto kosti klenby lebecni. MHK—P 80198. C — Kosti klenby lebecni s vyrazné zprohybanym interparietalnim svem. MHK—P64805.

D — Kosti klenby lebecni véetné laterdlni extraskapuldrni kosti. Velké spirakulare a dermosphenotikum lemuji lateralni okraj intertemporale

a supratemporale. MHK—P 64665. E — Parietale s pouze castecné viditelnym interparietalnim Svem. Zbyla cast Svu je prekryta silnou skulpturou.
MHK-P 81399. F — Prava cast klenby lebecni s vyraznym lalocnatym lateralnim vybézkem na parietale. Extraskapulare mediale a laterale s pory
supratempordalni komisury a malé pridatné extraskapulare laterale bez smyslovych linii. MHK—P 80206.

Abbreviations: a.pl — anterior pit line; Ext.l — extrascapular lateral; Ext.l.a — accessory extrascapular lateral; Ext.m — extrascapular medial;

ioc — infraorbital canal; It — intertemporal; Ju — jugal; m.pl — medial pit line; Pa — parietal; Ppa — postparietal; p.pl — posterior pit line;

Pt — posttemporal; Sbo — suborbital; soc — supraorbital canal; Spi — spiracular; St — supratemporal; stc — supratemporal commissure.

the supratemporal. The intertemporal is widest in its
posterior part and narrows anteriorly. Laterally borders the
dermosphenotic and spiracular and anteriorly is in contact with
the preorbital, but it is not in contact with the nasal. The sculpture
consists of distinct mounds running in the antero-posterior
direction (MHK-P 64795, MHK-P 81399).

The supratemporal is rectangular in shape, antero-posteriorly
elongated with a rounded anterior margin. The intertemporal
and supratemporal meet at the point of the lateral process
of the parietal, which partially separates these bones.
The lateral margin of the bone is not curved; it does not form
a lateral process. Laterally it is in contact with the spiracular
and operculum. A prominent posteriorly pointed process
forms the supratemporal in its posterior part, and a large area
of bone medial to this process is overlain by the extrasca-
pular bones (MHK-P 64665, MHK-P 80206 — Fig. 5D, F).
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The prominent sculpture of the supratemporal is formed
by short or worm-like curved mounds and flat tubercles.

A strip of extrascapular bones formed by paired extrascapular
lateral, unpaired extrascapular medial or other accessory
extrascapular lateral surround the skull roof posteriorly (Figs
5D, F; 7B, C; 8A). This strip forms the interface between the
skull roof and the dermal bones of the pectoral girdle. A band
of these bones is delimited laterally by the posterior supra-
temporal process. The extrascapular lateral is approximately
rectangular in shape, mediolaterally elongated and its lateral
portion broadly overlies the posterior portion of the supra-
temporal. The median extrascapular is rectangular in shape,
mediolaterally elongated, with a prominent anterior process
which is wedged between the right and left postparietals.
In some individuals, especially in old individuals, the extras-
capular band is enriched with accessory lateral extrascapular



Fig. 6. Paramblypterus rohani (Heckel & Kner, 1861). Variability of the bones of the skull roof and the interparietal suture. Scale bars 5 mm.

A, B — Separate right and left sides of the skull roof of the specimen MHK—P 81461 in dorsal view. C — The parietal and intertemporal in dorsal
view. MHK—P 64795. D — The parietal in dorsal view with double curved interparietal suture. MHK—P 64896. E — Right and lefi parietals

in dorsal view. MHK—P 81400. F — Left parietal in ventral view with supraorbital canal. MHK—P 30873.

Obr. 6. Paramblypterus rohani (Heckel & Kner, 1861). Variabilita kosti klenby lebecni a interparietdlniho Svu. Meéritka 5 mm. A, B — Oddélena
prava a leva cast klenby lebecni jedince MHK—P 81461 v pohledu dorsalnim. C — Parietale a intertemporale v pohledu dorsalnim. MHK—P 64795.
D — Parietale v pohledu dorsdlnim se zdvojenym interparietalnim svem. MHK—P 64896. E — Pravé a levé parietale v pohledu dorsalnim.

MHK-P 81400. F — Levé parietale se supraorbitalnim kandlem v pohledu ventralnim. MHK—P 30873.

Abbreviations: It — intertemporal; Pa — parietal; Ppa — postparietal; soc — supraorbital canal; St — supratemporal.

bones. These small anamnestic bones of oval shape are
developed in one or two pairs anterior to the extrascapular
lateral and medial to the posterior process of the supratem-
poral. They are separating from the meeting in midline.
These small accessory bones of the extrascapular girdle are
developed mainly in old adults.

The bones of the skull roof carry a number of pores
and pit lines of the sensory canals. The supraorbital and
infraorbital sensory canals are mainly applied to the bones.
The supraorbital sensory canal continues posteriorly from
the nasal along the lateral margin of the parietal. It is manifes-
ted by distinct pores lying in the antero-posterior line closer to
the lateral margin of the bone. In some individuals, however,
these pores are not observable because of the markedly

developed covering ganoine sculpture. In the ventral view,
a continuous canal (MHK-P 81442, MHK-P 64775) is visible
from the nasal through the entire parietal (Fig. 3A, B, C).
The continuation of the supraorbital canal in the direction
from the parietal posteriorly to the postparietal is observable
in a number of bones in the anterior part of the postparietal
where the supraorbital canal ends (MHK-P 30867, MHK-P
81461). Distinct pit lines anterior, middle and posterior are
present on the postparietal. The posterior pit line is straight
or may be arcuate (MHK-P 64795). The medial pit line may
also pass as a distinct uninterrupted deep line to the laterally
situated supratemporal and continues in a lateromedial
direction across this bone (MHK-P 30867, NHMW 1901/
VII/3 — Fig. 5A).
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Fig. 7. Paramblypterus rohani (Heckel & Kner, 1861). Scale bars 2 mm. The arrow indicates the front for all bones. A — Postparietal of old specimen
with broad articulating surfaces on which surrounding bones are superimposed. Dorsal view, MHK—P 81433. B — Left extrascapular lateral with
pores of the supratemporal commissure. Dorsal view, MHK—P 80153. C — Extrascapular medial with pores of the supratemporal commissure.

Dorsal view, MHK—P 80153.

Obr. 7. Paramblypterus rohani (Heckel & Kner, 1861). MéFitka 2 mm. Sipka ukazuje predni éast vsech kosti. A — Postparietale starého jedince
se Sirokymi plochami, které se kloubily s okolnimi kostmi. Pohled dorsalni, MHK—P 81433. B — Levé extraskapulare laterale s pory supratemporalni
komisury. Pohled dorsalni, MHK—P 80153. C — Extraskapulare mediale s pory supratemporalni komusury. Pohled dorsalni, MHK—P 80153.

Abbreviations: stc — pores of the supratemporal commissura

The infraorbital canal passes to the intertemporal from
the dermosphenotic, bends markedly at the intertemporal,
and points posteriorly to the supratemporal. Pores of
the infraorbital sensory canal have also been noted in
the anterior half of the intertemporal (MHK-P 30867).
Thus, it is clear that from the point of bending of the infra-
orbital canal near the lateral margin in the posterior third of
the intertemporal, the canal also continues to the anterior half
of the intertemporal (Fig. 8A). The bend of the infraorbital
canal on the intertemporal and exact location of the transition
of the canal to the dermosphenotic is not preserved. Caudally
from the bend of the infraorbital canal, this canal passes pos-
teriorly to the supratemporal and continues along the lateral
margin of the bone to the extracapular lateral as the otic canal.
On the supratemporal a cluster of conspicuous pores can
be periodically observed in the central part of the bone
where the ossification centre of the supratemporal. On the
extrascapular lateral, the otic canal branches into two lines.
One branch of the otic canal continues from the extrascapular
lateral to the supracleithrum and then continues on the
scales as the lateral sensory line. The other line is indicated
by well-marked pores parallel to the posterior margin of
the extrascapular lateral and continues as supratemporal
commissure through the median extrascapular. The conspicuous
pores of the supratemporal commissure are arranged along
the posterior margin and occasionally on the remainder of the
dorsal surface of the median extrascapular, thus connecting
the right and left branches of the infraorbital canal.

The bones of the skull roof and their sculpture are very
characteristic and belong to the most frequently found and
relatively well preserved bones. Their shape, and especially
the formation of the interparietal suture and lateral parietal
processes, has been one of the diagnostic features distinguis-
hing the species P. rohani, P. caudatus and P. reussi from
each other (STAMBERG 1976). As shown by the amount of
comparative material, this is only a variation of these bones in
one species and not a determinative character of different
species. The identical position, morphology, sculpture and also
the high variability of these bones is also recorded in
P. duvernoyi from the Saar-Nahe Basin (DIETZE 1999).
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A lack or less pronounced sculpture compared to P. rohani
and P. duvernoyi is recorded in P. gelberti and this difference
is also one of the characteristic features of P. gelberti (GAD
1988, DIETZE 1999, 2000). The bones of the skull roof
of Paramblypterus vratislaviensis differ from P. rohani not
only in the formation of the interparietal suture or sutures
between the parietal and intertemporal and supratemporal,
but also in the shape of the intertemporal and supratemporal
(gTAMBERG 2021). The shape of the dermal bones and their
arrangement is also different in Paramblypterus decorus, where
the large parietal process extending between the intertemporal
and supratemporal is absent and the interparietal suture is only
slightly undulating. In contrast to P. rohani and P. duvernoyi,
in P. decorus the intertemporal is in contact with the nasal by
its anterior margin and is almost the same size as the supra-
temporal (BLOT 1966, DIETZE 2000). Amblypterus latus
possesses the supratemporal with ventrolateral protuberance
extending between the spiracular and operculum (DIETZE
2000, STAMBERG 2013b).

The formation of the extrascapular bone band also varies
between species. In all species of the family Amblypteridae,
the extrascapular bone band is formed by an unpair median
extrascapular and a pair of lateral extrascapular bones. These
bones are often joined by additional extrascapular bones
(postparietal in the sense of BLOT (1966), STAMBERG
(1976), GAD (1988), additional extrascapulars in the sense
of DIETZE (1999, 2000). In Amblypterus latus, 2 additional
extrascapular bones may be present (STAMBERG 2013b),
P. decorus possesses up to 3 additional paired lateral extrasca-
pular bones (DIETZE 2000), P. duvernoyi and P. gelberti has
2 to 4 pairs of additional lateral extrascapulars (GAD 1988,
DIETZE 1999). Sometimes also a duplication of the median
extrascapular is described in P. duvernoyi and P. gelberti from
the Saar-Nahe Basin. However, duplication of the median
extrascapular has never been observed in P. rohani from the
basins of Bohemia and, on the contrary, the median extrasca-
pular always occurs as an unpaired bone of stable shape.

The skull roof bone assemblages described by HEYLER
(1971) from the Surmoulin locality of the Autun Basin as
P, rohani are identical in morphology and sculpture to the above



Fig. 8. Schematic drawings of the skull roof in dorsal view, showing the position of overlapped areas of Paramblypterus rohani (Heckel & Kner,
1861) (4) and Paramblypterus sp. (B). The differences record following marks: *1 — Shape of the intertemporal; *2 — Shape of the supratemporal
(presence or absence of lateral process); *3 — Shape of the interparietal suture; *4 — Position of lateral process of the parietal. Figure A is arranged
on the basis of specimens MHK—P 64665, MHK-P 80198, MHK—P 80194, MHK—P 81461 etc. Figure B is arranged on the basis of specimens
MHK-P 30754, MHK—P 81404, MHK—P 81409, MHK—P 81420 etc. Scale bars 5 mm.

Obr. 8. Schematické kresby klenby lebecni v pohledu dorsalnim ukazujici jejich kloubici plochy u Paramblypterus rohani (Heckel & Kner, 1861) (A)
a Paramblypterus sp. (B). Rozdilné znaky jsou oznaceny nasledujicimi znackami: *1 — Tvar intertemporale; *2 — Tvar supratemporale (pritomnost
nebo chybéni lateralniho vybézku); *3 — Tvar interparietalniho svu; *4 — Pozice lateralniho vybézku na parietale. Obr: A je vytvoren na zdakladé
Jjedincii MHK—P 64665, MHK—P 80198, MHK—P 80194, MHK—P 81461 a dalsich. Obr. B je vytvoren na zdkladé jedincit MHK—P 30754,

MHK-P 81404, MHK-P 81409, MHK—P 81420 a dalsich. Méritka 5 mm.

Abbreviations: Ext.l — extrascapular lateral; Ext.l.a — accessory extrascapular lateral; Ext.m — extrascapular medial; It — intertemporal;

Pa — parietal; Ppa — postparietal; St — supratemporal.

described bones of P. rohani from the Bohemian Massif
as with P. duvernoyi from the Saar-Nahe Basin.

Together with the species P. rohani, a large group
of specimens comes from the Rudnik Horizon of the KrkonoSe
Piedmont Basin, whose characteristic feature is a straight
or only slightly wavy interparietal suture, lateral parietal
process is displaced posteriorly to about 1/3 of the length of
the lateral margin in the direction from the posterior margin
of the bone, intertemporal of triangular shape but not wide
posteriorly and supratemporal with lateral process (Fig. 8B).
During the course of the study, I initially assumed that this
was a variation of the bones of the skull roof within the species
P. rohani. However, the displacement of the lateral process
of the parietal is associated with a change in the shape of the
intertemporal, which is triangular in shape as in P. rohani, but
is markedly elongated antero-posteriorly and the posterior
margin of the intertemporal is significantly shorter than in
P. rohani. Moreover, individuals with skull roof bones shaped
in this manner have a significantly deeper operculum than
P. rohani. For this reason, I consider the individuals described
above to be members of a distinct species and will be studied
separately. Now they are ranged as Paramblypterus sp.
At the same time, the skull roof bones thus formed are an
example of the fact that it is sometimes very difficult to
distinguish true bone variation in one species from a character
that already characterizes another taxon. Comparison of
the skull roofs characters of Paramblypterus rohani and
Paramblypterus sp. shows Fig. 8.

CIRCUMORBITAL SERIES

The orbit of the middle size is surrounded by the series
bones including preorbital, dermosphenotic, infraorbital
posterior, jugal, ventral infraorbital and rostro-premaxillo-
lacrymal. The bones of the sclerotic ring are rarely preserved.
They are very thin and only two interlocking bones of the
sclerotic ring have ever been found. According to their
proportions, it is clear that the sclerotic ring consisted of
four arcuate fine bones that were wedged together (MHK-P
81380). The preorbital surrounding the orbit anteriorly and
partly dorsally was described together with the bones of
the rostral region. The preorbital of crescent shape (MNH-P
64854, MNH-P 81399, MNH-P 81442) is in contact
posteriorly with the intertemporal and dermosphenotic
(infraorbital in the sense of BLOT (1966), infraorbital superius
in the sense of STAMBERG (1976), infraorbital superior
in the sense of STAMBERG (2021), dermosphenotic 2 in
the sense of DIETZE (1999, 2000). The rim of the dermo-
sphenotic flanking the orbit is arcuate. The dermosphenotic
is anteriorly pointed, ventroposteriorly it widens slightly and
ventrally it touches the posterior infraorbital. The sculpture
on the bone consists of only a few round-shaped tubercles.
The small posterior infraorbital (infraorbital in the sense
of BLOT (1966), jugal 2 in the sense of DIETZE (1999,
2000) is of oval shape and slightly dorsoventrally elongated
flanking the orbit posteriorly (Fig. 9A, B). This bone forms
a junction between the dermosphenotic and the jugal.
The jugal (infraorbital in the sense of BLOT (1966), jugal
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Fig. 9. Paramblypterus rohani (Heckel & Kner, 1861). Scale bars 5 mm. A, B — Drawing and photograph of the cheek, jaws and opercular
apparatus in lateral view. MHK—P 64854. C — Right preoperculum in lateral view. MHK—P 81380. D — Right preoperculum in lateral view.
MHK-P 81451. E — Right hyomandibula in lateral view with a small processus opercularis and obscure trace of the dermohyal. MHK—P 81464.
F — Left hyomandibula in lateral view. MHK-P 81451. G — Parasphenoid in dorsal view. MHK—P 30755. H — Parasphenoid and mesial gular

in ventral view. Ventral surface of the parasphenoid bears small granular teeth. MHK—P 81810. J — Right jugal in medial view with conspicuous
infraorbital canal. MHK—P 81412. J — Left jugal in lateral view with grooves of the infraorbital canal and several short grooves of sensory
canals branching off posteriorly from the infraorbital canal. MHK—P 80193.

Obr. 9. Paramblypterus rohani (Heckel & Kner, 1861). Méritka 5 mm. Kresba a fotografie lici, celisti a operkularniho apardtu v pohledu
laterdalnim. MHK—P 64854. C — Pravé preoperkulum v pohledu lateralnim. MHK—P 81280. D — Pravé preoperkulum v pohledu laterdalnim.
MHK-P 81451. E — Prava hyomandibula v pohledu lateralnim s malym operkuldarnim vybézkem a nejasnym otiskem dermohyale. MHK—P 81464.
F — Levd hyomandibula v pohledu laterdlnim. MHK—P 81451. G — Parasfenoid v pohledu dorsalnim. MHK—P 30755. H — Parasfenoid a gulare
mediale v pohledu ventrdlnim. Ventralni povrch parasfenoidu nese drobné granuldarni zoubky. MHK—P 81810. J — Pravé jugale v pohledu medialnim
s vyraznym infraorbitalnim kandlem. MHK—P 81412. J — Levé jugale v pohledu laterdlnim se zlabky infraorbitalniho kanalku a nékolika kratkymi
zlabky odstupujicimi posteriorné z infraorbitalniho kandalu. MHK—P 80193.

Abbreviations: Apc — notch for internal carotid arteries; bhf — bucco-hypophysial foramen, CI — cleithrum; Dent — dentary; Dhy — dermohyal;
Dsph — dermosphenotic; Ext.l — extrascapular lateral; Gu.m — gular medial; ioc — infraorbital canal; ioc.b — branches of the infraorbital canal;
lop — infraorbital posterior; Ju — jugal; Mx — maxilla; Op — operculum; pbc — parabasal canal; pc — preopercular canal; pl.g — gular pit line;
Pop — preoperculum; pop — processus opercularis; ppl — preopercular pit line; psc — posterior ascending process, Rbr — branchiostegal rays;

Sbo — suborbital; Scl — supracleithrum; Sop — suboperculum; sp.g — spiracular groove; Spi — spiracular; t — teeth.
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Fig. 10. Paramblypterus rohani (Heckel& Kner, 1861). A, B — Drawing and photograph of the skull. DP 4529. Scale bars 5 mm.

Obr. 10. Paramblypterus rohani (Heckel & Kner, 1861). A, B — Perokresba a fotografie lebky. DP 4529. Mevitka 5 mm.

Abbreviations: Cl— cleithrum; Cor — coronoid,; Dent — dentary; Dhy — dermohyal; Ext.l — extrascapular lateral; Ext.m — extrascapular medial;
Gu.l — gular lateral; Gu.m — gular medial; It — intertemporal; Ju — jugal; mc — mandibular canal; Mx — maxilla; Na — nasal; Op — operculum,
Pa — parietal; Pop — preoperculum; Ppa — postparietal; Pscl — presupracleithrum; Pt — posttemporal; Ptr — postrostral; Qu — quadratum,

Rbr — branchiostegal rays,; Sbo — suborbital; Sop — suboperculum; Spi — spiracular; St — supratemporal.

1 in the sense of DIETZE (1999, 2000), infraorbitale inferius
in the sense of STAMBERG (1976) is of crescent shape
lining the orbit partly posteriorly and ventrally (MNH-P
64854; MNH-P 81412). The posterior margin extends
partially over the suborbital and overlaps the anterior margin
of the maxillary plate. The jugal is in contact anteriorly with
the narrow, antero-posteriorly extended ventral infraorbital
(infraorbital in the sense of Blot 1966; lacrymal in the sense
of DIETZE (1999, 2000), STAMBERG (2021). The rostro-
premaxillo-lacrymal, which is shortly in contact with the orbit
in its antero-ventral corner, was described together with
the preorbital in the paper on rostral part of the skull.

The infraorbital canal passes along the orbit from the inter-
temporal across the dermosphenotic, infraorbital posterior,
jugal, infraorbital inferior to the rostro-premaxillo-antorbital.
The infraorbital canal on the dermosphenotic and infraorbital
posterior is preserved in the form of short grooves oriented
dorsoventrally. The canal is indicated by pores on the jugal
located in an arc parallel to the anterior margin of the bone
(MNH-P 30867, MNH-P 80156) with 6—8 short sensory
canals oriented posteriorly branching off from the canal (Fig.
91, J). Through the ventral infraorbital, the infraorbital canal
passes from the jugal to the rostro-premaxillo-lacrymal.

The preorbital and the dermosphenotic flanking the dorsal
margin of the orbit and separating the orbit from the intertem-
poral is a character identical to P. duvernoyi, and the same
position of the bones is found in both P. gelberti (GAD 1988,
DIETZE 1999) and P. decorus (BLOT 1966). The same
bones in P. vratislaviensis do not touch and the intertemporal
forms the dorsal margin of the orbit (STAMBERG 2021).

Contrary to the conclusions of DIETZE (1999, 2000) who
states that the sclerotic ring is absent in both P. duvernoyi
and P. gelberti from the Saar-Nahe Basin, the presence of
a sclerotic ring is documented in P rohani. In the type species

P, decorus, BLOT (1966) shows a sclerotic ring composed of
four bones, and the presence of sclerotic bones is confirmed
in Amblypterus latus (DIETZE 2000) or P. vratislaviensis
(STAMBERG 2021). Since the sclerotic bones are very
thin, their preservation is very rare and it is possible that
the sclerotic ring may have been present in the Saar-Nahe
Basin specimens of P. duvernoyi and P. gelberti but did not
resist the processes during fossilization.

In the author’s previous work (STAMBERG 1976), which
provided insights on P. rohani and other species included in
the present revision study, the posterior infraorbital is not
identified and a direct contact of the dermosphenotic with
the jugal is supposed. The material now studied documents
the presence of a posterior infraorbital in this group of fish
as well. It is a small bone that is very rarely preserved on the
material.

CHEEK

The suborbital bones, the spiracular, the preoperculum and
the dermohyal fill the space between the bones surrounding
posteriorly the orbit and the opercular apparatus (Figs 9A-F,
10A, B). The large anamnestic spiracular bone is rectangular
in shape with rounded corners. It medially lines the supra-
temporal and intertemporal and anteriorly is in contact with
the dermosphenotic. A set of small anamnestic suborbital
bones extends ventrally from the spiracular. These bones fill
the space anterior to the preoperculum and as the specimen
(MNH-P 64854) shows (Fig. 9A, B), 7 small suborbital bones
may also be present.

The cheek space filled by the small suborbital bones
is posteriorly bounded by the anterior deep part of the
preoperculum. The preoperculum (Figs 9A-D, 10A, B) is the
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Fig. 11. Paramblypterus rohani (Heckel & Kner, 1861). Maxillae of specimens of different ages. Scale bar 5 mm.
A — MHK-P 81446a; B— NHMW 1866/XX1l/5; C — MHK—P 81446b; D — MHK-P 81451; E — MHK-P 64914.
Obr. 11. Paramblypterus rohani (Heckel & Kner, 1861). Maxily jedincii riizného stari. Méritko 5 mm.

A— MHK-P 81446a; B— NHMW 1866/XX1l/5; C — MHK—P 81446b; D — MHK—P 81451, E — MHK—P 64914.

bone surrounding the maxillary plate posteriorly and dorsally
and is therefore a bone markedly bent according to this plate
(MNH-P 81451, MNH-P 64854). Thus, the preoperculum
is morphologically divided into a narrow, dorsoventrally
extended posterior portion inserting between the maxillary
plate and the suboperculum, and a deep antero-dorsal portion
flanking the maxillary plate dorsally. The ventral margin
of the anterior extended part of the preoperculum makes
a 90° angle with the anterior margin of the posterior narro-
wed part of the bone. The dorsal and posterior margins of
the bone together form a bend angle of the preoperculum
of about 130°. The anterior margin of the dorsally lying
greatly expanded part of the preoperculum is concave and
reaches the anterior level of the maxillary plate. The preoper-
culum overlaps the dorsal margin of the maxillary plate in
a narrow strip. The connection between the preoperculum
and the maxillary plate is quite firm, as a small projection can
be traced on the maxillary plate in front of its dorsal margin
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(Fig. 11A, C, D), which probably strengthened the connection
between these two bones. The preopercular canal runs from
the ventral margin of the bone along the posterior margin of
the bone towards the dorsal and continues along the dorsal
margin of the bone. The course of the canal is indicated
by longitudinal depressions or, conversely, by bowing of
the bone at the point of passage of the preopercular sensory
canal. At the site of the preopercular bend, the preopercular
pit line runs anteriorly, oriented horizontally. The angle of
inclination of the preoperculum (i.e. the angle of the dorsal
edge of the preoperculum with the horizontal plane) is about
40°. The slight tilt of the preoperculum can also be judged
by the slightly tilted suspensorium (DIETZE 2001).
Quadratojugal is quite sporadically preserved on MHK-P
10979, DP 4529 — Fig. 10A, B). It is oval in shape and its
ventroanterior margin is adjacent to the posterior margin
of the maxilla. In its anterior part it is thickened and with
remains of indistinct sculpture, the dorsoposterior part



is enlarged and was probably covered by the ventral part of
the preoperculum.

The dermohyal of triangular shape is inserted between
the postero-dorsal margin of the preoperculum and the ante-
rior margin of the operculum (DP 4529). This small bone is
preserved quite sporadically and reaches up to two-thirds of
the height of the operculum with the dorsal side. The dermohyal
attaches to the hyomandibula as shown in specimen MHK-P
81464 — Fig. 9E).

The hyomandibula is a thick and relatively short bone. It is
slightly flexed and the tapered ventral and expanded dorsal
portions together form an angle of 150°. Specimens MHK-P
81451 and MHK-P 81464 show the hyomandibular in lateral
view (Fig. 9D, E). On the posterior margin, there is a small
bump representing the processus opercularis about midway
at the level of the bone bend. On the anterior margin of
the hyomandibula, on the other hand, there is a depression
where the posterior part of the palatoquadrate has encroached.

If we compare the cheek bones of the studied specimens
with some other species and genera, it can be concluded that
the described large spiracular is characteristic of the family
Amblypteridae. The described spiracular of P. rohani is iden-
tical to the spiracular of P. decorus (BLOT 1966, DIETZE
2000), P. duvernoyi, P. gelberti (GAD 1988, DIETZE
1999), P. vratislaviensis (STAMBERG 2021) as well as with
Amblypterus latus (DIETZE 2000, STAMBERG 2013Db).
It is always a large rectangular bone located posteriorly from
the dermosphenotic and laterally from the intertemporal and
supratemporal. The area between the circumorbital bones
and the opercular apparatus is subject to fragmentation of
the larger bones into smaller ones, probably in connection
with improved grasping ability and mobility of the maxillary
apparatus. For this reason, an increased number of small sub-
orbital bones can be found in this area, the number of which
varies considerably. Both GARDINER (1963) and DIETZE
(2000) report only two suborbital bones in Amblypterus latus
but STAMBERG (2013b) finds 4 suborbital bones behind
the circumorbital bones. P. decorus has 69 suborbitals and
a larger number of dermohyals (BLOT 1966, DIETZE 2000).
P. duvernoyi and P. gelberti may have about 6 suborbital bones
(GAD 1988, DIETZE 1999) and one to two dermohyals in
front of the operculum.

Fragmentation of the cheek area is well known also in
the family Aeduellidae where Aeduella blainvillei has up
to 8 suborbital bones in the cheek area (HEYLER 1969),
Neslovicella rzehaki 6 suborbital bones and Bourbonnella
hirsuta 5 suborbital bones (STAMBERG 2007a).

The preoperculum has a stable shape in all species
of the genus Paramblypterus and in Amblypterus latus.
The 40° angle of inclination of the properculum found here
also corresponds to the inclination of the preoperculum
of P. duvernoyi (DIETZE 1999) and Amblypterus latus.
BLOT (1966) figured P. decorus with a preoperculum
inclination angle of 36°. In aeduellid species, e.g. deduella
blainvillei, the posterior margin of the preoperculum is in
a vertical position (HEYLER 1969), likewise in Neslovicella
rzehaki (STAMBERG 2007a). In Bourbonnella guilloti
Heyler, 1969 the angle of inclination of the preoperculum is
61° (HEYLER 1969) and similar (68°) is in Bourbonnella
hirsuta (STAMBERG 2007a).

The dermohyal of the specimens of P. duvernoyi and
P. gelberti from the Saar-Nahe Basin is usually present as
only one bone, but the occurrence of two or three small
bones between the preoperculum and operculum has also

been rarely found (DIETZE 1999). A single dermohyal
of P. vratislaviensis is narrow and conspicuously dorsoven-
trally elongated and a very similar slender dermohyal is
found in Amblypterus latus (DIETZE 2000). In contrast,
seven to ten small dermohyals lie anterior to the operculum
of P. decorus (BLOT 1966, DIETZE 2000).

The hyomandibula is not known in other species of the ge-
nus Paramblypterus or in Amblypterus latus. A similar shape
to the hyomandibula described here is depicted by POPLIN
(1974) in Actinopterygii from the Carboniferous of Kansas,
and the short and thick hyomandibula is also present in Amia
calva (GRANDE & BEMIS 1998), Polypterus (ARRATIA
& SCHULTZE 1991) and many others. However, we find
a diametric difference in the shape of the hyomandibula in
a number of other Permo-Carboniferous actinopterygians
(Elonichthys crassidens Giebel, 1848, Rhabdolepis saar-
brueckensis Gardiner, 1963, “Elonichthys” krejcii (Fritsch,
1895), Letovichthys tuberculatus Stamberg, 2007a (see
STAMBERG 2007a, 2010b), which have a very narrow,
dorso-ventrally elongated hyomandibula.

PARASPHENOID

The parasphenoid is a characteristically shaped bone
composed of the corpus parasphenoidis, which ends behind
the large paired processus ascendens posterior and is not sig-
nificantly stretched posteriorly (Fig. 9G, H). MHK-P 64809,
MHK-P 80245, MHK 81446, MHK 81464 and others show
the parasphenoid in dorsal view. The corpus parasphenoidis
is partially divided anteriorly by a paired parabasal canal
into three lobes of which the middle lobe is dorsally arcuate.
In the posterior third of the corpus parasphenoidis is the
bucco-hypophysial canal, which passes through the centre of
ossification. On either side of the corpus parasphenoidis at
approximately the level of the bucco-hypophysial foramen
are the folds through which the pseudobranchial artery
passes. The parasphenoid Kansasiella eatoni shows similar
folds and subsequent grooves (POPLIN 1974, Fig. 8B).
Specimen MHK-P 30755 (Fig. 9G) also shows fine patterns
on its dorsal apex, which are impressions of the ventral
side of the neurocranium. Unfortunately, no remnants of
the neurocranium could be found on any of the specimens.
A very well-developed large processus ascendens posterior
protrudes in the posterior part of the corpus parasphenoidis.
This paired process, directed latero-posteriorly, makes
an angle of 60—72° with the coprus parasphenoidis. Variations
in the angle at which the processus ascendens posterior is
oriented are caused during fossilization. Specimen MHK-P
81810 (Fig. 9H) shows the ventral surface of the parasphenoid
with a field of granular teeth which extends along the middle
of'the corpus parasphenoidis. This field of teeth is wide around
the ossification centre of the corpus parasphenoidis and
the field of teeth narrows anteriorly. Paired spiracular grooves
run from the root of the processus ascendens posterior
to the centre of the corpus parasphenoidis.

The parasphenoids described above are identical in
shape to the parasphenoids described so far in P. duvernoyi
(DIETZE 2000, 2001), P. gelberti (BOY 1976, GAD 1988,
DIETZE 2000, 2001), paramblypterids of the group incertain
from the Autun Basin (HEYLER 1969), P. vratislaviensis
(STAMBERG 2021) as well as 4. latus (STAMBERG
2013b). A deviation in the shape of the parasphenoid can
be seen in Paramblypterus comblei (HEYLER 1969) from
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Fig. 12. Paramblypterus rohani (Heckel & Kner, 1861). Dermal palatal bones. The arrows indicate the front for all bones.
Scale bar 5 mm. A — MHK-P 81450; B — MHK—P 81464, C — MHK-P 81490, D — MHK-P 81401.

Obr. 12. Paramblypterus rohani (Heckel & Kner, 1861). Dermdlni patrové kosti. Sipky oznacuji predni cast kosti.

Meritko 5 mm. A— MHK—P 81450; B— MHK—P 81464, C — MHK—P 81490; D — MHK—P 81401.

Abbreviations: Ect — ectopterygoid,; Ent — entopterygoid, Mtp — metapterygoid.

the Autun Basin, where the processus ascendens posterior
branches off from the corpus parasphenoidis at an angle of
90°, while the parasphenoids of the other species at an angle
of 60°-70°.

Maxilla

Maxilla is composed of a low anterior suborbital part
and deep posterior maxillary plate (Figs 3C, 9A, B, 10, 11).
The depth of the maxillary plate increases slightly posteriorly,
it has straight dorsal edge and it extends postero-ventrally
to a small blunt process. In the anterior part of the dorsal
edge of the maxillary plate there is a small projection which
served to connect the maxilla more firmly to the anterior part
of the preoperculum. The ratio of the length of the plate to its
height varies around 1.2, and the ratio of the total length of
the maxilla to the length of the maxillary plate varies around
2.15. The sculpture on the bone consists of flat mounds
and tubercles. The anterior margin of the plate is without
sculpture and has been overlain by the jugal and suborbital
bones; likewise the dorsal margin of the maxillary plate has
a narrow band without sculpture and has been overlain by
the preoperculum. Usually, three pores of the sensory canal
are situated in the transition zone between the maxillary plate
and the narrowed suborbital part of the maxilla anteriorly.

The maxillary plate of P. rohani has a characteristic basic
shape, and no differences from the maxilla of P. duvernoyi
(DIETZE 1999, 2000) are noted. In the past, variations in
plate shape were often considered as characters characterizing
different species (HEYLER 1969, STAMBERG 1976).
The study of a large number of specimens of different ages
of P. duvernoyi from the Saar-Nahe Basin (DIETZE 1999,
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2000) and the present study of specimens of P. rohani
from the Bohemian Massif have shown that the shape of
the maxillary plate, although stable in its basic shape, is
highly variable in proportion. However, the dorsal margin
of the maxillary plate is always straight and there is never
any significant stretching of the ventro-posterior corner
of the plate. Sometimes the shape of the maxillary plate
is close to a square, but usually it is rectangular in shape with
a slight anteroposterior stretch. The dimensions of several
maxillary plates are shown in Table 1.

Observation of a larger number of individuals shows some
differences between the maxillae of P. rohani and P. vratisla-
viensis. The maxillary plate of P. vratislaviensis is shorter
relative to the total length of the maxilla and its length is conta-
ined in the total length of the maxilla 2.5 to 3 times, the ratio
of the length of the maxillary plate to its height fluctuates
around 1. In addition, the dorsal margin of the maxillary plate
of A. vratislaviensis is dorsally convex (STAMBERG 2021).
The distinct shape of the maxillary plate was described by
HEYLER (1969) in Paramblypterus comblei. The maxillary
plate in this species is high and extended ventrally as well.

A large maxillary plate of square or slightly rectangular
shape is characteristic of the genus Paramblypterus.
It differs fundamentally from the actinopterygian family
Elonichthyidae, where the plate is elongated and forms
a distinct postero-ventral process (SCHINDLER 1993,
2017, 2018a, b). The maxillary plate of the paramblypterids is
distinctly different from the same bone in fishes of the family
Aeduellidae, where the maxillary plate is triangular in shape,
a feature that very easily distinguishes these fishes, which are
sometimes found together in the same strata (HEYLER 1969,
STAMBERG 2007a, 2010a).



Tab. 1. Paramblypterus rohani (Heckel & Kner, 1861).
Dimensions of maxillae of different ages (in mm).

Tab. 1. Paramblypterus rohani (Heckel & Kner, 1861).
Rozmeéry svrchnich Celisti (v mm) jedincii riizného stari.

Lenght of Deep of
maxillary maxillary
plate plate

MHK-P 30885 8.5 4 3
MHK-P 30900 11 5.5 4
MHK-P 81446(B) 17 8 7
MHK-P 82451 19 9.5 8
MHK-P 81446(4) 22 10 9
MHK-P 81442 23 10.5 9
MHK-P 80193 24 11 9
MHK-P 81451 24 12 11
MHK-P 81459 25 12.5 10
MHK-P 64854 27 12 11
MHK-P 64914 33 16 14

Dermal palatal bones. The palatoquadrate is not preserved
on any of the individuals studied because it was not ossified.
The dermal bones, the ectopterygoid, entopterygoid and
metapterygoid which cover the palatoquadrate medially
are preserved in isolation (MHK-P 81401, MHK-P 81464,
MHK-P 81490 — Fig. 12). The narrow ectopterygoid is antero-
posteriorly elongated and sutures medial to the metapterygoid.
The metapterygoid is dorso-ventrally elongated, markedly
thickened in the postero-ventral part and forms the posterior
cover of the palatoquadratum. It is found isolated or even in
solid association with the entopterygoid. So far it has always
been found in dorso-lateral view and thus without teeth.
The distinct thickening of the bone in its postero-ventral part
and the prominent protruding edge continuing postero-ante-
riorly support the idea that the metapterygoid described here
is a solid union of the pars metapterygoidea as documented
by ARRATIA & SCHULTZE (1991) and partly of the pars
quadrata. The metapterygoid sutures anteriorly with the ent-
opterygoid. The entopterygoid is approximately of rhombic
shape, anteroposteriorly elongated and tapering anteriorly.

The designation of these dermal bones is based on
the situation described by NIELSEN (1942) in Pteronisculus
aldingeri (Nielsen, 1942), where not only the dermal bones
of the medial side of the palatoquadrate but also the entire
palatoquadrate is preserved. Thus, the position of the dermal
bones relative to the palatoquadrate can also be determined.

The above described dermal bones of the medial side
of the palatoquadrate are identical to the same bones in
P. duvernoyi and P. gelberti (GAD 1988, DIETZE 2001).

Lower jaw

The lower jaw is rather weak tapering anteriorly. The poste-
rior part of the lower jaw is deep and dorsally forms a process.
The base of the lower jaw was meckelian bone, which
is not preserved on the material and on the medial side
of the lower jaw there is only a groove where this cartilagi-
nous part was deposited. The largest dermal bone in lateral
view is the dentalosplenial, which is followed posteriorly
by the angular (Figs 9A, B, 10A, B). The angular is extended

along the entire posterior part of the mandible dorsally.
The mandible thus forms a large dorsally directed process
in the posterior part, built up by the endochondral compo-
nents of the meckelian bone which are enveloped posteriorly
by the angular. In the medial view, the coronoid bones and
prearticular are preserved in firm union with the entire lower
jaw on the material from the Bohemian Massif and the
contours of the individual bones cannot be discerned (MHK-P
64854). Distinct pores of the mandibular sensory canal
are evident on a number of specimens and the canal ran
dentalosplenial from the anterior margin of the bone along its
ventral margin and through the angular where it bent dorsally
passing to the preopercular (MHK-P 82451). There is also
a distinct angular pit line at the bend of the mandibular canal
to the angular (Fig. 10A, B). Sometimes a distinct dentary
pit line (Fig. 10A, B) is observed in the anterior third of the
dentary closer to its dorsal edge (DP 4529, MHK-P 70075).

Teeth

On the maxilla and mandible we find two types of denticles,
namely marginal teeth attached to the maxilla and denta-
losplenial and short teeth covering the coronoid bones and
prearticular of the mandible and dermal bones of the palate.
The dentalosplenial of the lower jaw and maxilla of the upper
jaw bear marginal teeth which consist of a long tube on
which a short sharply pointed acrodinine tooth sits (Fig.13).
This type is well illustrated by the adult specimen MHK-P
70046 of the total body length 190 mm with maxilla which
is 23 mm long. The tooth consits of a long tubule which is
termianted by sharply pointed acrodin apex. The acrodin apex
has a conical shape but on the teeth in the anterior part of
the jaws is more slender and curved posteriorly (Fig. 13D).
Whole tooth including tubule is 1.2 mm long. Another
specimen MHK-P 27571 exhibits isolated maxilla 16 mm
long and lower jaw. Jaws bear set of tubular teeth which are
2 mm long. The length of the acrodin apex is only 0.3 mm
long (Fig. 13A—C). Tubular teeth (tubular teeth in the sense
of BLOT 1966, BLOT & HEYLER 1963, HEYLER 1969)
are ranged probably in two rows and they are very numerous,
hence the term “brush teeth” was often used in the past.
They are embedded in the jaws in the bone mass. Only
a short part of the tube with a tooth protruded above the jaw.
A similar maxilla of Paramblypterus with the teeth described
in MHK-P 27571 is figured by HEYLER (2000, fig. 1) from
the beds of Igornay (Autun Basin, France).

Tubular teeth are one of the diagnostic features of
the family Amblypteridae. This was confirmed in 4. latus
and 4. lateralis from the Saar -Nahe Basin (HEYLER 1976,
2000; DIETZE 2000; STAMBERG 2013b), P. decorus
from the Stephanian of Commentry, France (BLOT 1966,
DIETZE 2000), P. gaudryi (Sauvage, 1890), and other
species of the genus Paramblypterus from the Autun Basin,
France (HEYLER 1969, 1971), P. duvernoyi and P. gelberti
from the lower Permian of Germany (BOY 1976, GAD 1988,
DIETZE 2000), P. vratislaviensis (STAMBERG 2021) and
in other to this time not described species of Paramblypterus
of the lower Permian of the Bohemian Massif (STAMBERG
2020). Tubular teeth are also well developed in the species
of the family Aeduellidae (BLOT 1966, HEYLER 1969,
STAMBERG 2007a, 2010a).

There are small short teeth on the coronoid bones, prearti-
cular and palatine bones. The teeth are with a relatively wide
base attached directly to the bone. These teeth, although short
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Fig. 13. Paramblypterus rohani (Heckel & Kner, 1861). The arrows indicate the front for all bones. A — Right maxilla with tubular teeth.

MHK-P 27571. Scale bar 5 mm. B — Left lower jaw with tubular teeth. MHK—P 27571. Scale bar 5 mm. C — Detail of tubular teeth on right maxilla.
MHK-P 27571. Scale bar 1 mm. D — Tubular teeth on left maxilla. Long tubules are terminated by sharply pointed acrodin tooth which in the anterior
part of the jaw are more slender and curved posteriorly. MHK—P 70046. Scale bar 1 mm.

Obr. 13. Paramblypterus rohani (Heckel & Kner, 1861). Sipky oznacuji predni cast kosti. A — Pravé maxila s tubuldrnimi zuby. MHK—P 27571.
MeéFitko 5 mm. B — Leva spodni celist s tubuldrnimi zuby. MHK—P 27571. MéFitko 5 mm. C — detail tubuldrnich zubii na pravé maxile.

MHK-P 27571. MéFitko 1 mm. D — Tubuldrni zuby na levé maxile. Dlouhé tubuly jsou zakonceny ostre zaspicatelym akrodinovym zoubkem,

ktery je v predni casti Celisti Stihlejsi a zahnuty dozadu. MHK—P 70046. MéFitko 1 mm.

are more robustly built than the acrodinine spikes at the end
of the tubules.

The dentition of the specimens described here, assigned to
the species P. rohani, has recently been described from a number
of specimens including juvenile specimens (STAMBERG
2020). However, continuing research indicates that some
of the individuals cited in that paper as Paramblypterus cf.
rohani belong to other, previously undescribed species.

Opercular apparatus

The operculum, suboperculum, branchiostegal rays, paired
lateral gular and unpaired median gular form the dermal part
of the opercular apparatus (Fig. 14). The operculum is a flat
large bone with rounded corners, always deeper than its
length (e.g. MHK-P 64795 — depth 12 mm, length 8.5 mm;
MHK-P 81451 — depth 14 mm, length 11 mm). The depth
of the operculum is 1.23 to 1.4 times greater than its length,
and the depth of the operculum is 1.3—1.4 times greater than
the depth of the suboperculum (Fig. 14). The operculum is
sculptured with flat irregular mounds and bumps. The ventral
margin of the bone is straight or slightly concave, whereas
the dorsal margin is convex. The shape of the operculum is
quite variable and the antero-ventral corner may be in some
individuals slightly elongated anteriorly. The dorsal margin of
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the operculum reaches the supratemporal and extrascapular
lateral, the anterior margin of the operculum is in contact
with the dermohyal and preoperculum. The suboperculum
is always lower than the operculum and its shape is slightly
variable. The dorsal margin of the suboperculum is concave
and the anterodorsal corner of the suboperculum projects in
a prominent pointed process. This prominence is not always
conspicuous on fossil material, but if the preservation of this
part of the bone is good, this prominence can always be noted
(Fig. 14D, G). The antero-ventral corner of the suboperculum
projects into a large, bluntly terminated process. The sculpture
on the suboperculum consists of flat mounds and bumps.
The suboperculum is anteriorly in contact with the preoper-
culum.

Eight wedge-shaped branchiostegal rays continue ventrally
to the suboperculum (MHK-P 30883). Very often they are
preserved isolated. The largest branchiostegal ray of the
length 18 mm is shown by MHK-P 81433. Branchiostegal
rays are always smaller in area than the anteriorly situated
lateral gular and median gular (Fig. 141). The sculpture on
the branchiostegal rays is similar to that on the suboperculum
and operculum.

Lateral gular is an antero-posteriorly elongated bone,
anteriorly pointed, and posteriorly tapered with a rounded
posterior end. The lateral margin of the bone is convex, whereas



Fig. 14. Paramblypterus rohani (Heckel & Kner, 1861). Dermal bones of the opercular apparatus. Scale bars 5 mm. A — Right operculum.
MHK-P 81431, B — Right operculum. MHK—P 81450, C — Right operculum MHK—P 64753.; D — Right suboperculum. MHK—P 81451;

E — Left operculum. MHK—P 81451; F — Left operculum. MHK—P 81380; G — Left suboperculum. MHK—P 81446, H — Left gular lateral
in ventral view. MHK—P 81446, I — Opercular apparatus in lateral view. MHK—P 81797.

Obr. 14. Paramblypterus rohani (Heckel & Kner, 1861). Dermalni kosti operkuldrniho aparatu. Méritka 5 mm. A — Pravé operkulum.
MHK-P 81431; B — Pravé operkulum. MHK—P 81450, C — Pravé operkulum MHK—P 64753.; D — Pravé suboperkulum. MHK—P 81451;
E — Levé operkulum. MHK—P 81451; F — Levé operkulum. MHK—P 81380, G — Levé suboperkulum. MHK—P 81446, H — Levé gulare
laterale v pohledu ventralnim. MHK—P 81446, I — Operkularni apardt v pohledu laterdlnim. MHK—P 81797.

Abbreviations: Gu.l — gular lateral; Gu.m — gular medial; Op — operculum; pl — pit line; Rbr — branchiostegal rays; Sop — suboperculum.

the medial margin is concave (MHK-P 81446). The short
gular pit line is located about half the total length of the bone
and runs in a latero-medial direction. The anterior part of
the medial margin is overlapped by the median gular (MHK-P
81446). The median gular (MHK-P 81446, MHK-P 81810)
is rhombic in shape with a tapered posterior and anterior
part. Its posterior part is wedged between the anterior parts
of the paired gular lateral and partially overlaps them.
The prominent gular pit line of the V or Y-shaped is located in
the middle of the bone at the level where the bone is widest.
The sculpture consists of sparsely placed short mounds
oriented antero-posteriorly.

The formation of the opercular apparatus described above
is identical to the characteristics of these bones in P. duvernoyi
from the Saar-Nahe Basin, and there are not too many
differences in other species of the family Amblypteridae

either. Only variations in the number of branchiostegal rays
can be noted from species to species, ranging from seven to
ten, with GAD (1988) reporting 7 to 9 branchiostegal rays
in P. gelberti, STAMBERG (1976) in P. rohani also 7,
STAMBERG (2021) 7 rays in P. vratislaviensis, DIETZE
(2000) 10 rays in 4. latus, whereas STAMBERG (2013b)
8 rays in the same species, BLOT (1966) 8 rays in P. decorus,
whereas DIETZE (2000) 9 rays in the same species.

Pectoral girdle

Dermal bones of the pectoral girdle are composed of the
posttemporal, supracleithrum, presupracleithrum, postclei-
thrum, cleithrum and clavicle (Fig. 15). The oval-shaped
posttemporal follows the anteriorly lying strip of extrascapular
bones. A prominent antero-lateral process on the posttemporal
extends between the extrascapular lateral and operculum.
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Fig. 15. Paramblypterus rohani (Heckel & Kner, 1861). Dermal bones of the pectoral girdle. The arrows indicate the front for all bones. Scale bars
5 mm. A — Left supracleithrum in lateral view. MHK—P 64804, B — Left supracleithrum in lateral view. MHK—P 64805, C — Left clavicle in lateral
view with ventral horizontal branch sculptured with strong concentrically arranged ridges. Dorsal vertical branch bears finely denticulated short

ridges. MHK—P 81432; D — Left posttemporal in dorsal view. MHK—P81380.

Obr. 15. Paramblypterus rohani (Heckel & Kner, 1861). Dermdlni kosti prsniho pletence. Sipky oznacuji predni éast kosti. MéFitka 5 mm. A — Levé
suprakleithrum v pohledu laterdalnim. MHK—P 64804, B — Levé suprakleithrum v pohledu lateralnim. MHK—P 64805, C — Leva klavikula v pohledu
laterdlnim s ventralni horizontalni vétvi skulpturovanou koncetricky usporadanymi silnymi valy. Dorsalni vertikalni vetev nese kratké valy jemné
zoubkované. MHK—P 81432; D — Levé posttemporale v pohledu dorsalnim. MHK—P 81380.

Abbreviations: d.v.b — dorsal vertical branch; p.lc — pores of the lateral sensory canal; v.h.b — ventral horizontal branch.

Lateral sensory canal passes from the extrascapular lateral
across the lateral process of the posttemporal to the supraclei-
thrum. A small rounded presupracleithrum (postspiracular in
the sense of STAMBERG 2021) occupies a position among
the posttemporal, supracleithrum and operculum. This small
bone is observed only rarely (NM-M 1983, DP 4529 — Fig.
10) as it is usually covered by the surrounding large bones.
The supracleithrum is one of the largest bones and the most
commonly preserved. The dorsoventrally elongated oval-shaped
bone flanks the operculum posteriorly and extends to about
half the height of the suboperculum. The dorsal margin of
the bone bears a large process similar to the peg and socket
type articulation on the scales and certainly contributes
to the interlocking of the dermal bones of the pectoral girdle.
This process and the dorsal margin of the bone are overlain by
the posttemporal. The supracleithrum bears a distinct sculpture
over the entire surface of the bone consisting of dorsoventrally
oriented long ridges. The lateral sensory canal, manifested by
prominent pores, runs diagonally across the supracleithrum
in the dorsal third of the bone (Fig. 15A, B). On the inner
side of the supracleithrum, the sensory canal is in the form
of a continuous mound beginning at the dorsal margin of the
bone just anterior to the dorsal process and running diagonal-
ly in a posteroventral direction and arising in the dorsal 1/3 of
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the posterior margin of the supracleithrum (MHK-P 64799).
The posterior margin of the supracleithrum is often markedly
serrated, especially dorsally from the lateral sensory canal.
The postcleithrum (anocleithrum in the sense of STAMBERG
(1976) is located just posterior to the contact between the
supracleithrum and cleithrum (NM-M 1983, NM-M 4915,
MHK-P 82451). It is an enlarged one or two scales of the
scale row behind the cleithrum and certainly served to rein-
force the interconnection of the dermal bones of the pectoral
girdle.The cleithrum is very often preserved, as it is one of
the largest and additionally reinforced bones and thus resists
fossilization quite well. The cleithrum is always considerably
dorso-ventrally elongated. Morphologically, it is a compli-
cated bone, since the cleithrum in lateral view consists of
a dorsal branch, dorso-ventrally elongated, and an anterior
branch, which is elongated antero-posteriorly and bent medi-
ally. The larger dorsal branch is divided by a relatively sharp
edge into a posterior part, which is distinctly sculptured with
mounds that are additionally serrated, and a medial part,
which is bent medially and borders the gill cavity posteriorly.
The clavicle forms an anterior part of the dermal bones of
the shoulder girdle. It curves strong inwards ventrally and
forms the ventral horizontal branch and dorsal vertical branch
(MHK-P 81432, MHK-P 81432, MHK-P 81423 — Fig. 15C).
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Fig. 16. Paramblypterus rohani (Heckel & Kner, 1861). A — E — Drawing of whole specimen NM-M 484 (A) with drawings of the dorsal border
of the caudal fin (B), large ridge scutes and dorsal border of the dorsal fin (C), anterior border of the anal fin (D) and anterior border of the ventral

lobe of the caudal fin. Scale bars 5 mm.

Obr. 16. Paramblypterus rohani (Heckel & Kner, 1861). A — E — Kresba celého jedince NM—M 484 (A4) s kresbami dorsdlniho okraje ocasni ploutve
(B), velkych kylovych supin a dorsdlniho okraje hibetni ploutve (C), anteriorniho okraje ritni ploutve (D) a predniho okraje ventrdlniho laloku

ocasni ploutve. Méritka 5 mm.

Clavicle is concave posteriorly and overlocks the anterior part
of the cleithrum. Similarly, as the cleithrum it is composed of
a ventral and a dorsal branch. The ventral branch, which is in
the horizontal position, is triangular in shape, wide posterior-
ly and tapering anteriorly. It bears on its ventral outer surface
strong ridges concentrically arrange which are parallel with
posterior and medial margins. At the point of flexion between
the ventral and dorsal branches the ridges pass onto the dorsal
branch of the clavicle. The dorsal branch is triangular in
shape, deep posteriorly and tapering anteriorly. The ridges
on the dorsal branch of the clavicle are finely denticulated.
The set of described dermal bones of the pectoral girdle
corresponds to observations found in P. duvernoyi and
P. gelberti from the Saar-Nahe Basin. In addition, a narrow
interclavicle is determinate in P. duvernoyi (DIETZE 2000).
Regarding the position of the postcleithrum, it can be noted

that DIETZE (1999) delineates the postcleithrum between
the supracleithrum and the cleithrum in the reconstruction of
P. duvernoyi and GAD (1988) placed this bone in the same
position in P. gelberti. I am convinced that the postcleithrum
is located posteriorly from the contact of the supracleithrum
and cleithrum. A large postcleithrum with a large process
including additional enlarged scales located underneath each
other can also be observed very well not only in P. rohani but
also on many specimens of a hitherto undescribed species
of the genus Paramblypterus from the Boskovice Basin.
This position suggests that the postcleithrum and possibly
other large scales behind the cleithrum were formed by
enlarging the scales of the scale row behind the cleithrum as
inferred by GARDINER (1984). The postcleithrum ventrally
from the supracleithrum is connected to the supracleithrum
by a large process, and any additional enlarged scales are
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Fig. 17. Paramblypterus rohani (Heckel & Kner, 1861). A — Restoration of the body in lateral view, scale bar 50 mm;

B — Restoration of the skull in lateral view, scale bar 10 mm; C — Restoration of the skull in dorsal view, scale bar 10 mm.

Obr. 17. Paramblypterus rohani (Heckel & Kner, 1861. A — Rekonstrukce téla v pohledu lateralnim, méritko 50 mm;

B — Rekonstrukce lebky v pohledu lateralnim, méritko 10 mm; C — Rekonstrukce lebky v pohledu dorsalnim, méritko 10 mm.
Abbreviations: Ang — angular, Ant — antorbital, Cl — cleithrum, Dent — dentalosplenial, Dhy — dermohyal, Dsph — dermosphenotic,

Ext.l— extrascapular lateral, Ext.l.a — accessory extrascapular lateral, Ext.m — extrascapular medial, Gu.l — lateral gular,

lo.i — infraorbital inferior, lo.p — infraorbital posterior, It — intertemporal, Ju — jugal, Mx — maxilla, Na — nasal, Op — operculum,

Pa — parietal, Pcl — postcleithrum, Pop — preoperculum, Ppa — postparietal, Pt — posttemporal, Ptr — postrostral, Rbr- branchiostegal rays,
Rpl — rostro-premaxillo-lacrimal, Sho — suborbital, Scl — supracleithrum, Sop — suboperculum, Spi — spiracular, sr — sclerotic ring,

St — supratemporal, stc — supratemporal commissure.

connected to the preceding ones in the vertical row by
a peg and socket articulation. A large postcleithrum adjacent
to the ventral part of the supracleithrum and three further
enlarged postcleithral scales are present in P. decorus (BLOT
1966, DIETZE 2000). The cleithrum is not preserved in
P. decorus and thus the relative positions of the supra-
cleithrum, cleithrum and postcleithral scales are not clear.
Small presupracleithrum is very rarely observed on material
from the Krkonose Piedmont Basin and the Inner-Sudetic
Basin, similar to the P. duvernoyi from the Saar-Nahe Basin.
I believe that this bone is preserved in adult specimens but
is probably covered by surrounding larger bones and thus
escapes attention. Also, this situation can be shown in a hitherto
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undescribed species of the genus Paramblypterus from
the Boskovice Basin, where presupracleithrum can be obser-
ved in many adults.

Paired fins. The small pectoral fin is composed of
lepidotrichia articulated from its base. There are more than
15 lepidotrichia but exact number could not be established.
Anteriorly the fin is provided with numerous fulcral scales
which alternate with the terminal segments of lepidotrichia
(MHK-P 82369). The pectoral fin does not possess a scaly
lobe as mentioned by STAMBERG (1976) in specimen
NM-M 490. The presence of small scales around the base of
the pectoral fin was erroneously assessed as a scaly lobe, but
these are only small scales of the ventral part of the trunk.
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Fig. 18. Paramblypterus rohani (Heckel & Kner, 1861). Scale bars 5 mm. A — Dorsal fin, NM-M 4916; B — Anal fin, DP 4529; C — Dorsal fin
of old animal. The frame marks the view at D of this figure. MHK—P 82356. D — Anterior border of the dorsal fin with numerous fringing fulcra
which form together with few terminal segments of the lepidotrichia the anterior border of the fin. MHK—P 82356, E — Caudal fin. The frame
marks the view at F of this figure. MHK—P 19837, F — Arrangement of dorsal scutes on the dorsal edge of the caudal peduncle and dorsal lobe

of the caudal fin. MHK—P 19837.

Obr. 18. Paramblypterus rohani (Heckel & Kner, 1861). MéFitka 5 mm. A — Hibetni ploutev, NM—-M 4916, B — Ritni ploutev, DP 4529;
C — Hrbetni ploutev starého zvirete. Obdélnik vyznacuje detail D na tomto obrazku. Anteriorni okraj hibetni ploutve, ktery je tvoren
pocetnymi fulkrami a méné pocetnymi koncovymi segmenty lepidotrichii. MHK—P 82356. E — Ocasni ploutev. Ramecek oznacuje detail

F tohoto obrazku. MHK—P 19837.

Abbreviations: frfu — fringing fulcra, ts — total segement of the lepidotrichium.

The scaly lobe of the pectoral fin has not yet been identified
on other specimens either.

The pelvic fin consists of about 18 segmented lepidotrichia
(MHK-P83130, MHK-P 64687, DP 4529). The pointed
terminal segments of first four lepidotrichia forms anterior
border of the pelvic fin where they alternate with numerous
fulcral scales. Base of the pelvic fin extends over 4 scale row
and along the base of the fin are developed two rows of small
scales (MHK-P 81463, MHK-P 83130).

Unpaired fins. The dorsal and anal fins are triangular
in shape and approximately the same size (Fig. 18). Both
are significantly larger than the paired fins. More than half
of the base of the dorsal fin is located anterior to the base
of the anal fin. The base of the dorsal fin extends along
7-8 scale rows (MHK-P 82356, NM-M 4916, NM-M 4928).
A field of minute scales is located along the base of the fin
(MHK-P 19837, MHK-P 82384, MHK-P 83125, NM-M 484).
The dorsal fin consists of about 32 segmented lepidotrichia
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dichotomously branched. The terminal segments of the first
7-9 lepidotrichia terminate at the anterior edge of the fin
where they alternate with numerous fulcral scales (MHK-P
82356, MHK-P 82354). The longest lepidotrichium of the fin
consists of 35 segments. The segments have straigth sutures
(Fig. 18D) unlike the sigmoid sutures of the actinopterygians
of the family Aeduellidae.

The anal fin of triangular shape is large and its base
extends over a length of 8§-9 scale rows (MHK-P 83118,
DP 4529). A field of minute scales is located along the anal
in base. The structure of the anal fin is identical with the dorsal
fin and 32 segmented lepidotrichia dichotomically branching
are observed. Posterior margin of the fin is similarly as in
the dorsal fin straight and vertically oriented.

Deeply cut caudal fin is significantly heterocercal (MHK-P
19837, MHK-P 83118). The dorsal lobe contains more than
50 lepidotrichia in addition to the rhombic scales and is
1.4—1.6 times longer than the ventral lobe. The dorsal margin
of the caudal peduncle and the dorsal margin of the dorsal
lobe of the caudal fin are covered by 3 ridge scutes which
transition into elongate basal fulcra. The large ridge scutes
begin just behind the hinge line of the trunc scales. The dorsal
lobe forms an angle 23° with the horizontal plane and the
ventral lobe forms an angle 25° with the horizontal plane.
No flap was noted on the point of the dorsal lobe. The ventral
lobe consists of 20 segmented and dichotlomically branching
lepidotrichia. The pointed segments of the first nine
lepidotrichia of the ventral lobe of the caudal fin terminate
at the anterior border of the fin where they alternate with
fulcral scales (NM-M484, DP 4529). In general, in old
specimens, the lepidotrichia are very numerous, short and
wide in all fins and the anterior margin of the fin has nume-
rous fulcral scales. On the other hand, in young specimens
the lepidotrichia are few, long, narrow and the anterior edge of
the fin contains significantly fewer fulcral scales. The position
and structure of the paired and unpaired fins described above
are not significantly different from those of P. duvernoyi,
nor are they significantly different from those of other species
of the genus Paramblypterus. The position of the dorsal fin
appears to be more anterior to the anal fin than in P. duvernoyi
and no flap were found on the point of the dorsal lobe of the
caudal fin which is present in P. duvernoyi (DIETZE 1999,
2000). The main defining character for the species P. reussi
(Fig. 22B) was the relative position of the dorsal and anal
fins whose bases are placed perpendicularly above each other.
I believe that this is only a partial deformation of the body
and a displacement of the dorsal part slightly posteriorly.
This displacement is evidenced by the inclination of the
scale rows, where in undeformed specimens the inclination of
the scale row in front of the anal fin is about 60°, in the type
specimen of P, reussi this inclination is almost 78°, indicating
a posterior displacement of the dorsal fin. A slightly higher
number of lepidotrichia of paired and unpaired fins has
been recorded (BLOT 1966, DIETZE 2000) in P. decorus.
Amblypterus latus which has larger anal and dorsal fins relati-
ve to body size also contains a higher number of lepidotrichia,
40 in the dorsal and anal fins (STAMBERG 2013b).

Squamation

The squamation is formed by thick scales with peg and
socket articulation. The scales are arranged in diagonal rows
(Figs 16, 17A, 19, 20). The scale row anterior to the anal fin
makes an angle 60-65° with the horizontal plane. The scale
pattern
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has been found on a number of relatively well-preserved
specimens MHK-P 82451, MHK-P 81457, MHK-P 83108,
MHK-P 64925, MHK-P 82353, NM-M 490, NM-M 484,
NM-M 849, NM-M 1252, and others.

The scale row in front of the anal fin contains 13 scales
above the lateral sensory line and 14 below the lateral sensory
line. The shape of the scales depends on their location on
the body. Large rectangular scales, which are taller than their
length, cover the trunk in front of the body and especially
along the lateral sensory line. Posterior to them on the side
of the body, the scales are diamond-shaped while the very
narrow long scales cover the ventral region of the body.
The scales covering most of the trunk have a smooth surface,
but the scales in the anterior part of the body bear relatively
pronounced sculpture and serration on their posterior edge
(MHK-P 30945, NM-M 4915, NM-M 4924 and others).
Specimens MHK-P 64796, MHK-P 81462, MHK-P 82451,
NM-M 4915 demonstrate squamation in more detail.
The scales of the first five rows below the lateral sensory
line have the whole posterior edge serrated and they have up
to12 denticles (Fig. 19). The posterior edge of the scales
bearing pores of the lateral sensory canal also bears serrati-
ons. The scales behind the skull located dorsal to the sensory
line usually have only 5 denticles (MHK-P 82451). There are
pronounced diagonal ridges on the outer surface of the scale
which lead to each denticle. The degree of serration on the
posterior edge of the scales decreases in a posterior direction.
Denticles are absent on the scale of eighth row of the lateral
sensory line. In other scales serration is significantly decrea-
sed and the last scale with several denticles occurs in the 15th
row (MHK-P 64796). Serration of the posterior edge of the
scales is also exhibited in the minute scales occurring along
the base of the anal and dorsal fins (DP 4529); on the contrary
this serration is missing in other specimens (NM-M 4928).
Some specimens have all scales smooth (MHK-P 64910,
MHK-P 82353). Sometimes the ridges on the surface of
the scales and serration of their posterior edge are observable
on only a limited number of scales just behind the skull
or only on some scales. I am convinced that these differences
are not a sign of species difference, but are variation within
species. It can also be observed that serrations and fine
sculpturing on the scales are absent especially in old adults.
This is probably due to the abrasion of the scales during
the animal’s lifetime.

Specialised scales lie in front of the dorsal and anal fins
and on the caudal fin in addition to the scales arranged in
diagonal rows. Four large smooth ridge scutes (Figs 16A, C,
21A), rarely 5 ridge scutes (MHK-P 64910), without serration
precede the base of the dorsal fin (NM-M 484, NM-M 4929,
P 80178). One median and one pair of large scutes with fine
serration and fine concentrically aranged lines (Fig. 21B, C,
D) are located around the cloacal aperture in front of the anal
fin (MHK-P 64821, MHK-P 64813). The dorsal edge of the
caudal peduncle and dorsal lobe of the caudal fin cover three
dorsal scutes which begin immediately behind the hind line.
A series of basal fulcra cover the dorsal margin of the dorsal
lobe (Fig. 16B). Two large ventral scutes cover ventral edge
of the caudal peduncle.

Squamation on juveniles develops gradually, beginning
on the dorsal lobe of the caudal fin and progressing along
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Fig. 19. Paramblypterus rohani (Heckel& Kner, 1861). Scale bars 5 mm. A, B — Drawing and photograph of the postcleithrum and the scales
behind the pectoral girdle. The scales bear ridges on their outer surfaces; well preserved large postcleithrum is without ridges. NM—M 4915;
C — Scales behind the pectoral girdle. MHK—P 64796, D — Scale rows from the area between the pectoral and pelvic fins, outer surface bear

fine ridges terminating as denticles on the posterior edge of the scales. NM—M 4916; E — Scales of the lateral sensory line and below the line

from the area behind the pectoral girdle. MHK—P 81462.

Obr. 19. Paramblypterus rohani (Heckel & Kner, 1861). Méritka 5 mm. Kresba a fotografie poskleithra a Supin za pletencem prsni ploutve.
Supiny nesou valy na svém vnéjsim povrchu; velmi dobre zachované postkleithrum je bez valit. NM—=M 4915, C — Supiny za pletencem prsni
ploutve. MHK—P 64796; D — Supinové Fady z oblasti mezi prsni a brisni ploutvi, va&jsi povrch nese valy koncici jako zoubky na zadnim
okraji supin. NM—M 4916; E — Supiny bocni smyslové linie a Supiny pod linii z oblasti za pletencem prsni ploutve. MHK—P 81462.
Abbreviations: Cl— cleithrum; Il — lateral sensory line; Pcl — postcleithrum; Scl — supracleithrum.

the lateral sensory line anteriorly. The beginnings of body
squamation can already be observed on individuals with
a total body length of 27-37 mm (MHK-P 70084, MHK-
P30947, MHK-P 80197). In such large juveniles, scales are
developed only on the dorsal lobe of the caudal fin and a num-
ber of scales bearing the lateral sensory canal. Well-developed
are the scales forming the base of the ridge scutes in front of
the dorsal and anal fins. The future ridge scutes are composed
of individual scales that gradually coalesce (Fig. 21 E, F).
Individuals of total body length 37-50 mm have the scales on
nearly the entire surface of the body, the scales are missing
or very thin, almost indistinct along the dorsal and ventral
margins of the body. The specimens over 50 mm of total body

size (MHK-P 30885, NM-M2695, MHK-G241) have scale
cover on the whole surface of the body.

A ganoine surface of the scales bears microtubercles which
has circular base and they are arranged in regular distances
(Fig. 20F). The microtubercles of the same shape and
arrangement were described by STAMBERG (2018, 2021)
in Paramblypterus vratislaviensis or Aeduella blainvillei.
Monitoring of the size and distance microtubercles can be
possibility use to identify the species as already MEUNIEUR
et al. (1986) demonstrated in recent and fossil genera of
Lepisosteiformes and Polypteriformes. Significantly different
shaped microtubules with an oval base were described by
STAMBERG (2018) on Progyrolepis heyleri Poplin, 1999,
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Fig. 20. Paramblypterus rohani (Heckel & Kner, 1861). A — Scale from the 10th row below the lateral sensory line. MHK—P 80193, scale bar 2 mm,
B — Scale from the pelvic area. MHK—P 80193, scale bar 2 mm; C — Scale from the row behind the pectoral girdle. MHK—P 30945, scale bar 2 mm;
D — Lateral surface of the scale from anterior area of the body. The frame marks the view at E of this figure. MHK—P 80193, scale bar 1 mm;

E — Detail of posterior edge of the scale. The frame marks the view at F of this figure. MHK—P 80193, scale bar 0.5 mm; F — Ganoine surface

of the scale with microtubercles which have circular base and they are arranged in regular distances. MHK—P 80193, scale bar 0.1 mm.

Obr. 20. Paramblypterus rohani (Heckel & Kner, 1861). A — Supina z desaté rady ventralné od bocni smyslové linie. MHK—P 80193, méFitko

2 mm; B — Supina z biisni oblasti. MHK—P 80193, méFitko 2 mm; C — Supina z fady za pletencem prsni ploutve. MHK—P 30945, méFitko 2 mm;

D — Vnéjsi povrch Supiny z prredni ¢asti téla. Obdélnik oznacuje detail E na tomto obrazku. MHK—P 80193, méritko 1 mm; E — Detail posteriorniho
okraje Supiny. Obdélnik oznacuje detail F na tomto obrazku. MHK—P 80193, méFitko 0,5 mm; F — Ganoinovy povrch Supiny s mikrotuberkuly,

které maji kruhovity zdaklad a jsou rozmistény v pravidelnych vzdalenostech. MHK—P 80193, méritko 0,1 mm.

Igornichthys bohemicus Stamberg, 2016 or by RICHTER
(1995) on Palaeoniscum freieslebeni Blainville, 1818.

The scale pattern of P. rohani does not differ from the scale
pattern of P. duvernoyi reported by DIETZE (2000) and also
agrees with the scale pattern found in P. vratislaviensis and
P. zeidleri (STAMBERG 2021). A slightly higher number
of scale rows was found in P. decorus (BLOT 1966) and,
conversely, a lower number of scale rows in front of the anal
fin is shown by Amblypterus latus (STAMBERG 2013b).
The sculpture on the scales, consisting of fine ridges running
out on the posterior margin in the denticles, is more pronounced
than in P. duvernoyi described by DIETZE (2000, Fig. 5A),
and in contrast, it is close to the sculpture in P. gelberti.
The sculpture on the scales in P. rohani is more pronounced
compared to the scales in P. vratislaviensis and P. zeidleri
(STAMBERG 2021), P. decorus (BLOT 1966, DIETZE
2000) and Amblypterus latus (DIETZE 2000). Different
features of the sculpture on the scales can be observed
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in specimen NM-M1352 of Paramblypterus feistmanteli
(Fritsch, 1895). This individual, reaching a total length of
about 70 mm, has scales distinctly sculptured with fine lines.
In contrast to the scales of P. rohani, where fine ridges of
antero-posterior direction predominate, in P. feistmanteli fine
lines parallel to the posterior margin of the scales are running
in serration on the posterior margin, and they are combined
with lines parallel to the ventral margin of the scales. The fine
sculpture of P. feistmanteli is developed just posterior to the
head on all scales of the total trunk height, and posteriorly
the sculpture and serration become progressively restricted
to the scales along the lateral sensory line, terminating on
the 16-scaled line.



Fig. 21. Paramblypterus rohani (Heckel & Kner, 1861). Arrows indicate directio cranialis. A — Four ridge scales in front of the dorsal fin base.
MHK-P 80178, scale bar 5 mm; B — Dorsal scute from the dorsal lobe of the caudal fin. MHK—P 80193, scale bar 2 mm,; C — Right large scale
lateral to the cloaca. MHK—P 64821, scale bar 2 mm; D — Large ridge scale anterior to the cloaca and paired large scales lateral to the cloaca.
MHK-P 64813, scale bar 2 mm, E, F — Ridge scales of juvenile specimen anteriorly to the dorsal (E) and anal (F) fins are composed of individual

scales that gradually coalesce. MHK—P 80197, scale bars 2 mm.

Obr. 21. Paramblypterus rohani (Heckel & Kner, 1861). Sipky oznacuji smér kranidlni. A — Ctyri kylové Supiny pred bazi hibetni ploutve.
MHK-P 80178, méritko 5 mm; B — Dorzalni kylova Supina z dorzalniho laloku ocasni ploutve. MHK—P 80193, méFitko 2 mm; C — Prava velka
Supina lezici lateralné od kloaky. MHK—P 64821, meFitko 2 mm; D — Velka kylova supina lezici anteriorné od kloaky a parové velké supiny lezici
lateralné od kloaky. MHK—P 64813, méritko 2 mm; E, F — Kylové Supiny juvenilniho jedince lezici anteriorné od hibetni (E) a itni (F) ploutve
Jsou slozené z jednotlivych Supin, které postupné sristaji. MHK—P 80197, méritka 2 mm.

CONCLUSIONS

Several conclusions can be drawn from the study of the
P. rohani material from the Rudnik Horizon and the Kalna
Horizon of the Krkono$e Piedmont Basin and the Otovice
limestone of the Olivétin Member of the Intra-Sudetic Basin.

1. Synonymy of the species P. rohani
Actinopterygii from the Permian sediments of the Krkonose
Piedmont basin originally described under the species names
Palaeoniscus rohani Heckel & Kner, 1861, Palaeoniscus
luridus Heckel & Kner, 1861, Palaeoniscus obliquus Heckel &
Kner, 1861 and Palaeoniscus caudatus Heckel & Kner, 1861
were revised by STAMBERG (1977, 2013a) and included
in the species Paramblypterus rohani. On the basis of the
present study, the species originally described as Palaeoniscus
reussi Heckel & Kner, 1861 is also included in P. rohani. This
species, known as the only specimen of NM-M 1215, has
so far been distinguished from P. rohani by the presence
of a short maxillary plate, the absence of lateral processes
on the parietal and by the position of the dorsal fin base
above the base of the anal fin (STAMBERG1976, 2013a).
The present study of a large number of specimens has shown
considerable deformation of the cadavers during fossilization.

The bodies of some specimens are greatly flattened by pressure,
and the position of the fins is also deformed. The angle taken
by the scale row in front of the anal fin of Paramblypterus
reussi demonstrates a posterior displacement of the dorsal fin.
In addition, a large variability was found especially in
the bones of the cranial vault and maxilla. For this reason,
not only all the above-mentioned species but also P. reussi
belong to only one species, namely Paramblypterus rohani.

During the study of the species Paramblypterus
rohani, a group of individuals from the Rudnik Horizon
characterized by several distinct features on the bones of the
cranial vault (Fig. 8B) and the shape of the operculum were
isolated. These are mostly smaller individuals than the adults
of Paramblypterus rohani. 1 believe that the characters
of these individuals cannot be considered as mere bone varia-
bility, but probably represent characters of a different species
of the genus Paramblypterus.

2. Relationships between P. rohani and P. duvernoyi

The study demonstrates, on the one hand, considerable
similarity in a number of anatomical and morphological
characters, but also some differences between P. rohani and
P. duvernoyi.
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Fig. 22. Paramblypterus rohani (Heckel & Kner, 1861). Scale bars 50 mm. A — Well preserved whole specimen together with a coprolite
of xanacanthid shark. NM-M 1252; B — The holotype of Paramblypterus reussi (Heckel & Kner, 1861) which is ranged to the synonymy

of P. rohani. NM-M 1215.

Obr. 22. Paramblypterus rohani (Heckel & Kner, 1861). Méritka 50 mm. A — Cely jedinec spolu s koprolitem xenakanthidniho zZraloka.
NM-M 1252; B — Holotyp Paramblypterus reussi (Heckel & Kner, 1861) ktery je zahrnut do synonymiky P. rohani. NM—M 1215.

The structure of the rostral region in both species is
identical, and there is also great agreement in the shape,
variability and sculpture of the bones of the skull roof. Two
median extrascapulars have been described on material from
P. duvernoyi (DIETZE 1999, fig. 2), in contrast to P. rohani,
where a single extrascapular median of stable rectangular
shape with an anterior process projecting between the right
and left postparietals is always present. The present study also
confirms the similarity of P. rohani and P. duvernoyi in the
position of the bones surrounding the orbit. In the circumorbital
region, there is a distinct preorbital, which in P. rohani is
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always compact entire with distinct mounds, sometimes
coalescing with the nasal. The division of the preorbital
into supraorbital and preorbital as documented by DIETZE
(1999) in P. duvernoyi has not been observed in any specimen.
The sclerotic ring in the orbit was confirmed in P. rohani
whereas it is missing in P. duvernoi.

No significant differences were noted in the bones
of the cheek, jaws, opercular apparatus and dermal bones
of the shoulder girdle except in the postcleithrum position.
The postcleithrum is derived from the scale row continuing
ventrally from the supracleithrum and is located behind



Fig. 23. Paramblypterus rohani (Heckel & Kner; 1861). Scale bars 50 mm. A — Whole specimen together with a small Neslovicella elongata
Stamberg, 2010. MNP 167; B — Whole specimen. Drawing of the specimen is on the Fig. 15. NM-M 484, C — Whole specimen with conspicuously

arched trunk due to a deformation during fossilization. MHK—P 81196.

Obr. 23. Paramblypterus rohani (Heckel & Kner, 1861). MéFitka 50 mm. A — Cely jedinec spolu s malou rybou Neslovicella elongata Stamberg,
2010. MNP 167; B — Cely jedinec. Kresba tohoto jedince je na obr. 15. NM—M 484; C — Cely jedinec s vyrazné vyklenutym télem zapricinenym

deformaci jedince béhem fosilizace. MHK—P 81196.

the contact of the supracleithrum and cleithrum in P. rohani.
The postcleithrum is presented by one or more enlarged
scales that have serration on their posterior edge similar as
on the following scales. The location of the postcleithrum
between the ventral part of the supracleithrum and the dorsal

margin of the cleithrum as drawn by DIETZE (1999, 2000)
on P. duvernoyi was not found on any specimen.

The position and structure of paired and unpaired fins
of P. rohani and P. duvernoyi do not differ significantly.
The material of P. rohani, although often very deformed,
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Fig. 24. Paramblypterus rohani (Heckel & Kner; 1861). Scale bars 50 mm. A — Whole specimen MHK—P 10979 with well preserved skull.
Initially misinterpreted (STAMBERG 1993) as Paramblypterus gelberti (Goldfuss, 1847). B — Whole specimen with a significantly deformed

trunk and caudal fin. MHK—P 64954.

Obr. 24. Paramblypterus rohani (Heckel & Kner, 1861). MéFitka 50 mm. A — Cely jedinec MHK—P 10979 s velmi dobie zachovanou lebkou.
Puvodné byl chybné urcen (STAMBERG 1993) jako Paramblypterus gelberti (Goldfuss, 1847). B — Cely jedinec s vyrazné deformovanym

trupem a ocasni ploutvi. MHK—P 64954.

shows the position of the base of the dorsal fin slightly
displaced anterior to the base of the anal fin than in P. duvernoyi.
The posterior tip of the dorsal lobe of the caudal fin of
P, rohani does not protrude to the flap as in P. duvernoyi.

The scale pattern of the two species does not differ
significantly. The scale cover of P. rohani shows a more
pronounced sculpture consisting of fine mounds projecting
on the serration in the posterior edge of the scales and
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the last serrated scales occur just posterior to the pelvic fin.
On some specimens, especially old specimens, the scales are
thick without any grooves or wrinkles on the outer surface,
and the serration on the posterior margin of the scales is also
greatly reduced.

The fusiform body of P. rohani is slightly arched anteriorly
to the dorsal fin at a level perpendicular to the space between
the pectoral and pelvic fins.



3. Occurrence of P. rohani.

P. rohani occurs in the basins of the Bohemian Massif only
in sediments of Permian age. Its most abundant occurrence
is associated with the grey-black, organic-rich clays of the
Rudnik Horizon of the Vrchlabi Formation of the Krkonose
Piedmont Basin. However, isolated occurrences of this
species have also been documented in the grey claystones
and pinkish limestones of the Kalna Horizon of the Prosecné
Formation of the Krkono$e Piedmont Basion. Recent studies
(STAMBERG 2021) have also shown the presence of P,
rohani in the sediments of the Intra-Sudetic Basin, namely in
the grey-black organic-rich Otovice Limestone of the Olivétin
beds of the Broumov Formation. On the other hand, it is
completely absent in the Ruprechtice Horizon of the Olivétin
Member of the Broumov Formation, where it is replaced by
Paramblypterus vratislaviensis and P. zeidleri. The age of
the Vrchlabi Formation with the Rudnik Horizon, Prose¢né
Formation with the Kalna Horizon of the Krkonose Piedmont
Basin and Olivétin Member with Otovice Limestone of the
Intra-Sudetic Basin can be supposed to be Asselian. It can be
derived from the radioisotope study of the volcanic rock in
both basins (Oplustil et al. 2016).
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SOUHRN

Paprskoploutva ryba Paramblypterus rohani (Heckel
a Kner, 1861) tvofi velice vyznamnou slozku rybi fauny
v sedimentech spodniho permu podkrkonos$ské a vnitrosu-
detské panve a je rovnéz jednim z nejdéle znamych druh
obratlovcii ze sedimentti mladsich prvohor Ceského masivu.
HECKEL & KNER (1861) popsali Paramblypterus rohani
puvodné jako Palaeoniscus rohani spolu s dal§imi druhy
P. caudatus, P. reussii, P. luridus a P. obliquus ze spodniho
permu podkrkonosské panve. FRITSCH (1894, p. 100)
rozpoznal blizkou podobnost vySe uvedenych druht
k Amblypterus duvernoyi (Agassiz, 1833). FRITSCH (1894)
vSak povazoval dva jedince, které vyobrazil AGASSIZ (1833)
za dva riizné druhy a zaroven postradal detailngjsi popisy kos-
ti hlavy, Supin a ploutvi. Z toho divodu uvedl vyse popsané
druhy jako ur¢ité formy druhu Amblypterus duvernoyi pod
rodovymjménem Amblypterus,atojako A. rohani, A. obliquus,
A. caudatus, a A. luridus. Pouze Palaeoniscus reussi je
uveden oddélené jako Amblypterus reussi. Podrobné byly

studovany druhy popsané pivodné v praci HECKEL &

KNER (1861) autorem této prace (STAMBERG 1976).

Byly fazeny do rodu Paramblypterus, a to jako P. rohani,

P. caudatus, P. reussi, P. luridus a P. obliquus. Nasledné

tadi STAMBERG (1977) druhy P. luridus a P. obliquus

do synonymiky druhu P. rohani. Rozdily mezi P. rohani,

P. reussi a P. caudatus byly spatfovany (STAMBERG 1977)

predevsim v odlisnostech ve tvaru dermalnich kosti klenby

lebeéni (tvar parietalnich kosti a jejich lateralnich vybézkd,
pribéh interparietalniho Svu, tvar supratemporale), odlisnosti
ve tvaru maxillarni desky a ve tvaru téla.

V minulosti byla opakované zmifovana velka podobnost
Paramblypterus rohani z Ceského masivu a Paramblypterus
duvernoyi ze sarské panve v Némecku (FRITCH 1894,
WOODWARD 1891, STAMBERG 1976, 2013a, DIETZE
1999, 2000). Nyni predkladana studie zaloZena na materialu
zahrnujici typové jedince, které studovali HECKEL &
KNER (1861) a FRITSCH (1894, 1895) a na obsahlém ma-
terialu ziskaném v poslednich 50 letech, si klade nasledujici
zékladni cile, a to:

1. Pokud mozno co nejkompletnéjsi poznani druhu P. rohani,
ktery patii k nejhojné€jSim v permskych sedimentech
Ceského masivu.

2. Vyhledani shodnych nebo rozdilnych znakt mezi P. rohani
a P. duvernoyi a vyjasnéni, zda P. rohani a P. duvernoyi
jsou dva ruzné druhy, nebo P. rohani patii do synonymiky
P. duvernoyi.

Ze studia materidlu P. rohani z rudnického obzoru a kalen-
ského obzoru podkrkonosské panve a otovického vapence
olivétinskych vrstev vnitrosudetské panve lze vyvodit nékolik
Zaverl:

1. Paprskoploutvé ryby z permskych sedimenti podkr-
konosské panve popsané puvodné pod druhovymi nazvy
Palaeoniscus rohani Heckel & Kner, 1861, Palaeconiscus
luridus Heckel& Kner, 1861, Palaeoniscus obliquus Heckel
& Kner, 1861 and Palaeoniscus caudatus Heckel & Kner,
1861 revidoval STAMBERG (1977, 2013a) a zahrnul je do
druhu Paramblypterus rohani. Na zakladé soucasného studia
je fazen ke druhu P. rohani i druh ptivodné popsany jako
Palaeoniscus reussi Heckel & Kner, 1861. Tento druh znamy
jako jediny kus NM-M 1215 byl dosud odliovan od P. rohani
kratkou maxilarni deskou, nepfitomnosti lateralniho vybézku
na parietale a pozici dorsalni ploutve nad ploutvi analni
(STAMBERG 1976, 2013a). Sougasné studium velkého
mnozstvi jedincli prokazalo zna¢né deformace tél uhynulych
jedinct behem fosilizace. T¢la nékterych jedinct jsou
znaén¢ tlakem roztazena v anteriorni ¢asti do vysky a tim je
deformovana i pozice ploutvi. Uhel, ktery svira §upinova fada
pted analni ploutvi Paramblypterus reussi dokazuje posunuti
dorsalni ploutve posteriornim smérem. Navic byla zjisténa
velka variabilita pfedev§im kosti klenby lebe¢ni a svrchni
Celisti. Z tohoto divodu patii vSechny vyse jmenované druhy
pouze jednomu druhu Paramblypterus rohani.

Béhem studia druhu Paramblypterus rohani byla
vyc¢lenéna na zaklad¢ odlisnych znaki kosti klenby lebecni
(Obr. 8B) a odlisného tvaru operkula skupina jedinct
pochazejicich z rudnického obzoru. Tato skupina zahrnuje
vétsinou mensi jedince, nez jsou adultni jedinci druhu
Paramblypterus rohani. Domnivam se, ze znaky na klenbé
lebecni a na operkulu nejsou pouhym projevem variability
kosti, ale pravdépodobné se jedna o zastupce odlisného druhu
rodu Paramblypterus.
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2. Vztahy mezi P. rohani a P. duvernoyi. Studie doklada
na jedné strané znac¢nou shodu v fadé anatomickych a mor-
fologickych znaki, ale rovnéZz i nékteré odliSnosti druhu
P. rohani a P. duvernoyi.

Stavba rostralni oblasti u obou druhti je shodnd, rovnéz
tak panuje velka shoda ve tvaru, variabilité i skulptute kosti
klenby lebecni. Na materialu P. duvernoyi byly popsany dvé
kosti extrascapulare mediale (Dietze 1999, fig. 2) na rozdil od
P. rohani, kde je vzdy ptitomno liché extrascapulare mediale
stabilniho obdélnikovitého tvaru s anteriornim vybézkem
vybihajicim mezi pravé a levé postparietale. Nynéjsi studie
potvrzuje t¢z shodu P. rohani a P. duvernoyi v postaveni kosti
obklopujicich orbitu. V cirkumorbitalni oblasti se uplatiiuje
vyrazné preorbitale, které u P. rohani je vzdy kompaktni
celistvé s vyraznymi valy, nékdy sriistajici s nasale. Na zddném
jedinci nebylo zaznamenano déleni preorbitale na supraorbi-
tale a preorbitale, jak doklada DIETZE (1999) u P. duvernoyi.
U P. rohani byla potvrzena pritomnost kuistek sklerotikalniho
kruhu, zatimco u P. duvernoyi sklerotikalni kruh chybi.
Z4dné vyrazné rozdily nebyly zaznamenéany v kostech lice,
Celisti, operkuldrniho aparatu nebo dermélnich kosti pletence
prsni ploutve kromé pozice postcleithrum. Postcleithrum je
zvétSend Supina ventralné od supracleithra. Postcleithrum
u P. rohani je umisténo posteriorné od kontaktu supracleithra
s cleithrem a je prezentovano jednou ¢i vice zvétSenymi Supi-
nami, které maji skulpturu i zoubkovani na svém posteriornim
okraji podobné jako na nasledujicich Supinach. Na zadném
jedinci nebylo nalezeno umisténi postcleithrum mezi ventralni
¢asti supracleithra a dorsalnim okrajem cleithra které zakreslila
DIETZE (1999, 2000) u P. duvernoyi.

Pozice a stavba parovych a neparovych ploutvi P. rohani
a P. duvernoyi se vyrazn¢ nelisi. Materidl P. rohani, i kdyz je
casto velice deformovany, ukazuje postaveni zakladny dorsalni
ploutve mirné posunuté anteriorn¢ vuci zakladné analni
ploutve nez je u P. duvernoyi. Posteriorni konec dorsalniho
laloku ocasni ploutve P. rohani nevybiha v jakysi prapor jako
u P. duvernoyi.

Supinovy vzorec obou druhti se vyrazné nelidi. Supinovy
pokryv P. rohani ukazuje nékdy vyraznéjsi, nckdy méné
vyraznou az chybéjici skulpturu tvofenou jemnymi valy
vybihajicimi v zoubkovéni na posteriornim okraji Supin.

T¢lo kapkovitého tvaru P. rohani je mirn¢ vyklenuté dor-
salné pred dorsalni ploutvi na trovni zacatku bfisni ploutve.

3. Paramblypterus rohani se vyskytuje v panvich
Ceského masivu pouze v sedimentech permského stafi.
Jeho nejhojnéjsi vyskyt je vazan na Sedocerné na organiku
bohaté jilovce rudnického obzoru vrchlabského souvrstvi
podkrkonoSské panve. Ojedinélé vyskyty tohoto druhu byly
vsak dokazany i v Sedych jilovcich a narizovélych vapencich
kalenského obzoru prosec¢enského souvrstvi podkrkonosské
panve. Nedavné vyzkumy (STAMBERG 2021) prokazaly
pfitomnost P. rohani i v sedimentech vnitrosudetské panve,
a to v otovickém vapenci olivétinskych vrstev broumovského
souvrstvi. Tento druh naopak zcela chybi v ruprechtickém
obzoru olivétinskych vrstev broumovského souvrstvi, kde
jej nahrazuje predevsim druh Paramblypterus vratislaviensis
a P. zeidleri. Stati vrchlabského souvrstvi s rudnickym
obzorem, prosecenského souvrstvi s kalenskym obzorem
podkrkonosské panve a olivétinskych vrstev s otovickym
vapencovym obzorem vnitrosudetské panve l1ze odvodit ze
studie radioisotopt vulkanickych hornin v obou panvich jako
assel (OPLUSTIL et al. 2016).
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Lokality, na kterych je doloZena
pritomnost druhu Paramblypterus rohani:

Podkrkonosska panev, vrchlabské souvrstvi, rudnicky
obzor: Cista; Kostalov; Kostalov ,,Kovatav mlyn‘; Kostalov
»Za hospodou®; Kovarsko; Kundratice ,,Doly*; Kundratice
,Rokle v lese*; Dolni Lanov ,,Kovarsko®; Prostiedni Lanov
»Za tovarnou®; Ptikry ,,Honktv potok®; Semily ,,Levy
bieh Jizery*; Rybnice ,,Hradecky potok*; Vrchlabi ,,Zatez
silnice®.

Podkrkonosska panev, prosecenské souvrstvi, kalensky
obzor: Arnultovice; Vesela ,,Veselsky potok*; Horni Kalna
,»,Odvaly dolu Adam*.

Vnitrosudetska panev, broumovské souvrstvi, olivétinské
vrstvy, otovicky vapenec: Otovice ,,Cerny potok*; Otovice
»Sténava®; Otovice ,,Chmelnice®; Otovice ,,Vapenka“.
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