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ABSTRACT
New collections from the spoil piles of the Theodor mine in Pchery and the Schoeller mine in Libušín (Kladno-Ra-
kovník Basin, Czech Republic) yielded a new Cordaites species and improved knowledge of the extent of the cu-
ticular variability of the species Cordaites wartmannii ŠiMůNeK. Based on the cuticles, it has been proven that the 
species Cordaites polynervus ŠiMůNeK is conspecific with Cordaites kladnoensis ŠiMůNeK. The new species, 
Cordaites theodorii ŠiMůNeK & HaLdovSKý sp. nov., established on strongly papillate cuticles, is character-
ized by the presence of small teeth on the leaf margin. This feature is new for the genus Cordaites. The palaeoeco-
logical significance of papillae on Cordaites cuticles is discussed and is probably an adaptation to living on a peat 
substrate. Comparison of the species Cordaites wartmannii ŠiMůNeK and Cordaites barthelii ŠiMůNeK is made. 
Adaxial cuticles of Cordaites kladnoensis and Cordaites wartmannii are so similar that it is difficult to distinguish 
these species by means of the adaxial cuticle alone.

Keywords: Cordaites, cuticular analysis, Central Bohemian basins, Carboniferous, Bolsovian

1. INTRODUCTION

Cordaitaleans are an extinct group of gymnosperm trees and 
shrubs characterized by large strap-shaped leaves, and 
woody stems (RayMoNd et al., 2010). Their closest living 
relatives are the modern conifers (RoTHweLL, 1988). The 
group is divided into families Cordaitanthaceae, Rufloria-
ceae and vojnovskyaceae (CLeaL & THoMaS, 1995). 
only the family Cordaitanthaceae is widespread in the Penn-
sylvanian and Permian of the euramerican Realm (JoNg-
mAnS & diJKSTRa, 1968 and diJKSTRa & vaN Am-
eRoM, 1998). Their representatives lived in different 

habitats from coastal and lowland peat-swamps to intra-
mountain peat swamps (diMiCHeLe & PHiLLiPS, 1994, 
ŠiMůNeK et al., 2009, RayMoNd et al., 2010), to clastic 
and mineral soils of seasonally dry and dry habitats (FaL-
CoN-LaNg, 2003a,b, FaLCoN-LaNg & BaSHFoRTH, 
2004, diMiCHeLe et al., 2010, FaLCoN-LaNg et al., 
2006, 2011, BaSHFoRTH et al., 2014).

The first reference to cordaitaleans from the Kladno-
Rakovník Basin is by FeiSTMaNTeL (1876). He men-
tioned Cordaites borassifolius (STeRNBeRg) UNgeR 
from the Kladno “opuka” locality. However, he understood 
this species in a very broad sense and identified it from all 
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the basins of the Bohemian Massif with age ranges from the 
beginning of the westphalian (Bashkirian) to the Permian. 
The oldest mining area in the Kladno region was in the vrap-
ice surroundings in the 18th and 19th century. maybe, FeiST-
MaNTeL (1876) sourced his material from these mine 
workings, because coal mines, from which the cordaitalean 
specimens used in this paper originated were in operation 
much later (Pchery, Theodor mine – 1900-1935; Libušín, 
Schoeller mine – 1902-2002; Tuchlovice, Nosek mine – 

1942-2002). Cordaitaleans were neglected in the Czech lit-
erature for a long time as stratigraphically uninteresting 
plants. For instance, NěMeJC (1936a, 1940, 1947) pub-
lished monographs of different plant groups (alethopterids, 
pecopterids, lepidodendrids), where the Libušín, Schoeller 
mine locality is mentioned, but he was never interested in 
cordaitaleans. For all that, FLoRiN (1931) published a draw-
ing of the abaxial cuticle of Cordaites sp. 1 from the Rako-
vník locality in the Kladno-Rakovník Basin, and it seems 

Figure 1: A – Map of the Czech 
Republic showing the Permo-
Carboniferous basins. B – Klad-
no-Rakovník Basin with locali-
ties. C – Stratigraphy of the 
Central Bohemian Permo-Car-
boniferous fill and detail of 
the Radnice Member showing 
the stratigraphic position of 
the localities (arrow). (Modi-
fied from OPLUŠTIL et al., 2007 
and 2014). 
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that this species is different to all 30 later described 
cordaitalean species (ŠiMůNeK, 2007), classified by means 
of their cuticles. Five of those species occur in the Kladno 
region. Their leaves were collected by the first author (ZŠ) 
from the Tuchlovice and Libušín localities from the 1980s 
until the closure of the mines. The second author (JH) put 
together a large collection from the spoil pile of the Theodor 
mine, at  the Pchery locality during recent years. maceration 
of the new samples provided new data which required a sub-
sequent revision of cordaitalean cuticles.

The biostratigraphy of the Radnice Member has been 
known since the beginning of the 20th century, when 
NěMeJC (1932) placed the Radnice Member in the upper 
westphalian C (Bolsovian). The Radnice Member is as-
signed to the Paripteris linguaefolia Zone of wagNeR 
(1984).

2. GEOLOGICAL SETTING

The Kladno-Rakovník Basin is a part of the Central and 
western Bohemian Complex, which is characterised by a 
stratigraphic range from the middle westphalian (Bolsovian) 
to the end of the Stephanian (PeŠeK 1994) and the lower 
part of the Permian (ZaJíC, 2012). Sedimentary fill in this 
complex is subdivided into four formations (Fig. 1) based 
on alternating red (coal-barren) and grey (coal-bearing) 
strata (weiTHoFeR, 1902). The Radnice Member (Bolso-
vian) comprises the most important coal-bearing strata of the 
basins in central and western Bohemia. Sediments of this 
unit are interpreted as the fill of river valleys that either were 
incised into the basement or with tectonically driven valley 
margins (oPLUŠTiL 2005a). in the Kladno-Rakovník Ba-
sin, coal seams are represented by the Lower and Upper Rad-
nice Coals, which together comprise the Radnice group of 
seams. The Lower Radnice Coal is usually up to 1 m thick. 
The Upper Radnice Coal is the most important seam of the 
basin being locally up to 8 m thick. Both coal seams are sep-
arated by the volcanic whetstone Horizon, which tends to 
be a few metres thick. This horizon consists of an approxi-
mately 60 cm thick pale yellow fossiliferous tuff bed (the 
“bělka”), followed by poorly- to well-laminated tuffitic clay-
stone and mudstone (the “whetstone”). 

3. MATERIAL AND METHODS

The majority of flora collected in the Libušín, Pchery and 
Tuchlovice localities comes from the tuffaceous partings 
called “opuka”. The cordaitalean remains were collected 
predominantly in the 20 cm thick parting called “velká 
opuka” that occurs in the lower third from the footwall of 
the Upper Radnice (main Kladno) coal seam (oPLUŠTiL, 
2005a,b and oPLUŠTiL et al., 2007).

The material used in this study is stored in the Czech 
Geological Survey, Prague and comes from the following 
localities: Tuchlovice, Nosek mine (holotype of Cordaites 
polynervus ŠiMůNeK, No. ZŠ 247), Libušín, Schoeller 
mine (holotype of Cordaites wartmannii, No. ZŠ 246 and 
additional specimens ZŠ 302–306), Pchery, Theodor Mine 

(holotype of Cordaites theodorii ŠiMůNeK & HaL-
dovSKý sp. nov., and specimens of Cordaites wartmannii 
ŠiMůNeK, ZŠ 350; and Cordaites kladnoensis, ZŠ 358a,b). 
From these samples, cuticular slides No. 113/1-2, 182/1-3, 
395/1-8, 518/1-13 and 543/1-4 were prepared by the method 
described by KeRP (1990), KRinGS & KeRP (1997) and 
KeRP & KRinGS (1999). Coalified fragments of leaves 
were separated from the rock by means of a needle or hy-
drofluoric acid (HF). These fragments were bleached in 
Schulze’s reagent (40% HNo3 with crystals of KClo3) for 
3–18 hours (depending on preservation). after treatment in 
Schulze’s reagent, cuticles were washed in water, subse-
quently immersed in 2% or 10% potassium hydroxide (KoH) 
and finally rinsed in distilled water. Some cuticles were 
stained with safranin, Bismarck brown, malachite green or 
neutral red (KRinGS, 2000) for 1 to 2 hours to accentuate 
the anticlinal walls and stomata. Before embedding in glyc-
erine-gelatine slides, the cuticles were dehydrated in pure 
glycerine. The remaining cuticular fragments were affixed 
to metal stubs for observation under a Cam Scan CS 3200 
scanning electron microscope at the Czech Geological Sur-
vey, Prague.

Stomatal index (Si) is calculated for specimens analysed 
here. it was first employed by SaLiSBURy (1927) and de-
scribes the number of stomata expressed as a percentage of 
the total number of cells per unit area: Si = 100 × total 
number of stomata / (total number of stomata + total number 
of epidermal cells). Stomatal density represents the number 
of stomata per unit area, usually the number of stomata per 
1 mm2. The minimum area for calculation of stomatal den-
sity is 0.3 mm2 (PooLe & KüRSCHNeR, 1999).

4. SySTEMATIC PALAEOBOTANy

Order Cordaitanthales MEyEN, 1984
Family Cordaitanthaceae MEyEN, 1984
Genus Cordaites UNGER, 1850

4.1. Cordaites wartmannii ŠiMůneK emend. nov.
(Fig. 2a, b, g–h, Pl. 1a–d, Pl. 2, 3, 4, 5, Pl. 7g–H)
2007 Cordaites wartmannii ŠiMůNeK, p. 147–148, 

text-fig. 38, pl. 3, fig. 15, pl. 41, figs 5, 6, pls 42, 43, figs 1–2.
Emended diagnosis (ŠimůnEk, 2007, p. 147): Leaves 

revolute, adaxial cuticle composed of oblong cells, cells of 
dark stomatal band tetragonal to pentagonal shape, subsidiary 
cells oval, lateral subsidiary cells semicircular. Abaxial cuticle 
papillate with oblong to trapezoidal cells, stomata in stomatif-
erous bands, polar subsidiary cells circular to oval, lateral sub-
sidiary cells elongated, tetragonal to oval.

Description: The holotype is the narrowest leaf frag-
ment of this species – 18 mm wide (Pl. 1a). The largest leaf 
fragments are up to 190 mm long and the widest 45 mm 
wide. The leaf margins are nearly parallel or somewhat di-
vergent (narrow leaves) and revolute (inrolled toward the 
lower surface) in some cases. Such leaves may seem to be 
as little as only 20 mm wide. The veins have a small furrow 
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in the middle, so they look like double veins. The vein den-
sity is low – 10 to 16 prominent veins per cm. exceptionally 
one, but usually 2–3 narrow strips of sclerotic strands alter-
nate with each vein. The leaves have stomata on both sides 
(amphistomatic).

Cuticular characteristics: it is not necessary to repeat 
the whole description from ŠiMůNeK (2007, p. 147). only 
new observations based on new material from the Libušín 
and Pchery localities will be mentioned. The comparison of 
cuticular characteristics is in Table 1.

Adaxial cuticle (Figs 2a–b, Pls 2a–C, 3a–d, 4g–L): 
dark stomatal bands, 60–120 μm wide, are formed by one 
or two incomplete stomatal rows. Non-stomatiferous (costal) 
bands are formed by ordinary cells, they are usually of un-
even width and can be 50–200 μm wide (depending on the 
specimen). The costal cells (in non-stomatiferous bands) are 
tetragonal, mostly oblong, 40–100 μm long and 16–30 μm 
wide. The cells of the dark (stomatiferous) bands are usually 
smaller. 

The stomata in dark stomatiferous (intercostal) bands 
are unevenly spaced. They can be up to 150 μm apart but 
sometimes touch. The stomatal complex is formed by two 
guard cells and two lateral and two polar subsidiary cells. 
on better preserved cuticles, it is evident that only polar sub-
sidiary cells are circular or oval, whereas lateral subsidiary 
cells tend to be more reniform. Specimens from the Pchery, 
Theodor mine show prominent proximal papillae growing 
from the lateral subsidiary cells towards the stoma (Pl. 4K, 
L). The stomatal density is 54–68 stomata per mm2 and the 
stomatal index varies between 5 and 7. 

Abaxial cuticle (Figs. 2e–h, Pls. 2d–F, 3e–g, 4a–F, 5, 
7g–H): The stomata are arranged into stomatiferous and 
non-stomatiferous bands. depending on specimens, their 
width is very variable, from 150 μm to 450 μm (Pl. 3e, F) 

in the stomatiferous bands, and 100–350 μm in the non-sto-
matiferous bands. Because all the stomatiferous bands al-
most entirely comprise stomatal complexes, they markedly 
differ from the non-stomatiferous bands. in certain planes of 
focus, small flat papillae are visible on cells of the stomatif-
erous and non-stomatiferous bands (Pls. 2d-F, 3e, F). The 
stomatal rows are more or less regular within the stomatal 
band, but a lateral subsidiary cell is usually shared by two 
stomatal complexes, so the course of the stomatal rows is 
not as regular as in the species forming regular rows. The 
cells of the non-stomatiferous bands are tetragonal, oblong 
to trapezoidal, 45–95 μm long and 12–25 μm wide.

in the holotype, lateral and polar subsidiary cells are elon-
gated and of the same dimensions (Pl. 2G, F). However, cuti-
cles from another specimen (Pl. 3F, G) show that polar sub-
sidiary cells can be very short, circular or oval, 15–30 μm long 
and 10–25 μm wide. Sometimes polar cells are elongate as 
lateral cells 30–60 μm long. The anticlinal walls of these cells 
are convex, so they differ from the cells of the non-stomatif-
erous band. A lateral subsidiary cell is usually shared by two 
stomatal complexes. The stomatal density is 400 to 600 sto-
mata. per mm2 depending, on how wide the stomatiferous and 
non-stomatiferous bands are. This factor also influences the 
stomatal index (Si) with ranges from 12 to 23.

in the non-stomatiferous bands, circular, strongly cuti-
nised structures occur on periclinal cell walls (Pls. 3e, F, 6i). 
Their function is not known.

another cuticle assigned to this species (Fig. 2h, Pl. 7g, 
H) displays oval polar subsidiary cells, whereas the stomatal 
slit and the lateral subsidiary cells are not prominent. it is 
probably a more disorganized cuticle of Cordaites wartman-
nii where even papillae are not preserved.

Remarks: Cordaites wartmannii was compared with 
Cordaites sp. of waRTMaNN (1969) from the Bolsovian 

Figure 2: Comparison of the described cordaitalean sto-
matal types from the Kladno-Rakovník Basin. Scale bar = 
50 mm . a–d. Adaxial cuticles that have similar pattern; sto-
mata in dark stomatiferous bands; a–b. Cordaites wartman-
nii ŠIMůneK, Libušín locality, a – Holotype, slide 113/1 (Pl. 
2C), b – Type with circular to oval polar subsidiary cells, 
slide 395/5 (Pl. 3B); c–d. Cordaites kladnoensis ŠIMůneK, c 
– Tuchlovice locality, holotype of “Cordaites polynervus”, 
slide 182/1, (Pl. 8D), d – Pchery locality, slide 543/4 (Pl. 9C), 
small rounded objects are damage to cuticles due to bac-
terial or fungal infection (maybe post mortum). e–j. Abax-
ial cuticles; e–h. Cordaites wartmannii ŠIMůneK; e–f. 
Libušín locality, e – Holotype, slide 113/1, with elongated 
polar subsidiary cells and many flat papillae, f – A specimen 
with more or less circular polar subsidiary cells, resembling 
the Stephanian Cordaites barthelii ŠIMůneK. Slide 395/5 
(Pl. 3A); g–h. Pchery locality, cuticles with rounded polar 
subsidiary cells as in Fig. 2f, g – Slide 518/6 (Pl. 5G), h – This 
cuticle is a somewhat disorganized. Slide 518/2 (Fig. 9h); i 
– Cordaites theodorii HALDOvSKý & ŠIMůneK sp. nov. 
Pchery locality. Cuticle with many dark, prominent papil-
lae. Slide 518/2 (Pl. 7C); j – Cordaites kladnoensis ŠIMůneK, 
holotype of “Cordaites polynervus” Tuchlovice locality, slide 
182/1 (Pl. 8e). Guard cells are sunken below strongly cuti-
nised crypt. Triangular cutin thickenings and projections 
are in the cell corners.
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of the Saar region (Germany) by ŠiMůNeK (2007) based 
on the presence of papillae in both species. However, 
Cordaites sp. of waRTMaNN (1969) has much larger and 
more prominent papillae than Cordaites wartmannii 
ŠiMůNeK. in this feature, Cordaites sp. of waRTMaNN 
(1969) bears more resemblance to Cordaites theodorii 
ŠiMůNeK & HaLdovSKý sp. nov., which also has many 
strongly cutinised papillae. Because papillae occur in several 
species, to date it has been difficult to decide to which spe-
cies waRTMaNN’s Cordaites sp. belongs.

The most similar species to Cordaites wartmannii 
ŠiMůNeK is Cordaites barthelii ŠiMůNeK, 2014 from the 
Stephanian B of the Krkonoše Piedmont Basin. The abaxial 
cuticles in particular of both species are very similar. Sto-
mata of both species form wide stomatiferous bands, up to 
550 mm wide, and are arranged in a stomatal row. Cordaites 
barthelii has polar subsidiary cells common to two stomatal 
complexes, whereas Cordaites wartmannii has polar and 
usually also lateral cells common to two stomatal complexes. 
Cordaites wartmannii differs from Cordaites barthelii by the 
presence of small papillae, visible in certain planes of focus 
on the light microscope. Small “holes” in the centre of cer-
tain cells of the non-stomatiferous bands occur in both 
Cordaites barthelii and C. wartmannii. The function of these 
holes is unknown. it is possible that these holes were the re-
sult of distortion of the cuticle but, as they also occur in 
Cordaites wartmannii, it is evident that they are not an arti-
ficial feature and the cracks may be related to differential 
cutinisation of certain cells and their subsequent torsion. The 
similarities provide further evidence that Cordaites barthelii 
and Cordaites wartmannii are related species.

The adaxial cuticle of Cordaites barthelii and Cordaites 
wartmannii have stomata in rare stomatiferous bands. The 
stomatiferous bands of Cordaites barthelii are not as dark 
coloured as in Cordaites wartmannii. Also, the shape of the 
subsidiary cells of both species differs. Polar subsidiary cells 
of Cordaites wartmannii are circular to oval, whereas those 
of Cordaites barthelii are elongated and usually oblong; lat-
eral subsidiary cells of Cordaites wartmannii are broad reni-
form, whereas those of Cordaites barthelii are narrow and 
oblong. Furthermore, the venation density of both species 
differs. Cordaites wartmannii has 10–16 veins per 1 cm of 
the leaf, whereas Cordaites barthelii has about 25 veins per 
1 cm of the leaf.

Cordaites kladnoensis ŠiMUNeK (2007) is another spe-
cies similar to Cordaites wartmannii. Both have stomata of 
the adaxial cuticle arranged in dark stomatiferous bands. in 
the case of Cordaites kladnoensis, the distances between sto-
matiferous bands are more regular than in Cordaites wart-
mannii. Both species have similar vein densities: Cordaites 
kladnoensis has 10–22 veins per 1cm, and Cordaites wart-
mannii has 10–16 veins per 1 cm of the leaf. However, the 
abaxial cuticles of these species are quite different. Guard 
cells of Cordaites kladnoensis are sunken and covered by a 
strongly cutinised crypt. Subsidiary cells are oval with 
strongly cutinised corners; in contrast, Cordaites wartman-
nii does not have such a crypt, but has at most two proximal 
papillae from the lateral subsidiary cells. The subsidiary cells 

are narrower and longer than in Cordaites kladnoensis, and 
only the polar subsidiary cells can be rounded in Cordaites 
wartmannii.

4.2. Cordaites theodorii ŠiMůneK & HaldovsKý sp. nov.
(Fig. 2i, Pls. 6. and 7a–F)
Derivation of name: after the Theodor mine, which is 

the type locality of this species.
Holotype: designated here on Pl. 1e, is stored in the 

Czech geological Survey under the no. ZŠ 350, slides no. 
518/1–13

Type locality: Pchery, Theodor mine, Kladno-Rakovník 
Basin, Czech Republic.

Type horizon: Tuffaceous parting (opuka) of the Upper 
Radnice coal seam, Radnice group of coals, Radnice mem-
ber, Kladno Formation, Bolsovian, Middle Pennsylvanian.

material: only one sample (holotype).
Diagnosis: very small and rare teeth on the leaf border, 

hypostomatic leaves, strongly papillate cells on abaxial and 
adaxial epidermis. Adaxial epidermis: parallel oriented, elon-
gate tetragonal cells. Abaxial epidermis: elongated cells, sto-
mata in rows.

Description: much of the macromorphology and vena-
tion of the leaves is uncertain, because cuticles of Cordaites 
wartmannii were also obtained from the same sample, and 
because the adpressions on Pl. 1e, F, g resemble other 
Cordaites wartmannii leaves. we know for certain that the 
leaf margin was dentate. The distances between the teeth 
were 0.3–0.5 mm (Pl. 6a), and teeth were acroscopically 
oriented and 30–40 μm long (Pl. 6B).

we can speculate, however, that the leaf surface had lit-
tle relief, because the cuticular structure is uniformly flat. 

Adaxial cuticle (Pl. 6C-F): it is not possible to differen-
tiate costal and intercostal bands. The cells are tetragonal, 
elongated, very narrow and oriented parallel to veins. They 
are 40–150 μm long and 8–12 μm wide. each cell bears many 
small, strongly cutinised papillae, 3–5 μm in diameter and 
visible as black spots.

Abaxial cuticle (Figs. 2i, Pl. 7a–F): The cells of the 
abaxial cuticle resemble the cells of the adaxial cuticle. They 
are strongly papillate, with an elongated tetragonal shape, 
35–130 μm long and 8–20 μm wide (Pl. 7e). Stomata are ar-
ranged into stomatal rows. Polar and lateral subsidiary cells 
are oblong, similar to normal epidermal cells. A row of pa-
pillae runs from one end to another in the middle of the cell. 
in addition, proximal papillae point into the stoma centre, 
above the sunken guard cells. The stomatal complex (includ-
ing 4 subsidiary cells) is 60–75 μm long and 32–42 μm wide.

Stomatal density and stomatal index were calculated 
from 3 measurements. Stomatal density varies from 180 to 
240 stomata per mm2; stomatal index varies from 11.1 to 
12.9. Some inaccuracy could have been caused by the small 
area used for these calculations.

Remarks: This species is strongly papillate and differs 
from all other known species of Cordaites in being hypos-
tomatic and in having a dentate margin. it is also a distinct 
species based on the cuticular micromorphology.
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4.3. Cordaites kladnoensis ŠiMůneK emend nov.
(Figs. 2c, d, j; Pl. 8a–i; Pl. 8J-L; Pl. 9)
2007 Cordaites kladnoensis ŠiMůNeK, p. 143–144, 

text-figs. 36a–i, pl. 3, fig. 14, pl. 38, figs. 2–6, pls. 39, 40, 
figs. 1–3.

2007 Cordaites polynervus ŠiMůNeK, p. 148–149, 
text-figs. 39a–f, pl. 43, figs. 3–7, pl. 44, figs. 1–3

Emended diagnosis (ŠimůnEk, 2007, p. 143): Am-
phistomatic, large leaves with sparse venation, 2–7 thin scle-
renchymatous bands alternate with each thick vein. Cells of 
adaxial cuticle oblong, stomata in infrequent stomatal rows, 
subsidiary cells circular to oval. Proximal papillae on lateral 
subsidiary cells. Cells of abaxial cuticle oval or irregularly 
pentagonal, stomata in stomatiferous bands without discern-
ible stomatal rows.

material: Tuchlovice, Nosek mine, Pchery, Theodor 
mine, Kladno-Rakovník Basin. Czech geological Survey, 
Prague, inv. No. ZŠ 247, coll. Z. ŠiMůNeK. Radnice mem-
ber, Bolsovian.

Description: Here we redescribe the specimen selected 
as a holotype of Cordaites polynervus and the specimen from 
Pchery, Theodor mine.

The holotype from Tuchlovice is a leaf fragment 25 mm 
wide and about 130 mm long with nearly parallel margins. 
The leaf surface relief is flat. There are 10–12 veins per 1 cm 
of the leaf surface. on the impression (Pl. 8i, right), positive 
and negative relief of vascular and sclerotic bundles are vis-
ible. Usually one to two sclerotic bundles alternate with one 
true vein. on the phytoleim (thin carbon layer on a plant 
compression) (Pl. 8i, left), 4–6 very fine strips occur between 
two veins, probably representing stomatiferous bands (or 
non-stomatiferous bands?). a similar pattern is found on the 
specimen from Pchery (Pl. 1H, inv. No. ZŠ 358a). The leaf 
fragment is 160 mm long and 23 mm wide with non-parallel 
margins, but, as the leaf margins are revolute, the true leaf 
width was probably 33 mm. 4–6 very fine sclerotic bundles 
alternate with each true vein (Pl. 1i), and the same pattern is 
seen on the on the imprint (Pl. 1J, right). The imprint itself 
(Pl. 1J, left) shows more prominent true veins separated by 
one or two sclerotic strips. The leaves are amphistomatic.

Adaxial cuticle of the Tuchlovice specimen (Figs. 2c, Pl. 
8a–d): The dark stomatiferous (intercostal) bands are 80–140 
μm wide, whereas non-stomatiferous (costal) bands are 120–
200 μm wide. The ordinary cells are tetragonal to oval, 25–50 
μm long and 10–30 μm wide. The costal cells are larger than 
the intercostal cells; they are rectangular, usually oblong, 30–
70 μm long and 25–35 μm wide. The stomatal complexes are 
in irregular distances from each other within dark stomatifer-
ous bands that are formed by single or double stomatal rows 
oriented parallel to the veins. Sunken guard cells are usually 
surrounded by 4 subsidiary cells that slightly differ from the 
ordinary epidermal cells of the dark bands – polar cells are 
square to oblong; lateral cells are oblong to reniform. The sto-
matal complexes (including subsidiary cells) are 90–125 μm 
long and 60–75 μm wide. The stomatal density is about 40–45 

stomata per 1 mm2 on the leaf blade. The stomatal index is 4.2 
and for the dark bands about 10.

Adaxial cuticle of the Theodor Mine specimen (Figs. 2d, 
Pls. 8J–L, 9): The cells are differentiated into dark stomatifer-
ous bands and non-stomatiferous bands (Pls. 8J–L, 9). The 
stomata are relatively sparse in the dark bands. The cells are 
usually of oblong shape. The cells of the non-stomatiferous 
bands are longer, 30–70 μm long and 12–18 μm wide, whereas 
those of the dark stomatiferous bands are only 25–35 μm long 
and 15–20 μm wide. The stomata are relatively rare and are 
dispersed within the dark bands. The stomatal complexes are 
formed by 6 cells: two guard cells, two lateral and two polar 
subsidiary cells. Lateral subsidiary cells are usually oblong or 
reniform and polar subsidiary cells are oblong to oval. Guard 
cells are sunken and partly covered by proximal papillae grow-
ing from lateral subsidiary cells (Figs. 2d, Pl. 9C). The stomatal 
density is 45 stomata per mm2 (95 in the stomatal band) and 
the stomatal index is 3.2 (6 in the stomatal band).

Abaxial cuticle of the Tuchlovice specimen (Fig. 2j, Pl. 
8e–H): ŠiMůNeK (2007, p. 149) considered a poorly pre-
served cuticle as an abaxial one and described it as Cordaites 
polynervus (ŠiMůNeK, 2007, pl. 43, figs. 3–6 and pl. 44 
figs. 1–2). in slide 182/1, the holotype of Cordaites polyn-
ervus, a cuticular fragment of known abaxial cuticle has been 
discovered that proves the identity of Cordaites polynervus 
as Cordaites kladnoensis, thus allowing these synonymy of 
these two species to be recognised.

The cells are differentiated into stomatiferous (intercos-
tal) and non-stomatiferous (costal) bands, both of which vary 
in width between 150–200 μm (Pl. 8F). The cells of the sto-
matiferous bands are oval to irregularly pentagonal, 25–50 
μm long and 12–25 μm wide. The anticlinal walls are 
rounded. The costal (non-stomatiferous) cells are elongated 
and tetragonal, 30–80 μm long and 10–25 μm wide. The sto-
mata are not prominent and they occur in stomatiferous 
bands with poorly defined stomatal rows. The sunken guard 
cells are dark, convex and oblong (Figs. 2j, Pl. 8e, H). The 
corners and anticlinal walls of cells are strongly cutinised, 
so it is sometimes difficult to distinguish cutinisation from 
stomata. The stomatal complexes (including subsidiary cells) 
are 50–65 μm long and 40–50 μm wide. The subsidiary cells, 
4–5 per stoma, are of the same shape as the ordinary epider-
mal cells, usually oblong to oval with convex anticlinal walls. 
The stomatal density is about 280 stomata per mm2, and about 
570 stomata per mm2 in the stomatiferous band, which, is more 
than for Cordaites kladnoensis as described by ŠiMůNeK 
(2007). Stomatal index is 15 for the whole leaf surface and 
17 for the stomatiferous band. 

The abaxial cuticle of this species from the Theodor 
mine was not preserved.

Remarks: Comparison of Cordaites kladnoensis with 
Cordaites wartmanniï was mentioned in the description of 
the latter species. The abaxial cuticle of two other species is 
similar to Cordaites kladnoensis. Adaxial and abaxial cuti-
cles of Cordaites principalis (geRMaR) geiNiTZ mor-
photype 5 of ZodRow et al. (2000) are very similar to the 
abaxial cuticle of Cordaites kladnoensis. The cell corners 
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are strongly cutinised in the stomatiferous band and a 
strongly cutinised crypt is present above the guard cells in 
Cordaites kladnoensis abaxial cuticle.

essentially, the same pattern as in Cordaites kladnoensis 
occurs in Cordaites radcicensis ŠiMůNeK (2008), which also 
has sunken stomata on the abaxial cuticle that are covered by 
a strongly cutinised crypt. The cell corners are strongly cuti-
nised with projections that fill the intercellular space. The 
adaxial cuticles of Cordaites radcicensis and Cordaites klad-
noensis both have stomata in dark stomatiferous bands. 
Cordaites radcicensis has a lower stomatal density (only 8–11 
stomata per 1 mm2) than Cordaites kladnoensis, which has 
30–45 stomata per 1 mm2 in the adaxial cuticle. Cordaites 
principalis (geRMaR) geiNiTZ morphotype 5 of Zo-
dRow et al. (2000) occurs in the Bolsovian of the Maritimes 
Basin, Canada, whereas Cordaites radcicensis occurs in the 
asturian of the Plzeň Basin, Czech Republic.

5. DISCUSSION

The flora of the Radnice Member in the studied localities 
includes about 90 species that represent 50 to 60 “natural” 
species of lycopsids, sphenopsids, ferns, progymnosperms, 
pteridosperms and cordaitaleans that are represented mostly 
by trees, bushes, lianas and creeping forms. The diversity of 
flora indicates a wet tropical forest. Practically all cor-
daitalean remains come from tuffaceous partings (“opuky”) 
of the Upper Radnice coal seam, and in particular from the 
velká opuka (Fig. 1).

The topography of the coal-bearing strata was formed by 
wide valleys up to 2 km wide and up to 10 km long 
(oPLUŠTiL, 2005a,b). The altitude is estimated to be 900–
1200 m (oPLUŠTiL, 2005b). Plant assemblages of the tuffa-
ceous partings (“opuky”) comprise both peat-forming plants 
that were buried in place (oPLUŠTiL et al., 2007), and partly 
also non-peat-forming plants that were transported to the place 
of deposition from non-peat accumulating areas and also from 
valley slopes. The marginal parts of these coal deposits are 
enriched by non-peat-forming flora (progymnosperms, some 
cordaitaleans and pteridosperms). These elements disappear 
towards the valley centre. Cordaitaleans were very common 
in the Tuchlovice, Nosek mine locality. as they were com-
monly found together with a primitive lycopsid Omphalo-
phloios feistmantelii (FeiSTMaNTeL) BeK et al. (2015), it 
is supposed that these cordaitaleans belonged to peat-forming 
plants. Omphalophloios feistmantelii (FeiTMaNTeL) BeK 
et al. is a major producer of Densosporites and it grew in the 
“densospore phase”, which probably represents wet conditions 
in the peat swamp, when domed peat suffered nutrient defi-
ciency and only well adapted plants could grow there (diM-
ichele, pers. com.). Cordaitalean remains were locally com-
mon, up to 10 to 20 % of the assemblage in the velká opuka 
parting in both the Tuchlovice and Theodor mines. This is in 
concordance with the observation of RayMoNd et al. (2010), 
where they found a coal plant assemblage comprising 29–81 
% cordaitaleans in lowland and coastal peat-swamp settings 
in iowa, USa. a similar situation occurs in Kentucky and Ten-
nessee, where cordaitaleans form 33–40 % of a plant assem-

blage of the same or slightly younger age – middle to upper 
Bolsovian. american cordaitalean-dominated assemblages are 
accompanied by a primitive lycopsid Chaloneria PiGG & 
RoTHweLL (RayMoNd et al., 2010), whereas it seems 
that Omphalophloios wHiTe prevails with cordaitaleans in 
the Czech assemblages.

The Libušín, Schoeller mine locality is an exception. 
Cordaitaleans, represented by only one species, Cordaites 
wartmannii, were very rare here; extrabasinal and other “ex-
otic” elements are also rare or absent. The cuticles of 
Cordaites wartmannii were newly discovered (not pub-
lished) in the dispersed cuticular spectrum from coal from 
the wanieck coal mine, Srby locality (near Tuchlovice). The 
study of dispersed cordaitalean cuticles from the coal 
(ŠiMůNeK & FLoRJaN, 2013) revealed that cuticles bear 
considerably more papillae than do cuticles prepared from 
compression/impression specimens. Papillae have been de-
scribed on cordaitalean cuticles by many authors: Cordaites 
sp Types 2 and 3 (BaRTHeL, 1962), Cordaites sp. Types 6 
and 7 from the Permian Schweinsdorf coal seam in the döh-
len Basin, germany (BaRTHeL, 1964); Cordaites sp. from 
the Bolsovian of the Saar Region of germany (waRTMaNN, 
1969); and Cordaites neimengensis from the Lower Permian 
of inner Mongolia, China (LiU et al., 1998). This could be 
further evidence that papillate Cordaites wartmannii is a 
peat-forming plant. The reasonable interpretation of the pres-
ence of the papillae on plants growing in tropical rain forest 
was given by CLeaL aNd SHUTe (2012). They argue that 
papillae in medullosan pteridosperms could protect the sto-
mata from water ingress into the stomatal pore. The papillae 
in the cordaitaleans could have a similar function. Cordaites 
theodorii from the Pchery locality is also supposed to be a 
peat-forming plant because its cuticles are strongly papillate 
and it was found on the same specimen together with the 
previously mentioned Cordaites wartmannii. Seven of the 
nine abaxial cuticular species of the genus Cordaabaxicutis 
ŠiMůNeK & FLoRJaN, 2013 were papillate. These spe-
cies came from different strata and localities of the Upper 
Silesia Basin (Poland). in contrast, only a few of the c. 30 
species from the Bohemian Massif that were prepared from 
compressions bear papillae on the abaxial cuticle (ŠiMůNeK, 
2007). The evidence thus suggests that cordaitaleans living 
in saturated peat substrates tended to have more papillate 
epidermal surfaces. However, the function of these papillae 
remains unknown (ŠiMUNeK & FLoRJaN, 2013). 

A different situation occurs in Cordaites kladnoensis. it 
is not papillate and resembles Cordaites radcicensis, which 
comes from mudstones of the Cantabrian Plzeň Basin, Czech 
Republic, where coal was not developed. if we suppose a sim-
ilar habitat, it maybe grew in the marginal parts of the swamp.

we can deduce the original habitat of cordaitaleans from 
the facies in which they are preserved. BaSHFoRTH et al. 
(2014) described a flora from different rocks of a mega fan 
structure of Langsettian age in New Brunswick, Canada. The 
predominance of cordaitalean, mostly in coarse deposits, sug-
gested to these authors that these plants lived in better-drain ed 
substrates and also on river banks. The rooting system of these 
huge trees enabled them to live in “dry” soils, where the wa-
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ter table was low. Alternatively, smaller cordaitalean forms 
were able to grow directly in the peat swamps (CoSTaNZa, 
1985). wetland and dryland floras with cordaitaleans were 
discussed by diMiCHeLe (2014) using as an example the 
Pennsylvanian floras from North america.

The study of dispersed cuticles from the central Bohe-
mian region is in its infancy, so it is not possible to produce 
a list of peat-forming cordaitaleans from this region. The 
clear evidence for the Radnice member is that Cordaites bo-
rassifolius (STeRNBeRg) UNgeR (ŠiMůNeK et al., 
2009) and possibly also C. wartmannii ŠiMůNeK and C. 
theodorii ŠiMůNeK & HaLdovSKý sp. nov. lived in coal 
swamps. diMiCHeLe & PHiLLiPS (1994) demonstrated 
the greatest abundance of cordaitaleans in the duckmantian, 
Bolsovian and early asturian peat swamps in america. in 
comparison with the Bohemian Massif, the greatest diversity 
of cordaitaleans occurs in the lower Bolsovian Radnice 
member (ŠiMůNeK, 2007), however, these cuticles were 
isolated from specimens from roof shales or clastic and 
tuffitic partings, and therefore mostly from species that pre-
dominantly lived in clastic-swamp wetlands, but not directly 
in the peat swamps (gaSTaLdo et al., 1995). The relatively 
high diversity of cordaitaleans in the Bohemian Massif is 
also seen in the middle asturian Nýřany Member in Central 
Bohemia, (the zircon dating revealed an older age for these 
srtrata that was previously supposed; opluštil, pers. com.). 
The asturian records fit with the observations by diM-
iCHeLe & PHiLLiPS (1994) based on peat substrate floras. 
a relatively rich and diversified cordaitalean assemblage is 
known from roof-shales (clastic deposits) from the upper 
asturian of Bohemia (ŠiMůNeK, 2007). This provides fur-
ther evidence that the peat substrate wetland flora might dif-
fer from the clastic substrate flora.

6. CONCLUSION

A new species Cordaites theodorii ŠiMůNeK & HaL-
dovSKý sp. nov. from the Bolsovian of the Kladno-Ra-
kovník Basin is erected. This species is remarkable in having 
dentate leaf margins, not known from other cordaitaleans; 
both of its cuticles are strongly papillate. 

Great variability has been observed on additional cuticles 
of Cordaites wartmannii ŠiMůNeK from the Libušín and 
Pchery localities. in contrast to the holotype, new samples of 
Cordaites wartmannii have much wider stomatiferous bands 
on the abaxial cuticle (up to 450 mm) and thus they resemble 
the Stephanian Cordaites barthelii ŠiMůNeK. They also have 
smaller polar subsidiary cells than the holotype.

Cordaites polynervus ŠiMůNeK has been shown to be 
conspecific with Cordaites kladnoensis ŠiMůNeK, based 
on the similarity of their abaxial cuticles. The species 
Cordaites kladnoensis (abaxial cuticle) resembles Cordaites 
principalis morphotype 5 of ZodRow et al. (2000) from 
Canada and Cordaites radcicensis ŠiMůNeK from the As-
turian of the Plzeň Basin. The later was found in mudstone, 
thus the habitat of Cordaites kladnoensis is considered to be  
non-peat-forming.

Cuticles of peat-forming cordaitaleans are often strongly 
papillate, and Cordaites wartmannii and Cordaites theodorii 
have such characteristics. 
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PLATE 1

A–D   Cordaites wartmannii ŠIMůneK, Libušín, Schoeller mine, Kladno-Rakovník Basin, Radnice Member, Bolsovian (Coll. CGS, ZŠ 246).  A – A leaf with ve-
nation (holotype), material of slides 113/1–2. Scale bar = 1 cm; B – Detail of the venation from Fig. A, veins visible as doubled and alternating with 
sclerenchymatous strands. Scale bar = 1 mm; C – A wide leaf fragment from which slides 395/1–8 have been prepared (Coll. CGS, ZŠ 303). Scale bar 
= 1 cm;  D – Detail of the venation from Fig C. It has the same pattern as Fig. B; 

E–G   Fragments of leaves of Cordaites wartmannii ŠIMůneK, and Cordaites theodorii ŠIMůneK et HALDOvSKý sp. nov. (holotype), Pchery, Theodor mine, 
Kladno-Rakovník Basin, Radnice Member, Bolsovian (Coll. CGS, ZŠ 350). Scale bar = 1 cm; F and H – Details of venation; F – from the large left leaf; 
G – from the small right leaf from the Fig. e. Both venations exhibit “doubled” veins and probably belong to Cordaites wartmannii. Scale bar = 1 mm; 

H–J   Cordaites kladnoensis ŠIMůneK, Pchery, Theodor mine, Kladno-Rakovník Basin, Radnice Member, Bolsovian; H – Leaf fragment, Scale bar = 1 cm; 
I – Detail of venation from the leaf impression with fine veins. Scale bar = 1 mm; J – Detail of venation from the opposite side of phytoleim (Coll. 
CGS, ZŠ 358a). Scale bar = 1 mm.
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PLATE 2  
Cuticles from Cordaites wartmannii ŠIMůneK (holotype, slide 113/1), Libušín, Schoeller mine.

A–C  Adaxial cuticle. A – Adaxial cuticle with dark somatal rows. Scale bar = 100 mm; B – Details of dark stomatiferous bands. Scale bar = 50 mm; C – Detail 
of two stomatal complexes. Scale bar = 25 mm;

D–F   Abaxial cuticle; D – Cuticle with three stomatiferous bands. Scale bar = 100 mm;
E–F  Detail with a stomatiferous band and stomata and small papillae on epidermal cells; E – Scale bar = 50 mm; F – Scale bar = 25 mm; G – Detail of two 

stomatal complexes and epidermal cells. Scale bar = 25 mm. 
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PLATE 3 
Cuticles from Cordaites wartmannii ŠIMůneK, Libušín, Schoeller mine, slide no. 395/5;

A   Adaxial cuticle with dark somatal rows. Scale bar = 50 mm; 
B   Detail of dark stomatal row with a stomatal complex. Scale bar = 25 mm;
C–D   Outer view of adaxial cuticle with openings above guard cells, SeM stub no. 25; C – Scale bar = 50 mm; D – Scale bar = 10 mm;
E–G  Abaxial cuticle with stomatiferous and non-stomatiferous bands; E – note relatively wide stomatiferous bands and some strongly cutinised cells in 

non-stomatiferous bands. Scale bar = 100 mm; F – Abaxial cuticle with relatively narrow stomatal bands and small papillae on epidermal cells. Scale 
bar = 50 mm; G – Detail of some stomatal complexes within stomatiferous band. note small polar subsidiary cells. Scale bar = 25 mm.
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PLATE 4 
Cuticles from Cordaites wartmannii ŠIMůneK

A–F  Libušín, Schoeller mine locality; A – Detail of stomatal complexes from Pl. 3F. Scale bar = 10 mm; B–F Abaxial cuticle in SeM, stub 25, outer view; 
B – Low magnification with stomatal bands and stomatal openings. Scale bar = 100 mm; C – Stomatiferous band with guard cells visible. Scale 
bar = 50 mm; D and E – Inner view of stomatal complexes with very visible guard cells. Scale bar = 10 mm; F – Outer view on the abaxial cuticle. Scale 
bar = 100 mm; 

G–L  Adaxial cuticle, Pchery, Theodor mine locaitty G–H Alternating non-stomatiferous and dark stomatiferous bands. slide 518/8. Scale bars = 100 (G) 
and 50 (H) mm; I – Detail of cells of non-stomatiferous band with burst papillae-like objects, slide 518/13. Scale bar = 25 mm; J–K Adaxial cuticle with 
dark stomatiferous bands, slide 518/13; J – Scale bar = 100 mm; K – Scale bar = 50 mm; L – Detail of the dark stomatiferous band from Pl. 4K with sto-
mata. note proximal papillae on lateral subsidiary cells. Scale bar = 25 mm.
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PLATE 5 
Cuticles from Cordaites wartmannii ŠIMůneK Pchery, Theodor mine locality

A–D   SeM images from inner side of the adaxial cuticle, SeM stub 56; A – General view of abaxial cuticle. Scale bar = 100 mm; B – view to stomatal complex. 
Scale bar = 20 mm; C – Another view of adaxial cuticle. Scale bar = 100 mm; D – Adaxial cuticle with stomata – detail from Pl. 5C. Scale bar = 25 mm;

E–G  Abaxial cuticles, Slide 518/6; E – Abaxial cuticle with stomatiferous and non-stomatiferous bands. Scale bar = 100 mm; F – Detail of the stomatifer-
ous band with stomatal complexes from Pl. 5e. Scale bar = 50 mm; G – Detail of stomatal complexes from Fig. F. Scale bar = 25 mm;

H–K  SeM images of abaxial cuticle. SeM stub 56; H – Outer view of abaxial cuticle with stomatal openings above guard cells and papillae on the surface. 
Scale bar = 25 mm; I – Inner view of the abaxial cuticle with prominent anticlinal walls, guard cells are not very  discernible. Scale bar = 50 mm; J – Abax-
ial cuticle with indiscernible guard cells, but with very prominent anticlinal walls of polar subsidiary cells. Scale bar = 20 mm; K – Inner view of the 
abaxial cuticle. Cells of stomatiferous and non-stomatiferous bands are clearly distinguishable. Scale bar = 50 mm.
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PLATE 6 
Cordaites theodorii ŠIMůneK & Haldovský sp. nov., Pchery, Theodor mine locality. 

A  Leaf margin with teeth. Slide 518/1. Scale bar = 250 mm; 
B  detail of a tooth from Pl. 6A. Scale bar = 25 mm; 
C  Surface of the adaxial cuticle with elongated cells and many papillae. Slide 518/8, Scale bar = 100 mm; 
D  Detail of adaxial cuticle from Pl. 6C. Scale bar = 50 mm; 
E  Detail of strongly papillate cells of the adaxial cuticle from Pl. 6D. Scale bar = 25 mm; 
F   Papillate cells of adaxial cuticle, Slide 518/13. Scale bar = 25 mm.
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Plate 7

A–F   Cordaites theodorii ŠIMůneK & HALDOvSKý sp. nov., Pchery, Theodor mine locality; A – Strongly papillate abaxial cuticle. Slide 518/1. Scale bar = 50 mm; 
B – Detail of abaxial cuticle from Pl. 7A with stomata. Scale bar = 25 mm; C–D Strongly papillate cells of abaxial cuticles. note proximal papillae on sub-
sidiary cells pointing to the center of the stoma. Slide 518/2. Scale bar = 25 mm; E – Stomata arranged in rows, Slide 518/2. Scale bar = 25 mm; F – De-
tail of two stomata. note many papillae. Slide 518/2. Scale bar = 25 mm; 

G–H   Cordaites wartmanni ŠIMůneK. Pchery, Theodor mine locality. Poorly preserved cuticles with prominent polar subsidiary cells. The other cells, 
including the guard cells are poorly discernible. G – Scale bar = 50 mm; H – Scale bar = 25 mm.
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Plate 8

A–D  Cordaites kladnoensis ŠIMůneK (holotype of Cordaites polynervus ŠIMůneK, slide 182/1) Tuchlovice, nosek mine locality; A–D Adaxial cuticles; 
A – daxial cuticle with more or less regular dark stomatal rows. Scale bar = 250 mm; B – Detail from Fig. A. Scale bar = 100 mm; C – Detail of a dark 
stomatiferous band with stomatal complexes from Pl. 8B. Scale Bar = 50 mm; D –  Detail of three stomatal complexes from Pl. 8C. Scale Bar = 25 mm;

E–H   Abaxial cuticle; E – A stomatal complex with strongly cutinised crypt above guard cells, detail from Fig. H. Scale bar = 25 mm;  F – view of an abaxial 
cuticle with three stomatifereous bands. Scale bar = 100 mm; G – Detail of a stomatiferous band from Fig. F. with strongly cutinised crypts above 
guard cells and anticlinal walls in the corners of cells. Scale bar = 50 mm; H – Close up of a stomatiferous band from Pl. 8G to see in more detail strong-
ly cutinised crypts and anticlinal walls. Scale Bar = 25 mm; 

I  venation pattern of Cordaites kladnoensis ŠIMůneK (holotype of Cordaites polynervus ŠIMůneK) Inv. no. ZŠ 247, Scale bar = 1 mm; 
J–L   Adaxial cuticle of Cordaites kladnoensis ŠIMůneK, Pchery, Theodor mine locality, J – Dark stomatiferous band with stomata. Slide 543/1. Scale bar = 50 mm; 

K – Close up of stomatal complexes from Fig. J. Scale bar = 25 mm; L – Adaxial cuticle with a dark stomatiferous band. Slide 543/3 Scale bar = 50 mm.
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PLATE 9  
Adaxial cuticle of Cordaites kladnoensis ŠIMůneK, Pchery, Theodor mine locality. Slide 543/4; 

A  Adaxial cuticle with two dark stomatiferous bands. Scale bar = 50 mm; 
B  Close up of dark stomatiferous band from Pl. 9A. Scale bar = 25 mm; 
C  Close up of two stomata from the stomatiferous band on Pl. 9B. Scale bar = 25 mm.


