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Dendraena pinnatilobata Némejc is a Pennsylvanian true fern, which is known from the Stradonice locality (Czech Re-
public) only. All specimens of Dendraena pinnatilobata are preserved as three-dimensionally in volcaniclastic of
Whestone Horizon (Radnice Member, Kladno Formation). Revision of this species includes detail study of pinnae and
pinnules morphology, sporangia, in situ spores and a rachial anatomy. Combination of several methods was used includ-
ing camera lucida, maceration of sporangial/spores, SEM observation and cross sections of rachides for precise descrip-
tion of this species. D. pinnatilobata pinnae were borne on the rachides of the Anachoropteris robusta-type anatomy.
This real organic connection between pinnae/pinnules (including reproductive organs) and rachial anatomy is rare in
fossil record. This knowledge is very important for understanding of a leptosporangiate fern evolution. Sporangia of
Dendraena pinnatilobata are annulate with band-lateral-upper type of annulus and in situ spores of the
Microreticulatisporites harrisonii type, described for the first time, are unique for D. pinnatilobata. Based on this type
of sporangia the species belongs to the leptosporangiate ferns. According to the petrological and sedimentological study
of host sediments it is possible to infer that specimens of Dendraena were transported a short distance. Transport was
very fast and fossils were deposited in supercritical conditions, which resulted in rapid burial of the plants and their ex-
cellent preservation. The plant host rock — Whetstone Horizon — also contains abundant volcaniclastic components.
D. pinnatilobata grew in close proximity to the riverside or the peatland margins. ¢ Key words: Dendraena,
Anachoropteris, fern, Pennsylvanian, in situ spores.
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The leptosporangiate ferns (filicalean) are known from the
Mississippian (Taylor et al. 2009) and they are widespread
on nearly all Carboniferous localities through the world.
According to Rothwell (1987) the abundant of filicalean
increased in Pennsylvanian age. Many features of modern
ferns, as one cell layer of the sporangial wall with a distinct
annulus, or rachial anatomy, evolved independently more
than once in several families (Galtier & Phillips 1996). Gen-
erally, filicaleans became members of plant communities
in a broad array of habitats and clearly showed a vast array
of ecological roles in the Carboniferous biotopes (DiMi-
chele & Phillips 2002; Galtier & Phillips 2014). The speci-
mens of Dendraena pinnatilobata (Némejc) obtained from
a volcaniclastic deposit provide a better understanding of
the palaeco-environment in which the leptosporangiate
ferns grew. Dendraena pinnatilobata was established by

DOI 10.3140/bull.geosci.1628

Némejc (1934) based on material from Feistmantel’s, 1868
collection, which come from Stradonice locality (near Be-
roun). The locality is situated in small tectonically bounded
Lisek relict of Duckmantian coal-bearing strata (Radnice
Member, Kladno Formation). Némejc (1934) reidentified
Feistmantel’s, 1868 unpublished specimens as Dendraena
pinnatilobata beside original Feistmantel’s identification
Oligocarpia sp. (notice on specimen label). Némejc (1934)
characterised D. pinnatilobata as a fern with sphenopterid
pinnules bearing groups of sessile, annulate sporangia with
an oblique or asymmetric annulus and distinguished only
two types of sporangial cells. The first type of cells repre-
sents the annulus and the second is typified by narrow and
elongated cells, which probably represent stomium. Unfor-
tunately, Némejc (1934) did not macerate specimens, i.e.,
he could not recognize all the types and the extension of
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sporangium cells. Némejc (1934) mentioned a close simi-
larity between Dendraena pinnatilobata, Sturia amoena
Némejc and Boweria Kidston; but emphasised the differ-
entiation of Dendraena from Boweria Kidston, Chansitheca
Rege, Discopteris Stur, Hymenophyllites Goeppert, Kid-
stonia Zeiller, Oligocarpia Goeppert, Pteridotheca Scott,
Senftenberia Corda, Sturiella Weiss and Todeopsis Re-
nault.

Combination of several techniques were used for a pre-
cise classification of plant remains, including camera
lucida drawings, transverse sections of rachides, sporangial
cell composition, in situ spores and a characterisation of
the sedimentary environment, including petrological anal-
ysis (e.g. electron microprobe and X-ray diffraction analy-
ses). All data that were obtained using the above mentioned
methods provide us information for precise classification.
Petrological analyses were carried out to understand the
composition and origin of the whitish rim surrounding this
ferns. Petrology and sedimentology also contributed to de-
termining the length of the transport of the plant fossils and
an interpretation of the palacoenvironment.

Material and methods

The review is based on Némejc’s (respectively Feist-
mantel’s) type collection consisting of 28 fertile speci-
mens, from the Stradonice locality (Liskov outlier near Be-
roun; Pesek & Martinek 2012) southeast part of the
Kladno-Rakovnik Basin (Czech Republic). Specimens are
stored in the National Museum, Prague, Czech Republic.
All specimens come from volcaniclastic material (pro-
bably from the Whetstone Horizon), Radnice Member,
Middle Moscovian (Duckmantian; Oplustil et al. 2016).
Specimens are preserved in grey laminated siltstone to clay-
stone and are often strongly weathered and limonitised.
Destructive and non-destructive methods were used to
study the specimens. Scanning electron microscope
(low-vacuum SEM, Hitachi S-3700N) was used as
a non-destructive method for observing plant morphology.
Selected specimens were drawn using camera lucida equip-
ment (attached to a binocular microscope OLYMPUS
SZX12). The non-destructive method resulted in a precise
description of pinnule morphology, including the attach-
ment pattern of the sporangium. Specimens E 4946,
E 4956, E 4962 and E 7110 were macerated (destructive
method) and studied in detail the structure of the sporangial
cell wall and in situ spores. The sporangia were isolated
from the rock matrix using 35% hydrofluoric acid for 24
hours, and then were washed in distilled water. After this
step some sporangia were selected and examined under se-
veral SEMs including Tescan VEGA3 XMU (Institute of
Geology of the Czech Academy of Sciences, v.v.i., Pra-
gue), JEOL 6380LV (Institute of Geology and Palaeonto-
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logy, Faculty of Sciences, Charles University), and Hitachi
S-3700N (National Museum, Prague). Other sporangia
were macerated in Schulze’s solution (Schulze 1855, Froj-
dové et al. 2017), washed in water and subsequently perco-
lated with potassium hydroxide (10%) to remove oxidation
products, and washed again in water. Macerated sporangia
with in situ spores were observed under SEM (Tescan
VEGA3 XMU and JEOL 6380LV). Rachides of Dendrae-
na pinnatilobata from specimens E 4955 and E 4970 were
mechanically selected from specimens, fixed in a resin,
cutting (cross section), fixed on glass slides and subse-
quently polishing on DISCOPLAN-TS. Thin sections with
rachides were examined under biological microscope
OLYMPUS BX51.

All digital photos of the sporangia and in sifu spores are
housed in the Institute of Geology of the Czech Academy
of Sciences, v.v.i., Prague (Czech Republic) and in the Na-
tional Museum in Prague (Czech Republic). SEM tubes
with sporangia, slides and a thin section are stored in the
National Museum in Prague.

The terminology for describing the pinnae/pinnules and
reproductive organs comes from Frojdova et al. (2017).
Descriptive terms for the spores follow the latest edition of
the Glossary of Pollen and Spore Terminology (Punt ef al.
2007). Spores are classified according to the system of dis-
persed spores suggested by Potonié¢ & Kremp (1954,
1955), Dettmann (1963) and Smith & Butterworth (1967).
In situ spores were compared directly with the original di-
agnoses, type specimens, descriptions, and illustrations of
dispersed spore species. Species determinations are based
solely on the original diagnoses, and not on the interpreta-
tions of subsequent authors.

Nine rock hand specimens were used (National Museum,
Prague, catalogue Nos E 4950, E 4956, E 4959, E 4963,
E 4964, E 4965, E 4966, E 4968 and E 4969) for petrological
and mineralogical study. Two polished thin sections were
used for transmission light microscopy to examine the host
rock — Whetstone Horizon and the composition of the whitish
rim around the plant remains. The composition and micro-
structures were studied using standard petrological optical
microscopy in transmitted light with semiquantitative esti-
mates of each component. Pyrite occurrence was checked by
reflected light. An electron microprobe was used to under-
stand the mineralogy and microstructures of the host rock —
Whetstone Horizon (24 analyses) and the whitish rim around
the plant remains (57 analyses).

An X-ray powder diffraction investigation of one whet-
stone sample was carried out with a Bruker D8 Discover
diffractometer (analyst A. Kallistova, Department of Ana-
lytical Methods, Institute of Geology of the Czech Acad-
emy of Sciences, v.v.i.) equipped with a silicon-strip linear
LynxEye detector and a germanium primary monochroma-
tor providing CukK,,, radiation (A = 1.54056 A). Data were
collected in the 20 range of 3—70° with a step size of 0.017
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Figure 1. A — map of occurrence of studied specimens. Outliers:
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and a counting time of 1 second at each step. The phase
analysis was performed with the analytical computer pro-
gram Diffract.

Geological setting

According to Otokar and Karel Feistmantel (in Némejc
1930), the Stradonice locality is part of the Lisek outlier,
near Beroun, southeast of the Kladno-Rakovnik Basin
(Fig. 1A). The complete stratigraphic section of this outlier
is unknown (Némejc 1930, Starkovd ez al. 2016). The plant
assemblage of the Lisek outlier is correlative with that of
the Lower Radnice Member (Némejc 1930). This author
also distinguished in the Stradonice area three lithological
units. The lower unit consists of fossiliferous (occurrence
of Dendraena pinnatilobata) Whetstone Horizon and the
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Figure 2. Measured sections in the northern valley (sensu Siftancova

2005) near Stradonice. For discussion see text.

associated fine-grained deposits interbedded in coarse-
grained sandstone and conglomerate. The upper part of the
lower unit is formed by fossiliferous sandstones and sandy
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Figure 3. XRD patterns of
qtz Whetstone. Abbreviations: qtz —
quartz, ms — muscovite, ka —
kaolinite. From lectotype.
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mudstones. The fossiliferous middle unit consists of coal
locally called “Na Lisku Seam”, which is correlated by N¢-
mejc (1930) and Pesek (2001) with the Upper Radnice
Coal. The coal is overlain by grey to black mudstones and
claystones. The upper unit is formed by a thick succession of
fine-grained sandstones. The position of the Whetstone Ho-
rizon underneath the “Na Lisku Seam” suggests, that volca-
nic ash may have had a fertilising effect on the peat by provid-
ing nutrients essential for plant growth (Triplehorn ef al.
1991) thus contributing to the development of the coal.

The overlying succession consists mainly of conglomer-
ates with minor sandstones and coaly siltstones interpreted
as alluvial fan deposits prograding to fluvial and floodplain
deposits (Siftancova 2005). The succession of the Radnice
member strata in the Stradonice area is interpreted as a fill of
tectonically active river valley margin (Siftancova 2005),
representing a high-gradient sedimentary system with a high
sedimentation rate. The fine-grained fossiliferous succes-
sion composed of the “Na Lisku Seam” and Whetstone Ho-
rizon is overlaid by thick (at least ca 35 m thick) succession
of conglomerates (Némejc 1930).

Siftancova (2005) studied the conglomerates and un-
derlying sandstones in several localities near Stradonice.
We add three new measured sections (Fig. 1B) of the un-
derlying succession, which consists of finer grained depos-

its in the northern valley, where Némejc (1930, 1953a) de-
scribed abundant flora in volcaniclastic type of deposits
(Fig. 2). In an 8 m thick heterolithic deposit of grey silty
claystones and clayey siltstones interbedded with sand-
stones one thin carbonaceous siltstone is present. Rocks are
laminated to discontinuously laminated and interbedded
with several zones of roots and plant detritus. Two impor-
tant zones with roots penetrated through strata indicate two
episodes of vegetation development (Fig. 2). First zone is
situated under several centimetres thick bed of coal
siltstone, which represent short episode of vegetation de-
velopment. Only several millimetres sized plant detritus
was discovered in root zone as well as in coal siltstone.
Large parts of fossil plants were not found. Second zone is
underlying sandstones and represent roots, which pene-
trated laminated clayey siltstone and sandstones (Fig. 2).
The fossil remains of overground part of plants are not
present in this part of section and therefore we can specu-
late only that the fossiliferous strata or coal situated above
this root zone was eroded by sedimentation of sandstones.
Exact stratigraphic position of Némejc’s (1930, 1953a)
findings was not found. Generally, all deposits underlying
sandstones and conglomerates could have been deposited
on floodplain close to the river and/or close to the peatland
in system of tectonically established valley (Oplustil 2005).

Figure 4. Fertile specimens of Dendraena pinnatilobata. All specimens stored in National Museum in Prague, Czech Republic, Némejc’s collection.
All specimens are from locality Stradonice, near Beroun, Radnice coal group, Moscovian. ® A — part of penultimate pinnae from lectotype E 4945, scale
bar 10 mm. ¢ B — part of antepenultimate pinnae E 4962 with well-preserved fertile pinnules, scale bar 3 mm. ¢ C — detail of ultimate pinnae with fertile
pinnules of E 4945 immersed in alcohol; sporangia are situated near the margin in the lobe, scale bar 1 mm. * D — detail of fertile pinnules with midvein
and lateral vein with grouped sporangia which covered all of pinnule of E 4961 immersed in alcohol, scale bar I mm. ¢ E — detail of fertile pinnules with
midvein and lateral vein with grouped sporangia which covered all of pinnule of E 4962 immersed in alcohol, scale bar 1 mm. ¢ F — detail of fertile
pinnules with midvein and lateral vein with grouped sporangia which covered all of pinnule of E 4945 immersed in alcohol, scale bar 1 mm.
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SEM MAG: 1768 x HV: 15.0 kV WD: 14.7 mm

Figure 5. From lectotype. * A — SEM image of the whitish plant rim with location of microprobe analyses; quartz (1), muscovite (2, 3), kaolinite (4) and
rutile/anatase (5) were detected. * B — SEM image of the whitish plant rim with location of microprobe analyses which both detected same composition —

basic glass or obsidian.

Whetstone Horizon probably represents a complex of lacus-
trine sediments composed of re-deposited volcaniclastics and
admixed siliciclastics deposited in the valley.

Taphonomy

Némejc’s (1934) (respectively Feismantel’s) specimens
show more or less large parts of plant remains while our
new examination of the locality section provided only se-
veral millimetres large plant detritus concentrated to thin
discrete zones. Thin discrete zones with common plant
detritus rarely accompanied by larger parts of plants are
known from the upper re-deposited whetstone part of the
Whetstone Horizon in the Radnice Basin (Oplustil et al.
2014). These authors stated that plant remains preserved in
this upper whetstone part of Whetstone Horizon originally
grew probably at valley margins or adjacent hill slopes and
subsequently, where they were buried by volcanic ash and
subsequently drifted as unconsolidated volcanic ash was
washed by rains down the valley. This scenario is adopted
here to explain the origin of plant detritus zones in the
Whetstone Horizon exposed in near Stradonice. From pet-
rological and mineralogical analyses follows that Whet-
stone Horizon contains abundant volcaniclastic compo-
nents such as detrital Ti oxides, biotite, apatite and baryte
cement. The presence of climbing ripples point to very fast
transport and deposition in supercritical conditions, which
probably resulted in rapid burial of the plant debris and
contributed to their good preservation. The angular to su-
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bangular detrital grains support interpretation of short
transport. The sedimentary facies of the deposits overlying
the Whetstone Horizon (Siftancova 2005) and our present
observations (Fig. 2) of the Stradonice Whetstone Horizon
and its petrology suggest that Dendraena pinnatilobata
grew in close proximity to the riverside or peatland mar-
gins and preferred mineral (clastic) substrates.

Nevertheless, clear stratigraphical position of Ng-
mejc’s (1934) specimens remains unknown and based on
current information is impossible to clearly determine the
original habitat of Dendraena pinnatilobata.

An interesting phenomenon all of the Dendraena sam-
ples from the Whetstone Horizon is whitish rim surround-
ing the plant (Fig. 4). The rim is typically 1-2 mm wide.
Electron microprobe analyses of the whitish rim revealed
similar composition to the whetstone (Fig. 5A). The domi-
nant components are detrital quartz, muscovite, kaolinite
and kaolinised muscovite. Minor components are detrital
altered biotite and rutile/anatase. Accessory obsidian
(Fig. 5B) and apatite are also present. Organic matter re-
mains are pyritised, except for rare specimens. The pyrite
has often been oxidised to Fe oxides. Baryte cement is as-
sociated with plant tissues. The Ti oxides, biotite, apatite
and especially baryte are interpreted to represent minerals
of volcanic origin (Pettijohn et al. 1973).

Similar whitish rim surrounding the plant was de-
scribed by Barthel (2016) from volcaniclastics from
Dohlen Basin (Germany). In both cases the rim is probably
a kind of leaching caused by the organic matter of the
plants. Some mixed-layer clay minerals (phyllosilicates)
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Figure 6. Lectotype of Dendraena pinnatilobata E 4945, scale bars 50 mm.

pinna and pinnatified pinnule (shaded area).

are chemically highly reactive and have a high absorbing
capacity, and they react easily with organic substances.
Based on Electron microprobe analyses on whetstone from
Stradonice locality we identified as phyllosilicates
kaolinite. It may result in genesis of whitish rim surround-
ing the plant.

Systematic palaeobotany

Class Filicopsida

Order Filicales

Family Anachoropteridaceae P. Bertrand, 1909

Genus Dendraena Némejc, 1934

Type species. — Dendraena pinnatilobata Némejc, 1934.

‘ siyoel ajewnnuad

siyoel/peuurd 933|dwodul
siyoes/seuurd a19|dwiod

seuuid sjewnin

\ sIyoeJ djewnin

anuuid payneuuld

* A — camera lucida drawing. * B —rachis diagram with shape of ultimate

Emended diagnosis. — Pinnae triangular-ovate to ovate;
penultimate rachis with C-shaped xylem strand; recurved,
slightly tapered arms; pinnule pinnatifid; deeply laminar
lobate, margin smooth; lateral veins two times divided;
sporangia, free sessile, irregularly grouped, leptosporan-
giate, produced on pinnule margin; annulus of band-
lateral-upper type, stomium, apical cells; spores trilete, tri-
angular to circular, microspinate to spinate and reticulate
sculpture.

Dendraena pinnatilobata Némejc, 1934 emend.
Figures 4, 8, 11, 12

Lectotype. — Specimen E 4946 (counterpart E 4945), desig-
nated here, the National Museum, Prague, Czech Republic.
Remark: Némejc (1934) established the species based on
several specimens that included fertile specimens from
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ultimate Dendraena

Figure 7. Reconstruction  of
pinnatilobata, scale bar 40 mm.

pinnae  of

Stradonice locality and also specimen E 4972 from the
Stilec locality [Némejc (1934) believed that this specimen
is sterile]. Nevertheless, the specimen E 4972 is fertile
based on our SEM study. Its sporangia and in sifu spores
are different from those of D. pinnatilobata from the Stra-
donice locality. Thus, E 4972 is here removed from that
taxon.

Type locality. — Stradonice, near Beroun.

Type horizon. — Whetstone Horizon, Radnice Member,
Middle Moscovian (Upper Duckmantian).

Emended diagnosis. — Frond segments at least tripinnate;
rachises winged; penultimate rachis xylem strand
C-shaped, slightly involuted, arms recurved and slightly ta-
pered, median part of xylem strand horizontally elongated
with two lateral arms, ultimate rachis trace oval-shaped;
ultimate pinnae triangular-ovate to ovate; pinnules
triangular-ovate; lobes rounded; U-shaped gap between
two adjacent lobes; lateral veins two times divided ending
in lobe; sporangia irregularly grouped 7—18 sporangia per
group, ovoid-shaped, annulate; three irregular rows of cells
form a band-lateral-upper- type of annulus situated above
equatorial region of sporangium, occupying a half to
three-quarters of the circumferences of the sporangium;
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stomium of five to six rows of elongated, thick-walled cells,
ongoing from apical cells to the base; apical cells at the top
of sporangium and consist of three to six rows of tetragonal
to polygonal thick-walled cells; thin-walled ordinary cells;
trilete triangular in situ microspores, with exine microspi-
nate to spinate and reticulate.

Description. — Frond and pinnule architecture: Né-
mejc (1934) established the genus Dendraena and desig-
nated specimens E 4945 (part) and E 4946 (counterpart) as
the lectotype. The lectotype has a well-preserved ultimate
rachis, pinnules and groups of sporangia.

The frond is at least tripinnate (Fig. 6A, B). Well-pre-
served antepenultimate rachis (for all measurement see
Tab. 1) is winged, almost straight and longitudinally stri-
ated (Fig. 4B). The shape of the pinnae of the antepenulti-
mate pinnae is not discernible due to fragmentary preserva-
tion. Penultimate rachis is winged, longitudinally striated,
almost straight, 34 mm long (Fig. 4A, B). The shape of the
penultimate pinnae is unknown.

The ultimate rachises are longitudinally striated,
slightly sinusoidal and diverge from the penultimate rachis
at 55-75 degrees. The complete ultimate rachis bears max-
imum of 9 pinnatified pinnules (Fig. 6A, B). Ultimate
pinnae are triangular-ovate to ovate (Figs 4A, B; 6, 7),
> 17.5 mm long and > 10.5 mm wide.

The main veins of the pinnatified pinnules slightly si-
nusoidal and lies at 55-70 degrees to the ultimate rachis
(Fig. 4C-E). The pinnules are triangularly ovate (Fig. 4C)
and alternate along the rachis. Pinnules gradually taper to-
ward the apex where they terminate in a small 1.5 mm wide
apical lobe. The largest pinnules are close to the base of the
ultimate pinnae. Individual lobes are 1.1-3.5 mm wide and
1.3-5.75 mm long. The lobes lie in the range of 55-70 de-
grees to the pinnules and are deeply laminar lobate
(Fig. 4C). Each pinnule bears at minimum four lobes and
has a smooth rounded margin (Fig. 4D). The number of
lobes gradually decreases towards the apex of the pinnule.
The space between two confluent lobes is U-shaped
(Fig. 4E). The lateral veins are slightly flexuous, 0.1 mm
wide and bifurcated three times.

Reproductive organs: Poorly preserved reproduc-
tive organs are represented by annulate marginal sporangia
(Figs 8A-G, 9) situated at the end of the pinnule lobes
(Fig. 8F). It is impossible to state whether the sporangia
arise from the pinnule lamina or from lateral veins. Whole
pinnules are covered by a number of irregularly grouped
sporangia (7-18 sporangia per group; Fig. 8A). Sporangia
are free, sessile on the pinnule, ovoid-shaped, annulate,
with their longer axis 190-494 um and their shorter axis
190-310 pm (Fig. 10, Tab. 1). The sporangial wall consists
of one sporangial cell layer. It is possible to discern four
types of sporangial cells: cells of the annulus, stomium,
apical cells and ordinary cells.
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Table 1. Comparison of some morphological characters of Dendraena pinnatilobata. The size of pinnules represent the large pinnules. The most common
size of sporangia can be also seen on Fig. 10; abbreviations: Ul-P — ultimate pinnae, Ul-R — ultimate rachis, Pu-P — penultimate pinnae, Pu-R — penultimate
rachis, Ant-R — antepenultimate rachis, B — near the base; the numbers of sporangia are in um, the numbers in brackets show the size with winged lamina.

Specimen  Ant-R Pu-R Ul-R Ul-P pinnules sporangia
width width width shape shape width length margin shape makro
mm mm mm mm  mm
E 4945 0.4 (0.65) 0.35B-0.25(0.75)  almost straight triangular-ovate? 3.9 52 lobate triangularly-ovate 0.20-0.39
E 4946 - 0.3 (0.58) almost straight to  triangular-ovate? 3.5 52 lobate triangularly-ovate 0.21-0.44
slightly sinusoided
E 4947 0.65(0.9) 0.25B-0.15 (0.6) slightly sinusoided — 42 - lobate — 0.23-0.35
E 4948 - 0.35 B-0.2 (0.5) slightly sinusoided — - - - - 0.25-0.37
E 4949 0.23(0.6) 0.2(0.7) slightly sinusoided — 43 53 lobate — 0.29-0.31
E 4950 0.5 (0.9) 0.3 (0.6) - - - - - - 0.23-0.33
E 4951 0.25(0.7)  0.25(0.6) slightly sinusoided — 32 5.0 lobate triangularly-ovate 0.22—0.38
E 4952 0.3 (0.75) 0.2 (0.45) slightly sinusoided — 3.8 5.1 lobate ovate 0.24-0.31
E 4953 0.6 0.4 (0.65) slightly sinusoided — 4.0 6.5 lobate triangularly-ovate 0.22-0.45
E 4954 - 0.2 (0.5) almost straight to  — - - - - 0.25-0.49
slightly sinusoided
E4955 09(l.6) - - - - - - - - 0.20-0.31
E 4956 1.2 (1.4) 04 (-) almost straight - - - lobate ovate 0.23-0.33
E 4957 0.45(0.7) 0.3 (0.6) almost straight - - - - - 0.29-0.30
E 4958 - 0.2 (0.6) - - - - - - 0.23-0.35
E 4959 1.250 0.5 (0.6) slightly sinusoided triangular? 33 4.8 lobate triangularly-ovate 0.25-0.43
E 4960 0.6 (1.4) 0.3 (0.6) - - - - - - 0.26-0.40
E 4961 0.4 (1.0) 0.35(0.5) slightly sinusoided — 4.5 6.3 lobate ovate 0.21-0.41
E4962 1.1(1.3) 0.35(0.94) 0.3(0.7) slightly sinusoided — 3.0 4.7 lobate ovate 0.29-0.40
E 4963 - - - - - - - - 0.22-0.35
E 4964 0.95 0.3 (0.6) almost straight - - - lobate — 0.24-0.34
E 4965 0.22 (0.85) 0.3(0.5) almost straight - >32 61 lobate triangularly-ovate 0.20-0.36
E 4966 - - - - - - - - 0.28-0.35
E 4967 0.45(0.9) 0.3(0.5) almost straight triangular-ovate? 3.9 5.0 - - 0.23-0.33
E 4968 0.5 (0.7) 0.2 (0.45) slightly sinusoided — 3.0 4.1 lobate ovate 0.30-0.43
E 4969 0.7 0.2 (0.5) slightly sinusoided — 3.0 >42 lobate -— 0.21-0.31
E4970 0.5(1.5) - - - - - - - - 0.24-0.38
E 4971 - 0.35 (0.75) slightly sinusoided — - - - - 0.19-0.44
E7110 - —-(0.5) slightly sinusoided — - - - - 0.30-0.35

1) Cells of the annulus are located above the equatorial

part of the sporangium (Figs 8A, C, G “AC”, 9) and occupy
half to three-quarters of the sporangium circumference
(Fig. 8B, D). The annulus consists of 3 irregular rows of
thick-walled elongated tetragonal/polygonal cells (Fig. 8B,
D, G), which are 50-63 um long and 3045 um wide. Anti-
clinal walls of cells are straight. The annulus can be classi-
fied as a band-lateral-upper annulus. This lateral type of an-
nulus is located over the equatorial area of the sporangium
with a band shape and occupies a half of the sporangia.

2) The stomium cells, (Fig. 8C, E, G “SC”) consist of
5-6 rows of thick-walled elongated cells, 35-50 um long
and 7-15 um wide. The anticlinal walls are straight to un-
dulate. These cells probably penetrate from the apical cells

of the sporangium to the base of the sporangium. The
stomium is on the opposite side of the annulus.

3) The apical sporangial cells (Figs 8D, E, G, 9) are
tetragonal (Fig. 8D, G “APC”), sometimes polygonal,
which might be influenced by the preservation. These cells
consist of 5-6 rows of thick-walled cells (Fig. 8D, E, G
“APC”). The apical cells are 13-23 pm long and 9-17 pm
wide.

4) The ordinary cells occupy the remaining sporangia,
are thin-walled and not always preserved.

In situ spores: Trilete microspores with triangular,
subtriangular, circular to subcircular amb (Fig. 11A-F).
Size range is 21 (27.4) 48 um (Fig. 11D-F). Sides are usu-
ally convex, but may be occasionally straight or rarely con-
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cave. Two types of microspores were observed (Fig. 11E).
First smaller microspores are of 21 (23) 25 um in diameter
(Fig. 11B—C). Amb is triangular to subtriangular with con-
cave sides. Rays of trilete marks reach three-quarters of the
radius. Exine is 1-1.5 pm thick and covered by
microspinae and spinae. Spinae are connected at their
bases by an irregular reticulum with circular lumina about
1 ym in diameter. Larger microspores are of 21 (31.8)
48 um in diameter (Fig. 11D-F). Amb is circular to
subcircular and subtriangular. Sides are convex, rarely
straight or slightly concave. Rays of the trilete mark reach
three-quarters to almost the whole radius. Exine is
1-1.3 pm thick. The sculpture is granulate to spinate.
Sculpture elements are connected at their bases and create
a reticulum with a lamina up to 1 um in diameter.

The only in situ record of Microreticulatisporites
[M. nobilis (Wicher) Knox] is known from Radiitheca
dobranyana Brousmiche et al. (1985) from the Pennsylvan-
ian of Czech Republic. These in situ microspores are com-
parable to the same dispersed genus, but Microreticu-
latisporties nobilis differs from M. harrisonii, microspores
isolated from Dendraena pinnatilobata by the type of
sculpture (M. nobilis has foveolate and M. harrisonii has
granulate and spinate sculpture).

Dispersed Microreticulatisporites: A dis-
persed miospore genus Microreticulatisporites was pro-
posed by Knox (1950) and emended by Potonié & Kremp
(1954). The most characteristic morphological feature is
a negative reticulum, i.e., small perforations of the exine.
Although the type species [M. lacunosus (Ibrahim) Knox]
is from the Pennsylvanian, today the genus consists of ca
150 dispersed miospore species from the Carboniferous to
the Tertiary (Eocene). M. harrisonii is not a typical repre-
sentative of the genus because, although it possesses typi-
cal perforations of the exine, it also has a developed spinae.

Only M. nobilis (Wicher) Knox has some stratigraphi-
cal significance in the Carboniferous of the Czech Repub-
lic, because its records are typical mainly for the
Stephanian B strata (Pesek ef al. 2001).

Anatomical structures: Two specimens (E 4955
and E 4970 on Fig. 12A, B) have three-dimensionally pre-
served penultimate rachises showing an internal anatomy.
Both rachises are poorly preserved, but cells and the shape

of the xylem strands are discernable. The rachises are 1.3 x
0.8 mm wide (Fig. 9). Portions of the xylem strands are not
preserved or have been destroyed (Fig. 13; black areas with
question marks). The median part of the xylem strand is
horizontally elongated with two lateral arms, bent towards
the median plane (Figs 13; 12C, D). The xylem strand is
C-shaped, slightly involute, with recurved and slightly ta-
pered arms, 0.8 x 0.5 mm across. The radial/tangential
width ratio is ca 0.6. The xylem strands consists of several
thick cells, around 200 um wide at the broadest part of the
arms. The outer border of arms’ tips is difficult to discern
but what is discernible suggests that they are rounded. The
large metaxylem cells are ca 100 pm in diameter. The
protoxylem strands are not visible, but in some parts it is
possible to observe small cells ca 30 um in diameter, which
may represent adaxially protruding crescentic cups
(Fig. 12C, D arrows). The departing ultimate rachis trace is
initially oval, 200-250 um in diameter (Figs 13 “URT”;
12C — D “URT”). The cortex is not preserved.
Anatomical structures are poorly preserved, cannot be
described in detail, compared with other fern taxa and,
therefore, can be classified only as Anachoropteris sp.

Remarks. — Smaller, less abundant microspores are inter-
preted as immature. The larger, more common specimens
can be compared with dispersed miospores indentified as
Microreticulatisporites harrisonii Peppers.

Discussion

The present paper described specimens of Dendraena pin-
natilobata with well-preserved reproductive organs inclu-
ding in situ spores and a rachial anatomy. The pinnae of
D. pinnatilobata with reproductive organs are organically
connected on the rachis of the Anachoropteris type
(Figs 4A, B; 5).

Comparison of reproductive organs
with similar taxa

A similar connection of Anachoropteris sp. rachis with

Figure 8. Fertile specimens of Dendraena pinnatilobata. All specimens stored in National Museum in Prague, Czech Republic, Némejc’s collection.
All specimens are from locality Stradonice, near Beroun, Radnice coal group, Moscovian. ¢ A — grouped sporangia with lateral annulus consisting of
thick-walled cells (AC) of E 4946; SEM low vacuum, scale bar 150 pm. * B — sporangia with lateral annulus consisting of thick-walled cells (AC), SEM
low vacuum, E 4946, scale bar 100 um. ¢ C — lateral view of sporangia with lateral annulus consisting of thick-walled cells (AC), elongated thick-walled
cells of stomium (SC) of E 4946, SEM low vacuum, scale bar 100 um. ¢ D — sporangia with lateral annulus consisting of thick-walled cells (AC) and apical
thick-walled cells (APC) of E 7110, SEM, scale bar 50 um. ¢ E — sporangia with lateral annulus consisting of thick-walled cells (AC), elongated
thick-walled cells of stomium (SC), apical thick-walled cells (APC) of E 7110 and in situ spores Microreticulatisporites harrisonii-type; SEM, scale bar
100 pm. * G —lateral view of sporangia with lateral annulus consisting of thick-walled cells (AC), elongated thick-walled cells of stomium (SC) and apical

thick-walled cells (APC) of E 4946, SEM low vacuum, scale bar 50 pum.
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Figure 9. Reconstruction  of
sporangium of D. pinnatilobata,
AC — cells of band-lateral-upper
annulus, SC — cells of stomium,
APC - apical cell/cells, OC — or-
dinary cells. * A — side view.
* B — view from above.
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Figure 10. Percentage of indi-
vidual lengths sporangia in pm.
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a fertile specimen (Figs 4, 10) was described by Galtier &
Phillips (2014, pl. 11, figs 1-13) from the Middle Pennsyl-
vanian equivalent of the Murphysboro Coal (Cayuga, Indi-
ana, USA). It is still the only known fertile specimen at-
tached to an Anachoropteris rachis. The fertile pinnae of
Anachoropteris have multiply branched 2 mm long soral
receptacles attached in paired parallel lines to the adaxial
face on the pinnule (Galtier & Phillips 2014, pl. 11,
figs 7-9). The spherical (0.4-0.5 mm) sporangia, each has
an oblique lateral annulus and are attached in two rows of
thick-walled cells at the end of the short stalked receptacle
branch. The position of the annulus is low on one face near
the stalk (Galtier & Phillips, 2014, pl. 11, figs 7, 11-13).
The stomium consists of narrow elongated cells, to near the
basis (Galtier & Phillips, 2014, pl. 11, fig. 10). This fertile
frond has unidentified immature in situ spores 30 pm in
diameter. In contrast, Dendraena has no soral receptacu-
lum, but has sessile free sporangia, irregularly grouped,
0.190-0.494 mm in diameter, ovoid-shaped with
band-lateral-upper annulus, which is formed from three

06€E-TLE

pum

0TV —T6€E
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rows of thick-walled cells (Tab. 2). Several fossil-genera of
true ferns with lateral annuli are known, but Microreticula-
tisporites is the only taxon known from in situ spores.
These in situ spores are attached to Radiitheca dobranyana
(Brousmiche et al., 1985) from the Pilsen Basin, Dobré
Stesti locality, Moscovian (Asturian). Radiitheca has
pecopterid type of pinnules. The sporangia of Radiitheca
are grouped into sori with 15-35 sporangia (0.5-0.8 mm
long axis) with apical annuli while sporangia of Dendraena
pinnatilobata have a band-lateral-upper annulus, a sporan-
gia (0.190-0.494 mm longer axis) attached to sphenopterid
type pinnules. Thus Radiitheca dobranyana represents
a plant with a different affinity than Dendraena pinnatilo-
bata.

Dendraena pinnatilobata exhibits features similar to
some species of several genera; Sturia Némejc (S. amonea
Némejc), Tenchovia (PSenicka & Bek), Boweria (Kidston)

and Kidstoniopteris (Frojdova et al.), Oligocarpia
(Goeppert), Chansitheca (Regé), Sturiella (Weiss),
Todeopsis (Renault), Discopteris (Stur), Kidstonia

Figure 11. In situ microspores of the Microreticulatisporites harrisonii-type isolated from Dendraena pinnatilobata, Stradonice locality, Moscovian
stratigraphy. « A — E 4962, proximal surface. Note the length of rays of the trilete mark and the sculpture. Scale bar is 10 pm. * B—E 7110, mass of micro-
spores. Note concave sides. Scale bar is 25 um. » C — E 4962, slightly damaged proximal surface of microspore with concave sides. Scale bar is 10 um.
* D — E 7110, mass of microspores with straight or slightly convex sides. Scale bar is 25 um. * E — E 7110, mass of microspores. Relatively immature
microspores with concave sides (right) and matured microspores (left) with convex sides. Note difference between immature and matured specimens.
Scale bar is 25 um. * F — E 4946, lectotype, distal surfaces. Scale bar is 10 pm.
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Figure 12. A — D. pinnatilobata E 4955, three-dimensionally preserved penultimate rachis. * B — D. pinnatilobata E 4970, three-dimensionally pre-
served penultimate rachis. « C — cross section of the penultimate rachis of D. pinnatilobata E 4955, “URT” — ultimate rachis trace. ¢ D — cross section of
the penultimate rachis of D. pinnatilobata E 4970, “URT” — ultimate rachis trace.

(Zeiller), Hymenophyllites (Goeppert) and Pteridotheca
(Scott) (see Tab. 2).

Dendraena pinnatilobata has features quite similar to
Kidstoniopteris minor (Kidston) Frojdova et al. (2017); the
type specimen consists of reproductive organs and an ex-
tremely reduced pinnule lamina. This species has irregu-
larly grouped sporangia with semi-lateral annulus occur-
ring at the end of the lateral veins. They both have
irregularly grouped ovoid-shaped sporangia and the annulus
consists of 3 rows of thick-walled cells. The size of the
sporangia of K. minor and D. pinnatilobata is comparable
(Tab. 2). Other common features between them are the tri-
angular ovate shape of the pinnae and the deeply lobate
pinnule. Major differences between these two taxa are in
the number of sporangia per group (Tab. 2) and K. minor
(Frojdova et al.) has stalked sporangia while in
D. pinnatilobata here has sessile sporangia. K. minor has
a more complex rachial system than D. pinnatilobata; the
shape of the ultimate rachises in K. minor is sinusoidal to
very sinusoidal in comparison to D. pinnatilobata. It is not
now known if the differences in the diameter of the
pinnules in these two taxa are diagnostic or the reflection of
ecologic variations resulting from having grown in differ-
ent biotopes seen in recent forests (Lehnert & Weigand
2013). K. minor has a semi-equatorial annulus in contrast
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to D. pinnatilobata that has a band-lateral-upper annulus
and the number of rows of cells of the stomium is different
too. Finally, K. minor produced Granulatisporites-
Apiculatisporites-Leiotriletes-types of spores while D. pin-
natilobata produced Microreticulatisporites-type of in situ
spores. Boweria is fern with a sphenopterid or pinnatified
pinnules with lobate margins and free leptosporangiate
sporangia. Sporangia of Boweria are short stalked and
placed at the end of the veins at the margin and are com-
posed of four types of cells with a lateral shield-like annu-
lus. The main difference between Boweria and Dendraena
is in diameters of the sporangia (Tab. 2). Boweria also does
not have grouped sporangia with a short pedicel and pro-
duced Granulatisporites-Leiotriletes-types of in situ
spores, i.e., different from those isolated from Dendraena
pinnatilobata. Finally, Boweria is typified by basal
acroscopic pinnules of the ultimate pinna larger than the
basal basiscopic pinnules, it is not observed in pinnules of
Dendraena.

Sturia, according to Némejc (1934) and Frojdova
(2013) has annulate sporangia, which are sessile, free, oval
in shape and 0.4-0.5 mm long. The annulus of Sturia is
very distinct, placed nearly at the top of the sporangium in
a vertical direction, biseriate, and occupies about
two-thirds of the sporangium’s circumference of in its
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equatorial part. Cells of the annulus are twice as large as the
ordinary cells. The sporangia are placed on the pinnules
close to their margin. One of the dissimilarities is in the
ungrouped sporangia, which are also larger in Sturia than
those of D. pinnatilobata, which are irregularly grouped.
The type of pinnule is also different, Sturia has a more
deeply lobate pinnule, but D. pinnatilobata has a more lam-
inar and lobate pinnule. Némejc (1934) stated that the main
difference is the occurrence of aphlebia in Sturia. Sturia
produced a Punctatosporites-type of in situ spores, i.e., dif-
ferent from those described for Dendraena pinnatilobata
(Tab. 2).

Kidstonia 1is another fern genus with annulate
sporangia. The sporangia of Kidstonia (resp. K. hera-
cleensis) are ovoid, 0.3-0.4 mm long and consist of several
types of cell (Zeiller 1897). Larger and thick-walled cells
represent annulus, which could be classified as a semi-api-
cal type of annulus Zeiller (1897, p. 213, figs 5, 6). Zeiller
(1897) mentioned that the annulus occupies three-quarters
of the upper hemisphere of the sporangium. The ordinary
cells of the sporangia consist of elongate, narrow cells.
A band of thin-walled cells represents the stomium. In situ
spores from Kidstonia are unknown (Frojdova ef al. 2017).
The main difference between both taxa (D. pinnatilobata
and Kidstonia) is in the position of the sporangia: Kidstonia
has sporangia on the lower side of the pinnules near the
pinnule basis, while the sporangia of D. pinnatilobata are
situated on the pinnule margin (Tab. 2).

Discopteris Stur, 1883 is characterised by sporangia in
sori with an apical annulus. Pfefferkorn (1978) and later
Brousmiche (1983) stated that sporangia of Discopteris are
formed by radial rows of thick-walled, polygonal cells,
which occupy most of the sporangium wall. Therefore
some authors (e.g. Zeiller 1899; PSenicka 2005) empha-
sized that the sporangia of Discopteris are annulate with
a semi-apical lateral annulus (Tab. 2). The sporangia of
Discopteris are grouped in a rounded sorus in a large num-
ber, placed in the central or marginal part of the pinnule,
whereas the sporangia of D. pinnatilobata are strictly situ-
ated in the marginal part of the pinnule.

Another genus Tenchovia was defined (PSenicka & Bek
2004) as a true fern with “sphenopterid” pinnules and
annulate sporangia. The sporangia of Tenchovia are grouped
into sori. This feature can be comparable with the irregularly
grouped sporangia of D. pinnatilobata. Nevertheless, the
sporangia of Tenchovia have a bean-shaped lateral-lower
annulus, quite different from annulus of D. pinnatilobata
(Tab. 2). Moreover, the in situ spores are different from
those macerated from D. pinnatilobata (Tab. 2).

Némejc (1934) emphasized the importance of lateral
sporangia of Pteridotheca, Sturiella and Todeopsis
(Tab. 2) isolated from permineralised nodules. The genus
Pteridotheca Scott (resp. P. Williamsoni) is known as iso-
lated sporangia from calcareous nodules (Scott 1909). The

Figure 13. Camera lucida drawing of transversal section from penulti-
mate pinnae of D. pinnatilobata E 4955 and E 4970. “URT” — ultimate
rachis trace.

pinnules of Pteridotheca are apparently of the spheno-
pterid type; its nearly spherical sporangia are sessile with
amulticellular base and a row of thick-walled cells forming
the annulus and are located on the marginal pinnule. Two
rows of cells form the annulus. The in situ spores are un-
known as is the shape of the pinnule and pinnae.

The genus Sturiella Weiss belongs to the group of
Osmundales (Scott 1920) or Psaroniaceae (Némejc 1963).
Sturiella is known as having isolated sporangia and
pinnules. Sporangia form pyriform sori with apical-oblique
annulus. Five sporangia grow together at the base of
a cap-like annulus expanding to the vertical direction of the
two opposite sides (Némejc 1963, p. 403).

The genus Todeopsis Renault is known only from
a transverse section of sporangia lacking an annulus
(Renault 1896). The transverse section shows a row of
thick-walled cells consisting of an annulus as depicted by
Renault (1896). Renault (1896) and Némejc (1963) de-
scribed pyriform non-annulate sporangia with a short
pedicel, 0.33 mm in diameter and Renault (1896) men-
tioned five larger cells that can be interpreted as an annulus.
Three smaller cells are perpendicular to the axis of the
sporangia; it means they may resemble a stomium. Neither
of these genera is similar to the genus Dendraena.

Another genus with annulate sporangia is Hymeno-
phyllites Goeppert. It has sporangia grouped into sori situ-
ated at the end of the lateral veins or at the end of the lobes
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(Tab.2). Sporangia are free, ovoid, 0.5-0.7 mm in diameter
with an annulus consisting of two rows of thick-walled
cells extending from the equatorial part to almost the top of
the sporangia. Hymenophyllites has an indusium (Zeiller
1883) and an oblique annulus (Brousmiche 1986), i.e., both
these features do not correspond to the diagnosis of
Dendraena. In situ spores are unknown.

The sporangia of the genus Chansitheca (resp.
Ch. palaeosilvana) are rounded, grouped into sori (He et
al. 2016) and with an oblique annulus (Regé 1920, He et al.
2016) that is almost in the central part of the sporangia and
consists of two rows of thick-walled cells that are different
from Dendraena (Tab. 2).

The sporangia of the genus Oligocarpia Goeppert are
grouped into sori, and placed at the end of the lateral veins.
The annulus is directed out of the sorus (Tab. 2). In situ
spores are of the Granulatisporites-type (Remy & Remy
1957, Brousmiche 1983), i.e., different from those de-
scribed for Dendraena pinnatilobata. The shape of the
pinnule is different too, because Oligocarpia has no sepa-
rate simple pinnule on the individual lobes.

Finally, the annulate sporangia of Dendraena may be
intermediate among taxa with a biseriate and uniseriate an-
nulus, i.e., filicalean ferns (Galtier & Phillips 1996, 2014).

Comparison of anatomy with similar taxa

The rachises of Dendraena pinnatilobata has an abaxially
curved C-shape traces as do Anachoropterid ferns (Galtier
& Phillips 2014) with typical member Anachoropteris
Corda. Corda (1845) distinguished Anachoropteris Corda;
Whetstone Horizon of the Radnice Member (Upper Duck-
mantian); from other taxa on its rachial anatomy with its
characteristic involute vascular strand. The holotype
(Corda 1845, pl. 56, figs 1-2) represents a 2.7 mm broad
primary rachis (penultimate rachis) and shows strongly in-
volute xylem anatomy, a dense cortex and hairs. Rachises
of D. pinnatilobata are only 1.3 mm wide comparable to
the smaller rachises (1.5 mm in diameter) Anachoropteris
rotundata Corda (Corda 1845, pl. 54, figs 7-9). A. rotun-
data has a slightly involuted C-shaped xylem strand as do
the specimens described herein (Fig. 12C, D).

Later Galtier & Phillips (2014) revised the Ana-
choropterid ferns and established four groups based on
morphological/evolutionary trends: “gillotii-radnicen-
sis”, “robusta”, “williamsonii” and “pulchra-involuta”
groups.

Galtier & Phillips (2014, p. 34) synonomized
A. rotundata with A. pulchra as the former represents sec-
ondary (penultimate) rachises of the later. The “gillotii-
radnicensis” Anachoropteris group is characterised by
a short, thick foliar xylem with very short arms (Galtier &
Phillips 2014) where as Dendraena has thick foliar xylem,
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but longer arms. These longer arms also present in the
Anachoropteris “robusta group”. Anachoropteris species
from the “robusta group” are, however, similar to the
“gillotii-radnicensis group” but the “robusta group” is dif-
ferent by having xylem strands with arms of short lengths
(Galtier & Phillips 2014). Galtier & Phillips (2014, p. 53,
pl. 11) also described fertile pinnae (attached sporangia to
petiole) with an anachoropterid anatomy from the Middle
Pennsylvanian of the Illinois Basin. Galtier & Phillips
(2014) stated that these specimens yielded sori superfi-
cially borne on the adaxial surface of the pinnules with an
upright sorus consisting of a multi-branched vascularised
stalk, bearing sporangia terminally. This is the only known
example, in the anachoropterids of biological connection
of the rachial anatomy and reproductive organs (Galtier &
Phillips 2014). DiMichele & Phillips (2002) and Galtier &
Phillips (2014) emphasized, that many species of
Anachoropteris were much like modern “climbing” ferns
and it is possible that D. pinnatilobata was a climbeder or
scrambeler as well, though no grasping shoots are pre-
served. It is proven that Dendraena pinnatilobata was born
on rachises of the Anachoropteris robusta-type, based on
the connection of rachises with anatomical structure and
pinnules of D. pinnatilobata (Fig. 12). The pinnules of
Anachoropteris robusta were not known by Galtier & Phil-
lips (2014, p. 44). The anatomical structures of Dendraena
pinnatilobata are similar to the structures observed in the
Anachoropteris robusta group.

Plant assemlage of Whestone Horizon
from Stradonice locality

According to Némejc (1930, 1953b) the plant assemblage
of the Stradonice Whetstone consists of lycopsids Lepido-
dendron aculeatum Sternberg and Sigillaria sp., sphen-
opsids Asterophyllites equisetiformis (Schlotheim) Brongn-
iart associated with cones Calamostachys intermedia
Némejc, Annularia stellata (Schlotheim ex Sternberg)
ferns Sphenopteris (Zeilleria?) haidingeri Ettingshausen,
Zeilleria hymenophylloides Kidston, Oligocarpia lindsae-
oides (Ettingshausen) Stur, Senftenbergia plumosa (Artis)
Stur, Hymenophyllites bronni Gutbier, Mariopteris ner-
vosa (Brongniart) Zeiller, Lobatopteris miltonii (Artis)
Wagner, noeggerathioids Rhacopteris asplenites (Gutbier)
Némejc and Palaeopteridium reusii Ettingshausen, seed
plants Odontopteris britannica Gutbier, Neuropteris coria-
cea Ettinshausen, Linopteris neuropteroides (Gutbier in
Geinitz) Potonié, Mixoneura ovata (Hofmann) Zalessky,
Lonchopteris rugosa Brongniart or Triphyllopteris rhom-
boidea (Ettingshausen) Schimper. Some taxa cannot be
clearly classified to ferns or seed plants as Sphenopteris fle-
xuosissima Stur, S. intermedia Neuburg or S. artemisiaefo-
lioides Crépin (Némejc 1930). Many taxa of Whestone
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Table 2. Comparison of Dendraena with other Carboniferous fossil-genera of ferns which are similar type of annulus and with type of in situ spores.

genus published in position organisation (number of base type of annulus  type of in situ spores (um)
sporangia per group)
Dendraena Némejc (1934), at the end of pinnules irregular grouped (7-18) sessile  band-lateral- Microreticulatisporites 21-48
present paper lobes upper type
Anachoropteris  Galtier & Phillips attached to ultimate sori, (7-9) receptaculum stalked oblique lateral unknown
sp. (2014) rachial segments
Radiitheca Broumische er al. end of veins sori, receptaculum sessile or apical Microreticulatisporites 35.50
(1985) (15-35) stalked type
Kidstoniopteris  Frojdova et al. pinnule lamina on  solitary or grouped (5-7) stalked semi-equatorial  Leiotriletes,
(2017) pinnule lobes Granulatisporites 27-50
margin
Sturia Némejc (1934); pinnule lamina close solitary sessile  incomplete Apiculatisporites type
S . - . 35-53
Frojdova (2013) to pinnule margin oblique
Discopteris Stur (1883,1885); from pinnule lamina sori (to 70) stalked  semi-apical Leiotriletes-
Pfefferkorn (1978) Punctatisporites- 15-61
Granulatisporites
Kidstonia Zeiller (1897, 1899) pinnule lamina in solitary sessile  semi-apical unknown
proximal part of
pinnule
Boweria Kidston (1911, 1923), end of veins solitary stalked lateral Leiotriletes,
Frojdova et al. Granulatisporites 27-58
(2017)
Tenchovia PSenicka & Bek end of veins sori (more than 6) stalked  bean-shaped Granulatisporites type
17-23
(2004) lateral-lower
Chansitheca Regé (1920), end of veins sori (8-20) sessile  oblique Leiotriletes type
21-26
He et al. (2015)
Sturiella Scott (1920), ? sori (5) sessile or apical-oblique unknown
Némejc (1963) stalked
Hymenophyllites Goeppert (1836), end of veins or sori stalked  oblique unknown
Zeiller (1883), end of lobes
Broumische (1986)
Todeopsis Renault (1896) ? solitary or grouped stalked  annulate ? unknown
Pteridotheca Scott (1909) pinnule margin sori (more than 2) sessile  lateral unknown
Oligocarpia Goeppert (1836) at the end of the sori (3-5) stalked  oblique Leiotriletes,
lateral veins Granulatisporites- 20-39
type
Horizon assemblage point to taxa (e.g. Oligocarpia lind- Conclusion

saeoides, Senftenbergia plumosa) which are known from
in situ volcanic ash at the base of the Whestone Horizon
(Radnice Member, Kladno Formation), and also to taxa
(e.g. Zeilleria hymenophylloides) from upper part of
Whestone Horizon consist of laminated mudstone with
volcanic admixture where fossil are rare and fragmentary
from Radnice, Pilsen or Kladno-Rakovnik basins. From
this perspective Whetstone Horizon from Stradonice may
represent the equivalent of Whetstone Horizon of Pilsen
and Kladno-Rakovnik basins. Nevertheless, some taxa
(e.g. Mixoneura ovata, Annularia stellata) are rather
known from younger strata and some taxa (e.g. Lobato-
pteris miltonii) are typical rather for older strata. How-
ever, the flora from this area never been systematically re-
viewed since Némejc (1930) and therefore some
mentioned taxa from Stradonice locality can represent
a different species in real.

Dendraena pinnatilobata is a Pennsylvanian true fern,
which is known from Whestone Horizon (Radnice Mem-
ber, Kladno Formation) the Stradonice locality (Czech Re-
public) only. D. pinnatilobata pinnae were borne on the ra-
chides of the Anachoropteris robusta-type anatomy. This
real organic connection between pinnae/pinnules (includ-
ing reproductive organs) and rachial anatomy is rare in fos-
sil record. Dendraena pinnatilobata exhibits features simi-
lar to some species of several leptosporangiate ferns as
Sturia, Tenchovia, Boweria, Kidstoniopteris, Oligocarpia
Chansitheca, Sturiella, Todeopsis, Discopteris, Kidstonia,
Hymenophyllites and Pteridotheca. Nevertheless, Dendra-
ena is clearly different from those genera having combina-
tion of free sessile sporangia irregularly grouped bearing
band-lateral-upper type of annulus. Anatomy of those si-
milar genera is still unknown and due to this fact a precise
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systematic comparison cannot be done. Sporangia of Den-
draena pinnatilobata has in situ spores of the Microreticu-
latisporites harrisonii type, described for the first time, and
are unique for D. pinnatilobata. Microreticulatisporites in
situ spores are known also Radiitheca dobranyana but the
general morphology of fertile pinnaea of Dendraena pin-
natilobata and Radiitheca dobranyana are quite different.
These all facts confirm the unique position and separation
of Dendraena pinnatilobata among leptosporangiate ferns.
Dendraena pinnatilobata propbably grew in close proxi-
mity to the riverside or peatland margins and preferred mi-
neral (clastic) substrates and was probably a part of under-
storey.
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