
Geo log i cal Quar terly, 2021, 65: 59
DOI: http://dx.doi.org/10.7306/gq.1628

Quan ti ta tive re la tion ship of spore and plant as sem blages from the Radnice Ba sin,
Mid dle Penn syl va nian of the Czech Re pub lic: pre lim i nary re sults

Jiøí BEK1, *, Stanislav OPLUŠTIL2, Josef PŠENIÈKA3 and Jana VOTOÈKOVÁ-FROJDOVÁ1

1 Acad emy of Sci ences of the Czech Re pub lic, In sti tute of Ge ol ogy v.v.i., Rozvojová 269, 16500 Prague 6, Czech Re pub lic

2 Charles Uni ver sity, Fac ulty of Sci ences, Albertov 2038, 12800 Prague 2, Czech Re pub lic

3 Cen tre of Palaeobiodiversity, West Bo he mian Mu seum, Kopeckého sady 357/2, 30100 Plzeò, Czech Re pub lic

Bek, J., Opluštil, S., Pšenièka, J.,  Votoèková-Frojdová, J., 2021. Quan ti ta tive re la tion ship of spore and plant as sem blages
from the Radnice Ba sin, Mid dle Penn syl va nian of the Czech Re pub lic: pre lim i nary re sults. Geo log i cal Quar terly, 65: 59, doi:
10.7306/gq.1628

As so ci ate Ed i tor: Micha³ Zatoñ

Dis persed miospore and pol len as sem blages are de scribed from the Radnice Ba sin, Mid dle Penn syl va nian, Czech Re pub -
lic. Con ver sion fac tors (R-val ues) were pro duced by com par ing the palynological data with quan ti fied macrofloral data, to re -
late the per cent ages of spore/pol len taxa to those of the ma jor plant groups that pro duced them. Among arborescent
lycopsids, the miospore and macroplant counts are more or less equal. In other lycopsids miospores are strongly over-rep re -
sented, as their macroplant re mains were rel a tively fewer than would be sug gested by the pro por tion of their spores in
miospore spec tra. Sphenophyll and calamitid macroplants were also rel a tively fewer than are their spores as a pro por tion of
palynological spec tra. By con trast, macroplants of ferns and cordaites are rel a tively more nu mer ous than are their miospores 
and pol len in palynological spec tra.
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INTRODUCTION

The dis persed miospore and pol len re cord is driven by the
dis persal strat egy of their par ent plant pro duc ers, and these
microfossils are many times more nu mer ous than plant
macrofossils. Spores and pol len have much higher fos sili sa tion
po ten tial than plant macrofossils be cause of their suc cess ful
dis persal strat egy, due to of ten enor mous pro duc tion in re pro -
duc tive or gans ex cept for pteridosperm pol len that are pre -
served rarely. Ad van tage of spores are: (1) re peated re pro duc -
tion, (2) small spore size, (3) suit able mor phol ogy for wide ae rial 
and sec ond ary aquatic dis persal in clud ing pol len sacs and (4)
re sis tant exine con sist ing of sporopollenin that pro tected
spores and pol len dur ing dis persal while equally be ing highly re -
sis tant to deg ra da tion over geo log i cal timescales.

All these char ac ter is tics ex plain why the di ver sity of
palynomorphs in a par tic u lar bed greatly ex ceeds that of the
macroflora (Bek and Opluštil, 2021), and so palynological data
better re flect the orig i nal di ver sity of veg e ta tion colo nis ing the
land scape (Capel et al., 2021). In ad di tion, most fos sil plants

are found as allochthonous frag ments clas si fied un der dif fer ent
ge neric and spe cific names as signed to par tic u lar or gans (bark, 
branches, fo liage, roots, re pro duc tive or gans, etc.), and so
there is com monly un cer tainty about which or gans be long to
which nat u ral plant spe cies (e.g., Bate man and Hilton, 2009;
Wang et al., 2009, 2021a). This fur ther com pli cates the es ti ma -
tion of orig i nal plant di ver sity from the macrofloral re cord even
at a ge neric level, as well as the es ti ma tion of rel a tive pro por -
tions of taxa, i.e., the size of their pop u la tions. By con trast,
spores and pol len are found as com plete spec i mens, and the
count ing of dis persed miospore and pol len spe cies/gen era on a 
slide is a com mon ap proach to pro vid ing quan ti fied
palynological data. Un for tu nately, the per cent age of miospore/
 pollen taxa is, for var i ous rea sons, not di rectly “trans form able”
into the rel a tive abun dance of the par ent plants in a for mer veg -
e ta tion cover. Be sides the taphonomical bias re lated to the dif -
fer ent dis persal strat e gies of var i ous miospore taxa, there are
other rea sons why the per cent age of spore and pol len taxa can -
not be di rectly re lated to the rel a tive abun dance of the par ent
plants. These rea sons in clude dif fer ences in pro duc tion of
miospores by var i ous par ent plants and the pro duc tion of more
than one miospore spe cies by some plant taxa. The for mer is
dem on strated by sys tem atic underrepresentation of pol len of
medullosalean af fin ity in palynological spec tra, while in com -
pres sion or coal ball re cords their macrofloral re mains are usu -
ally more com mon and or even dom i nant and tax o nom i cally di -
verse (Wil lard, 1993; Wil lard and Phillips, 1993; Bek and
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Opluštil, 2021). Sim i larly, the pre dom i nance of small monolete
marattialean miospores over cordaitalean pol len of Florinites
type in dis persed as sem blages does not nec es sar ily re flects
the same ra tio of abun dances of their par ent plants in the orig i -
nal veg e ta tion. The lat ter bias is well doc u mented by spores of
Omphalophloios, a sub-arborescent lycopsid which in
sporangia of a sin gle plant may bear two miospore gen era
(Densosporites and Cristatisporites) in clud ing sev eral spe cies
(Bek and Opluštil, 1998; Bek et al., 2014) thus re sult ing in in fla -
tion of miospore di ver sity com pared to that of the plants.

To over come this bias, var i ous con ver sion pa ram e ters
have been de vel oped. This ap proach was in tro duced by Da vis
(1963) for quan ti ta tive char ac ter iza tion of re cent pol len. In the
fos sil re cord, the first at tempt at quan ti ta tive com par i son of fos -
sil plant and spore re cords was pub lished by Wil lard (1993) and
Wil lard and Phillips (1993) who used R-val ues/con ver sion fac -
tors. Wil lard (1993) and Wil lard and Phillips (1993) counted the
area (square mm/cm) of each plant from peel sec tions of
coal-balls and com pared this with the per cent age of their dis -
persed miospores/pol len from the same coal-ball. The
“coal-ball“ con ver sion fac tor was de fined as a ra tio of per cent -
ages of spores or pol len spe cies to the per cent age of ae rial bio -
mass of its par ent plant spe cies in the coal-ball re cord.

R
spore species abudance [%]

plant species aerial  b
=

iovolume [%]

Wil lard (1993) and Wil lard and Phillips (1993) stated that
spores of arborescent lycopsids and ferns are slightly over-rep -
re sented, sphenopsids about three times over-rep re sented and 
ferns four times over-rep re sented. The re sults of Wil lard (1993)
and Wil lard and Phillips (1993), in clud ing the typ i cal vari a tions
of er rors, are seen on their Ta ble 1.

Be sides coal balls, an other op por tu nity to com pare
palynological and macrofloral re cords in terms of the com po si -
tion and abun dance of the orig i nal plant groups in the veg e ta -
tion is pro vided by lo cal i ties with autochthonous flora. The best
ex am ples are lo cal i ties where flora was bur ied in situ by vol ca -
nic ash fall, which pre serves the struc ture and com po si tion of
veg e ta tion cover in a geo log i cal in stant (Burnham and Spicer,
1986; Burnham, 1994). The best stud ied lo cal i ties of this type
are of Mid dle Penn syl va nian (late Duckmantian) age in the
west ern part of the Czech Re pub lic (Libertín and Bek, 2004;
Šimùnek et al., 2009; Opluštil et al., 2009, 2014; Pšenièka and
Opluštil, 2013; Libertín et al., 2014) and an early Perm ian tuff
bed in the Wuda coal field, China (Wang et al., 2012a, b;
Opluštil et al., 2021; Zhou et al., 2021).

Fos sil for ests are pre served in tuff beds usu ally 40–70 cm
thick over ly ing the coal. The flora in these tuff beds is bur ied in
situ and rep re sents the peat-form ing veg e ta tion (Pfefferkorn
and Wang, 2007; Opluštil et al., 2007). Ex ca va tion of the tuff
beds at these lo cal i ties pro vided unique data on the struc ture of

these trop i cal peat swamp for ests (see Opluštil et al., 2014,
2021 for an over view).

At one of these lo cal i ties, at Ovèín in the Radnice Ba sin, the
veg e ta tion cover was re con structed in spec tac u lar de tail
(Opluštil et al., 2009, 2014). In ad di tion, a few milli metres-thick
coal layer (in the form of dust) from the con tact with the over ly -
ing tuff bed was sam pled (us ing a prep a ra tion nee dle) in sev eral 
places for palynological study to com pare macrofloral and
palynological re cords in terms of their com po si tion and the
abun dance of par tic u lar plant groups. Very pre lim i nary re sults
in the form of “adpression” R-val ues were pub lished by Opluštil
et al. (2009b). This pa per pro vides new com par i sons of quan ti -
fied macrofloral and palynological data to re fine the cor re la tion
of both types of re cords. For that rea son we count “adpression”
R-val ues and com pare them with coal-ball val ues as in tro duced 
by Wil lard (1986) and Wil lard and Phillips (1986).

GEOLOGICAL BACKGROUND 

Our re search is cen tred to the Radnice Ba sin, a small ero -
sional rem nant of a much larger clus ter of con ti nen tal and for -
merly in ter con nected Late Pa leo zoic bas ins in the cen tral and
west ern part of the Czech Re pub lic (Fig. 1). De po si tion in these
bas ins started in the early Moscovian (late Duckmantian) and
lasted un til the early Perm ian (Fig. 2). In the Radnice Ba sin,
how ever, only the old est strata rep re sented by the Radnice
Mem ber and lower part of the over ly ing Nýøany Mem ber are
pre served due to post-Perm ian ero sion (Pešek et al., 2001;
Opluštil et al., 2016). The tar get of our study is the Radnice
Mem ber, the de po si tion of which took place on an un even sur -
face of the pre-Car bon if er ous (Neo-Pro tero zoic and Cam brian)
base ment with a to pog ra phy of sev eral tens of metres. Top o -
graphic lows were flu vial val leys in cised by rivers into the base -
ment and later filled by sed i ments of the Radnice Mem ber
(Opluštil, 2005). There fore, the dis tri bu tion and thick ness of the
mem ber var ies strongly. In ter ca lated within the dom i nantly flu -
vial strata of the Radnice Mem ber are three coal groups. How -
ever, in the Radnice Ba sin only the Radnice group is de vel -
oped. It con sists of the Lower Radnice and Up per Radnice
coals sep a rated by the 1 to >10-metres-thick Whet stone Ho ri -
zon (Fig. 2) com posed of in situ de pos ited and re de pos ited
volcaniclastics (Orlov, 1942; Opluštil et al., 2014; Tomek et al.,
2021). The strati graphic po si tion of the Lower and Up per
Radnice coals is late Duckmantian (Opluštil et al., 2016). The
Lower Radnice Coal is be tween a few tens of centi metres to
~4 m thick and con sists of a high-ash coal com monly with
clastic part ings in di cat ing its or i gin from a pla nar rheotrophic
peat swamp. The more im por tant Up per Radnice Coal is of
greater ex tent, thick ness (up to 14 m) and of better qual ity and
was heavily ex ploited in both deep and opencast mines since
the end of the 18th cen tury. Coal min ing ac tiv ity ceased fol low -
ing clo sure of the last opencast mine Pokrok (or “Ovèín”) near
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Main plant groups

Il li nois Ba sin Radnice Ba sin

R-val ues (Wil lard, 1993) R-val ues  (Wil lard and Phillips, 1993)
R-val ues

(herein)

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

T a  b l e  1

Permineralized R-val ues of the Mid dle and Up per Penn syl va nian of the Il li nois Ba sin  (Wil lard, 1993;
Wil lard and Phillips, 1993) and com pres sion R-val ues from the Radnice Ba sin



Radnice in 1985. This ex ploited both coals over an area of
about ten hect ares.

The Radnice Ba sin is im por tant his tor i cally not only for the
ex ploi ta tion of coal but also for its strati graphic and es pe cially
palaeobotanical re search. Some im por tant plant holotypes
come from this ba sin (Stern berg, 1820–1838) and sev eral stud -
ies have been pub lished by Czech palaeo bot an ists and paly -
nolo gists in last two de cades (Opluštil et al., 2009, 2014;
Šimùnek et al., 2009; Pšenièka and Opluštil, 2013; Libertín and
Bek, 2004). Miospore re search has been car ried out by Bek
(1986) and Drábková (1986) and on megaspores by Kalibová-
Kaiserová (1959).

GENESIS OF THE WHETSTONE HORIZON

The Whet stone Ho ri zon in cludes the fos sil re cord from
which the “adpression” R-val ues in this pa per are based. For
more de tails of its or i gin and plant taphonomy, the reader is re -

ferred to Nìmejc (1930), Opluštil et al. (2009, 2014) and Tomek 
et al. (2021).

The Whet stone Ho ri zon di vides the Radnice group of coals
into the Lower and Up per Radnice coals and is pre served ev -
ery where the coal group is de vel oped in the coal fields of the
west ern and cen tral Czech Re pub lic. It con sists of basal bed of
whit ish kaolinised acid tuff of sand grain size with a kaolinitic
ma trix and a thick ness of 0.4–0.6 m, per sis tent over a dis tance
of nearly a hun dred kilo metres. The bed is called the “Bìlka” by
min ers and is in ter preted as in situ vol ca nic ash fall de pos its
that may be lo cally re worked in its up per most part. Over ly ing
the Bìlka is the „Whet stone“ (or “brousek” in Czech), a metre to
>10-m-thick suc ces sion of lam i nated and rip ple-bed ded grey
mudstones con tain ing vol ca nic ma te rial, the con tent of which
de creases up the sec tion. The Whet stone was formed from un -
con sol i dated tephra washed from the hilly to pog ra phy down the 
val leys and de pos ited in a shal low lake formed by com pac tion
of the peat of the Lower Radnice swamp un der the ini tial vol ca -
nic ash load (Opluštil et al., 2014). In the lake, coarser
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Fig . 1. Map of the Radnice Ba sin and sur round ing rel ics of Car bon if er ous strata (A) in the con text of other Late Pa leo zoic
bas ins of the Czech Re pub lic (B)

The po si tions of the Ovèín opencast mine and bore hole VP 29 are in di cated
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Fig . 2. Lithostratigraphic sub di vi sion of the Permo-Car bon if er ous bas ins in the cen tral and west ern
part of the Czech Re pub lic (A) and de tailed sec tion of the Radnice coal group with the Whet stone

Ho ri zon (B)

The taphonomic char ac ter of the fos sil re cord in dif fer ent parts of the Whet stone Ho ri zon is in di cated



sand-size par ti cles were de pos ited sep a rately in mar ginal parts
of the lake whereas finer volcaniclastic ma te rial set tled from
sus pen sion in the more dis tal parts.

The fos sil con tent of the Bìlka and Whet stone dif fers sig nif i -
cantly. That of the Bìlka com monly con tains large plant frag -
ments (branches, stems, fronds) ac com pa nied by up right stems
of var i ous di am e ters rang ing from sev eral milli metres to nearly a
metre. Many of them ex ceed the thick ness of the Bìlka and con -
tinue to the over ly ing Whestone. In the Ovèín opencast mine the
torsa of stems up to 6 m tall were re ported (Opluštil et al., 2014).
All the stems are rooted ex clu sively in the roof of the Lower
Radnice Coal. The branches of trees con cen trated in the Bìlka
around the par ent stems sug gest that trees were dam aged by
the vol ca nic ash load with bro ken branches fall ing down around
the stem. Her ba ceous plants are of ten pre served near the base
of the Bìlka bed sug gest ing rapid burial in early phases of the
vol ca nic ash fall. As a whole, the veg e ta tion is bur ied in situ in
growth po si tion and al lowed re con struc tion of the com po si tion
and struc ture of the peat-form ing for est (Opluštil et al., 2009,
2014), and im proved whole-plant re con struc tion of many plant
spe cies in clud ing their spores/pol len (e.g., Drábková et al., 2004; 
Libertín and Bek, 2004; Šimùnek et al., 2009; Pšenièka and
Schultka, 2009; Opluštil, 2010) and their life strat e gies in clud ing
epiphytes (Pšenièka and Opluštil, 2013). In con trast, the Whet -
stone in cludes only drifted and frag mented iden ti fi able plant re -
mains or plant de tri tus, the for mer found of ten as iso lated re -
mains, the lat ter con cen trated in bed ding planes or milli metre to
centi metre-thick sandy laminae within the Whet stone. These fea -
tures clearly in di cate the allochthonous or i gin of plant fos sils pre -
served in the Whet stone.

MATERIAL AND METHODS

Be tween 2002 and 2009, peat-swamp veg e ta tion of the
Lower Radnice Coal pre served in the Bìlka bed was un cov ered 
and doc u mented in six ex ca va tions over a to tal area of
~200 m2. All plant fos sils found in ex ca va tions were local ised
within quad rants and sub se quently used for re con struc tion of
the for mer for est in great de tail in clud ing the den sity and com -
po si tion of the groundcover, the num ber of trees, and whether
they were dead or alive (Opluštil et al., 2009, 2014). In the ex ca -
va tions made in 2002 sev eral coal sam ples were taken from the 
roof of the Lower Radnice Coal at the di rect con tact with the
Bìlka (Fig. 3) for palynology and fur ther com par i son with the
macrofloral re cord. From the first set of fif teen sam ples only
three of them from square units B3, D2 and D4 have so far
yielded miospores and pol len. For com par i son a sam ple was
used one from the up per most part of the Lower Radnice Seam
in the VP-29 bore hole (14.5–15.0 m) ~3 km from the ex ca va tion 
(Fig. 1A).

Con ver sion fac tors were counted by com par i son of the
quan ti fied palynological and macrofloral data, i.e., we used the
same prin ci ple es tab lished by Wil lard (1993) and Wil lard and
Phillips (1993) on coal-ball ma te rial. Palynological data were
ex pressed as the per cent age abun dance of spore/pol len taxa
as signed to par tic u lar ma jor plant groups based on num ber of
the spec i mens. To make the data on palynomorph abun dances 
di rectly com pa ra ble with the abun dance of par ent plant spe cies
as signed to the same plant groups in the ex ca vated orig i nal
peat-form ing for est, we quan ti fied the macrofloral data. We de -
lim ited cir cles of 3 and 4 m in di am e ter around each palynolo -
gical sam ple and counted how many square metres were oc cu -
pied by plant re mains of par tic u lar plant groups in the cir cle. The 

“com pres sion” R-val ues for the plant groups were than cal cu -
lated as a ra tio be tween the per cent age of palynomorphs of
each par tic u lar plant group and the per cent age cover of
macrofossils of its cor re spond ing plant group within the cir cles
of both sizes. This meant that we counted what per cent age one
ma jor par ent plant group com prises (based on square centi -
metres) in a cir cle.

De scrip tive terms for the spores fol low the lat est edi tion of
the Glos sary of Pol len and Spore Ter mi nol ogy (Punt et al.,
2007). Spores are clas si fied ac cord ing to the sys tem of dis -
persed spores sug gested by Potonié and Kremp (1954, 1955)
and Smith and Butterworth (1967). In situ spores were com -
pared di rectly with the orig i nal di ag no ses (type spec i mens), de -
scrip tions, and il lus tra tions of dis persed spore spe cies. Spe cies 
de ter mi na tions are based only on the orig i nal di ag no ses, and
not on the in ter pre ta tions of sub se quent au thors. Macerations
of the spores were done in the In sti tute of Ge ol ogy v.v.i., Acad -
emy of Sci ences of the Czech Re pub lic, Prague, Czech Re pub -
lic) by one co-au thor (J.B.). Spores were re cov ered by dis solv -
ing small por tions of sporangia with the aid of ni tric acid (HNO3,
60%) for 24–40 hours and in po tas sium hy drox ide (KOH, 10%)
for 20 min utes.

RESULTS

D2 SAMPLE

Punctatisporites obesus is the most abun dant miospore
spe cies. Alatisporites pustulatus also oc curs, an im por tant in di -
ca tor for this strati graphi cal level and area (Bek, 1986;
Drábková, 1986), as are Vestispora tortuosa, V. spp. and
Latensina. Stratigraphically un im por tant taxa in clude 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 as sem blages and the monolete
ge nus Laevigatosporites reaches ~12%.

D4 SAMPLE

Punctatisporites obesus is again the most abun dant, com -
pris ing 23% of all spec i mens. Rel a tively abun dant are the
lycospores (Lycospora parva, L. brevijuga and L. spp.),
vestispores (Vestispora tortuosa, V. spp.), Savitrisporites mi nor
and Verrucosisporites microverrucosus. All other miospores
are less com mon.

Long-rang ing, i.e., stratigraphically un im por tant taxa in -
clude the spe cies Calamospora microrugosa, C. pedata, C.
liquida, Leiotriletes gulaferus, L. sphaerotriangulus, Florinites
mediapudens, F. minutus, Laevigatosporites medius and
Lophotriletes microsaetosus. Among spe cies typ i cal of this
strati graphi cal level, Dictyotriletes muricatus, Knoxisporites
polygonalis, Vestispora tortuosa, Savitrisporites mi nor and
Punctatisporites obesus were re cog nised.

B3 SAMPLE

The miospore as sem blage of this sam ple was rel a tively
poor com pared to the sam ples above. The most abun dant are
vestispores (Vestispora tortuosa, V. pseudoreticulata and V.
spp.), rep re sen ta tives of Leiotriletes and again Punctatisporites 
obesus. Other miospores were calamospores (Calamospora
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Fig. 3. Stern berg ex ca va tions (Stern berg 1, 2 and 3) in the Ovèín lo cal ity with in di cated dis tri bu tion of plant
re mains found in the Bìlka tuff

Unidentifiable plant frag ments and axes are omit ted. The area ex ca vated is shown in grey. Square units, which pro vided 
sam ples for palynological anal y ses are in di cated in green. Green (4 m in di am e ter) and red (3 m in di am e ter) cir cles

in di cate ar eas where data on veg e ta tion cover were cal cu lated. Based on data in Opluštil et al. (2009)



microrugosa and C. spp.), Lophotriletes microsaetosus, lyco -
spo res (Lycospora parva and L. spp.), Apiculatasporites
spinulistratus. Knoxisporites polygonalis, Leiotriletes sphaero -
trian gulus and L. gulaferus.

Vestispores make up ~22% of the as sem blages, lycospores
com prise 20% and Punctatisporites obesus reaches 25%.

COMPARATIVE SAMPLE

It pro vides a good op por tu nity to dem on strate the use of
R-val ues if we know the dis persed spore and pol len as sem -
blage but not the plant re cord. The prin ci ple of the com par a tive
sam ple is that it co mes from iden ti cal strati graphi cal level as
those from the ex ca va tion, i.e., from the roof of the Lower
Radnice Coal. The sam ple is from the VP-29 bore hole sit u ated
~3 km SW of the Ovèín opencast mine (Fig. 1). Us ing here-de -
rived R-val ues from ex ca va tions at Ovèín we at tempted to es ti -
mate/cal cu late the per cent age of ae rial parts of plants in the
very close prox im ity and es ti mate the com po si tion of for mer
veg e ta tion in terms of the abun dance of par tic u lar plant groups,
to con strain lat eral vari a tions in the for est within one ba sin.

Miospores of three plant groups, the sphenophylls (21%),
arborescent lycopsids (27%) and some ferns (26%) are the
most abun dant and make about three-quar ters of all spec i -
mens. Sphenophylls are rep re sented by the spe cies
Laevigatosporites desmoinesensis, L. medius, Latosporites la -
tus, Punctatisporites obesus, Vestispora pseudoreticulata,
Reticulatasporites facetus and R. taciturnus. The cordaitealean
pol len con sist ing of Florinites minutus. Lycospora brevis,
L. subjuga, L. noctuina and Microspinosporites orbiculus are
rep re sen ta tives of arborescent lycopsids of the gen era Lepido -
dendron and/or Lepidophlois. Calamitean micro spores can be
com pared to Calamospora microrugosa and C. pedata. Ferns
pro duced the miospore spe cies Leiotriletes adnatoides,
Verrucosisporites microverrucosus, V. microtuberosus, Micro -

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

PARENT PLANTS

The af fin ity of dis persed miospores and pol len is in ter preted 
from in situ spores and pol len, i.e., spores and pol len iso lated
di rectly from the re pro duc tive or gans of fos sil plants (Balme,
1995; Bek, 2017, 2021). Sev eral new re cords of Penn syl va nian
in situ spores and pol len from fer tile spec i mens have been de -
scribed from the Ovèín Mine (e.g., Bek et al., 2001, 2008;
Drábková et al., 2004; Libertín and Bek, 2004; Libertín et al.,
2014) that en able better intepretation of spore and pol len taxa
in the ba sin. Gen er ally it is pos si ble to di vide the dis persed
miospore and pol len taxa de scribed herein into sev eral main
cat e go ries ac cord ing to their par ent plants (Ta ble 2). These
main plant cat e go ries in clude lycopsids (arborescent,
sub-arborescent and herbs), sphenopsids (cala mites and
sphenophylls), ferns (marattialeans, zygopterids, botryopterids, 
gleicheniaceans), cordaites, and spores and pol len of un known
af fin ity.

B3 SAMPLE

Miospores of sphenophylls (vestispores and Punctati -
sporites obesus) dom i nated and com prise 47% of all spec i -
mens. Miospores of arborescent lycopsids (lycospores) reach
~23% and be long to the sec ond the most abun dant miospore
group. Miospores of Leiotriletes (mainly gleicheniacean ferns)
make up ~13% of all spec i mens. Miospores of all other plants
oc cur only in small num bers. Some cala mites (Calamo -
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Spores Pos si ble par ent plants at the lo cal ity

Laevigatosporites medius, L. desmoinesensis, Latosporites saarensis

Vestispora tortuosa, V. sp.

Punctatisporites obesus

Dictyotriletes muricatus

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 havlenae, Selaginella gutbieri

Calamospora microrugosa, C. pedata, C. liquida, C. spp.
Cala mites:

Palaeostachya gracillima, P. distachya

Florinites mediapudens, F. minutus, F. spp. 
Cordaites:

Cordaites borassifolius, C. sp.

Raistrickia saetosa, R. spp.

Cyclogranisporites multigranus, C. minutus

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

Verrucosisporites microverrucosus, V. spp.

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 mi nor, S. nux

Knoxisporites polygonalis, K. spp.

Un known or i gin

T a  b l e  2

Dis persed spores and pol len and their par ent plants re corded at the lo cal ity



spora-pro duc ing plants of gen era like Calamostachys,
Macrostachya and Palaeostachya and ferns of the Oligocarpia
prob a bly also grew in this area. The par ent plants of other
miospores, e.g., Apiculatasporites spinulistratus and Knoxispo -
rites polygonalis, are still un known.

D2 SAMPLE

Sphenophyllalean miospores make up >50% of all spec i -
mens and sphenophylls prob a bly were im por tant con tri bu tors
to bio mass. Punctatisporites obesus makes up 30%. All other
miospores oc cur in rel a tively small num bers. Some sub-arbo -
res cent lycopsids of Spencerites type (Spencerisporites-pro -
duc ing), arborescent lycopsids of the gen era Lepidophloios
and/or Lepidodendron (Lycospora-pro duc ing), cordaites
(Florinites-pro duc ing), Senftenbergia plumosa (Raistrickia-pro -
duc ing), Selaginella (Cirratriradites-pro duc ing), some cala -
mites (Calamospora-pro duc ing) and ferns (Cyclogranisporites-
pro duc ing) prob a bly also grew in that area. The par ent plants of
some miospores, such as Latensina, Knoxisporites and Alati -
spo rites, are still un known.

D4 SAMPLE

Sphenophyllalean miospores dom i nated again in this as -
sem blage. Punctatisporites obesus, Laevigatosporites medius,
Dictyotriletes muricatus and vestispores make up 36% of the
miospore as sem blage and all of these were pro duced by dif fer -
ent spe cies of sphenophyll. Some rep re sen ta tives of arbore -
scent lycopsids of the gen era Lepidodendron and/or
Lepidophloios that pro duced lycospores (Lycospora parva, L.
brevijuga and L. spp.), cordaites (rep re sented by Florinites) and

some zygopterid ferns (pro duced gen era Verrucosisporites,
Leiotriletes and Lophotriletes) prob a bly also grew at this lo cal ity.

The par ent plants of Savitrisporites mi nor (rel a tively more
abun dant) and Acanthotriletes are still un known.

COMPARATIVE SAMPLE

No macroplant re cord is known from around the VP-29
bore hole. But we know their dis persed miospore and pol len as -
sem blages and R-val ues from the Ovèín Mine. So we can es ti -
mate the gen eral char ac ter of the flora in the same ba sin a few
kilometres dis tant, through the prin ci ple of us ing R-val ues.

When we com pare the gen eral char ac ter of as sem blage at
the Ovèín Mine with that counted us ing R-val ues there are
some dif fer ences. The most abun dant plant group at the Ovèín
Mine were cordaites, ferns were sub-dom i nant, and
arborescent lycopsids were abun dant but in the area of the
VP-29 bore hole ferns were dom i nant, arborescent lycopsids
sub-dom i nant and cordaites were less com mon (Ta ble 4). Cala -
mites and other lycopsids were al ways rare and sphenophylls
are twice as com mon at the Ovèín Mine. These dif fer ences can
be ex plained by lat eral changes within the ba sin in clud ing, for
ex am ple, a dif fer ent po si tion/level in the swamp.

THE R-VALUES/CONVERSION FACTORS

We fol lowed the prin ci ple of the R-val ues/con ver sion fac tors 
sug gested by Wil lard (1993) and Wil lard and Phillips (1993).
The per cent age was counted for ev ery miospore/pol len taxon
of the main cat e go ries, i.e., arborescent lycopsids, other
lycopsids, cala mites, sphenophylls, ferns and cordaites (Ta -

8 Jiøí Bek et al. / Geo log i cal Quar terly, 2021, 65: 59

Plant groups
         B3           D2                     D4 Av er age

Miospores
and pol len [%] R-val ues Miospores

and pol len [%] R-val ues Miospores
and pol len [%] R-val ues R-val ues

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

Cala mites 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

T a  b l e  3

The main plant groups, per cent age of their miospores in dis persed spore as sem blages and R-val ues from B3, D2 and D4 sam ples

Plant groups
VP-29 Ovèín Mine

Miospores and
pol len [%]

Es ti mated per cent age of ae rial
parts of plants

Av er age per cent age of
ae rial parts of plants

Sphenophylls 21 4.3 9

Arborescent lycopsids 27 33.7 20

Other lycopsids 2 0.06 0.2

Cala mites 9 0.9 0.8

Cordaites 2 8 40

Ferns 26 43.3 30

T a  b l e  4

The main plant groups; per cent ages of their miospores in dis persed spore as sem blages from
the VP-29 bore hole and Ovèín Mine



ble 3) for each cir cle (B3, D2 and D4). The same was done for
ae rial parts of their par ent plants.

This means that the per cent ages of some plant groups do
not rep re sent the num ber of plant spec i mens but the per cent -
ages of ae rial parts of plants that cov ered the sur face. R-val -
ues/con ver sion fac tors have been counted based on the for -
mula pro posed by Wil lard (1993) and Wil lard and Phillips
(1993). Pteridosperm pol len are not rep re sented in the
palynological re cord al though their par ent plants oc cur in the
area of all three sam ples. This may have re sulted from their size 
(e.g. Schopfipollenites type) and low pro duc tion be cause they
usu ally do not oc cur in palynological slides (mac er a tion, siev -
ing).

Miospores of arborescent lycopsids (the ge nus Lycospora)
are 0.8 times un der-rep re sented; miospores of other lycopsids
(sub-arborescent and herbs) are sur pris ingly 31 times over-rep -
re sented, the calamitean miospores (the ge nus Calamospora)
are al most ten times (9.6) over-rep re sented and spheno -
phyllalean miospores are also al most five times (4.9) over-rep -
re sented. The miospores of ferns are 0.6 times un der-rep re -
sented and the pol len of cordaites (the ge nus Florinites) are
0.25 times un der-rep re sented.

DISCUSSION

R-val ues can help with better in ter pre ta tion of veg e ta tion
based on the miospore/pol len re cord than the di rect but sim pli -
fied “trans la tion“ that the per cent age of spores is more or less
equal to the abun dance of their par ent plants.

The quan ti ta tive re la tion ship be tween spores and their par -
ent plants is in flu enced by sev eral fac tors. One of these may be
the height of plants, which can af fect the dis persal of
miospores. Thus the spores/pol len of arborescent plants (e.g.,
lycopsids) with a can opy above the dense groundcover were
prob a bly more evenly dis trib uted by wind across a large area
with rel a tively few of them fall ing close to a par ent tree.

In con trast, most miospores pro duced by lower
sub-arborescent and her ba ceous forms fall closer to their pro -
duc ers re sult ing in patchy abun dance of their spores/pol len that 
fol lows the dis tri bu tion of their par ent plants. This ef fect is fur -
ther com bined with dif fer ences in pro duc tion of spores/pol len by 
dif fer ent plant taxa. Arborescent lycopsids pro duced cones ten
of centi metres to al most one metre long (Bek and Opluštil,
2004; Opluštil et al., 2009, 2014) whereas selagi nellas, small
herbs with thin axes, bore small cones a few centi metres long.
An other group of lycopsids, sub-arborescent forms (2–4 m
high) have num bers of sporangia ar ranged in fer tile zones on
the stem. For ex am ple, arborescent and sub-arborescent
lycopsids pro duced enor mous num bers of miospores com -
pared to selagi nellas. The re pro duc tive strat e gies of plants are
also a fac tor, which var ied sub stan tially from con tin u ous or re -
peated re pro duc tion (typ i cally ferns and some lycopsids, e.g.,
Paralycopodites, Omphalophloios, her ba ceous lycopsids) to
mas sive re pro duc tion at the end of life cy cle as in the case of
some arborescent lycopsids Lepidodendron and Lepidophloios
with de ter mi nate growth (DiMichele and Phillips, 1994;
DiMichele, 2014). The lat ter, how ever, may have been bal -
anced by the co-occurence of plants at var i ous stages of their
life cy cle, some of them be ing in the re pro duc tive stage. These
taphonomic bi ases af fected the pro por tions be tween miospo -
res and macrofloral re cords as re gards their abun dances.

An other fea ture is that miospores borne in cones 30–40 m
above the sur face were prob a bly dis persed ex ten sively with
only a mi nor ity of them fall ing close to a par ent tree. The ma jor -
ity of miospores pro duced by lower sub-arborescent and her ba -

ceous forms fall closer to their par ent plants and prob a bly only a 
mi nor ity of them were dis persed over lon ger dis tances.

How ever, the ra tio of bio mass to spores should re main
more or less the same when com par ing dif fer ent lo cal i ties, as
the for est in cluded in di vid ual plants at dif fer ent stages of ma tu -
rity of arborescent forms.

This dis pro por tion is con sis tent with dif fer ent R-val ues of
arborescent (0.8, i.e., slightly un der-rep re sented) and other
lycopsids (31.6, i.e., strongly over-rep re sented).

Sphenopsids are di vided into calamitean trees and
sphenophylls. Calamitean trunks were 10–15 m high but
sphenophylls had a more her ba ceous char ac ter of ten with
smaller cones, some com pa ra ble in size with those of some
selagi nellas. An as sumed higher pro duc tion of cala mite spores
is prob a bly the rea son why the R-value of cala mites (10) is
twice as high as that of sphenophylls (5), i.e., miospores of
sphenophytes are gen er ally over-rep re sented in the dis persed
re cord.

There are dif fer ent R-val ues for fern spores and
cordaitalean pol len (Florinites type). The height of cordaitalean
trees was com pa ra ble to that of arborescent lycopsids and the
area cov ered by re mains of both plant groups in the ex ca va tion
was also sim i lar (Fig. 3 and Ta ble 3). How ever, rep re sen ta tives
of these two plant groups had dif fer ent re pro duc tive strat e gies.
Seeds of cordaites are re corded rarely but the pro duc tion of
their pol len was much higher, prob a bly com pa ra ble to that of
arborescent lycopsids. The mor phol ogy of cordaitalean pol len,
i.e., their saccate char ac ter, is more suit able for wind dis persal
than wa ter trans port. This means that the amount of pol len fall -
ing close to the po si tion of their par ent plants must have been
sev eral times smaller than the amount of pol len pro duced by
much smaller/lower plants. Pol len from 20–30 m high
cordaitaleans were trans ported by the wind over a huge area
and prob a bly only a mi nor ity fell close to the trunk, i.e., a sim i lar
ef fect as in arborescent lycopsids but am pli fied by the pres ence 
of pol len sacs. This is prob a bly why cordaitalean pol len were
strongly un der-rep re sented (0.25 times).

The sit u a tion with fern spores is more com pli cated be cause
the habit of their par ent plants is vari able in clud ing small
herb-like taxa, lianas and arborescent marattialean forms.
Prob a bly, the R-val ues of each fern group were dif fer ent.
Spores of ferns were not born in cones or fer tile zones but in
sporangia/synangia grouped on fer tile fronds in a rel a tively lim -
ited num ber. Based on the size and the num ber of fern
sporangia, the pro duc tion of fern spores was prob a bly sev eral
times smaller (from a quan ti ta tive view) than than for the pre vi -
ously dis cussed main plant groups. This is prob a bly the rea son
why fern miospores are un der-rep re sented (R-value is 0.6).

“Coal-balls” and “adpression” R-val ues of arborescent
lycopsids are roughly com pa ra ble i.e., ~1. Wil lard´s (1993)
R-value means that these miospores are slightly over-rep re -
sented (1.1) and the R-val ues given heein mean that they are
slightly un der-rep re sented (0.8). Sphenopsid miospores are
over-rep re sented in both types of pres er va tion, Adpression
sphenopsid miospores have higher R-val ues  (7.3) than those
from coal-balls (3.1). Ferns have quite dif fer ent R-val ues, sug -
gest ing that those from adpressions in the Ovèín ex ca va tions
are un der-rep re sented (0.6) but from coal-bals are al most four
times (3.8) over-rep re sented. This might be be cause Wil lard
(1993) de rived her R-val ues from the Desmoinesian (~Asturian
in Eu rope) Spring field Coal, formed at a time when tree ferns
pre dom i nated in peat swamp hab i tats (Phillips et al., 1985;
DiMichele and Phillips, 1994). By con trast, the Lower Radnice
Coal is of late Duckmantian age when arborescent lycopsids
were dom i nant peat-form ing plants. A sim i lar sit u a tion con -
cerns cordaitalean pol len. Dis persed Florinites is un der-rep re -
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sented (0.25) in the adpression re cord but over-rep re sented
(1.5) in coal-balls.

It is pos si ble to ex plain some dif fer ences in R-val ues of both 
modes of pres er va tion by dif fer ent plant spe cies hav ing dif fer -
ent re pro duc tive strat e gies, dif fer ent palaeoenvironments,
edaphic fac tors, nu tri ent sup ply and changes in veg e ta tion pat -
terns through out the Penn syl va nian. If we com pare rou tine
“trans la tion“ of the per cent age of miospores/pol len into the
same per cent age of their par ent plants fol low ing the con cept of
R-val ues there are some im por tant cor rec tions. The per cent -
age of miospores of arborescent lycopsids and that of their par -
ent plants seems more or less equal. A dif fer ent sit u a tion con -
cerns the miospores of other lycopsids, that are strongly
over-rep re sented, i.e., the per cent age of their par ent plants was 
significanty smaller than that of their spores. The per cent ages
of sphenophylls and cala mites as macroplants were smaller
than those of their spores, i.e., the par ent plants are un der-rep -
re sented. It is nec es sary to in crease the es ti mate of the per -
cent age of ferns and cordaites in com par i son to the per cent age
of their miospores and pol len be cause these spores and pol len
are un der-rep re sented.

Our re sults are of a pre lim i nary char ac ter be cause mac er a -
tion of sam ples from the Ovèín Mine ex ca va tion and re lated re -
search is in prog ress.

CONCLUSIONS 

Pre lim i nary con clu sions can be made based on com par i son 
of quan ti fied palynological and macrofloral adpression re cords
from only three sam ples and many such com par i sons will be
nec es sary to test the con clu sions sug gested be low:

1. Spores of arborescent lycopsids are slightly un der-rep -
re sented (R-value is 0.8), i.e., slightly un der-rep re -
sented) and those of other lycopsids are strongly
over-rep re sented (R-value is 31.6).

2. Calamitalean spores are over-rep re sented two-fold
(R-value is 10) than sphenophyllalean spores (R-value
is 5), i.e., miospores of sphenophytes are gen er ally
over-rep re sented in the dis persed re cord.

3. Cordaitalean pol len are strongly un der-rep re sented
(R-val ues is 0.25).

4. Fern spores are un der-rep re sented (R-value is 0.6).
5. “Coal-ball” and “adpression” R-val ues of arborescent

lycopsids are roughly com pa ra ble i.e., ~1.
6. Sphenopsid miospores are over-rep re sented in both

types of pres er va tion. Adpression sphenopsid
miospores (7.3) have higher R-val ues than those from
coal-balls (3.1).

7. Fern spores from both modes of pres er va tion have
quite dif fer ent R-val ues be cause those from
adpressions are un der-rep re sented (0.6) and from
coal-balls are al most four times (3.8) over-rep re sented.

8. Cordaitalean pol len are un der-rep re sented (0.25) in the
adpression re cord but over-rep re sented (1.5) in
coal-balls.
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List of miospores and pol len from B3, D2 and D4 sam -
ples from the Ovèín Mine:

Acanthotriletes echinatus (Knox) Potonié and Kremp
Alatisporites pustulatus Ibrahim
Apiculatasporites spinulistratus (Loose) Ibrahim
Calamospora liquida Kosanke
Calamospora microrugosa (Ibrahim) Schopf, Wil son and
Bentall
Calamospora pedata Kosanke
Calamospora spp.
Cirratriradites saturni (Ibrahim) Schopf, Wil son 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 (Wil son and Coe) Schopf,
Wil son 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, Wil son and Bentall
Raistrickia spp.
Savitrisporites mi nor Jachowicz
Savitrisporites nux (Butterworth and Wil liams) Smith and
Butterworth
Spencerisporites spp.
Verrucosisporites microverrucosus Ibrahim
Verrucosisporites spp.
Vestispora pseudoreticulata Spode
Vestispora spp.
Vestispora tortuosa (Balme) Bharadwaj
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