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Dispersed miospore and pollen assemblages are described from the Radnice Basin, Middle Pennsylvanian, Czech Repub-
lic. Conversion factors (R-values) were produced by comparing the palynological data with quantified macrofloral data, to re-
late the percentages of spore/pollen taxa to those of the major plant groups that produced them. Among arborescent
lycopsids, the miospore and macroplant counts are more or less equal. In other lycopsids miospores are strongly over-repre-
sented, as their macroplant remains were relatively fewer than would be suggested by the proportion of their spores in
miospore spectra. Sphenophyll and calamitid macroplants were also relatively fewer than are their spores as a proportion of
palynological spectra. By contrast, macroplants of ferns and cordaites are relatively more numerous than are their miospores

and pollen in palynological spectra.
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INTRODUCTION

The dispersed miospore and pollen record is driven by the
dispersal strategy of their parent plant producers, and these
microfossils are many times more numerous than plant
macrofossils. Spores and pollen have much higher fossilisation
potential than plant macrofossils because of their successful
dispersal strategy, due to often enormous production in repro-
ductive organs except for pteridosperm pollen that are pre-
served rarely. Advantage of spores are: (1) repeated reproduc-
tion, (2) small spore size, (3) suitable morphology for wide aerial
and secondary aquatic dispersal including pollen sacs and (4)
resistant exine consisting of sporopollenin that protected
spores and pollen during dispersal while equally being highly re-
sistant to degradation over geological timescales.

All these characteristics explain why the diversity of
palynomorphs in a particular bed greatly exceeds that of the
macroflora (Bek and Oplustil, 2021), and so palynological data
better reflect the original diversity of vegetation colonising the
landscape (Capel et al., 2021). In addition, most fossil plants
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are found as allochthonous fragments classified under different
generic and specific names assigned to particular organs (bark,
branches, foliage, roots, reproductive organs, etc.), and so
there is commonly uncertainty about which organs belong to
which natural plant species (e.g., Bateman and Hilton, 2009;
Wang et al., 2009, 2021a). This further complicates the estima-
tion of original plant diversity from the macrofloral record even
at a generic level, as well as the estimation of relative propor-
tions of taxa, i.e., the size of their populations. By contrast,
spores and pollen are found as complete specimens, and the
counting of dispersed miospore and pollen species/genera on a
slide is a common approach to providing quantified
palynological data. Unfortunately, the percentage of miospore/
pollen taxa is, for various reasons, not directly “transformable”
into the relative abundance of the parent plants in a former veg-
etation cover. Besides the taphonomical bias related to the dif-
ferent dispersal strategies of various miospore taxa, there are
other reasons why the percentage of spore and pollen taxa can-
not be directly related to the relative abundance of the parent
plants. These reasons include differences in production of
miospores by various parent plants and the production of more
than one miospore species by some plant taxa. The former is
demonstrated by systematic underrepresentation of pollen of
medullosalean affinity in palynological spectra, while in com-
pression or coal ball records their macrofloral remains are usu-
ally more common and or even dominant and taxonomically di-
verse (Willard, 1993; Willard and Phillips, 1993; Bek and
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Oplustil, 2021). Similarly, the predominance of small monolete
marattialean miospores over cordaitalean pollen of Florinites
type in dispersed assemblages does not necessarily reflects
the same ratio of abundances of their parent plants in the origi-
nal vegetation. The latter bias is well documented by spores of
Omphalophloios, a sub-arborescent lycopsid which in
sporangia of a single plant may bear two miospore genera
(Densosporites and Cristatisporites) including several species
(Bek and Oplustil, 1998; Bek et al., 2014) thus resulting in infla-
tion of miospore diversity compared to that of the plants.

To overcome this bias, various conversion parameters
have been developed. This approach was introduced by Davis
(1963) for quantitative characterization of recent pollen. In the
fossil record, the first attempt at quantitative comparison of fos-
sil plant and spore records was published by Willard (1993) and
Willard and Phillips (1993) who used R-values/conversion fac-
tors. Willard (1993) and Willard and Phillips (1993) counted the
area (square mm/cm) of each plant from peel sections of
coal-balls and compared this with the percentage of their dis-
persed miospores/pollen from the same coal-ball. The
“coal-ball“ conversion factor was defined as a ratio of percent-
ages of spores or pollen species to the percentage of aerial bio-
mass of its parent plant species in the coal-ball record.

spore species abudance [%]
plant species aerial biovolume [%]

Willard (1993) and Willard and Phillips (1993) stated that
spores of arborescent lycopsids and ferns are slightly over-rep-
resented, sphenopsids about three times over-represented and
ferns four times over-represented. The results of Willard (1993)
and Willard and Phillips (1993), including the typical variations
of errors, are seen on their Table 1.

Besides coal balls, another opportunity to compare
palynological and macrofloral records in terms of the composi-
tion and abundance of the original plant groups in the vegeta-
tion is provided by localities with autochthonous flora. The best
examples are localities where flora was buried in situ by volca-
nic ash fall, which preserves the structure and composition of
vegetation cover in a geological instant (Burnham and Spicer,
1986; Burnham, 1994). The best studied localities of this type
are of Middle Pennsylvanian (late Duckmantian) age in the
western part of the Czech Republic (Libertin and Bek, 2004;
Simtinek et al., 2009; Oplustil et al., 2009, 2014; Peni¢ka and
Oplustil, 2013; Libertin et al., 2014) and an early Permian tuff
bed in the Wuda coalfield, China (Wang et al., 2012a, b;
Oplustil et al., 2021; Zhou et al., 2021).

Fossil forests are preserved in tuff beds usually 40-70 cm
thick overlying the coal. The flora in these tuff beds is buried in
situ and represents the peat-forming vegetation (Pfefferkorn
and Wang, 2007; Oplustil et al., 2007). Excavation of the tuff
beds at these localities provided unique data on the structure of

these tropical peat swamp forests (see Oplustil et al., 2014,
2021 for an overview).

At one of these localities, at Ov¢in in the Radnice Basin, the
vegetation cover was reconstructed in spectacular detail
(Oplustil et al., 2009, 2014). In addition, a few millimetres-thick
coal layer (in the form of dust) from the contact with the overly-
ing tuff bed was sampled (using a preparation needle) in several
places for palynological study to compare macrofloral and
palynological records in terms of their composition and the
abundance of particular plant groups. Very preliminary results
in the form of “adpression” R-values were published by Oplustil
et al. (2009b). This paper provides new comparisons of quanti-
fied macrofloral and palynological data to refine the correlation
of both types of records. For that reason we count “adpression”
R-values and compare them with coal-ball values as introduced
by Willard (1986) and Willard and Phillips (1986).

GEOLOGICAL BACKGROUND

Our research is centred to the Radnice Basin, a small ero-
sional remnant of a much larger cluster of continental and for-
merly interconnected Late Paleozoic basins in the central and
western part of the Czech Republic (Fig. 1). Deposition in these
basins started in the early Moscovian (late Duckmantian) and
lasted until the early Permian (Fig. 2). In the Radnice Basin,
however, only the oldest strata represented by the Radnice
Member and lower part of the overlying Nyfany Member are
preserved due to post-Permian erosion (Pesek et al., 2001;
Oplustil et al., 2016). The target of our study is the Radnice
Member, the deposition of which took place on an uneven sur-
face of the pre-Carboniferous (Neo-Proterozoic and Cambrian)
basement with a topography of several tens of metres. Topo-
graphic lows were fluvial valleys incised by rivers into the base-
ment and later filled by sediments of the Radnice Member
(Oplustil, 2005). Therefore, the distribution and thickness of the
member varies strongly. Intercalated within the dominantly flu-
vial strata of the Radnice Member are three coal groups. How-
ever, in the Radnice Basin only the Radnice group is devel-
oped. It consists of the Lower Radnice and Upper Radnice
coals separated by the 1 to >10-metres-thick Whetstone Hori-
zon (Fig. 2) composed of in situ deposited and redeposited
volcaniclastics (Orlov, 1942; Oplustil et al., 2014; Tomek et al.,
2021). The stratigraphic position of the Lower and Upper
Radnice coals is late Duckmantian (Oplustil et al., 2016). The
Lower Radnice Coal is between a few tens of centimetres to
~4 m thick and consists of a high-ash coal commonly with
clastic partings indicating its origin from a planar rheotrophic
peat swamp. The more important Upper Radnice Coal is of
greater extent, thickness (up to 14 m) and of better quality and
was heavily exploited in both deep and opencast mines since
the end of the 18th century. Coal mining activity ceased follow-
ing closure of the last opencast mine Pokrok (or “Ov¢in”) near

Table 1

Permineralized R-values of the Middle and Upper Pennsylvanian of the lllinois Basin (Willard, 1993;

Willard and Phillips, 1993) and compression

-values from the Radnice Basin

Illinois Basin Radnice Basin
Main plant groups -
PIaNLErouRS 1 g values (Willard, 1993) | R-values (Willard and Phillips, 1993) F?h‘é?'e‘fs)s
Arborescent lycopsids 0.83 (1.09) 1.95 - 0.8 (0.8) 0.9
Ferns 2.58 (3.8) 6.3 0.8 (7.9) 32.3- 0.5 (0.6) 0.7
Sphenopsids 1.18 (3.1) 6.56 1.1 (2.5) 6.4 1.8(7.3)23.3
Cordaites - 0.03 (1.5) 4.5) 0.2 (0.25) 0.3
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Fig. 1. Map of the Radnice Basin and surrounding relics of Carboniferous strata (A) in the context of other Late Paleozoic
basins of the Czech Republic (B)

The positions of the Ov¢&in opencast mine and borehole VP 29 are indicated

Radnice in 1985. This exploited both coals over an area of
about ten hectares.

The Radnice Basin is important historically not only for the
exploitation of coal but also for its stratigraphic and especially
palaeobotanical research. Some important plant holotypes
come from this basin (Sternberg, 1820—1838) and several stud-
ies have been published by Czech palaeobotanists and paly-
nologists in last two decades (Oplustil et al., 2009, 2014;
Simtinek et al., 2009; Penitka and Oplustil, 2013; Libertin and
Bek, 2004). Miospore research has been carried out by Bek
(1986) and Drabkova (1986) and on megaspores by Kalibova-
Kaiserova (1959).

GENESIS OF THE WHETSTONE HORIZON

The Whetstone Horizon includes the fossil record from
which the “adpression” R-values in this paper are based. For
more details of its origin and plant taphonomy, the reader is re-

ferred to Némejc (1930), Oplustil et al. (2009, 2014) and Tomek
et al. (2021).

The Whetstone Horizon divides the Radnice group of coals
into the Lower and Upper Radnice coals and is preserved ev-
erywhere the coal group is developed in the coalfields of the
western and central Czech Republic. It consists of basal bed of
whitish kaolinised acid tuff of sand grain size with a kaolinitic
matrix and a thickness of 0.4—0.6 m, persistent over a distance
of nearly a hundred kilometres. The bed is called the “Bélka” by
miners and is interpreted as in situ volcanic ash fall deposits
that may be locally reworked in its uppermost part. Overlying
the Bélka is the ,Whetstone“ (or “brousek” in Czech), a metre to
>10-m-thick succession of laminated and ripple-bedded grey
mudstones containing volcanic material, the content of which
decreases up the section. The Whetstone was formed from un-
consolidated tephra washed from the hilly topography down the
valleys and deposited in a shallow lake formed by compaction
of the peat of the Lower Radnice swamp under the initial volca-
nic ash load (Oplustil et al., 2014). In the lake, coarser
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The taphonomic character of the fossil record in different parts of the Whetstone Horizon is indicated
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sand-size particles were deposited separately in marginal parts
of the lake whereas finer volcaniclastic material settled from
suspension in the more distal parts.

The fossil content of the Bélka and Whetstone differs signifi-
cantly. That of the Bélka commonly contains large plant frag-
ments (branches, stems, fronds) accompanied by upright stems
of various diameters ranging from several millimetres to nearly a
metre. Many of them exceed the thickness of the Bélka and con-
tinue to the overlying Whestone. In the Ov¢in opencast mine the
torsa of stems up to 6 m tall were reported (Oplustil et al., 2014).
All the stems are rooted exclusively in the roof of the Lower
Radnice Coal. The branches of trees concentrated in the Bélka
around the parent stems suggest that trees were damaged by
the volcanic ash load with broken branches falling down around
the stem. Herbaceous plants are often preserved near the base
of the Bélka bed suggesting rapid burial in early phases of the
volcanic ash fall. As a whole, the vegetation is buried in situ in
growth position and allowed reconstruction of the composition
and structure of the peat-forming forest (Oplustil et al., 2009,
2014), and improved whole-plant reconstruction of many plant
species including their spores/pollen (e.g., Drabkova et al., 2004;
Libertin and Bek, 2004; Sim(inek et al., 2009; Psenicka and
Schultka, 2009; Oplustil, 2010) and their life strategies including
epiphytes (Psenicka and Oplustil, 2013). In contrast, the Whet-
stone includes only drifted and fragmented identifiable plant re-
mains or plant detritus, the former found often as isolated re-
mains, the latter concentrated in bedding planes or millimetre to
centimetre-thick sandy laminae within the Whetstone. These fea-
tures clearly indicate the allochthonous origin of plant fossils pre-
served in the Whetstone.

MATERIAL AND METHODS

Between 2002 and 2009, peat-swamp vegetation of the
Lower Radnice Coal preserved in the Bélka bed was uncovered
and documented in six excavations over a total area of
~200 m?. All plant fossils found in excavations were localised
within quadrants and subsequently used for reconstruction of
the former forest in great detail including the density and com-
position of the groundcover, the number of trees, and whether
they were dead or alive (Oplustil et al., 2009, 2014). In the exca-
vations made in 2002 several coal samples were taken from the
roof of the Lower Radnice Coal at the direct contact with the
Bélka (Fig. 3) for palynology and further comparison with the
macrofloral record. From the first set of fifteen samples only
three of them from square units B3, D2 and D4 have so far
yielded miospores and pollen. For comparison a sample was
used one from the uppermost part of the Lower Radnice Seam
in the VP-29 borehole (14.5-15.0 m) ~3 km from the excavation
(Fig. 1A).

Conversion factors were counted by comparison of the
quantified palynological and macrofloral data, i.e., we used the
same principle established by Willard (1993) and Willard and
Phillips (1993) on coal-ball material. Palynological data were
expressed as the percentage abundance of spore/pollen taxa
assigned to particular major plant groups based on number of
the specimens. To make the data on palynomorph abundances
directly comparable with the abundance of parent plant species
assigned to the same plant groups in the excavated original
peat-forming forest, we quantified the macrofloral data. We de-
limited circles of 3 and 4 m in diameter around each palynolo-
gical sample and counted how many square metres were occu-
pied by plant remains of particular plant groups in the circle. The

“compression” R-values for the plant groups were than calcu-
lated as a ratio between the percentage of palynomorphs of
each particular plant group and the percentage cover of
macrofossils of its corresponding plant group within the circles
of both sizes. This meant that we counted what percentage one
major parent plant group comprises (based on square centi-
metres) in a circle.

Descriptive terms for the spores follow the latest edition of
the Glossary of Pollen and Spore Terminology (Punt et al.,
2007). Spores are classified according to the system of dis-
persed spores suggested by Potonié and Kremp (1954, 1955)
and Smith and Butterworth (1967). In situ spores were com-
pared directly with the original diagnoses (type specimens), de-
scriptions, and illustrations of dispersed spore species. Species
determinations are based only on the original diagnoses, and
not on the interpretations of subsequent authors. Macerations
of the spores were done in the Institute of Geology v.v.i., Acad-
emy of Sciences of the Czech Republic, Prague, Czech Repub-
lic) by one co-author (J.B.). Spores were recovered by dissolv-
ing small portions of sporangia with the aid of nitric acid (HNO3,
60%) for 24—40 hours and in potassium hydroxide (KOH, 10%)
for 20 minutes.

RESULTS

D2 SAMPLE

Punctatisporites obesus is the most abundant miospore
species. Alatisporites pustulatus also occurs, an important indi-
cator for this stratigraphical level and area (Bek, 1986;
Drabkova, 1986), as are Vestispora tortuosa, V. spp. and
Latensina. Stratigraphically unimportant taxa include Calamo-
spora microrugosa, C. spp., Florinites mediapudens,
Lycospora parva, L. subjuga, Laevigatosporites medius, L.
desmoinesensis, Cyclogranisporites multigranus , Leiotriletes
sphaerotriangulus and Raistrickia saetosa. Punctatisporites
obesus makes up ~30% of the assemblages and the monolete
genus Laevigatosporites reaches ~12%.

D4 SAMPLE

Punctatisporites obesus is again the most abundant, com-
prising 23% of all specimens. Relatively abundant are the
lycospores (Lycospora parva, L. breviuga and L. spp.),
vestispores (Vestispora tortuosa, V. spp.), Savitrisporites minor
and Verrucosisporites microverrucosus. All other miospores
are less common.

Long-ranging, i.e., stratigraphically unimportant taxa in-
clude the species Calamospora microrugosa, C. pedata, C.
liquida, Leiotriletes gulaferus, L. sphaerotriangulus, Florinites
mediapudens, F. minutus, Laevigatosporites medius and
Lophotriletes microsaetosus. Among species typical of this
stratigraphical level, Dictyotriletes muricatus, Knoxisporites
polygonalis, Vestispora tortuosa, Savitrisporites minor and
Punctatisporites obesus were recognised.

B3 SAMPLE

The miospore assemblage of this sample was relatively
poor compared to the samples above. The most abundant are
vestispores (Vestispora tortuosa, V. pseudoreticulata and V.
spp.), representatives of Leiotriletes and again Punctatisporites
obesus. Other miospores were calamospores (Calamospora
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microrugosa and C. spp.), Lophotriletes microsaetosus, lyco-
spores (Lycospora parva and L. spp.), Apiculatasporites
spinulistratus. Knoxisporites polygonalis, Leiotriletes sphaero-
triangulus and L. gulaferus.

Vestispores make up ~22% of the assemblages, lycospores
comprise 20% and Punctatisporites obesus reaches 25%.

COMPARATIVE SAMPLE

It provides a good opportunity to demonstrate the use of
R-values if we know the dispersed spore and pollen assem-
blage but not the plant record. The principle of the comparative
sample is that it comes from identical stratigraphical level as
those from the excavation, i.e., from the roof of the Lower
Radnice Coal. The sample is from the VP-29 borehole situated
~3 km SW of the Ov¢€in opencast mine (Fig. 1). Using here-de-
rived R-values from excavations at Ov¢&in we attempted to esti-
mate/calculate the percentage of aerial parts of plants in the
very close proximity and estimate the composition of former
vegetation in terms of the abundance of particular plant groups,
to constrain lateral variations in the forest within one basin.

Miospores of three plant groups, the sphenophylls (21%),
arborescent lycopsids (27%) and some ferns (26%) are the
most abundant and make about three-quarters of all speci-
mens. Sphenophylls are represented by the species
Laevigatosporites desmoinesensis, L. medius, Latosporites la-
tus, Punctatisporites obesus, Vestispora pseudoreticulata,
Reticulatasporites facetus and R. taciturnus. The cordaitealean
pollen consisting of Florinites minutus. Lycospora brevis,
L. subjuga, L. noctuina and Microspinosporites orbiculus are
representatives of arborescent lycopsids of the genera Lepido-
dendron and/or Lepidophlois. Calamitean microspores can be
compared to Calamospora microrugosa and C. pedata. Ferns
produced the miospore species Leiotriletes adnatoides,
Verrucosisporites microverrucosus, V. microtuberosus, Micro-

reticulatisporites sulcatus, Granulatisporites minutus, G. gula-
ferus and G. microgranifer. We still do not know the parent
plants for 13% of the miospores including Dictyotriletes
castaneaeformis, Savitrisporites nux, Westphalensisporites
irregularis and Ahrensisporites minutus.

PARENT PLANTS

The affinity of dispersed miospores and pollen is interpreted
from in situ spores and pollen, i.e., spores and pollen isolated
directly from the reproductive organs of fossil plants (Balme,
1995; Bek, 2017, 2021). Several new records of Pennsylvanian
in situ spores and pollen from fertile specimens have been de-
scribed from the Ov¢in Mine (e.g., Bek et al., 2001, 2008;
Drabkova et al., 2004; Libertin and Bek, 2004; Libertin et al.,
2014) that enable better intepretation of spore and pollen taxa
in the basin. Generally it is possible to divide the dispersed
miospore and pollen taxa described herein into several main
categories according to their parent plants (Table 2). These
main plant categories include lycopsids (arborescent,
sub-arborescent and herbs), sphenopsids (calamites and
sphenophylls), ferns (marattialeans, zygopterids, botryopterids,
gleicheniaceans), cordaites, and spores and pollen of unknown
affinity.

B3 SAMPLE

Miospores of sphenophylls (vestispores and Punctati-
sporites obesus) dominated and comprise 47% of all speci-
mens. Miospores of arborescent lycopsids (lycospores) reach
~23% and belong to the second the most abundant miospore
group. Miospores of Leiotriletes (mainly gleicheniacean ferns)
make up ~13% of all specimens. Miospores of all other plants
occur only in small numbers. Some calamites (Calamo-

Table 2

Dispersed spores and pollen and their parent plants recorded at the locality

Spores

Possible parent plants at the locality

Vestispora tortuosa, V. sp.
Punctatisporites obesus
Dictyotriletes muricatus

Laevigatosporites medius, L. desmoinesensis, Latosporites saarensis

Sphenophylls:
Sphenophyllum majus
Sphenophyllum cf. cuneifolium

Bowmanites pseudoaquensis,
Bowmanites-Sphenophyllum sp.

Lycospora parva, L. brevijuga. L. subjuga. L. spp.

Arborescent lycopsids:

Lepidodendron lycopodioides, Lepidostrobus
obovatus, L. sternbergii

Spencerisporites spp.
Cirratriradites saturni

Other lycopsids:
Spencerites havienae, Selaginella gutbieri

Calamospora microrugosa, C. pedata, C. liquida, C. spp.

Calamites:
Palaeostachya gracillima, P. distachya

Florinites mediapudens, F. minutus, F. spp.

Cordaites:
Cordaites borassifolius, C. sp.

Raistrickia saetosa, R. spp.
Cyclogranisporites multigranus, C. minutus

Verrucosisporites microverrucosus, V. spp.

Leiotriletes sphaerotriangulus, L. gulaferus, L. parvus, Lophotriletes microsaetosus

Ferns (marattialeans, zygopterids, botryopterids,
gleicheniaceans):

Senftenbergia plumosa
Pecopteris aspidioides, Sonapteris bekii

Oligocarpia lindsaeoides, Corynepteris
angustissima

Apiculatasporites spinulistratus
Acanthotriletes echinatus, Dictyotriletes spp.
Latensina triletus

Alatisporites pustulatus

Savitrisporites minor, S. nux

Knoxisporites polygonalis, K. spp.

Unknown origin
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Table 3

The main plant groups, percentage of their miospores in dispersed spore assemblages and R-values from B3, D2 and D4 samples

B3 D2 D4 Average
Plant groups Miospores Miospores Miospores
and pollen [%] R-values and pollen [%] R-values and poﬁen [%] R-values R-values
Sphenophylls 47 4.6 48 5 36 5.1 4.9
Arborescent
lycopsids 23 0.8 12 0.9 12 0.8 0.8
Other lycopsids 0 0 7 23.3 2 40 31.6
Calamites 7 23.3 8 1.8 7 3.7 9.6
Cordaites 0 0 9 0.3 7 0.2 0.25
Ferns 13 0.5 7 0.5 18 0.7 0.6

spora-producing plants of genera like Calamostachys,
Macrostachya and Palaeostachya and ferns of the Oligocarpia
probably also grew in this area. The parent plants of other
miospores, e.g., Apiculatasporites spinulistratus and Knoxispo-
rites polygonalis, are still unknown.

D2 SAMPLE

Sphenophyllalean miospores make up >50% of all speci-
mens and sphenophylls probably were important contributors
to biomass. Punctatisporites obesus makes up 30%. All other
miospores occur in relatively small numbers. Some sub-arbo-
rescent lycopsids of Spencerites type (Spencerisporites-pro-
ducing), arborescent lycopsids of the genera Lepidophloios
and/or Lepidodendron (Lycospora-producing), cordaites
(Florinites-producing), Senftenbergia plumosa (Raistrickia-pro-
ducing), Selaginella (Cirratriradites-producing), some cala-
mites (Calamospora-producing) and ferns (Cyclogranisporites-
producing) probably also grew in that area. The parent plants of
some miospores, such as Latensina, Knoxisporites and Alati-
sporites, are still unknown.

D4 SAMPLE

Sphenophyllalean miospores dominated again in this as-
semblage. Punctatisporites obesus, Laevigatosporites medius,
Dictyotriletes muricatus and vestispores make up 36% of the
miospore assemblage and all of these were produced by differ-
ent species of sphenophyll. Some representatives of arbore-
scent lycopsids of the genera Lepidodendron and/or
Lepidophloios that produced lycospores (Lycospora parva, L.
brevijuga and L. spp.), cordaites (represented by Florinites) and

some zygopterid ferns (produced genera Verrucosisporites,
Leiotriletes and Lophotriletes) probably also grew at this locality.

The parent plants of Savitrisporites minor (relatively more
abundant) and Acanthotriletes are still unknown.

COMPARATIVE SAMPLE

No macroplant record is known from around the VP-29
borehole. But we know their dispersed miospore and pollen as-
semblages and R-values from the Ov¢&in Mine. So we can esti-
mate the general character of the flora in the same basin a few
kilometres distant, through the principle of using R-values.

When we compare the general character of assemblage at
the Ov¢in Mine with that counted using R-values there are
some differences. The most abundant plant group at the Ov¢in
Mine were cordaites, ferns were sub-dominant, and
arborescent lycopsids were abundant but in the area of the
VP-29 borehole ferns were dominant, arborescent lycopsids
sub-dominant and cordaites were less common (Table 4). Cala-
mites and other lycopsids were always rare and sphenophylls
are twice as common at the Ov¢in Mine. These differences can
be explained by lateral changes within the basin including, for
example, a different position/level in the swamp.

THE R-VALUES/CONVERSION FACTORS

We followed the principle of the R-values/conversion factors
suggested by Willard (1993) and Willard and Phillips (1993).
The percentage was counted for every miospore/pollen taxon
of the main categories, i.e., arborescent lycopsids, other
lycopsids, calamites, sphenophylls, ferns and cordaites (Ta-

Table 4

The main plant groups; percentat\;les of their miospores in dispersed spore assemblages from
the VP-29 borehole and Ovéin Mine
VP-29 Ov¢in Mine
Plant groups Miospores and | Estimated percentage of aerial Aver_a(];e percentage of
pollen [%] parts of plants aerial parts of plants

Sphenophylls 21 4.3 9
Arborescent lycopsids 27 33.7 20
Other lycopsids 2 0.06 0.2
Calamites 9 0.9 0.8
Cordaites 2 8 40
Ferns 26 43.3 30




Jifi Bek et al. / Geological Quarterly, 2021, 65: 59 9

ble 3) for each circle (B3, D2 and D4). The same was done for
aerial parts of their parent plants.

This means that the percentages of some plant groups do
not represent the number of plant specimens but the percent-
ages of aerial parts of plants that covered the surface. R-val-
ues/conversion factors have been counted based on the for-
mula proposed by Willard (1993) and Willard and Phillips
(1993). Pteridosperm pollen are not represented in the
palynological record although their parent plants occur in the
area of all three samples. This may have resulted from their size
(e.g. Schopfipollenites type) and low production because they
usually do not occur in palynological slides (maceration, siev-
ing).

Miospores of arborescent lycopsids (the genus Lycospora)
are 0.8 times under-represented; miospores of other lycopsids
(sub-arborescent and herbs) are surprisingly 31 times over-rep-
resented, the calamitean miospores (the genus Calamospora)
are almost ten times (9.6) over-represented and spheno-
phyllalean miospores are also almost five times (4.9) over-rep-
resented. The miospores of ferns are 0.6 times under-repre-
sented and the pollen of cordaites (the genus Florinites) are
0.25 times under-represented.

DISCUSSION

R-values can help with better interpretation of vegetation
based on the miospore/pollen record than the direct but simpli-
fied “translation” that the percentage of spores is more or less
equal to the abundance of their parent plants.

The quantitative relationship between spores and their par-
ent plants is influenced by several factors. One of these may be
the height of plants, which can affect the dispersal of
miospores. Thus the spores/pollen of arborescent plants (e.g.,
lycopsids) with a canopy above the dense groundcover were
probably more evenly distributed by wind across a large area
with relatively few of them falling close to a parent tree.

In  contrast, most miospores produced by lower
sub-arborescent and herbaceous forms fall closer to their pro-
ducers resulting in patchy abundance of their spores/pollen that
follows the distribution of their parent plants. This effect is fur-
ther combined with differences in production of spores/pollen by
different plant taxa. Arborescent lycopsids produced cones ten
of centimetres to almost one metre long (Bek and Oplustil,
2004; Oplustil et al., 2009, 2014) whereas selaginellas, small
herbs with thin axes, bore small cones a few centimetres long.
Another group of lycopsids, sub-arborescent forms (2—4 m
high) have numbers of sporangia arranged in fertile zones on
the stem. For example, arborescent and sub-arborescent
lycopsids produced enormous numbers of miospores com-
pared to selaginellas. The reproductive strategies of plants are
also a factor, which varied substantially from continuous or re-
peated reproduction (typically ferns and some lycopsids, e.g.,
Paralycopodites, Omphalophloios, herbaceous lycopsids) to
massive reproduction at the end of life cycle as in the case of
some arborescent lycopsids Lepidodendron and Lepidophloios
with determinate growth (DiMichele and Phillips, 1994;
DiMichele, 2014). The latter, however, may have been bal-
anced by the co-occurence of plants at various stages of their
life cycle, some of them being in the reproductive stage. These
taphonomic biases affected the proportions between miospo-
res and macrofloral records as regards their abundances.

Another feature is that miospores borne in cones 30—40 m
above the surface were probably dispersed extensively with
only a minority of them falling close to a parent tree. The major-
ity of miospores produced by lower sub-arborescent and herba-

ceous forms fall closer to their parent plants and probably only a
minority of them were dispersed over longer distances.

However, the ratio of biomass to spores should remain
more or less the same when comparing different localities, as
the forest included individual plants at different stages of matu-
rity of arborescent forms.

This disproportion is consistent with different R-values of
arborescent (0.8, i.e., slightly under-represented) and other
lycopsids (31.6, i.e., strongly over-represented).

Sphenopsids are divided into calamitean trees and
sphenophylls. Calamitean trunks were 10-15 m high but
sphenophylls had a more herbaceous character often with
smaller cones, some comparable in size with those of some
selaginellas. An assumed higher production of calamite spores
is probably the reason why the R-value of calamites (10) is
twice as high as that of sphenophylls (5), i.e., miospores of
sphenophytes are generally over-represented in the dispersed
record.

There are different R-values for fern spores and
cordaitalean pollen (Florinites type). The height of cordaitalean
trees was comparable to that of arborescent lycopsids and the
area covered by remains of both plant groups in the excavation
was also similar (Fig. 3 and Table 3). However, representatives
of these two plant groups had different reproductive strategies.
Seeds of cordaites are recorded rarely but the production of
their pollen was much higher, probably comparable to that of
arborescent lycopsids. The morphology of cordaitalean pollen,
i.e., their saccate character, is more suitable for wind dispersal
than water transport. This means that the amount of pollen fall-
ing close to the position of their parent plants must have been
several times smaller than the amount of pollen produced by
much smaller/lower plants. Pollen from 20-30 m high
cordaitaleans were transported by the wind over a huge area
and probably only a minority fell close to the trunk; i.e., a similar
effect as in arborescent lycopsids but amplified by the presence
of pollen sacs. This is probably why cordaitalean pollen were
strongly under-represented (0.25 times).

The situation with fern spores is more complicated because
the habit of their parent plants is variable including small
herb-like taxa, lianas and arborescent marattialean forms.
Probably, the R-values of each fern group were different.
Spores of ferns were not born in cones or fertile zones but in
sporangia/synangia grouped on fertile fronds in a relatively lim-
ited number. Based on the size and the number of fern
sporangia, the production of fern spores was probably several
times smaller (from a quantitative view) than than for the previ-
ously discussed main plant groups. This is probably the reason
why fern miospores are under-represented (R-value is 0.6).

“Coal-balls” and “adpression” R-values of arborescent
lycopsids are roughly comparable i.e., ~1. Willard's (1993)
R-value means that these miospores are slightly over-repre-
sented (1.1) and the R-values given heein mean that they are
slightly under-represented (0.8). Sphenopsid miospores are
over-represented in both types of preservation, Adpression
sphenopsid miospores have higher R-values (7.3) than those
from coal-balls (3.1). Ferns have quite different R-values, sug-
gesting that those from adpressions in the Ov¢in excavations
are under-represented (0.6) but from coal-bals are almost four
times (3.8) over-represented. This might be because Willard
(1993) derived her R-values from the Desmoinesian (~Asturian
in Europe) Springfield Coal, formed at a time when tree ferns
predominated in peat swamp habitats (Phillips et al., 1985;
DiMichele and Phillips, 1994). By contrast, the Lower Radnice
Coal is of late Duckmantian age when arborescent lycopsids
were dominant peat-forming plants. A similar situation con-
cerns cordaitalean pollen. Dispersed Florinites is under-repre-
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sented (0.25) in the adpression record but over-represented
(1.5) in coal-balls.

Itis possible to explain some differences in R-values of both
modes of preservation by different plant species having differ-
ent reproductive strategies, different palaeoenvironments,
edaphic factors, nutrient supply and changes in vegetation pat-
terns throughout the Pennsylvanian. If we compare routine
“translation of the percentage of miospores/pollen into the
same percentage of their parent plants following the concept of
R-values there are some important corrections. The percent-
age of miospores of arborescent lycopsids and that of their par-
ent plants seems more or less equal. A different situation con-
cerns the miospores of other lycopsids, that are strongly
over-represented, i.e., the percentage of their parent plants was
significanty smaller than that of their spores. The percentages
of sphenophylls and calamites as macroplants were smaller
than those of their spores, i.e., the parent plants are under-rep-
resented. It is necessary to increase the estimate of the per-
centage of ferns and cordaites in comparison to the percentage
of their miospores and pollen because these spores and pollen
are under-represented.

Our results are of a preliminary character because macera-
tion of samples from the Ov¢in Mine excavation and related re-
search is in progress.

CONCLUSIONS

Preliminary conclusions can be made based on comparison
of quantified palynological and macrofloral adpression records
from only three samples and many such comparisons will be
necessary to test the conclusions suggested below:

1. Spores of arborescent lycopsids are slightly under-rep-
resented (R-value is 0.8), i.e., slightly under-repre-
sented) and those of other lycopsids are strongly
over-represented (R-value is 31.6).

2. Calamitalean spores are over-represented two-fold
(R-value is 10) than sphenophyllalean spores (R-value
is 5), i.e., miospores of sphenophytes are generally
over-represented in the dispersed record.

3. Cordaitalean pollen are strongly under-represented
(R-values is 0.25).

4. Fern spores are under-represented (R-value is 0.6).

5. “Coal-ball” and “adpression” R-values of arborescent
lycopsids are roughly comparable i.e., ~1.

6. Sphenopsid miospores are over-represented in both
types of preservation. Adpression sphenopsid
miospores (7.3) have higher R-values than those from
coal-balls (3.1).

7. Fern spores from both modes of preservation have
quite different R-values because those from
adpressions are under-represented (0.6) and from
coal-balls are almost four times (3.8) over-represented.

8. Cordaitalean pollen are under-represented (0.25) in the
adpression record but over-represented (1.5) in
coal-balls.
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List of miospores and pollen from B3, D2 and D4 sam-
ples from the Ovéin Mine:

Acanthotriletes echinatus (Knox) Potonié and Kremp
Alatisporites pustulatus Ibrahim

Apiculatasporites spinulistratus (Loose) Ibrahim
Calamospora liquida Kosanke

Calamospora microrugosa (lbrahim) Schopf, Wilson and
Bentall

Calamospora pedata Kosanke

Calamospora spp.

Cirratriradites saturni (Ibrahim) Schopf, Wilson and Betall
Cyclogranisporites minutus Bharadwaj
Cyclogranisporites multigranus Smith and Butterworth
Dictyotriletes muricatus (Kosanke) Smith and Butterworth
Dictyotriletes spp.

Florinites mediapudens (Loose) Potonié and Kremp
Florinites minutus Bharadwaj

Florinites spp.

Knoxisporites polygonalis (Ibrahim) Potonié & Kremp
Knoxisporites spp.

Laevigatosporites desmoinesensis (Wilson and Coe) Schopf,
Wilson and Bentall

Laevigatosporites medius Kosanke

Latosporites saarensis Bharadwaj

Latensina triletus Bharadwaj

Leiotriletes gulaferus Potonié and Kremp.

Leiotriletes parvus Guennel

Leiotriletes sphaerotriangulus (Loose) Potonié and Kremp
Lophotriletes microsaetosus (Loose) Potonié and Kremp
Lycospora brevijuga Kosanke

Lycospora parva Kosanke

Lycospora spp.

Lycospora subjuga Bharadwaj

Punctatisporites obesus /Loose) Potonié and Kremp
Raistrickia saetosa (Loose) Schopf, Wilson and Bentall
Raistrickia spp.

Sauvitrisporites minor Jachowicz

Savitrisporites nux (Butterworth and Williams) Smith and
Butterworth

Spencerisporites spp.

Verrucosisporites microverrucosus lbrahim
Verrucosisporites spp.

Vestispora pseudoreticulata Spode

Vestispora spp.

Vestispora tortuosa (Balme) Bharadwaj
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