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Lycopsid strobili, either isolated or, rarely, in organic con-
nection with their parent plants, are common plant fossils
in the Pennsylvanian strata. The first lycopsid cone was
described by Brongniart (1828) as Lepidostrobus ornatus
Brongniart. Since that time, several other lycopsid genera
and numerous species have been established. Their deter-
mination has primarily been based only on the cone mor-
phology; however such an approach frequently resulted in
misinterpretation. This was confirmed when several isola-
ted specimens assigned to the same species provided diffe-
rent spores, or when similar cones were found in organic
connection with different types of leafy shoots (Bek &
Oplustil 2004, 2006). This proved that general morphology
is often insufficient for precise determination of isolated
cones especially in compression specimens. Consequently,
the use of additional characteristics such as in situ spores
and leafy shoots has been shown to be necessary. A con-
nection between a cone with leafy shoots from the parent
plant is, however, quite rare, and some cone species have
never been found with such a connection. On the other
hand, in situ spores are often successfully released from
lycopsid strobilus, thus providing a very helpful tool for
more precise identification of isolated cones. Therefore, in
situ spores often serve as one of the main criteria used for
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generic classification of lycopsid cones (Brack-Hanes &
Thomas 1983), and their description is now accepted as an
important part of their diagnoses (Chaloner 1953; Thomas
& Dytko 1980; Brack-Hanes & Thomas 1983; Bek &
Oplustil 2004, 2006). Based on spore content, cone mor-
phology and/or anatomy, and type of parent plant, several
cone genera born by the tree lycopsids Lepidodendron
Sternberg, Lepidofloyos Sternberg, Synchysidendron Di-
Michele & Bateman, Diaphorodendron DiMichele, Para-
lycopodites Morey & Morey emend. DiMichele & Willard,
Bothrodendron Lindley & Hutton and Sigillaria Brongni-
art, were established.

Until now, only a few bisporangiate Carboniferous
arborescent lycopsid cone genera were recognised: Fle-
mingites (Carruthers) Brack-Hanes & Thomas and Mos-
cvostrobus Naugolnykh & Orlova. The former was born on
the lepidodendrid lycopsid Paralycopodites (Bateman et
al. 1992, DiMichele & Bateman 1996). This cone genus
bears Lycospora orbicula-type microspores and Lageni-
cula or Lagenoisporites-type megaspores (Brack-Hanes &
Thomas 1983). Moscvostrobus, described from the only
specimen of an isolated cone from the Late Mississippian
of the Moscow Basin, represents a large spherical
bisporangiate strobili bearing Lycospora orbicula-type
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microspores and Sublagenicula-type megaspores (Nau-
golnykh & Orlova 2006). Cones of the remaining genera
were either microsporangiate (male) or megasporangiate
(female) or are rather interpreted as fertile zones or apex
[(e.g., Omphalophloios (White) Brousmiche-Delcambre et
al.]. No other types of arborescent bisporangiate lycopsid
strobili had been known until recently when such forms
were identified among specimens from the Intra-Sudetic
Basin in the Czech Republic. Although its general morphol-
ogy can resemble some Flemingites cones, it yielded com-
pletely different in situ spores; microspores are assigned to
the dispersed genus Cadiospora Kosanke whereas
megaspores are compared with the dispersed species
Sublagenicula levis (Zerndt) Dybova-Jachowicz ef al. and
both of them are described as in situ for the first time. There-
fore this cone must be proposed as a new organ genus.

Material and methods

The studied material involves three specimens (Z8 307a, b;
E 6353a, b; E 6354a, b) from the Radvanice coal group
(Stephanian B) of the Intra-Sudetic Basin, Czech Republic.
All the specimens were collected from the dump of the Ka-
tefina (formerly Stachanov) coal mine during its operation
in the 1980s. Specimens 78 307a, b are stored in the collec-
tions of the Czech Geological Survey, Prague, and speci-
mens E 6353a, b and E 6354a, b are in the collections of the
National Museum in Prague, Czech Republic. Photomic-
rographs of micro- and megaspores and slides with micros-
pores are stored in the Czech Geological Survey and De-
partment of Palaecobiology and Palaeoecology, Institute of
Geology, Academy of Sciences, Prague, Czech Republic.
Megaspores used for SEM are stored in the Czech Geologi-
cal Survey, Prague, Czech Republic.

Morphology of the cones is combined with a descrip-
tion of spores released from various parts of the strobili
(basal, middle and apical). Micro- and megaspores were re-
covered by dissolving small portions of cones (separated
from the cone specimens with a mounted needle) in nitric
acid for 24-48 hours and KOH for 1-2 hours. Most micro-
spores were mounted in glycerine jelly for direct micro-
scopic examination. Some mega- and microspores were
sputter-coated with gold for examination with a CAMECA

SX100 scanning electron microscope. Descriptive terms
for the spores follow the latest edition of the Glossary of
Pollen and Spore Terminology (Punt e al. 2007). Spores
are classified according to the system of dispersed spores
suggested by Potonié & Kremp (1954, 1955), Dettmann
(1963), and Smith & Butterworth (1967). In situ spores
were compared directly with the original diagnoses (type
specimens), descriptions and illustrations of dispersed
spore species. Species determinations are based only on the
original diagnoses, and not on the interpretations of subse-
quent authors.

Systematic part

Class Lycopsida Scott, 1909
Order Lepidocarpales Thomas & Brack-Hanes, 1984

Genus Thomasostrobus gen. nov.
Type species. — Thomasostrobus longus sp. nov.

Derivation of name. — In honour of Prof. Barry A. Thomas,
from the University of Aberystwyth, Wales, UK, excellent
palaeobotanist and friend.

Diagnosis. — Bisporangiate cylindrical lycopsid strobili
with lower megasporangiate and upper microsporangiate
parts. Sporophylls arranged in low angle spirals. Sporangia
oval, attached to adaxial surface of sporophyll pedicel
along its length. Abaxial keel along length of pedicel. Mic-
rospores laevigate trilete with circular to subcircular amb
and prominent labrum. Oval to circular trilete megaspores
with subgula. Prominent triradiate tecta and contact area
delimited on the distal surface by distinct curved ridges.
Triradiate ridges and part of the contact area elevated near
the apex, creating regular pyramidal triangular subgula.

Comparison. — Thomasostrobus is comparable to the ge-
nera Flemingites, Moscvostrobus and Sigillariostrobus.
Thomasostrobus and Flemingites represent morphologi-
cally similar narrow cylindrical cones with sporophylls at-
tached to the cone axis in low angle spirals. Both genera are
also bisporangiate, with megasporangiate and microspo-

Figure 1. A — Thomasostrobus longus sp. nov. Specimen No. ZS 307a bears remains of six strobili preserved in a dark grey slab of “roof shale”. “H” in-
dicates cone selected as the holotype. Katefina (formerly Stachanov) Mine in Radvanice near Trutnov, NE Bohemia, Radvanice group of coals,
Stephanian B, Intra-Sudetic Basin. Megasporangiate and microsporangiate parts of cones indicated. Arrows point to the boundary between
megasporangiate and microsporangiate parts of cones. Photographed in polarised light. Scale bar 20 mm, x 0.85. * B — in situ microspores isolated from
Thomasostrobus longus sp. nov. (ZS 307a) and compared to the dispersed spore species Cadiospora magna Kosanke. Notice prominent elevated rays of
trilete mark on the proximal surface (upper microspore specimen) and laevigate sculpture on the distal surface (lower microspore specimen). SEM. Scale
bar 20 pm. ¢ C — in situ microspore isolated from Thomasostrobus longus sp. nov. (ZS 307a) and compared to the dispersed spore species Cadiospora
magna Kosanke. Notice prominent elevated rays of trilete mark on laevigate proximal surface. SEM. Scale bar 20 um. * D-F — in situ microspores isolated
from Thomasostrobus longus sp. nov. (ZS 307a) and compared to the dispersed spore species Cadiospora magna Kosanke. All x 500.
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rangiate parts. Their in situ spores are, however, different.
Thomasostrobus produced Cadiospora microspores and
Sublagenicula megaspores, whereas Flemingites cones
contain microspores of the Lycospora orbicula-type and
megaspores of the Lagenoisporites or Lagenicula-types.

The genus Moscvostrobus from the Late Mississippian
(Serpukhovian) of the Moscow Basin is similar to Thoma-
sostrobus only in its bisporangiate character and in having
the same type of megaspores, i.e. Sublagenicula-type. Its
microspores are, however, Lycospora orbicula-type and
therefore do not correspond with those of Thomasostrobus.
Also the cone morphology is quite different; Moscvo-
strobus strobili are large and spherical whereas those of
Thomasostrobus are cylindrical.

The genera Thomasostrobus and Sigillariostrobus are
similar in cone morphology but they clearly differ com-
pletely in being bisporangiate or monosporangiate, respec-
tively, and in the type of in sifu spores. Female strobili of
Sigillariostrobus bear megaspores of the genera Tuber-
culatisporites Ibrahim or Laevigatisporites (Ibrahim)
Potonié & Kremp and male cones contain only micro-
spores of the Crassispora-type which differ from those of
Thomasostrobus cones. Both cone genera, however, are
represented by narrow cylindrical cones with sporophylls
arranged in low angle spirals. The laminae of Sigilla-
riostrobus cones usually have ciliate margins. Based on the
available study material, it is also impossible to recognise
if Thomasostrobus represents a pedunculate type of cone,
thus displaying further similarity to the genus Sigilla-
riostrobus.

Remarks. — Erection of the new genus Thomasostrobus is
based mainly on its bisporangiate nature and character of
its in situ spores, which are quite different from the spores
of any other bisporangiate lycopsid strobili. Thus the spore
content provides the most reliable way to determine this
genus.

Thomasostrobus longus sp. nov.

Figures 1A, 2-4

Holotype. — Cone indicated as “H” on specimen ZS 307a, b
(part and counterpart) stored in the collections of the Czech

Geological Survey, Prague, Czech Republic.

Type locality. — Katefina (formerly Stachanov) Mine in Rad-
vanice near Trutnov, NE Bohemia, Intra-Sudetic Basin.

Type horizon. — Radvanice group of coals (Stephanian B,
Late Pennsylvanian), Jivka Member, Odolov Formation.

Derivation of name. — According to the apparent length of
this cone species.
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Material: The studied material involves three specimens
(ZS 307a, b; E 6353a, b; E 6354a, b), including the type
specimen (ZS 307a, b, which is part and counterpart). The
specimens come from the Katefina Mine in Radvanice and
are preserved in shale as compressions or impressions.
Specimen ZS 307a, b is stored in the collections of the
Czech Geological Survey, Prague, and specimens E 6353a,
b and E 6354a, b are in the collections of the National Mu-
seum in Prague, Czech Republic.

Diagnosis. — Bisporangiate cylindrical strobili, more than
230 mm long, 18-20 mm wide without distal laminae and
24-26 mm wide including them, with lower megasporangi-
ate and upper microsporangiate parts. Axis 4 mm in diame-
ter. Pedicels triangular, 6-7 mm long, in low spirals perpen-
dicular to the cone axis, distal laminae triangular with
straight entire margins, 17-22 mm long and 3 mm wide at
the base. Sporangia oval, about 5.5-6.5 mm long and 2 mm
wide. Trilete circular to subcircular microspores. Exine of
both surfaces laevigate. Rays of trilete mark with prominent
labrum. Circular tectate megaspores with subgula. Triradiate
ridges and part of the contact area are elevated near the apex
and create a regular pyramidal triangular subgula. The scul-
pture of the three-layered exine is laevigate and punctate.

Description of cones. — The holotype is a cone preserved in
a slab of grey thinly bedded mudstone from the roof of the
coal seam. This slab contains the remains of at least six in-
complete, long, narrow cones of comparable size and mor-
phology of which the one indicated by “H” is selected here
as the holotype (Fig. 1A). The most complete fragment is
240 mm long, however, neither base nor apex is preserved
on any cone. The width is more or less constant along the
entire preserved length, and varies between 18 and 20 mm
without distal laminae and between 24 and 26 mm inclu-
ding distal laminae that are adpressed to the cone body.
Megasporangiate and microsporangiate zones are clearly
distinct (Fig. 2), and the boundary between them is abrupt.
The megasporangiate zone occupies approximately the ba-
sal third of the preserved cone, whereas the remaining up-
per two-thirds represents the microsporangiate part. The
megasporangiate zone of the most complete specimen is
90 mm long and the longest preserved microsporangiate
zone measures 170 mm long. Cones are split mostly along
the surface or, in the case of megasporangiate parts, along
the megasporangia surfaces. However, individual sporan-
gia are not distinguishable, probably due to the partial di-
sintegration of the cone prior to fossilisation. Instead, mas-
ses of megaspores can be seen with the naked eye to cover
the cone surface (Figs 2A, C-E, 3D, E). Locally, they are
grouped into oval bodies that probably represent the out-
line of former sporangia (Fig. 2A). Laminae are not clearly
seen on the holotype. Where measurable, they are narrow,
triangular with entire margins, 17-22 mm long and 3 mm



Stanislav Oplustil et al. * A new bisporangiate lycopsid cone Thomasostrobus from the Late Pennsylvanian

gl 754,

Figure 2. A-detail of megasporangiate part of the cone C1. Scale bar 5 mm, x 2. * B —megaspores of the cone C1. Detail of Fig. 2A. Scale bar 3 mm, x 6.
e C — Thomasostrobus longus sp. nov. Detail of the central part of cones from the holotype. Note the contact between megasporangiate (right) and
microsporangiate (left) parts of strobili. Czech Geological Survey, Prague (Specimen No ZS 307a). C1-C4 indicates particular cones. Megasporangiate
and microsporangiate parts of cones indicated. Arrows point to the boundary between megasporangiate and microsporangiate parts of cones. Scale bar
10 mm, x 1. * D — detail of the contact between megasporangiate and microsporangiate parts of the cone C4. Scale bar 5 mm, x 2. * E — detail of
megasporangiate part of the cone C1. Scale bar 6 mm, x 3. * F — detail of microsporangiate part of the cone C4. Scale bar 6 mm, x 3.

wide at the base. Very fine striations parallel to the laminar
margins can be sometimes observed under the binocular
microscope (Fig. 2F). They most probably represent scle-
renchymatic thickenings. Axes typically are seen only as
outlines overprinted by the cone surface, although two,
1-2 cm long, cone fragments are split along the 4 mm wide
axes. Small scars arranged as low angle spirals cover the
axis surface. The distance between neighbouring spirals
varies between 2.5 and 2.7 mm.

Another Czech specimen (E 63544, b) is a 230 mm long
fragment of a cylindrical strobilus missing its base (Fig. 3).
The apex is gently pointed (Fig. 3B). The cone is split
along the surface so the axis can be seen along the entire

length. It is 4 mm thick except in the apical part where it
thins to 3.2 mm (Fig. 3B, C). Small leaf scars are typically
arranged in slightly ascending (up to about 25°) spirals
(Fig. 3A-C, F). Neighbouring verticils are 2.5 mm apart.
There are 3—4 leaf scars in each of them. Pedicels are not
clearly visible, however, they are perpendicular to the cone
axis except in the apical part of the cone where they are at-
tached, slightly down pointing, at an angle of 20 to 30°
(Fig. 3B, C). They are 67 mm long. Laminae preserved
along the cone margins are adpressed to the cone body and
bend gently toward the cone tip. Middle and lower parts of
this specimen provided megaspores of the Sublageni-
cula-type, whereas Cadiospora magna microspores were
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released from an area about 40 mm below the apex. The
boundary between mega- and microsporangiate zones is
not clearly distinct in this specimen.

The remaining specimen E 6353 from the same locality
as the holotype represents an 80 mm long fragment of the
central part of a cylindrical cone split along the surface
(Fig. 4). The cone is 23-25 mm wide including the laminae.
Its axis is identical with that of the previous specimen
(E 6354). The shape and size of sporophylls are also identi-
cal. Pedicels are triangular both from a lateral and horizontal
view. They are approximately 6 mm long, with a keel along
the abaxial margin that is terminated at its distal end by a
heel. Here the pedicels are about 2 mm high and 2 mm wide.
Sporangia are oval, adaxially attached and filling most of the
space between neighbouring pedicels. Pedicels are attached
perpendicularly, although in the basal part of the cone frag-
ment they are turned downward (Fig. 4A, B, D). This speci-
men provided both Sublagenicula megaspores and
Cadiospora microspores. Megaspores were released from
the lower half of the cone fragment, whereas microspores
were recovered from a sample taken from the upper part.

Description of spores. — Microspores prepared from the
holotype are all morphologically very similar, except for a
slightly variable diameter. They are circular to subcircular
trilete and 89 (101) 113 pm in diameter. The laevigate
exine is 3—-4 um thick. Rays of the trilete mark reach
two-thirds to three-quarters of the radius (Fig. 1B—F). The
labrum is 8 (10.7) 12 pum wide and high. Microspores can
be assigned to the dispersed genus Cadiospora and are
comparable with the species Cadiospora magna.
Megaspores are triradiate tectate with subgula (i.e.
morphological type of gula formed of tecta which are
raised and/or thickened from the middle part of the tectum
to the sharp apex, Dybova-Jachowicz et al. 1979). They are
633 (828) 1012 pum long along the polar axis and 600 (710)
866 um wide. More than 90% of the megaspores are pre-
served as lateral compressions (Fig. 5). The lateral shape is
roughly oval to broadly circular with a subtriangular
subgula shape at the apex. The equatorial shape is circular
to broadly circular or subtriangular. Triradiate ridges (tec-
tum) are prominent, 404 (471) 557 um long, and 30 um
wide and high. The tectum and a part of the contact area
create a pyramidal subgula at the apex (Fig. 5). Haptotypic
features consist of prominent triradiate tecta and a rela-
tively large contact area delimited on the distal surface by
distinct curved ridges. Contact areas are distinct and rela-
tively large, being delimitated by more or less developed

arcuate ridges. Where the tecta meet the arcuate ridges,
horn-like extensions of the tecta may be developed. Arcu-
ate ridges are darker, 30 um wide and 10-20 pm high,
rounded in profile, and sometimes almost reach the equa-
tor. The pyramidal subgula is well developed, 177 (230)
278 um high, 175-215 pm wide, and restricted at the base.
It possesses three folds. Rays of the trilete mark are
180-250 um long and often opened (Fig. SD-F). The exine
observed in reflected light seems to be laevigate, faintly
glossy with low folds and impressions of the other
megaspores in the original tetrads. However, a two- or
three-layered, punctate exine can be seen in SEM
(Figs 6-8). The outer punctate layer is 10—15 um thick, and
its surface is sponge-like. This layer possesses irregular,
several short fibres at the base (Figs 6-8). Fibres of
sporopollenin are not oriented in any particular direction
and are larger inside (length of the fibres is < 1 um, their
width <4 um). The middle exine layer is more condensed
(2-3 pm thick), and can be present in the area of the
subgula. The third (innermost) exine layer is very thin,
laevigate, and glossy. Many ubish bodies and/or their im-
pressions occur on the megaspore surface. The megaspores
are comparable to the dispersed species Sublagenicula le-
vis (formerly Lagenicula levis Zerndt). Dispersed Subla-
genicula levis megaspores are known from the same local-
ity and stratigraphic level as the holotype of
Thomasostrobus longus (Radvanice in the Intra-Sudetic
Basin, Radvanice group of coals, Stephanian B). Subla-
genicula levis also commonly occur in Stephanian coal
seams of central and western Bohemia, i.e., in the Kounov
and Mélnik coal groups (Table 4).

Kalibova (1951) described and determined similar dis-
persed megaspores as Triletes nudus (Nowak & Zerndt)
Schopf et al. from the Lubna coal group of the Radnice
Member (Bolsovian) in central Bohemia. This author con-
sidered Triletes levis (Zerndt) Schopf er al. to be a
synonymum of Triletes nudus. Because of the different
stratigraphic position of these megaspores, coal from these
seams was re-examined by one of the authors (JD) to com-
pare dispersed Triletes nudus megaspores with those re-
covered from Thomasostrobus. Megaspores obtained from
the Lubna coals are laevigate with a subgula of the Subla-
genicula nova-type sensu Dybova-Jachowicz et al. (1979).
Some of them are comparable in size to megaspores from
Thomasostrobus longus; however, their exine is thicker
(45-55 pm) and glossier. Arcuate ridges are often indis-
tinct and the subgula is not restricted at the base. Mega-
spores from the Lubna coal group also differ from those of

Figure 3. A —Thomasostrobus longus sp. nov. Specimen E 6354a. National Museum in Prague. Scale bar 10 mm, X 0.9. ¢ B —apical part of the specimen
from the Fig. 3A. Scale bar 3 mm, x 3. ¢ C — detail of Fig. 3B. Axis showing imprints of pedicel arranged into low angle spirals. Scale bar 4 mm, x 6.
* D — lower central part of the cone with megaspore tetrad. Scale bar 3 mm, x 3. * E — detail of the megaspore tetrad from Fig. 3D. Scale bar 1 mm, x 9.
* F — basal megasporangiate part of cone fragment of the same specimen. Scale bar 3 mm, x 3.
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Figure 4. A — Thomasostrobus longus sp. nov. Specimen E 6353a. Natural size. National Museum in Prague. Scale bar 10 mm, x 1. * B — detail of the
axis and sporophylls of the same specimen. Scale bar 3 mm, x 3. ¢« C — detail of sporophylls with laminae. Scale bar 3 mm, x 3. ¢ D — detail of pedicels and
axis from basal part of the specimen E 6353. Scale bar 3 mm, x 3.

Thomasostrobus longus in being more massive. Such
megaspores belong to Sublagenicula nuda sensu Dybo-
va-Jachowicz et al. (1979) and were presumably produced
by a different parent plant. This is in agreement with the ab-
sence of Cadiospora microspores in the Lubna coal group.

Winslow (1959) described the dispersed megaspores
Triletes levis (Zerndt) Schopf et al. from Illinois and appar-
ently considered the general shape and dimensions to be
identical to those illustrated by Zerndt (1937). She also
compared her spores with those described by Dijkstra
(1958), who prepared them from the specimens from Kan-
sas that were re-examined above.

Megaspores of the Sublagenicula (Triletes) levis-type
are also very similar to the dispersed species Triletes his-
panicus Dijkstra described by Dijkstra (1955) from the late
Stephanian/early Permian Puertollano Coalfield in Spain.
Dybova-Jachowicz et al. (1987) re-examined Dijkstra’s orig-
inal material and assigned his species to Sublagenicula nova
(Dijkstra) Dybova-Jachowicz et al. However, we interpret
Triletes hispanicus as Sublagenicula levis, which indicates
that the parent plant of Thomasostrobus longus occurred in
this coalfield. Finally, an overview of the stratigraphic
ranges and geographic distribution of dispersed megaspores
of the genus Sublagenicula is provided in Table 4.

Comparison. — Thomasostrobus longus is thus far the only

species of this newly erected genus. Comparison is there-
fore possible only with morphologically similar species of
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other lycopsid genera or cones which yielded Subla-
genicula-type megaspores (in situ Cadiospora microspo-
res are described for the first time in this paper).
Thomasostrobus longus surprisingly shows the greatest
similarity to at least two sigillarian cone species producing
Sublagenicula megaspores known in the literature. These
are Sigillariostrobus spectabilis Renault and Sigillario-
strobus major from Blanzy. Both Renault (1888) and Zeil-
ler (1906) suggested that these cones were most probably
born on Sigillaria brardii Brongniart. However, their con-
clusion is based only on the association of cones with bark
or leaves of Sigillaria brardii. Renault’s (1888) species
Sigillariostrobus spectabilis, which he figured on Plate III,
fig. I and Plate I'V, fig. 1, is a cone reaching more than 5 cm
in diameter, i.e., nearly twice as wide as Thomasostrobus
longus. This difference is, however, related to the fact that
the distal laminae stand away from the cone body. Thus,
Renault’s specimen may have been preserved in a more
progressed stage of maturation, as the cone body (axis and
pedicels) itself is of comparable size and morphology to
Thomasostrobus longus. Another of Renault’s (1888; Plate
IV, fig. 2) specimens represents a small cone fragment that
he also connected with Sigillaria brardii. Near the apex of
this specimen, triangular pedicels attached to the axis are
oriented downward similarly to 7. longus cones. Renault’s
(1888) specimen from his Plate III, fig. 1 was later
refigured by Zeiller (1906), who provided photographs that
included some details of the megaspores. They resemble



Stanislav Oplustil et al. * A new bisporangiate lycopsid cone Thomasostrobus from the Late Pennsylvanian

Figure 5. In situ megaspores isolated from the holotype and from the specimen No. E 6354 (Fig. 5J-M) of Thomasostrobus longus sp. nov. from the
Radvanice locality, the Intra-Sudetic Basin, and compared with the dispersed species Sublagenicula levis (Zerndt) Dybova-Jachowicz et al. Scale bar
10 um. « A—C —lateral view. SEM. x 60. ¢ D-F, H-I — proximal view. SEM. x 60.e G-I — less mature specimens. G — lateral view, H, I — proximal view.
Note distinct horn-like extension of the tecta developed where the tecta meet the arcuate ridges. SEM. x 60. ¢ J —side view. SEM. x 100. « K, M — lateral
view. Reflected light. x 60. * L — proximal view. Reflected light. x 60.

those of the Sublagenicula-type, but nevertheless, the pho-
tograph is too poor for a more reliable comparison. Noth-
ing, however, is known about the microspores of either
specimen, and therefore, the relationship of Renault’s spe-
cies to 7. longus remains open.

Sigillariostrobus major is another Sublagenicula-pro-
ducing species very similar to 7. longus. Unfortunately,
Germar’s (1851) original specimen, described as Volk-
mania major Germar, is a rather poorly preserved cone
fragment from the Wettin Basin, Germany, where the coal
rank is too high to be suitable for maceration of spores.
Consequently, it is impossible to obtain reliable evidence
regarding the systematic position of this cone. Later,
Zeiller (1906) described a nearly complete strobilus from
Blanzy, SE France which he compared with Germar’s
Volkmania major. It is a 210 mm long and 30 mm wide cy-
lindrical strobilus that, according to Zeiller, was probably

born on Sigillaria brardii, and therefore, he re-assigned
Germar’s species to the genus Sigillariostrobus. Based on
Zeiller’s (1906) figures, Sigillariostrobus major produced
smooth gulate megaspores with diameters varying between
1000 and 1500 pm when mature and between 800 and
1000 um when immature. These megaspores are clearly of
Sublagenicula-type, however, Zeiller’s description and
figures are not sufficient for reliable comparison with
spores obtained from Thomasostrobus longus. This is also
the case for the species Sigillariostrobus spectabilis de-
scribed by Renault (1888), which Zeiller (1906) later
refigured including megaspores. To make the relationship
between these French species and T. longus clearer, we
tried to find and re-examine Renault’s and Zeiller’s speci-
mens in the palacobotanical collection of the Muséum Na-
tional d’Histoire Naturelle in Paris. Unfortunately, only
Sigillariostrobus spectabilis was found in the collection.
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Figure 6. Megaspores isolated from the holotype of Thomasostrobus longus sp. nov. and compared with the dispersed species Sublagenicula levis
(Zerndt) Dybova-Jachowicz et al. (magnification x 60, scale bar 100 pm; x 500, scale bar 20 um; x 2000, scale bar 5 um). * A —lateral view. SEM. x 60.
* B —detail of Fig. A showing open triradiate ridges and subgula (germinate ruptures). SEM. x 500. ¢« C — detail of Fig. 6A and 6B showing clearly fibrous
structure of inner side of outer subgula layer. Note the orientation of fibres. SEM. x 2000. ¢ D — detail of Fig. 6A in proximity to germinate rupture of
subgula where the exine is thinner and nearly compact. Further away from the subgula the external exine surface is granulate to poorly fibrous. SEM.
% 2000. « E — lateral view. SEM. x 60. ¢ F — detail of Fig. 6A showing exine structure. View of the internal surface of exine. SEM. x 2000.

Samples taken from both ends of this cone fragment where
base and apex are missing provided only poorly preserved
Sublagenicula megaspores and no microspores. Conse-
quently, although the French specimens are very similar to
T. longus from the Intra-Sudetic Basin, we cannot be abso-
lutely sure whether they really represent the same species
or not. The same can also be stated regarding the
Sublagenicula-producing cones described by Dijkstra
(1958) who studied and figured lycopsid cones and their
megaspores from the Late Pennsylvanian of Kansas, USA.
These cones identified as Sigillariostrobus cf. major are
morphologically very similar to 7. longus. Therefore we
re-examined Dijkstra’s specimens now stored in the collec-
tions of the National Museum of Natural History (Natu-
ralis) in Leiden, Netherlands. Comparison of the Czech and
American specimens has not revealed any significant dif-
ferences in morphology and size, despite the slightly dif-
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ferent mode of preservation. The American specimens
consist of eight small slabs with fragments of cylindrical
strobili, including an apical part which is about 20 mm long
and pointed. The base is not preserved on any cone. The
cone axis is about 4 mm wide. Sporophylls are arranged in
low angle spirals, being 2.7 mm apart in the vertical direc-
tion. Pedicels are, similarly to the Czech specimens, per-
pendicular to the cone axis or bent gently downward and
between 6 and 7 mm long. Sporangia are oval, 5.5-6 mm
long and 2 mm high. Distal laminae are triangular with
slightly concave margins, entire, and between 19 and
22 mm long and 2.8 to 3 mm wide at the base. They are bent
towards the cone apex and usually adpressed to the cone
body. Megaspores obtained from the specimens 12271,
12275 and 12276 [collection of the National Museum of
Natural History (Naturalis) in Leiden, Netherlands] are
very similar in size and morphology to those from the
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Figure 7. In situ megaspores isolated from the holotype of Thomasostrobus longus sp. nov. and compared with the dispersed species Sublagenicula le-
vis (Zerndt) Dybové-Jachowicz et al. (magnification x 500, scale bar 20 um; x 1000, scale bar 10 um). « A—E — details of open triradiate ridges (germinate
ruptures). Notice structure of exine and spherical tapetal bodies on the surface of the exine. A —detail of Fig. 5D. SEM. x 500. B — detail of Fig. SE. SEM.
% 500. C — detail of Fig. SF. Note the smooth and glossy internal surface of exine. SEM. x 1000. D, E — detail of Fig. SE. Note the exine consists of three

layers. SEM. D x 500, E x 1000.

Czech specimens of T. longus. Slight differences can be ex-
plained by various stages of maturity and/or abortivity.
Therefore we consider megaspores released from Czech
and American specimens to be identical, i.e., of the Subla-
genicula levis-type. Nearly all of them represent fragments
of megasporangiate parts of cones, except specimen No.
12272a, which represents the apical part of a strobilus. This
part was presumably microsporangiate, however, no
spores have been obtained because of the absence of coal
matter. Nevertheless, maceration of the rock in which this
specimen is preserved provided a spectrum of dispersed
spores, among which Cadiospora was the most abundant
element. Although it is quite likely that the American spec-
imens are also bisporangiate, direct evidence of this state-
ment is still absent and we cannot be quite sure. This con-
clusion is well supported by the recently described new
megasporangiate lycopsid cone genus Nudasporestrobus
Feng et al., 2008 with the only species N. ningxicus Feng et

al. of sigillarian affinity from the Early Pennsylvanian of
China. Cones of this genus are monosporangiate with
megaspores comparable with the dispersed spore species
Sublagenicula nuda (Zerndt & Nowak) Dybova-Jacho-
wicz et al. It means that Nudasporestrobus and the here
erected genus Thomasostrobus, bear megaspores of the
same genus (but different species). Moreover, their cones
also display a quite high level of similarity. Both genera
represent long, narrow cylindrical strobili with sporophylls
arranged as a low ascending helix. Cones are of similar
size, more than 200 mm long and about 20 mm wide. Slight
differences seem to be in the shape of the pedicel and
laminae which are generaly a little longer in Thomaso-
strobus. Unfortunatelly, peduncle character of the
Nudasporestrobus cone could not be neither confirmed nor
excluded in Thomasostrobus cones because all the cur-
rently known and here-described specimens lack a cone
base. Thus the main difference between Nudasporestrobus
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and Thomasostrobus remains their mono- a bisporangiate
character, respectively. The possibility that microspores
could not be obtained from the Chinese specimen is quite
low since the type collection includes 109 specimens and
many of them have preserved apical parts which in Thoma-
sostrobus bears microspores.

Concerning the comparison of Thomasostrobus longus
with bisporangiate lycopsid cones, the only other such or-
gan genus bearing micro- and megaspores within a single
cone are Moscvostrobus and Flemingites. Comparison
with Moscvostrobus is already provided in the section re-
lated to a comparison of Thomasostrobus with similar gen-
era. Similarity between 7. longus with representatives of
the genus Flemingites is in both cone morphology and in
situ spores. Some representatives of the genus Flemingites
have long cylindrical strobili [e.g. F. gracilis (Carruthers)
Brack-Hanes & Thomas] resembling cones of T. longus so
comparison might be difficult. The most reliable feature
separating such species is their spores. Moreover, most of
these Flemingites species are restricted to the Namurian
and Westphalian, whereas only exceptionally they occur in
the middle Stephanian (Brack-Hanes & Thomas 1983).

There are also a few cones of the morphogenus
Lepidostrobus which can be compared with the genus
Thomasostrobus with regard to cone morphology. The
most apparent similarity exists between 7. longus and
Lepidostrobus thomasii Bek & Oplustil, which is a male
cone bearing Lycospora uzunmehmedii Artiiz microspores.
Lepidostrobus thomasii is a microsporangiate cylindrical
strobilus about 20 mm wide and more than 300 mm long
with an arrangement of sporophylls similar to Thomaso-
strobus longus. In addition to differences in the sex nature
and type of spores produced, which serve as the best tools
for their identification, these two cone taxa also differ in
their stratigraphic ranges. Lepidostrobus thomasii occurs
in lower to middle Westphalian strata, whereas Thomaso-
strobus longus is known only from the Stephanian.

Stratigraphic range and geographic distribution. — Tho-
masostrobus longus has been reliably identified only in
the Intra-Sudetic Basin, Czech Republic where it occurs
in the Radvanice coal group of the Jivka Member (upper
part of the Odolov Formation) of the Stephanian B age
(Tasler et al. 1979). However, the stratigraphic range and
geographic distribution of spores produced by these cones
is much larger. Cadiospora-type microspores have a stra-
tigraphic range from Asturian to Autunian. Even larger is
the range of Sublagenicula-type megaspores which span
the interval from the Viséan to the late Stephanian. The
disproportion between the ranges of megaspores and co-
nes indicate that 7. longus probably was not the only pro-
ducer of Sublagenicula-type megaspores as indicated by
the genus Nudasporestrobus from the middle — late Na-
murian of China.
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Parent plant. — All the specimens of 7. longus from the type
collection are only isolated cones, not associated with any
type of vegetative lycopsid stem. Consequently, any direct
correlation with a parent plant is currently impossible. Setlik
(in Tasler et al. 1979) in the list of flora from the Radvanice
group of coals mentioned the following lycopsid species:
Lepidodendron gaudrii Renault, Sigillaria brardii, S. ich-
thyolepis (Presl in Sternberg) and Asolanus camptotaenia
Wood. Each of these species could be a potential parent
plant. Sigillaria brardii was mentioned as often occuring in
association with Sublagenicula-bearing Late Pennsylvanian
cones from Blanzy, France (Zeiller 1906) and from Kansas,
USA (Dijkstra 1958). The affinity of the Kansas specimens
to sigillarians is based on the original discovery of these spe-
cimens by Jongman who found them as a single slab contai-
ning several cones attached to a stem which he identified as
Sigillaria brardii (see details in Dijkstra 1958). Unfortuna-
tely, only fragments of cones from this original slab are avai-
lable in the collection of the National Museum of Natural
History (Naturalis) in Leiden, Netherlands. No remains of
the parent plant are present in association with the cones ex-
cept long, grass-like leaves that may belong to Sigillaria
brardii. It is, therefore, impossible to confirm Jongman’s de-
termination for the stem and whether the cones were really
in organic connection to it. Although all these cones appa-
rently resemble those of the here-erected Thomasostrobus
longus from the Intra-Sudetic Basin, it is currently impos-
sible to prove whether 7. longus is really identical with these
cones or not. The main reason is that until now no microspo-
res have been obtained from the French and American speci-
mens. Moreover, any connection between Sigillariostrobus
major and Sigillaria brardii as the parent plant also remains
unproved.

Ecology. — All known specimens of 7. longus are preserved
in shale associated with an abundance of fragments of aerial
parts of plants. The most common plant remains are flatte-
ned casts and impressions of Calamites Schlotheim trunks.
The character of the rocks, mode of preservation of plant
fossils, and absence of roots indicate that the shale was a la-
custrine sediment and that the plant assemblage is of al-
lochtonous origin and probably drifted in from the lake
margins or shallows. Therefore, the parent plant of 7. lon-
gus most likely preferred growing on the clastic substrates
of lake coasts or floodplain areas.

An overview of spores related
to Thomasostrobus
Cadiospora miospores

The genus Cadiospora was established by Kosanke (1950,
pp- 166, 167) for: “Radial sub-spherical to roundly triangu-
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lar miospores. Trilete rays are distinct reaching up to
three-quarters radius in length, ray ends apparently bifur-
cating, area contagionis differentiated by its thinner exine,
labra well developed. Exine surface laevigate, punctate to
infrapunctate, exine normally 5-10 um thick, usually thic-
ker beyond the ray-ends and developing one or more
mounds.” Kosanke did not mention the occurrence of a cin-
gulum or equatorial thickening (crassitudo).

Bharadwaj (1954) proposed the morphologically simi-
lar genus Gravisporites Bharadwaj, which he distinguished
from Cadiospora by its massive equatorial crassitudo but
he considered that Cadiospora has a cingulum. Bharadwaj
(1954) established Gravisporites sphaerus (Butterworth &
Williams) Bharadwaj (formerly Cadiospora sphaera But-
terworth & Williams) as the type species of Gravisporites.

Venkatachala & Bharadwaj (1964) described six dis-
persed species of Cadiospora, including four new ones:
C. aggera Bharadwaj & Venkatachala, C. laminata
Bharadwaj & Venkatachala, C. fumula Bharadwaj &
Venkatachala, and C. absoluta Bharadwaj & Venkata-
chala. Peppers (1964) erected another species, C. fifthiana,
characterised by its relatively small diameter and a thin
labrum. Clendening (1975) reported miospores described
as “Genus A” that resemble Cadiospora.

Bohacova (1962) proposed the new species Cadio-
spora bohemica Bohacova from the Stephanian B of the
Kladno-Rakovnik Basin as the first Cadiospora species
from the Czech coalfields.

Kalibova (1963) proposed the dispersed species Lyco-
spora butterworthii Kalibova, which she later (Kalibo-
véa-Kaiserova 1972) assigned to Cadiospora as C. butter-
worthii (Kalibova) Kalibova-Kaiserova. However, this
species possesses a strange equatorial thickening, inter-
preted as the cingulum, and its classification as Cadiospora
is thus questionable. In 1972, Kalibova-Kaiserova also de-
termined five Cadiospora species from the Stephanian B of
the MSeno Basin, Czech Republic: C. butterworthii, three
new forms of Cadiospora (C. magna f. major Kalibo-
va-Kaiserova, C. magna f. minor Kalibova-Kaiserova, and
C. magna f. plicata Kalibova-Kaiserovd), and one species
of Gravisporites (G. sphaerus Kosanke & Bharadwaj). The
list of dispersed miospores of Cadiospora and Gravi-
sporites is summarised in Table 1.

Miospores of the Cadiospora-type occur mainly in the
Stephanian of the Czech Republic (Drabkova in Pesek
1994), but their records are also known from Asturian
strata of the Pilsen, Kladno-Rakovnik, MSeno and Mni-
chovo Hradi$té basins, and from Asturian to Autunian
strata of the Intra-Sudetic and Krkonose Piedmont basins.
The geographic and stratigraphic occurrences of miospores
of Cadiospora and Gravisporites in the Pennsylvanian of
the Czech Republic are given in Tables 2 and 3.

The systematic position of Cadiospora had been
changed. Potonié & Kremp (1954) referred spores of this

Figure 8. In situ megaspores isolated from the holotype of Thomaso-
strobus longus sp. nov. and compare with the dispersed species Sub-
lagenicula levis (Zerndt) Dybova-Jachowicz et al. (magnification x 500
and x 1000, scale bar 10 um). * A — detail of Fig. 5J. Transverse cut
through subgula and megaspore body. SEM. x 500. ¢« B, C — detail of
Fig. 5D showing external surface of the subgula SEM. B x 500, C x 1000.
* D, E—detail of Fig. 5B showing external distal surface of the megaspore.
SEM. D x 500, E x 1000.

type to trilete cingulate spores of the turma Zonotriletes,
infraturma Cingulati, and supposed that Cadiospora pos-
sesses an equatorial thickening (cingulum). Venkatachala
& Bharadwaj (1964) redefined Cadiospora as trilete spores
without a cingulum (turma Azonotriletes, infraturma
Laevigati) (i.e., they confirmed Kosanke’s (1950) original
concept). Cadiospora sensu Smith & Butterworth (1967)
belongs to subturma Azonotriletes, infraturma Apiculati
and subinfraturma Granulati (i.e., among non-cingulate
taxa). Most Czech Carboniferous palynologists (e.g.,
Bohacova 1962, Kalibova-Kaiserova 1978, Valterova
1979) followed the concept of Potonié and Kremp and con-
sidered Cadiospora to be among the cingulate taxa.

Cadiospora vs. Gravisporites

It seems that there may be three spore types formerly assig-
ned to the dispersed genera Cadiospora and Gravisporites.
Spores of the Cadiospora-type sensu Kosanke (1950) pos-
sess a labrum, arcuate ridges, laesurae with bifurcating ends,
rays of the trilete mark reaching at least three-quarters of the
radius, and the exine being up to 3 um thick.

The second type was described by Bharadwaj (1954),
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Table 1. Dispersed Carboniferous miospores of the Cadiospora and Gravisporites-type and their characteristics.

Dispersed Cadiospora

Diameter Remarks

(um)
Cadiospora laminata Venkatachala & Bharadwaj 90-110 Exine 8—10 pm thick, labrum 4 um, infrapunctate sculpture, Y 1/2-2/3r
Cadiospora tumula Venkatachala & Bharadwaj 110-130 Labrum 6 pm, exine 10 um, Y 1/2r
Cadiospora aggera Venkatachala & Bharadwaj 90-120 Labrum 4 pm, exine 10 um, Y 2/3r, infrapunctate with irregular “mounds”
Cadiospora absoluta Venkatachala & Bharadwaj 110-130 Y 2/3r, exine 10 um thick, infrapunctate with “mounds”
Cadiospora fithiana Peppers 56-75 Labrum 3-6.5 um, exine 3—4 pm, punctate and granulate sculpture
Cadiospora magna Kosanke 95-125 Labrum 4-5 pm, punctate to granulose sculpture, exine 6—8 pm
Genus A sensu Clendening 76-100 Exine 1-1.5 um thick, laevigate, finely granulate, rugose
Genus B sensu Clendening 58-96 Exine 4-10 um thick, laevigate, microgranulate
Cadiospora bohemica BohdCova 79-94  Exine 3-3.5 um thick, bifurcate rays of trilete mark, exine punctate, microgranulate
Cadiospora magna f. maior Kalibova-Kaiserova 88—140 Labrum 4—6 um, bifurcate, exine finely granulate and verrucate, verrucae 3—6 um
Cadiospora magna f. minor Kalibova-Kaiserova 60-88 Labrum 4-8 pum, exine 6-10 pum thick, exine granulate

Cadiospora magna f. plicata Kalibova-Kaiserova

80-110 Labrum 2—4 um, curvaturae, exine laevigate

Cadiospora butterworthi (Kalibova) Kalibova-Kaiserova  60-100 Cingulum 4—10 pm, labrum 2—4 um thick

who proposed the new genus Gravisporites for spores with
shorter rays of the trilete mark (one-half to three-quarters
of the radius), a more thickened exine (8—10 pum), stronger
arcuate ridges and an absence of bifurcated laesurae. Some
authors (e.g. Smith & Butterworth 1967) considered both
genera as synonymous, i.e. Gravisporites as a junior
synonymum of Cadiospora based on the opinion that both
genera lack cingulum and therefore type species of both
genera Gravisporites sphaera and Cadispora magna are
synonymous.

Miospores of Cadiospora sensu Venkatachala &
Bharadwaj (1964) are of a similar type in that they have a
thickened exine (8-10 pm). In comparison with
Cadiospora sensu Kosanke, however, rays from the trilete
mark are not as long and the labrum is not as prominent (if
present). These miospores more closely resemble some
spores of the Punctatisporites-type rather than Cadiospora
or Gravisporites. They are especially similar to some spec-
imens of the Punctatisporites obesus-type, which are char-
acterised by a thickened exine and comparable bifurcating
laesurae. Spores of the Punctatisporites obesus-type were
produced by some species of Sphenophyllum Koenig (e.g.,
Bek & Oplustil 1998), whereas spores of the Cadio-
spora-type (sensu Kosanke) were produced by arborescent
sigillarian lycopsids. Other species of Punctatisporites
(e.g., P. limbatus Hacquebard, P. bifurcatus Kalibo-
va-Kaiserova) or even the Permian spore genus Callumis-
pora Bharadwaj & Shrivastava may also resemble
thick-walled spores of the Punctatisporites obesus-type
(i.e., Cadiospora sensu Venkatachala & Bharadwaj
(1964)). The determination of some miospores assigned by
Venkatachala & Bharadwaj (1964) to Cadiospora is ques-
tionable, and these spores may instead resemble some
spores of the Punctatisporites-type, mainly due to the in-
distinct labrum or arcuate ridges along the suturae.
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Cadiospora and Gravisporites have different morpho-
logies based on the original diagnoses given by Kosanke
(1950) and Bharadwaj (1954), respectively. Cadiospora
was defined as a non-cingulate genus and Gravisporites as
a cingulate one. Later, Bharadwaj (1957), Venkatachala &
Bharadwaj (1964) and Smith & Butterworth (1967) sug-
gested that Cadiospora and Gravisporites lack a cingulum
and possess only a thickened exine (from 5—10 um), earlier
considered as an equatorial thickening. However, some
miospores assigned to Cadiospora do not possess such a
thick exine. For example, Gravisporites sphaerus illus-
trated by Peppers (1964) possesses a prominent labrum and
contact area, but the exine is relatively thin (up to 2-3 pm).
Another species of this type, Cadiospora fithiana Peppers
described by Peppers (1964), also has a thinner exine
(3—4 um), and it is evident that the exine of both spore spe-
cies does not reach the thickness (5—10 um) mentioned by
Bharadwaj (1955) and Venkatachala & Bharadwaj (1964).
These spores may instead correspond to Cadiospora sensu
Venkatachala & Bharadwaj (1964). The variable size of the
labrum was documented by Clendening (1974) who illus-
trated specimens of C. magna with a relatively thin (Pl. 2,
fig. 1) and broad (PL. 1, fig. 18; P1. 2, figs 2, 3, 5, 6) labrum.

All spores of the Cadiospora-type described by Kosanke
(1950), Peppers (1964), Bohacova (1962), Kalibova-Kaise-
rova (1978) and Valterova (1973-5) represent the same type
of spores, and correspond to Cadiospora sensu Kosanke.

The third type is represented by Gravisporites
miospores, which differ from Cadiospora sensu Kosanke
by having a more thickened labrum and by lacking the bi-
furcation of laesurae.

Smith & Butterworth (1967) considered that there was
no reason for separating Cadiospora sphaera (formerly Gra-
visporites sphaerus) from Cadiospora magna. Miospores
formerly assigned to Cadiospora and Gravisporites are of
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Table 2. Stratigraphic and geographic occurrences of miospores of the Cadiospora and Gravisporites-types and dispersed Sublagenicula levis
megaspores in the Plzen, Kladno-Rakovnik and Mseno-Roudnice basins, Czech Republic (from Pesek et al. 2001).

Dispersed Cadiospora

. . . Pilsen Basin
and Gravisporites miospores and

Kladno-Rakovnik

. Mseno-Roudnice Basin
Basin

Sublagenicula megaspores

) C/tl;ttl;rbizrlil:m Barruelian Stephanian B Stephanian B C/?i;ttl;rti)iir;n Stephanian B Stephanian C
Mamber TSP \ih Oy Member  GIL Noher Mamber LUEFI:
Cadiospora bohemica ——
Cadiospora magna f. maior ——
Cadiospora magna f. minor —— —
Cadiospora magna f. plicata — ——— —
Cadiospora magna
Gravisporites sphaerus
—

Sublagenicula levis

Table 3 Stratigraphic and geographic occurrences of miospores of the Cadiospora and Gravisporites-types and dispersed Sublagenicula levis
megaspores in the Intra-Sudetic, Krkonose Piedmont and Mnichovo Hradisté basins, Czech Republic (from Pesek er al. 2001).

Dispersed Cadiospora and Intra-Sudetic Basin

Krkono$e Piedmont Basin Mnichovo Hradisté Basin

Gravisporites miospores and .
P P Barruelian-

Sublagenicula levis megaspores Stephanian B Stephanian C ~ Stephanian B Stephanian C Autunian Stephanian B
Jivka Member Vernéiovice SyFen(?V Semily Vrchlabf Fm. Lower Sy.Fenov Upper Syfenov
Member Formation Formation Formation Formation
Cadiospora bohemica ——
Cadiospora magna f. maior —— ——
Cadiospora magna f. minor —
Cadiospora magna f. plicata —— ——
Cadiospora magna —— ——
Gravisporites sphaerus ——
Sublagenicula levis ——

the same type and may both belong to the dispersed spore
genus Cadiospora. The present authors believe that this as-
sumption can only be reliably confirmed by the discovery of
spores of both types in situ, which will verify whether they
were produced by the same or different parent plants.
Microspores isolated from Thomasostrobus longus are
characterised by a relatively thin exine, a prominent
labrum, and long rays from the trilete mark. Accordingly,
they belong to forms of Cadiospora with a relatively thin
exine and cannot be compared to Cadiospora sensu
Venkatachala & Bharadwaj or to Gravisporites.

Sublagenicula megaspores

In 1936, Nowak & Zerndt described the laevigate gulate
megaspore species Lagenicula nuda (Type 43) from
the Namurian A of the Upper Silesian Basin. Later, Zerndt
(1937) reported another laevigate gulate species L. levis
(Type 45) from the Stephanian of the Czech Republic.
Zerndt (1937, p. 588) considered L. nuda and L. levis to be

“very similar” and admitted that the only reason for erec-
ting the new species L. levis was the long stratigraphic gap
between the occurrences of both taxa.

Potonié & Kremp (1955) proposed the megaspore genus
Lagenoisporites Potonié & Kremp as characterised by the
occurrence of gula and laevigate sculpture on the exine.
Piérart (1965) made the new combination Lagenoisporites
levis. Dybova-Jachowicz et al. (1979), in their revision of
Carboniferous gulate megaspores, proposed four types of
gula (hologula, subgula, anguligula and crassigula), rede-
fined the genera Lagenicula (Bennie & Kidston) Potonié &
Kremp, Lagenoisporites and Setosisporites (Ibrahim) Poto-
nié¢ & Kremp, and proposed the new genera Sublagenicula
Dybova-Jachowicz et al., Auritolagenicula Dybova-Jacho-
wicz et al., and Crassilagenicula Dybova-Jachowicz et al.

Sublagenicula includes twelve species characterised by
prominent and large subgula and laevigate to variously or-
namented exine. The laevigate taxa consist of Sublageni-
cula levis (Zerndt) Dybova-Jachowicz et al. and Subla-
genicula nuda (Nowak & Zerndt) Dybova-Jachowicz et al.
However, Jachowicz (1966) and Kalibova-Kaiserova
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Table 4. Comparison of in situ megaspores of Thomasostrobus longus sp. nov., Sigillariostrobus cf. major (German) Zeiller, and some selected dis-
persed megaspores Sublagenicula-type.

In situ and dispersed Length (L) of the Height (H) of the Length (L) Length of Height (H)  Thickness Remarks
megaspores and their spore along polar gula Height (H) the laesurae Width (W)  of the spore
references axis Width (W) of the Width (W) (um) of the arcuate wall

Width (W) of the gula (um) of the tecta ridges (um)

spore (um)
Megaspores isolated L: 633(828)1012 H: 177(230) L: 404(471)557  180-250 W:30 15-20 50 specimens
from Thomasostrobus ~ W: 600(710)886  W: 278 W: 30 Exina laevigate, faintly
longus, herein glossy with hepispherical
(Stephanian B) ubish bodies

(diameter 2—8 pm)

Dispersed Lagenicula L:790(909)1020 H: 240-290 L: 350-570 - H:10-15 10-15  Exina laevigate
levis in Zerndt 1937 W:610(684)750  W:250-310 H: 30 W: 30-50
(Stephanian B) W: 30
Megaspores isolated L: 660-1350 H: 240 L: 480 - - 15 Exina laevigate, faintly
from Sigillariostrobus ctf. W: 660-1350 W:250-310 W: 30 glossy with hepispherical
major in Dijkstra 1958 ~ Unmatured ubish bodies (diameter
(Stephanian) L: 630 5-8 um)
Megaspores isolated L: 650(886)1076 H: 180-295 L: 450(478)520 200 W: 25-30 10-20 20 specimens
from Sigillariostrobus cf. W: 538(653)847 W: W:30 Hepispherical ubish
major, herein Unmatured bodies (diameter 3—8 um)
(Stephanian B) L: 514-630
Dispersed Sublagenicula L: 633(828)1012 H: 200-300 L:404(471)560 100-200 W:20-30 10-15 50 specimens
levis, Jifina Mine, herein W: 520-840 W: 30 Exina laevigate, faintly
(Stephanian B) Unmatured glossy, with

L: 480-620 hemispherical ubish

bodies

Dispersed Sublagenicula L: 590(950)1200 H: 100-340 W:40-50 - W: 40 40-50  Laevigate, glossy
nuda, herein (Bolsovian) W: 620(880)110  W: 150-300
Dispersed Triletes 50 specimens H: 180-325 W:20-80 - H: 20-30 10 Exina laevigate somewhat
hispanicus in Dijkstra  L: 425(1029)1520 W: 170-400 H: 3040 W: 10-40 lucent, shiny, chestnut.

1955 (Stephanian)

W:400(845)1300

Abortive spores present

Table 5. Overview of megaspores that could be produced by cones of the Thomasostrobus-type.

Megaspores References Country Basin, Formation Age

Lagenicula levis Zerndt (1937) Czech Republic  Intra-Sudetic Basin, Kladno-Rakovnik Basin ~ Stephanian B
Lagenoisporites nudus Kalibova (1964) Czech Republic ~ Plzen Basin Stephanian B
Triletes hispanicus Dijkstra (1955a) Spain Puertollano Basin Stephanian
Lagenicula levis Piérart (1956) France De Blanzy and de Decazeville Basin Stephanian

Triletes levis Winslow (1959) Illinois, USA Illinois Basin McLeansboro Group Upper Pennsylvanian
Lagenoisporites hispanicus Piérart (1961) China - ?Westphalian—Permian
Lagenoisporites cf. hispanicus Piérart (1965) France Decazeville Basin Stephanian
Lagenoisporites cf. levis Piérart (1965) France Decazeville Basin Stephanian
Lagenoisporites levis Kalibova (1967, 1978)  Czech Republic ~ Central Bohemian basins Stephanian B
Sublagenicula levis Oshurkova (2001) Kazachstan Karaganda and Ekibastus basins Stephanian

(1978) reported both species from Westphalian strata for
the first time. Therefore, Dybova-Jachowicz et al. (1987)
later revised the genus Sublagenicula, and proposed that
Lagenicula levis was synonymous with Sublagenicula
nuda due to the closely similar morphologies and strati-
graphic ranges of both taxa. Triletes hispanicus described
by Dijkstra (1955) from the Stephanian of Spain was also
considered by Dybovéa-Jachowicz et al. (1987) to be syn-
onymous with Sublagenicula nuda.
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The megaspores mentioned above are all morphologically
simple and characterised by a smooth unsculptured exine.
Consequently, particular species are very similar to each other
and therefore often difficult to distinguish from one another.
To overcome this difficulty, the ultrastructure of the
megaspore exine must be studied using SEM and TEM tech-
niques. Thus Hemsley & Galtier (1991), who investigated
Sublagenicula nuda megaspores from the Viséan strata of
Estnost and Roanne, France, confirmed that the ultrastructure



Stanislav Oplustil et al. * A new bisporangiate lycopsid cone Thomasostrobus from the Late Pennsylvanian

of the French megaspores differ from that of Sublagenicula
nuda described from the early Stephanian Herrin No. 6 Coal
(Illinois Basin, USA) by Taylor (1990). The exine of the
American form is thinner, more densely constructed and the
outermost granular region is not apparent.

Summary and conclusions

The new lycopsid organ genus Thomasostrobus is propo-
sed here for bisporangiate strobili bearing Cadiospora-
type microspores and Sublagenicula megaspores. It is si-
milar to the Flemingites cones of lepidodendrid lycopsids
but differs in its in situ spores. Although the parent plant of
the only species, Thomasostrobus longus, is currently un-
known, some published specimens of morphologically si-
milar cones which produced Sublagenicula megaspores
(from coalfields in the USA and France) indicate that the
parent plant might be Sigillaria brardii.

Dispersed miospores of the Cadiospora-type occur from
the Asturian (Asturian) to the Permian in the Czech Repub-
lic whereas megaspores of Sublagenicula nuda sensu Dy-
bovéa-Jachowicz et al. (1987) are reported from the
Bolsovian to the Stephanian in this country. An even longer
stratigraphic range from the Viséan is reported from western
European coalfields. The long stratigraphic occurrence of
megaspores of the Sublagenicula nuda-type sensu Dybo-
va-Jachowicz et al. (1987) indicates that the strobilus Tho-
masostrobus longus is unlikely to be their sole producer.
Our comparison of dispersed megaspores of this type from
the Bolsovian and Stephanian of the Czech Republic indi-
cates that the subtle differences observed most probably rep-
resent independent species produced by different parent
plants. Results of the study of both dispersed and in sifu
megaspores show that Sublagenicula nuda sensu Dybo-
véa-Jachowicz et al. (1987) is a cumulative species. We be-
lieve that Sublagenicula levis represents an independent
species, the stratigraphic onset of which is accompanied by
the first appearance of Cadiospora microspores.
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