Actinopterygians of the Stephanian sediments
of the Krkonose Piedmont Basin (Bohemian Massif)
and their palaeobiogeographic relationship

STANISLAV STAMBERG

A summary is presented of the skeletal fragments of the Late Carboniferous actinopterygians of the Krkonose Piedmont
Basin (Bohemian Massif) with their description. Progyrolepis speciosus, *“Elonichthys” sp., Spinarichthys dispersus and
Sphaerolepis kounoviensis are distinguished using all the available material. The relationships between the
actinopterygian fauna of the KrkonosSe Piedmont Basin and Central and Western Bohemian basins are discussed. Every
single taxon from the Carboniferous of the Krkonose Piedmont Basin is compared with the closest species from basins of
Europe and North America. Microsculpture of the teeth and scales of Progyrolepis speciosus from the Bohemian Massif
and Progyrolepis heyleri from the French Massif Central are described. The position of the genus Elonichthys and com-
parison of “Elonichthys” sp. with the type species Elonichthys germari from the Saale Basin in Germany is also dis-
cussed. Spinarichthys dispersus inhabited the freshwater environment of the Stephanian B and C of the Bohemian Mas-
sif, it is one of the first aeduellids in the Permo-Carboniferous basins of Europe, and it complements a population of the
family Aeduellidae. The occurrence of the well-diagnosed species Sphaerolepis kounoviensis is probably restricted to
the Upper Carboniferous deposits of the Bohemian Massif as all known finds are from this level. ¢ Key words: Carbonif-
erous, Actinopterygii, Krkonose Piedmont Basin, Bohemian Massif.
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The Krkonose Piedmont Basin is a significant Upper Pa-
laeozoic Basin extending over the northeastern region of
the Bohemian Massif. It belongs to a system of intra-
montaneous basins, which formed in the -early
post-orogenic phase during the Westphalian and Saxon-
ian times (approximately Moscovian to Sakmarian; Mar-
tinek et al. 2006). The basin is filled with continental de-
posits of total thickness of about 1800 m of the Upper
Carboniferous (Westphalian D, Stephanian), of the Lower
Permian to the Triassic.

Actinopterygians were described several times from
the Lower Permian sediments of the KrkonoSe Piedmont
Basin (see Stamberg & Zajic 2008). The actinopterygians
from the Stephanian sediments of the Krkonose Piedmont
Basin are on the other hand very rare and fragmentary. Pri-
mary data about isolated actinopterygian scales from
Stephanian C were previously published by Fri¢ (1912a,
b). Lists of the Stephanian faunas were recently part of the
publications summarizing the geology of the Krkonose
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Piedmont Basin (Prouza & Tasler 2001, Zajic & Vasicek
2010) and were also a component part of biostratigraphical
studies (Zajic 2000, 2004, 2007). Inasmuch as the
Actinopterygian remains are very fragmentary, they have
not been described in great detail, the exception being the
scales of Sphaerolepis kounoviensis (Fri¢, 1876) from the
locality Krsmol (Stamberg 2001). The following descrip-
tions and illustrations of actinopterygian scales and bones
should contribute to a more exact determination of the taxa
from the Stephanian of the Krkonose Piedmont Basin and
make possible the comparison with actinopterygian fauna
from other continental Permo-Carboniferous basins.

Geological record
Remains of actinopterygians are very fragmentary in the

Stephanian of the Krkonose Piedmont Basin. They are
represented by scales, isolated bones and teeth. Even
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though they are very rare in the Syfenov Formation (Ste-
phanian B), they are more numerous in the Semily Forma-
tion (Stephanian C), where they are accumulated in two
significant fossiliferous horizons, namely St&panice-
Cikvasky Horizon and PlouZnice Horizon (Fig. 1). These
horizons, according to current understanding, represent
two different facies of the same age. They are several tens
of metres thick and contain different types of sediment
(Tésler et al. 1980, Prouza & Tasler 2001). The described
horizons correspond more to members rather than horizons
(after Zajic 2007). The terms St&panice-Cikvasky Lake
Deposits and Plouznice Lake Deposits were introduced by
Zajic (2007) and are used in this paper instead of horizons
until an exact definition of the members corresponding to
the above mentioned horizons has been decided. Stépa-
nice-Cikvésky Lake Deposits occur in the northern region
of the basin; the fossils are accumulated mainly in grey and
grey-black, fine laminated mudstones with coal laminae.
Plouznice Lake Deposits occur in the southern part of the
basin and are distinguished by varicoloured laminated mud-
stones with layers of limestones and tuffaceous intercalations
(Prouza & Tasler 2001). Actinopterygian remains are restric-
ted to the varicoloured mudstones and a thin layer of bone
bed. Zajic (2007) described in more detail the palacogeo-
graphy and lithostratigraphy of PlouZnice Lake. A list of Ste-
phanian age localities in the Krkonose Piedmont Basin was
published by Zajic (2007) and Stamberg & Zajic (2008).

Material and methods

Material used in this study originates from old collections
and from new findings. The old material is from collections
of the turn of the nineteenth to the twentieth century. Nu-
merous collections of faunal fragments from localities in
the vicinity of PlouZnice, Kyje and Zd4r u Kumburku are
deposited in museums thanks to the collector Mr Jan Benda
(1855-1919), head teacher in the town Lomnice nad Popel-
kou. The biggest collection is in the National Museum, Pra-
gue, smaller collections, originally from Jan Benda, are de-
posited in the Museum of Eastern Bohemia in Hradec
Krilové, the Museum of Czech Paradise in Turnov, the Mu-
nicipal Museum in Lomnice nad Popelkou and the Munici-
pal Museum in Nové Paka. An excellent collection of mate-
rial from PlouZnice Lake, collected also by Mr Jan Benda, is
housed in the Geologisches Bundesanstalt in Vienna. Mate-
rial from boreholes and St&panice-Cikvasky Lake Deposits
were collected at the end of the twentieth century, and are
housed with the Czech Geological Survey in Prague. An im-
portant collection of new material from the dump of the Otto
adit of the St&panice-Cikvasky Lake Deposits is in the Mu-
seum of Eastern Bohemia in Hradec Kralové.

Fragments of actinopterygians, namely isolated scales,
teeth and bones, in total number several hundred speci-
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mens are preserved in the red-brownish calcareous
siltstones and claystones of the Plouznice Lake Deposits
and in the black-greyish claystones of the St&panice-
Cikvasky Lake Deposits. Most of the fragments are pre-
served as imprints of the outside of the scales.

A collection of specimens of Progyrolepis heyleri Pop-
lin, 1999 from the locality Buxiéres-les-Mines (Aumance
Basin, French Massif Central), which is under the care of
the Association Rhinopolis in Buxiéres-les-Mines, was
used as comparative material. Some results from personal
observation of the holotype of the type species of
Elonichthys germari Giebel, 1848 deposited in the Institute
of Geoscience of Martin-Luther University in Halle,
served as a comparison for the scales of “Elonichthys” sp.
Some specimens were prepared using a Krantz pneumatic
needle. A SEM Hitachi S-3700N was used for study and
documentation of the tooth microsculpture of suitable
scales. Source for determination and comparison of iso-
lated actinopterygian fragments were the comprehensive
papers on actinopterygians of the Central and West Bohe-
mian Upper Palaeozoic basins (Fritsch 1895; Stamberg
1986, 1991) and other review publications (Stamberg
1985, 1989, 2013).

Institutional abbreviations. — BX — Association Rhinopolis
of Buxiéres-les-Mines, France; D — Association Rhinopo-
lis of Buxiéres-les-Mines, France; GBW — Geologisches
Bundesanstalt in Vienna, Austria; LS — Czech Geological
Survey, Prague, Czech Republic; M — National Museum,
Prague, Czech Republic; MHK — Museum of Eastern Bo-
hemia in Hradec Kralové, Czech Republic.

Systematic palaeontology

Subclass Actinopterygii Cope, 1877
Family Pygopteridae Aldinger, 1937

Genus Progyrolepis Fritsch, 1895
Type species. — Progyroleopis speciosus (Fri¢, 1875).

Progyrolepis speciosus (Fri¢, 1875)
Figures 2—4

Material. —Isolated scales and teeth Nos. GBW 2006/54/6,
GBW  2006/54/17, GBW  2006/54/29, 1.S84-St3,
L.S84-St4, L.S84-St5, M 4888.

Occurrence. — Black shale Horizon of the Syfenov Forma-
tion (Stephanian B) — locality: Libstat “Borehole Lt-17,
and varicoloured mudstone from the PlouZnice Lake Depo-
sits of the Semily Formation (Stephanian C) — locality:
Zdér u Kumburku.
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Saxonian to Triassic conglomerates
o °° { and sandstones
Prose¢né Fm. (upper Autunian)
lacustrine mudstones

II' Vrchlabi Fm. (Lower Autunian), fluvio-lacustrine
sandstones and mudstones

]
[ ]

Semily Fm. (Stephanian C); alluvial fan conglomerates, fluvial sandstones
and lacustrine mudstones (with coal)

Westphalian D to Stephanian B; basal conglomerates, fluvio-lacustrine
sandstones and mudstones (with coal)

basaltic andesites to trachyandesites

Figure 1. A simplified geological map of the Krkonose Piedmont Basin (based on Blecha et al. 1999) showing of some important localities with the
Carboniferous faunas. 1 — Libstat “Borehole Lt-1""; 2 — Nedvézi “Dump of the Otto adit”; 3 — Kostdlov “Dump of the Nadéje adit”; 4 — Plouznice; 5 — 7dar

u Kumburku; 6 — Krsmol.

Figure 2. Progyrolepis speciosus (Fri¢, 1875). Locality Zdar u Kumburku. Scale bar 1 mm, arrow indicates directio cranialis. * A, B — photograph and
drawing drawing of the flank scale GBW 2006/54/29 in medial view. ¢ C — drawing of the guanine surface of the ganoid scale GBW 2006/54/6 from the
base of the anal fin in lateral view.

Description. — Thick isolated scales measuring 3.5-4.5 mm
long. The scales from the anterior region of the body have a
length equivalent to their height. A conspicuous strong peg
has a wide base and is situated on the dorsal border of the
scale closer to its anterior margin than to the posterior one
(Fig. 2). The scales have prominent ganoin ridges on their

outer surface. The ridges pass diagonally from the antero-
dorsal corner of the scale to the posterior border where they
terminate posteriorly with serrations (Fig. 2A, B). The rid-
ges also terminate with serrations on the ventral border on
some scales around the anal fin base (Fig. 2C). There are 10
to 12 ridges on the outer surface of the scales depending on
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Figure 3. Progyrolepis speciosus (Fri¢, 1875). Imprint of the scale
L.S84-St3 from the caudal peduncle in lateral view. Borehole Lt-1
(Libstat), depth 805.5 m. Scale bar 1 mm, arrow indicates directio
cranialis.

the body position. The scales from the ventral region of the
trunk are oblong in shape; the scales are 2.5 times longer
than deep. Conspicuous ridges on their outer surface tra-
verse from the anterior margin of the scale and terminate
with five serrations on the posterior margin (LS84-St4).
The scale from the caudal peduncle (Fig. 3) is of rhombic
shape, narrow posteriorly. Eight ridges form the sculpture
on its outer surface; they do not extend across the entire la-
teral surface.

The isolated conical tooth LS84-St5 is 3.8 mm long, it
has a wide base and a distinctively different acrodin apex
(Fig. 4B). The acrodin apex is 0.5 mm long. The corpus of
the tooth is sculptured, with the exception of the acrodin
apex, with shallow ridges uniformly directed from the
acrodin apex to the base of the tooth. There are 11 or 12 of
these longitudinal ridges on the visible half of the tooth, it
can be supposed there are 22 to 24 longitudinal ridges on
the whole periphery. A different fine microsculpture is ob-
servable on the whole surface of the tooth, with the excep-
tion of the acrodin apex. This fine microsculpture is formed
by fine protuberances convolutedly distributed on the sur-
face of the tooth. The elliptical protuberances are prox-
imo-distally elongated, and confluent in several places
(Fig. 4C). The distribution of the protuberances corre-
sponds to the description of the tooth ornament in the type
material of Progyrolepis speciosus by Fritsch (1895, pl. 32,
figs 4-6).

Remarks. — The scales of the type material of Progyrolepis
speciosus from the Kounov Member (Stephanian B) of the
Central and West Bohemian Late Paleozoic basins figured
by Fritsch (1895, pl. 131, figs 4-9, 11) and revised by the
present author (Stamberg 1989, fig. 4, 1991, fig. 23) have
no tooth-like projections on their posterior margin; the de-
scriptions were confirmed by personal observation. It be-
came apparent that poor preservation of the scales affected
these inaccurate deductions. Other material (M 4754,

e — A

Figure 4. Progyrolepis speciosus (Fri¢, 1875). Isolated tooth LS84-St5. Borehole Lt-1 (Libstat), depth 805.25 m. » A — whole tooth. Scale bar 1 mm.
* B — the distal part of the tooth with fine ridges (asterisks) and acrodin apex. Scale bar 500 um. ¢ C — fine protuberances on the periphery of the tooth are
arranged in rows convolutedly winding around the tooth. Arrows indicate arrangement of the rows. Scale bar 100 um.
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Figure 5. Progyrolepis heyleri Poplin, 1999. Specimen BXM 094, Buxiéres-les-Mines. * A — large tooth of the internal row and much smaller three
teeth of the outer row of the lower jaw. Scale bar | mm. ¢ B, C — microsculpture on the large tooth. Scale bars 100 pum.

M 4755) from the Kounov Member demonstrates that there
were also well-preserved scales with outstanding serration
on their posterior margin besides the bones of Progyrolepis
speciosus. The serration is one of the features of the scales
of Progyrolepis speciosus if the scales are well preserved.
Correction of the species diagnosis of Progyrolepis specio-
sus published by Stamberg (1991) is necessary with respect
to this feature, and one character in the diagnosis “Caudal
margin of scales not serrated”” must be replaced by “Caudal
margin of scales is serrated”.

Progyrolepis speciosus was also reported by Soler-
Gijon (1997) from the Stephanian C of the Puertollano Ba-
sin in Spain. The genus Progyrolepis is also represented in
the Permian sediments of the Aumance Basin (French
Massif Central) in the locality Buxiéres-les-Mines. Poplin
(1999) described a new species, Progyrolepis heyleri Pop-
lin, 1999, from this locality based on the upper and lower
jaws. Studies of the microsculpture of the large teeth of the
internal row and much smaller teeth of the outer row dem-
onstrate a match with the microsculpture of P. speciosus.
The acrodin apex of P. heyleri teeth is smooth, but the re-
maining part of the tooth corpus is sculptured with longitu-
dinal ridges distributed around the periphery of the teeth
(Fig. 5A). In addition a different fine microsculpture is ob-
servable on the whole surface of the tooth, with the excep-
tion of the acrodin apex. The fine microsculpture is formed
by fine protuberances distributed on the surface of the
tooth. The elliptical protuberances are proximo-distally
elongated, spaced from each other and only sometimes
touching each other (Fig. 5B, C). The same microsculpture

Figure 6. Progyrolepis heyleri Poplin, 1999. Specimen BXM (94,
Buxiéres-les-Mines. One of the small teeth of the outer row figured on the
Fig. 5A. « A —detail of the tooth. Scale bar 100 um. * B — microsculpture
on the tooth. Scale bar 100 pum.

can also be observed on the small teeth of the outer row,
with less space between the protuberances (Fig. 6). The
microsculpture is not exclusive on teeth of Progyrolepis
speciosus as described by Poplin (1999), but it is also com-
mon in P. heyleri. The scales of P. heyleri are briefly de-
scribed in comparison to the scales of P. speciosus from the
KrkonoSe Piedmont Basin. These scales are conspicuously
serrated on their posterior margin but not only in the ante-
rior region of the body but also in the posterior region of the
body and on the caudal peduncle. The entire posterior edge
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Figure 7. Progyrolepis heyleri Poplin, 1999. Specimen D 17-0896, Buxiéres-les-Mines. * A — the scales from the anterior region of the lateral side of the
body. Scale bar 1 mm. * B — the scales from the ventral side of the body. Scale bar 1 mm. ¢ C — microsculpture on the scale from the ventral side of the
body. Scale bar 100 um.

of the scales is serrated (Fig. 7B). Serration of the posterior
margin of the scales in P. heyleri is much more conspicu-
ous than in P. speciosus. Sculptured scales show conspicu-
ous ridges diagonally crossing the outer surface of the
scales (Fig. 7A, B). The microsculpture on the scales is
formed by microtubercles arranged in the same direction as
the ridges. The microtubercles have an elliptical base,
antero-posteriorly elongated (Fig. 7C), and they are more
elongated and less numerous than in “Elonichthys” sp.
(Fig. 9B). Microtubercles are typical for ganoin (Schultze
2015), and they are present also in Palaeozoic actino-
pterygians Strepheoschema fouldenensis White, 1927 and
Palaeoniscum freieslebeni Blainville, 1818 (Richter 1995),
besides the species described in this paper. Much osteo-
logical material of P. heyleri was collected from the locality
of Buxiéres-les-Mines, but has not been elaborated to date.

Family Elonichthyidae Aldinger, 1937
Genus Elonichthys Giebel, 1848
Type species. — Elonichthys germari Giebel, 1848.

“Elonichthys” sp.
Figures 8-10

Material. — Isolated lower jaw M 4889, teeth and scales
LS85-St2, M 4887-M 4901, M 4903-M 4906, MHK
81330, MHK 81342, MHK 81343, MHK 81349.

Occurrence. — The isolated scale LS85-St2 originates from
the Black Shale Horizon of the Syfenov Formation (Ste-
phanian B) —locality: Libstat “Borehole Lt-17, other isola-
ted scales, teeth and one fragment of lower jaw are from the
PlouZnice Lake Deposits (Stephanian C) — localities:
Plouznice, Zdar u Kumburku, and from the Sté-
panice-Cikvasky Lake Deposits (Stephanian C) — locality:
Nedvézi “Dump of the Otto adit”.
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Description. — A fragment of a lower jaw on M 4889 shows
a sculpture of ridges passing slightly obliquely antero-
posteriorly. The sculpture corresponds to that figured by
Stamberg (1991, fig. 5) on “Elonichthys” krejcii (Fritsch,
1895) and on Elonichthys sp. from the Late Carboniferous
of the Boskovice Graben (Stamberg 2007). Ridge scales
are well preserved on samples M 4887, M 4898, MHK
81330 and MHK 81349. These scales, which correspond in
their shape and sculpture to those described by Stamberg
(1991), were located in front of the dorsal fin or on the dor-
sal margin in front of the caudal fin (Fig. 8). They are from
4 to 5 mm wide and from 6 to 8 mm long. They are conspi-
cuously deeply cleft anteriorly. The uncovered posterior
region of the scale is sculptured with ridges arranged
antero-posteriorly. The isolated scales from the lateral side
of the body are relatively very small, 1.5-2 mm long and
1.2-1.5 mm deep. The scales possess diagonal ridges or
furrows. The longest ridge or furrow passes diagonally
from the anterodorsal corner to the posteroventral corner of
the scale, and it terminates in a dental form process on the
posterior margin of the scale (Fig. 9A, C). This long ridge
or furrow divides the lateral surface of the scale into the an-
teroventral and posterodorsal halves. The arrangement of
ridges on the two halves is different. From six to seven rid-
ges are recognizable on the anteroventral region of the
scale. They run parallel to the ventral margin. The postero-
dorsal halve of the scale has one or two ridges which start at
the anterodorsal corner of the scale. They branch posteri-
orly, and terminate in eight or more dents (Fig. 9A). Micro-
tubercles are as well preserved on the ridge scales (Fig. 8C)
as on the scales of the lateral side of the body (Fig. 9B, D).
They are slightly antero-posteriorly elongated, but not as
conspicuously as in Palaeoniscum freieslebeni Blainville,
1818 or Strepheoschema fouldenensis figured by Richter
(1995) or Progyrolepis heyleri Poplin, 1999 (personal ob-
servation). They are clearly different from the microtuber-
cles of Spinarichthys dispersus, in which the base has a cir-
cular outline (Fig. 12B).

Numerous finds of teeth are assigned to “Elonichthys”
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sp. on the basis of comparison with the type material
(Stamberg 1991) of “Elonichthys” krejcii (Fritsch, 1895).
The slender, sharp pointed teeth are 1.5-1.7 mm in length
and the width of their base is 0.6 mm. The distinct acrodin
apex has a length of 0.3 mm (Fig. 10A). The teeth are with-
out distinct visible sculpture; there are no longitudinal
ridges on the periphery, which are known in Progyrolepis.
On the other hand, microtubercles are well developed.
They cover the whole surface of the tooth, with the excep-
tion of the acrodin apex. Microtubercles are proximo-dis-
tally elongated, they are narrower, more elongated and
blend together (Fig. 10B, C), and the oblique rows are not
as distinct as in Progyrolepis (Fig. 4C). These distinctions
can however be caused by the varying degrees of abrasion
on the teeth during the course of their transportation, and
thus further study of well preserve material is necessary.

Remarks. — Isolated scales and teeth from the KrkonoSe
Piedmont Basin are assigned to the genus “Elonichthys”
Giebel, 1848 on the basis of comparison with more com-
plete material of “Elonichthys” krejcii (Fritsch, 1895) from
the Carboniferous of the Central and West Bohemian late
Palaeozoic basins (Fritsch 1895; Stamberg 1991, 2010,
2013). The use of the genus name Elonichthys for actino-
pterygians from the Bohemian Massif is questionable and
therefore in quotation marks (Stamberg 2010, 2013) due to

Figure 8. “Elonichthys” sp. Ridge scale M 4898 from the locality
Plouznice. * A — whole scale. Small frame marks the shot on Fig. §B.
Whitened, scale bar 1 mm. ¢ B — detail of the sculpture. Scale bar 500 pm.
* C — detail of the microsculpture on the outer surface of the ridge scale.
Scale bar 100 um.

the fact that an up to date revision of the Elonichthys type
material is still not available. Many species from freshwater
and mainly marine Carboniferous and Permian sediments
in Germany, England and North America were assigned to
the genus Elonichthys. A basic revision of Elonichthys ger-
mari Giebel, 1848 type species is however lacking. Gardi-
ner (1963) presented a diagnosis of Elonichthys, but with-
out study of the type material, and in his remarks refers to
the necessity for a redefinition of the genus Elonichthys.
Schindler (Poschmann & Schindler 2004) formulated the
last definition of the family Elonichthyidae Aldinger,
1937, and he considered the genus Elonichthys to be exclu-
sively freshwater (Poschmann & Schindler 2004, Schind-
ler 2007). The present author made a brief examination of
the type material of the Elonichthys germari type species,
and basic comparison of the scales of E. germari and “Elon-
ichthys” sp. from the KrkonoSe Piedmont Basin. The type
material of Elonichthys germari originates from the conti-
nental Saale Basin (Germany), more specifically from the
Siebigerode Formation, Wettin Subformation (Stephan-
ian C) (Schneider et al. 2005, Schindler 2009). The scales
are preserved on the disarticulated specimen figured by
Giebel (1849, pl. 30, fig. 1) deposited in the Martin-Luther
University in Halle, Institute of Geosciences. The scales on
the whole trunk are ornamented with conspicuous ridges,
which pass diagonally downward, and backwards across
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Figure 9. “Elonichthys” sp. * A —isolated scale M 4899 from the locality PlouZnice. Small frame marks the shot on Fig. 9B. Scale bar 1 mm. Arrow indi-
cates directio cranialis. * B — detail of the sculpture and microsculpture. Scale bar 200 um. * C — isolated scale LS85-St2, borehole Lt-1 (Lib3tét), depth
805.5 m. Small frame marks the shot on Fig. 9D. Scale bar I mm. Arrow indicates directio cranialis. ® D — detail of the microsculpture. Scale bar 100 pm.

the scale (Fig. 11A), and posteriorly terminate in numerous
serrations. The outer surface of the scales on the anterior
region of the body is divided into two sections by the long-
est ridge, which passes diagonally from the dorso-anterior
corner of the scale to the ventro-posterior corner. This long
ridge divides the lateral surface of the scale into the antero-
ventral and posterodorsal halves. The arrangement of rid-
ges on the two halves is different (Fig. 11A). Ridges on the
anteroventral half start from the anterior border of the
scale, they do not anastomosis, and they always end at the
longest diagonal ridge, none of these ridges reach the po-
sterior border of the scale. They run parallel to the ventral
border of the scale like in Elonichthys sp. (Fig. 9A). The
ridges of the posterodorsal half on the contrary run oblique
from anterodorsal to the posterior margin start at the ante-
rodorsal corner above the longest diagonal ridge, and they
gradually branch out in a posterior direction and terminate
in denticulations. The scales from the posterior and ventral
regions of the body show a similar division into two parts
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but with the anteroventral part conspicuously larger than
the posterodorsal part (Fig. 11B, C). Peg and socket articu-
lation is well developed. The relative overlay of the scales
in the anteroposterior direction is very short, about 1/9 of
the scale length (Fig. 11B).

Family Aeduellidae Romer, 1945
Genus Spinarichthys Stamberg, 1986

Type species. — Spinarichthys dispersus (Fritsch, 1894).

Spinarichthys dispersus (Fritsch, 1894)
Figures 12, 13

Material. — Numerous isolated scales, the best ones are on
M 4895, M4896, LS 84-St6, GBW 2006/54/38, GBW
2006/54/39, GBW 2006/57/20, MHK 80184, MHK 81336,
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Figure 10. “Elonichthys” sp. Isolated tooth M 4900 from the locality PlouZnice. * A — whole tooth. Small frame marks the shots on Fig. 10B, C. Scale

bar 500 um. ¢ B, C — microtubercles on the tooth. Scale bars 100 pm.

C

Figure 11. Elonichthys germari Giebel, 1848. The scales from the different regions of the body. Whitened, scale bar 5 mm. ¢ A —the scales from the an-
terior region of the trunk. « B — the scales from the ventral side of the trunk. ¢ C — the scales from the posterior region of the trunk.

MHK 81344, MHK 81348, MHK 81354 and an isolated
operculum MHK 81338.

Occurrence. — The scales come from the Plouznice Lake
Deposits (Stephanian C) — localities: Plouznice, Kyje, Zdar
u Kumburku; Stépanice-Cikvésky Lake Deposits (Stephan-
ian C) — localities: Nedvézi “Dump of the Otto adit”, Kos-
talov “Dump of the Nadg&je adit”. One sample (LS84-St6)
is from the Black Shale Horizon of the Syfenov Formation
(Stephanian B) — locality: Libstat “Borehole Lt-1".

Description. — The scales are oblong in shape, antero-
posteriorly elongated, and 2—3.5 mm long. The outer sur-
face of the scales is without sculpture. The posterior mar-
gin of the scales is pectinated (Figs 12A, 13). The number
of these pectinations on the posterior margin of the scales
varies in accordance with the position of the scale on the
body. The scales of the lateral side of the body along the la-
teral sensory line between the supracleithrum and the ori-
gin of the dorsal fin have 10-12 serrations (GBW
2006/54/38, GBW 2006/57/20), the scales situated more
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Figure 12. Spinarichthys dispersus (Fritsch, 1894). Isolated scale M 4896 from the locality Zd4r u Kumburku. Arrow indicates directio cranialis.
* A —isolated scale. Small frame marks the photo on Fig. 12B. Scale bar I mm. * B —microtubercles on the outer surface of the scale. Scale bar 100 um.

posteriorly have about eight serrations (M 4895), and even
fewer if they come from the posterior or ventral parts of the
trunk. The tall slender process of the peg and socket articu-
lation on the dorsal margin of the scales is an outstanding
feature of Spinarichthys dispersus scales. Using a compari-
son of both the process and the scale it is possible to verify
on M 4895 (Fig. 13B), that the peg is 0.8 mm deep, and the
scale is 2 mm deep and 3.5 mm long. The scales from the
posterior region of the body have small peg and socket arti-
culation (Fig. 13C, D). Examination of the scales with
SEM disclosed numerous small microtubercles on the late-
ral ganoine surface of the scales. Although the microtuber-
cles were partly raspared during transport of the scales in
aquatic environments, they are observable on the ganoine
surface of the scales, and they are partly linear in some
parts. Arrangement and shape of the microtubercles could
be a diagnostic feature for determination of isolated scales
of Permo-Carboniferous actinopterygians, as already Meu-
nier et al. (1986), Gayet & Meunier (2001) have demon-
strated for recent and fossil genera of Lepisosteiformes and
Polypteriformes. The isolated operculum (MHK 81338) is
tall, and anteriorly bent in the dorsal region. It is longest is
in its dorsal region, and is narrow ventrally.

Remarks. — Spinarichthys dispersus was initially described
from the Stephanian B, C of the Kladno-Rakovnik Basin of
the Bohemian Massif (Fritsch 1894, Stamberg 1986, 2013;
Stamberg & Zajic 2008) on the basis of body fragments
and isolated scales. Spinarichthys dispersus is an important
taxon in the family Aeduellidae, and the finds of scales in
the KrkonosSe Piedmont Basin document a wider distribu-
tion of this species in the Bohemian Massif and expansion
of the family Aeduellidae in the Late Carboniferous.
The Aeduellidae is a very interesting family within the
actinopterygians. It is characterised by several specific

178

features (Poplin & Dutheil 2005), which allow reliable de-
termination and monitoring of their distribution. They
were first known by several species from the Permian sedi-
ments of the French Massif Central (Heyler 1969), but sub-
sequent research confirmed their distribution to be over a
much longer time segment and a much larger geographic
area. The oldest member of the family Aeduellidae is Bour-
bonnella jocelynae Mickle, 2011 from the Manning Ca-
nyon Shale Formation from Central Utah, and it belongs to
the Upper Mississipian—Lower Pennsylvanian (Mickle
2011), which corresponds to the European Namurian. If the
placement of Bourbonnella jocelynae among the Aeduelli-
dae and the age of sediments are correct, this species is the
oldest occurrence of the family Aeduellidae, being 20 Mi
years older than other species of Aeduellidae from the USA
and Europe. Other species of the family Aeduellidae come
from the Upper Carboniferous and Lower Permian of the
USA (Kinney Brick Quarry), the Puertollano Basin in
Spain, Montceau-les-Mines, Decazeville, Autun Basin,
Aumance Basin and Bourbon 1’ Archambault in France,
Weiach in northern Switzerland, Thuringia and the
Saar-Nahe Basin in Germany, the Kladno-Rakovnik Basin,
KrkonoSe Piedmont Basin and Boskovice Graben in Bohe-
mia, the Czech Republic (Poplin & Dutheil 2005; Schind-
ler 2007; Stamberg 2007, 2010, 2013). Their greatest ex-
pansion is recorded in the Lower Permian continental
basins of Europe. Mass occurrences of some species such
as Aeduella blainvillei in the locality Muse in the Autun
Basin (Heyler 1969) or Neslovicella rzehaki in the Bosko-
vice Graben (Stamberg 2007) were also recorded.

The environments of Aeduellidae are mostly inter-
preted as freshwater deposits (Poplin 1994, Roscher &
Schneider 2006, Carrol et al. 1991, etc.), but their reinter-
pretation as marine or influenced by marine environments
was published more recently (Soler-Gijéon & Moratalla
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Figure 13. Spinarichthys dispersus (Fritsch, 1894). Isolated scales. Scale bars 1 mm. Arrows indicate directio cranialis. A —the scale from the anterior
region of the lateral side of the body. GBW 2006/57/20, locality Kyje. * B — the scale with well preserve slender and long process of the peg and socket ar-
ticulation. M 4895, locality PlouZnice. * C, D — photo and drawing of the flank scale of the posterior region of the body with small peg and socket articula-
tion and very narrow overlapped area anteriorly. GBW 200/54/39, locality Zdar u Kumburku.

2001, Schultze & Soler-Gijon 2004, Schultze 2009). I as-
sume Bourbonnella sp. (Gottfried 1987) from Kinney
Brick Quarry, New Mexico, is from beds that had an
estuarine environment where is the mixture of organisms
that are only freshwater in origin with organisms that are
only marine in origin (Williams & Lucas 2013). Williams
& Lucas (2013) speculated about the possibility of
Bourbonnela sp. living in freshwater, and being washed
into the estuary post-mortem, or if this fish was a freshwa-
ter stragler, which was in the Kinney estuary by mistake. In
the case of the Bourbonnella sp. specimen, which was de-
scribed by Gottfried (1987) the significant disarticulation
of the body could indicate the effects of decomposition.
Bourbonnella sp. specimens from the estuarine environ-
ment of Kinney Brick Quarry however are more numerous

and better preserved without any decomposition as I ob-
served during the course of a visit there in 2013 and also in
the collection of the New Mexico Museum of Natural His-
tory and Science. For this reason I assume the fish was liv-
ing in estuarine environment and by chance wandered into
the marine environment. Bourbonnella was probably less
sensitive to salinity and can, in agreement with Poplin’s
(2001) opinion be regarded as a euryhaline form, and it mi-
grates through marine into freshwater.

I did not place the species Schafeevus sulcatus
Yankevich & Minich, 1998 from the Early Permian of East
European Russia among the Aeduellidae. This species was
described by Yankevich & Minich (1998) on the basis of
isolated scales only, and I consider the classification of this
species to the Aeduellidae as insufficiently documented.
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Family Trissolepidae Fritsch, 1893
Genus Sphaerolepis Fric, 1877
Type species. — Sphaerolepis kounoviensis (Fri¢, 1876).

Sphaerolepis kounoviensis (Fric, 1876)
Figures 14-18

Material. — More than a hundred isolated scales usually
preserved as casts, the best are on GBW 2004/54/42,
LS85-Stl, MHK 64206, MHK 81330, MHK 81331, MHK
81336,MHK 81337, MHK 81339, MHK 81342, MHK
81346, MHK 81350, MHK 81353, parasphenoid (M
4891), upper jaw (MHK 82662, GBW 2006/54/3, GBW
2006/57/14), tooth plate (GBW 2006/54/30), and cleithrum
(GBW 2006/57/21, M 4893, M 4894).

Occurrence. — Samples originate from the Semily Forma-
tion (Stephanian C), specifically from the PlouZnice Lake
Deposits — localities: PlouZnice, Kyje, Zdar u Kumburku,
Krsmol; Stépanice-Cikvasky Lake Deposits — localities:
Kostalov — “Dump of the Nadéje adit”, Kostalov —
“Bosna”, Kostalov — borehole KV-1, Kouty — “Dumps of
the Adolf nad Gliick adits”, Nedvézi “Dump of the Rohan
adit”, “Dump of the Otto adit” and Sutice near Slana u Se-
mil.

Description. — Isolated thin scales of a circular shape,
slightly antero-posteriorly elongated, with an average dia-
meter of 2 to 3.5 mm. The focus is in the center of the scale.
Anterior area of the scale is overlapped by posterior, ven-
tral parts and dorsal parts of the neighbouring scales. Up to
75-80% of the outer surface is overlapped by the neigbour-
ing scales, and only 20-25% of the outer surface remains
exposed field. The overlapped region of the scale has regu-
larly arranged incremental concentric ridges — circuli. The
exposed field of the scale exhibits conspicuous sculptures
in form of sharply pointed, posteriorly orientated protube-
rances (GBW 2006/54/42, 1.S85-St1). Protuberances dis-
tribution on the uncovered region of the scales correspond
the regularly concentrically arranged incremental circle
(Figs 14A, 15A) on well preserved scales. Morphology of
the scales of Sphaerolepis kounoviensis demonstrates
spined scales of ctenoid type (Roberts 1993), and these
scales are exclusive among the scales of Palaeozoic acti-
nopterygians.

Isolated basal fulcra are anteriorly deeply cleft, slender,
and elongated posteriorly to a point (Fig. 15B). Their deter-
mination is based on the comparison with the basal fulcra
on the complete specimens from the Kounov Member of
the Kladno Rakovnik Basin.

The cleithrum is another relatively frequently found
bone of Sphaerolepis kounoviensis. It has (Fig. 16A) a ver-
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tical branch, which is narrow and elongated dorso-ven-
trally, the horizontal branch projects conspicuously to the
process anteriorly (M 4893, M 4894, LS 85, GMB
2006/57/21). Only the long anterior process is diagnostic
for the cleithrum of Sphaerolepis kounoviensis.

The maxilla is preserved on three specimens. It consists
of a square shaped maxillary plate and a long narrow ante-
rior region with the remains of teeth (Figs 17A, 18). No
sculpture is observable on the bone due to the preservation
of the imprint of the bone.

The vomer on GBW 2006/54/30 shows the teeth in
cross-section on the whole ventral surface (Fig. 17B). The
cross-sections of the teeth are visible because of abrasion
of the distal part of the teeth. The diameter of the teeth in-
creases from one side of the bone to the opposite side of the
ventral surface of the vomer. It can be deduced from analo-
gous study of more complete specimens from the Central
and West Bohemian Late Paleozoic basins (Stamberg
1991), that the smaller teeth occupied the lateral region of
the vomer increasing towards medial direction.

The parasphenoid is a characteristic bone of the
Sphaerolepis kounoviensis. In addition to the single pair of
processus ascendens posterior, anteriorly prolongated
processus cultriformis are present, there is also a signifi-
cantly prolongated posterior region of the corpus para-
sphenoidis, which is a relatively rare feature among the
Permo-Carboniferous actinopterygians. The corpus para-
sphenoidis of most Permo-Carboniferous actinopterygians
terminates posteriorly close behind the posterior processus
ascendens. The sample M 4891 from the PlouZnice Lake
Deposits shows the parasphenoid in dorsal view (Fig. 16B)
with a partly broken off anterior part of the processus
cultriformis. The pair of ascending processus ascendens
projects at an angle of 45°-50° to the axis of the corpus
parasphenoidis. The large opening of the bucco-hypo-
physial foramen is situated in the centre of the para-
sphenoid. The posterior region of the corpus para-
sphenoidis is significantly extended posteriorly to a length
of 9.5 mm (measured from the bucco-hypophysial foramen
to the posterior end of the corpus parasphenoidis). The pos-
terior prolongated region of the corpus parasphenoidis is
lobed, similar to in Broughia (Stensio 1932), and without
any conspicuous notch (aortic notch), which is described
for example by Grande & Bemis (1998) on Amia calva.

Remarks. — Sphaerolepis kounoviensis achieved conside-
rable expansion in the Stephanian deposits of the Bohe-
mian Massif. The most numerous finds of Sphaerolepis
kounoviensis, in addition to those from the Krkonose Pied-
mont Basin, come from the Kounov Member (Stephan-
ian B) of the Kladno Rakovnik Basin and from other locali-
ties of Stephanian B and Stephanian C of the Central and
Western Bohemian basins (Stamberg 1991; Stamberg &
Zajic 2000, 2008). The occurrence of Sphaerolepis kouno-
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Figure 14. Sphaerolepis kounoviensis (Fri¢, 1876). Isolated scale LS 85-Stl, locality Sutice. Scale bars 500 um. Arrow indicates directio cranialis.
* A — whole scale. « B — detail of sharply pointed posteriorly oriented protuberances.

viensis was also confirmed from Stephanian C of the Intra-
sudetic Basin (Stamberg 2003). It is obvious that this spe-
cies migrated among the basins of the Bohemian Massif in
the Late Carboniferous and constituted a permanent resi-
dent. The occurrence of Sphaerolepis kounoviensis is re-
stricted to the deposits of the Late Carboniferous only, it
does not occur in the Permian sediments of the Bohemian
Massif.

The genus Sphaerolepis is reported from two other re-
gions in addition to the Bohemian Massif. Small fragments
of bones and teeth were described from the Permo-Carbon-
iferous sediments of Illinois and Texas and classed by
Cope (1877) as Peplorhina arctata Cope, 1877 and later
(Case 1900) as the genus Sphaerolepis. Later Orvig (1978)
classified them as Sphaerolepis cf. arctata (Cope, 1877).
The figures of poorly preserved specimens include frag-
ments of the vomer or dermal bones of the medial region of

Figure 15. Sphaerolepis kounoviensis (Fri¢, 1876). « A — flank scale.
GBW 2006/54/42, locality Zd4r u Kumburku. Scale bar 1 mm. * B —ridge
scale from the dorsal side of the tail. MHK 81342, locality Nedvézi “Dump
of the Otto adit”. Scale bar 1 mm, arrow indicates directio cranialis.

the palatoquadrate, and they should not be classified as
Sphaerolepis.

Biirgin (1990) reported the genus Sphaerolepis from
the continental sediments of the North Swiss Permo-
carboniferous Basin. A fragment of trunk described as cf.
Sphaerolepis plus fragments of Aeduella sp. and scales and
fragment of cf. Paramblypterus fin were described by
Biirgin (1990) from a core drill at Weiach. The studied part
of the core drill is Early Permian in age, and the occurrence
of typical Permian genera Aeduella and Paramblypterus
confirm this. Radiometric dating of zircons from the ash
layers confirmed an age of 298 Ma (McCann et al. 2006)
for the most upper layers of this borehole. The fragment of
the anterior region of the trunk classified as cf. Sphae-
rolepis exhibits cycloidal form scales with concentrically
arranged incremental concentric ridges. The sharply
pointed posteriorly orientated protruberances, which are
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Figure 16. Sphaerolepis kounoviensis (Fri¢, 1876). « A —right cleithrum
in lateral view. GBW 2006/57/21, locality Kyje. Scale bar 2 mm. « B —
fragment of the parasphenoid in dorsal view. M 4891, locality Plouznice.
Scale bar 2 mm.

typical just in anteriorly located scales of Sphaerolepis
kounoviensis, were not observed, and no distinction be-
tween uncovered and overlapped surfaces of the scales was
evident. Due to the above mention factors I assume that the
classification of the body fragment as Sphaerolepis is very
uncertain.

At present it appears that the genus Sphaerolepis with
the species Sphaerolepis kounoviensis was restricted to the
Stephanian B and C of the Bohemian Massif basins.

Taphonomic comments

Disarticulated fragments of actinopterygians from the Car-
boniferous sediments of the Krkonose Piedmont Basin are
represented by isolated bones and mainly by isolated scales
and teeth. It is evident that the remains of the fishes follow-
ing death and decomposition were transported variable
distances. Some teeth and scales exhibit considerable abra-
sion of their outer surface or sculpture. Many teeth and
scales on the other hand retain the delicate sculptures on
their outer surface. It is obvious the fragments were pro-
bably transported over varying distances, and moreover, if
the skeletal fragments were transported together over a soft
muddy substrate their abrasion was reduced. The scales
and teeth from the grey-black mudstones of the St&pa-
nice-Cikvasky Lake Deposits (localities: Nedvézi “Dump
of the Rohan adit”, “Dump of the Otto adit”, Sutice) de-
monstrate much less abrasion than those from the “bone-
bed” horizon (Fri¢ 1912a, b) from the PlouZnice Lake De-
posits (localities: Plouznice, Zdar u Kumburku “Smita”).
The latter represents a layer of about only 5 mm thickness

182

of pinkish mudstone with an accumulation of actinoptery-
gian fragments, as well as other vertebrates, and it reflects
their accumulation from over a large area of the lake.

Fragments of Progyrolepis speciosus, “Elonichthys”
sp. and Spinarichthys dispersus were identified from the
Syfenov Formation (Stephanian B). No scales or other
fragments of Sphaerolepis kounoviensis have been found
in Stephanian B of the KrkonoSe Piedmont Basin. Sphae-
rolepis kounoviensis is on the contrary most abundant in
the sediments of the Semily Formation (Stephanian C), and
it occurs there together with Progyrolepis speciosus,
“Elonichthys” sp. and Spinarichthys dispersus. These
actinopterygians lived in the same environment. These
findings are documented not only in the same localities but
also with findings of different species together in the same
sample. For example the small sample MHK 81330 con-
tains the fragments of “Elonichthys” sp., Sphaerolepis
kounoviensis and Spinarichthys dispersus. Sphaerolepis
kounoviensis is most abundant in the locality Nedvézi
“Dump of the Otto adit” specifically in the layer with an ac-
cumulation of ostracods. I can assume the ostracods
formed the main diet of Sphaerolepis kounoviensis.

Palacogeography of Plouznice Lake and distinctions
between the Stépanice-Cikvésky area and PlouZnice area
of the Plouznice Lake are explained in the papers of Prouza
& Tasler (2001) and Zajic (2007). It should be added that
the composition of the actinopterygian fauna is the same in
the both areas. The difference is in the occurrence of in-
sects. Numerous wings of blattodean insects are known
from the PlouZnice area (Kyje, PlouZnice, Zd4r u Kum-
burku), while they are absent in the Stépanice-Cikvasky
area (Stamberg & Zajic 2008). The occurrence of insect
wings bears evidence to the proximity of the lakeshore. In
addition, the anterior part of a myriapod body (GBW
2006/54/9) from the locality Plouznice was discovered
among the remains of actinopterygians in the collection of
the Geological Survey in Vienna.

The above mentioned actinopterygian taxa are well
known from the Stephanian B and Stephanian C of the
Central and West Bohemian Upper Paleozoic basins. The
occurence of Progyrolepis speciosus, “Elonichthys” sp.,
Spinarichthys dispersus and Sphaerolepis kounoviensis in
the Stephanian sediments of the KrkonoSe Piedmonmt Ba-
sin provides evidence for the interconnection of the
Krkonose Piedmont Basin and Central and West Bohemian
Late Paleozoic basins during the course of Stephanian B
and C.

Conclusions
Progyrolepis speciosus, “Elonichthys” sp., Spinarichthys

dispersus and Sphaerolepis kounoviensis from the Carbo-
niferous sediments of the Krkonose Piedmont Basin can be
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Figure 17. Sphaerolepis kounoviensis (Fri¢, 1876). « A — right maxilla
in lateral view. GBW 2006/54/3, locality Kyje. Scale bar 2 mm, arrow in-
dicates directio cranialis. ® B — vomer in ventral view. GBW 2006/54/30,
locality Zd4r u Kumburku. Scale bar 2 mm, arrow indicates directio
cranialis.

distinguished on the basis of isolated scales, bones and teeth.
A comparative study of the actinopterygian fragments con-
firms the same actinopterygian fauna in the Central and
West Bohemian Upper Palaeozoic basins, and provides
evidence for an interconnection between these areas of ac-
cumulation during the Stephanian. The occurrence of
the genus Progyrolepis documents the interconnection
between the basins of the Bohemian Massif and the French
Massif Central through river system and lakes. Isolated
scales, as yet incompletely determined, of the genus Elo-
nichthys were compared with “Elonichthys” krejcii from
the Carboniferous of the Central and West Palaecozoic ba-
sins, and they demonstrate features consistent with those of
the type species Elonichthys germari from the Upper Car-
boniferous of the Halle Basin. Spinarichthys dispersus
complements a population of the family Aeduellidae in the
basins of the Bohemian Massif. Spinarichthys dispersus
inhabited the freshwater environment of the Stephanian B
and C of the Bohemian Massif and belongs to one of the
first aeduellids finds in the Permo-Carboniferous basins of
Europe. However the origin of the monophyletic group of
Aeduellidae should probably be searched for on the border
of the Mississippian and Lower Pennsylvanian in North
America. Sphaerolepis kounoviensis with its typical cyclo-
idal shaped scales and conspicuous protuberances on the
lateral side was an inhabitant of the KrkonoSe Piedmont
Basin, Intrasudetic Basin and the Central and West Bohe-
mian Late Palacozoic basins in the Stephanian B and C.
A trunk fragment with scales of cycloidal form but without
protuberances from the continental Permian deposits of the
North Swiss Permocarboniferous Basin should not be as-
signed to Sphaerolepis for the present. Detailed documen-
tation of isolated scales and skeletal fragments will make
determination of future findings easier. Microscopic exa-

Figure 18. Sphaerolepis kounoviensis (Fri¢, 1876). Part of the maxilla
with teeth. MHK 82662, locality Nedvézi “Dump of the Otto adit”. Scale
bar 500 um.

mination of the teeth of “Elonichthys” sp., Progyrolepis
speciosus and Progyrolepis heyleri document the absence
of longitudinal striae on the periphery of “Elonichthys”
teeth, but on the contrary their presence in both species
of Progyrolepis. The elliptical protuberances, proximo-
distally elongated and densely packed, form the micro-
sculpture on the teeth of “Elonichthys” sp., Progyrolepis
speciosus and P. heyleri. Elliptical protuberances arranged
in several convolutions are not a feature of only Progyro-
lepis speciosus, but the same arrangement can be seen on
the teeth of Progyrolepis heyleri. The study of scale mic-
rosculpture revealed a series of features. While the scales
of Spinarichthys dispersus on their lateral side have nu-
merous small microtubercles, a typical feature for ganoine,
of a circular shape, the microtubercles on the scales of
“Elonichthys” sp. are slightly antero-posteriorly elonga-
ted. The SEM study of scale and tooth microsculpture of
“Elonichthys” sp., Progyrolepis heyleri and Spinarich-
thys dispersus, disclosed microtubercles whose shape and

183



Bulletin of Geosciences * Vol. 91, 1, 2016

arrangement may be an important feature, and aid deter-
mination of isolated fragments of Late Palaeozoic acti-
nopterygians.
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