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The type collection of the Carboniferous selaginellalean lycopsid cone species Porostrobus nathorstii (Leary & Mickle)
emend. was palynologically re-examined for in situ microspores. Originally (Leary & Mickle 1989) this species was
proposed as monosporangiate with only megaspores, but now microsporangia yielded microspores compared to the dis-
persed miospore genus Cingulizonates (Dybova & Jachowicz) Butterworth er al. All species of the genus Porostrobus
Nathorst are, therefore, bisporangiate with in situ megaspores of the Setosisporites-type and microspores belong to the
densospore group [genera Densosporites (Berry) Butterworth et al. and Cingulizonates]. The history of Porostrobus and
Bothrodendrostrobus Hirmer cones is discussed with aspect of their possible relationship and ecological needs. * Key
words: herbaceous lycopsids, in situ spores, Porostrobus, Bothrodendrostrobus, Carboniferous.
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Carboniferous herbaceous lycopsids and their cones be-
long to a rarely reported group of fossil plants (Thomas
1997,2005; Bek e al. 2001). Three groups of cones of Car-
boniferous herbaceous lycopsids can be distinguished on
the basis of their in situ spores. All these fructifications are
bisporangiate. The best known and the most often reported
are cones of herbaceous forms of the genus Selaginella Pa-
lisot de Beauvoir. All these cones produced microspores of
the genus Cirratriradites Wilson & Coe [mostly C. saturni
(Ibrahim) Schopf et al., see Bek et al. 2001] and megaspo-
res compared with several species of the genus Triangula-
tisporites (Potonié & Kremp) Karczewska (Thomas 1997,
Bek ef al. 2001). The second group is represented by unna-
med type of Selaginella-like plant (Drabkova, pers.
comm.) found in the Bolsovian of the Radnice Basin,
Czech Republic. In situ megaspores correspond with the
dispersed genus Bentzisporites Potonié & Kremp and mic-
rospores belong to the dispersed species Lundbladispora
gigantea (Alpern) Doubinger.

The third group of Carboniferous fertile herbaceous
lycopsids consists of the genera Porostrobus Nathorst and
Bothrodendrostrobus Watson. Species of both genera pro-
duced megaspores of the Setosisporites-type and micro-
spores of the densospore group (e.g. Balme 1995).

We re-examined the type collection of Porostrobus
nathorstii Leary & Mickle stored in the Illinois State Mu-
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seum, Springfield, USA from palynological view. The
main goal was try to find in sifu microspores, because all
previously described Porostrobus species were bi-
sporangiate and only P. nathorstii was defined as mono-
sporangiate with only megaspores (Leary & Mickle 1989).
This re-examination was successful and the species
P. nathorstii could be emended based on newly macerated
in situ microspores.

Material and methods

The Allied Quarry is on Vandruff Island, located in the
Rock River between the cities of Rock Island and Milan, I1-
linois (SE 1/4 Sec. 14, T.17 N., R.2 W., Milan Quadran-
gle). Specimens were collected from sediments that fill
a channel eroded in Devonian Cedar Valley Limestone
(Leary 1981). The channel is 6 m deep, 8 to 30 m wide,
steep-sided, and flat-bottomed. The meandering channel
had been eroded by a river flowing roughly east to west and
is exposed in several quarries in Rock Island and Henry
counties, Illinois.

The exact stratigraphic age of the fossil-bearing shale is
difficult to determine. The shale is underlain by upper Mid-
dle Devonian Cedar Valley Limestone. Pleistocene erosion
has removed nearly all the overlying Pennsylvanian strata
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in the quarry, but at a few points clean white to buff sand-
stone is present above the fossil-bearing shale. This sand-
stone contains Stigmaria casts and, on this basis, has been
correlated with the “Stigmarian Sandstone”, or Babylon
Sandstone. Across the Rock River from the quarry, the same
sandstone is interlayered with shale, carbonaceous shale,
and impure coals. Using palynomorphs, these strata have
been dated as Caseyville, and probably lower Langsettian
(R. Peppers, pers. comm.). Based on the spores recovered
from the shale the Allied Quarry shale deposit is considered
to be of mid Namurian age (R. Peppers, pers. comm.).
Macrofossils also indicate a Namurian age (Leary 1981).

Specimens of fossil plants are stored in the Illinois State
Museum, Springfield, as ISM 417032-417049. In situ mi-
cro- (isolated from paratype ISM 417034) and megaspores
and their slides are stored in the Geological Institute v.v.i.,
Academy of Sciences, Prague, Czech Republic. The spores
are classified according to the system of dispersed spores
suggested by Dettmann (1963), and Smith & Butterworth
(1967). In situ spores were compared directly with the orig-
inal diagnoses (type specimens), descriptions and illustra-
tions of dispersed spore species. Species determinations
are based only on the original diagnoses, and not on the in-
terpretations of subsequent authors. The terminology used
for the descriptions of in situ spores is the same as that in
the latest edition of the Glossary of pollen and spore termi-
nology (Punt et al. 2007).

Systematic section

Class Lycopsida Scott, 1909
Order Selaginellales Prantl, 1874

Genus Porostrobus Nathorst, 1914

Type species. — Porostrobus zeilleri Nathorst, 1914.
Diagnosis. — See Leary & Mickle 1989, pp. 1639-1641.
Porostrobus nathorstii (Leary & Mickle, 1989) emend.
Holotype. —Specimen ISM 417032, Geological Collection,

Illinois State Museum, Springfield; Leary & Mickle 1989,
fig. 3.

Paratypes. — ISM 417033-417043, Geological Collecti-
ons, Illinois State Museum, Springfield; Leary & Mickle
1989, figs 4-6.

Collecting locality. — Shale deposits in the Allied Stone
Company quarry, Milan, Rock Island County, Illinois (SE
Vasec. 14, T. 17 N., R. 2 W., Milan Quadrangle).

Stratigraphy. — Caseyville Formation, Morrowan Series,
Early Pennsylvanian.

Emended diagnosis (modified from Leary & Mickle 1989,
p. 1639). — Bisporangiate cones up to 25 mm long and
7 mm in diameter (Fig. 1A, D, E, J), tapering slightly dis-
tally. Central axis up to 1 mm in diameter. Sporophylls lack
a heel or keel, and possess a distal lamina up to 6 mm long.
Tuft of leaves up to 20 mm long present at cone apex
(Fig. 1A, B). Megasporangia containing a single mega-
spore tetrade (Fig. 1C-E, J) and microsporangia decreasing
in size distally. Megaspores with prominent trilete arms;
gulate; possessing branched hairs confined to an equatorial
band. Trilete microspores with prominent equatorially
thickened cingulum and thin radiated zona (Fig. 1F-I). Cir-
cular amb. Equatorial cingulum with thicker (darker) inner
and lighter (outer) thinner portions. Inner body of the circu-
lar amb. Radial straight ridges from thicker to thinner part
of cingulum and zona. The trilete mark is sometimes vi-
sible, reaching the diameter of the inner body.

Remarks. — Megaspores can be compared with the disper-
sed spore species Setosisporites praetextus (Zerndt) Poto-
nié & Kremp and microspores are comparable with the spe-
cies Cingulizonates bialatus (Waltz) Smith & Butterworth.

Description of specimens. — See Leary & Mickle (1989,
pp- 1640, 1643). In situ megaspores are 750-1,150 pum in
diameter, microspores 35-52 um in diameter. Hairs of me-
gaspores are from 140 to 220 um long.

History of the genera Porostrobus,
Bothrodendrostrobus and Bothrodendron

The genus Bothrodendron Lindley & Hutton is based (Lin-
dley & Hutton 1833) on compressions of large lycopsid

Figure 1. A — Porostrobus nathorstii (Leary & Mickle) emend. ISM 417033. Two cones attached to a pedicle. Scale bar 1 cm. * B — Porostrobus
nathorstii (Leary & Mickle) emend. ISM 417036. Cone showing distal lamina of sporophyll. Scale bar 1 cm. ® C — Porostrobus nathorstii (Leary &
Mickle) emend. ISM 417048. Part of the cone with sporangia. Scale bar 1 cm. ® D — Porostrobus nathorstii (Leary & Mickle) emend. ISM 417047. Cone
arrangement of sporangia and tetrads. Scale bar 1 cm. * E — Porostrobus nathorstii (Leary & Mickle) emend. ISM 417049. General view on the cone.
Scale bar 1 cm. ® F-I — in situ microspores isolated from Porostrobus nathorstii (Leary & Mickle) emend. (ISM 417034 — paratype) and compared to the
dispersed miospore genus Cingulizonates bialatus (Waltz) Smith & Butterworth. All x 500. ¢ J — Porostrobus nathorstii (Leary & Mickle) emend.

ISM 417034. Axis and the cone. Scale bar 1 cm.
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axes. But Lindley & Hutton (1833) also included in the ge-
nus anatomically preserved axes and cones without evi-
dence that conclusively relates any of permineralized ma-
terial to the compressions. The connection of cones and
vegetative parts was never been demonstrated.

Watson (1908) studied five cone specimens (coal-balls)
and named them only as “the cones of Bothrodendron”, but
without any evidence about connection with Bothro-
dendron branches or trunks. But Hirmer (1927) referred
Watson’s specimens to Bothrostrobus Zalessky. Watson
(1908) described in situ megaspores in megasporangia in
the basal portions of the cones and microsporangia in the
upper portions. Microsporangia are smaller than mega-
sporangia. In sifu megaspores are in four per mega-
sporangium and possess typical hairs about 150 um long.
The only informations given about the in sifu microspores
was that they are about 27 um in the diameter and possess
an equatorial ridge. Watson (1908) wrongly attributed the
cones to Bothrodendron mundum Williamson and stated
that cones are different from those of arborescent lycopsids
of the Lepidostrobus-type.

Hirmer (1927) named this type of cones for the first
time as Bothrostrobus mundus Hirmer. Chaloner (1967)
placed Bothrostrobus olryi Rénier (the type species of the
genus) in synonymy with Lepidostrobus (Brongniart)
Brack-Hanes & Thomas and recognised that cones re-
ported by Watson (1908) cannot be referred to Lepido-
strobus, i.e. to arborescent lycopsids. On the other hand,
Chaloner (1967) realised that Watson’s cones do not be-
long to Bothrodendron mundum. Therefore, Chaloner
(1967) proposed the name Bothrodendrostrobus watsonii
Chaloner for Watson’s cones. It means that Watson’s
cones have been known by two different names,
Bothrostrobus mundus and Bothrodendrostrobus watsonii
but important is, that nothing was known about their parent
plants. Generic name Bothrodendrostrobus was first used
in the index of Hirmer (1927, p. 701) for some material that
he named Bothrostrobus in the text. Later Chaloner (1967)
validated the name Bothrodendrostrobus by supplying a
description and designating the Watson’s material as the
type specimens.

Stubblefield & Rothwell (1981) described thirteen
specimens of permineralized megagametophytes and em-
bryos from the Langsettian of England, UK. They com-
pared the megaspores with the dispersed spores species
Setosisporites praetextus f. minor Chaloner. Stubblefield
& Rothwell (1981, pp. 62, 68, 69) gave a brief review
about the complicated position and classification of these
cones and their parent plants and compared Bothro-
dendrostrobus with the extant genus Isoetes Linnaeus
based on the embryogeny and stated that it is different
from arborescent lycopsids of the Lepidocarpon-Lepi-
dophloios-type. They also reinstalated the combination
Bothrodendrostrobus mundus and proposed B. watsonii
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as synonymum of it. Important is that Stubblefield &
Rothwell (1981) stated (based upon the embryological
similarity known for Bothrodendrostrobus and the extant
Isoetales), that parent plant of Bothrodendrostrobus
was not an arborescent lycopsids with a stigmarian root
system, but it have been a much smaller plant with
cormose rooting-system like that of the Pennsylvanian
genus Paurodendron Fry (Stubblefield & Rothwell 1981,
p. 633).

Nathorst (1894, 1904) reported a small cone from the
Mississippian of Spitzbergen as Lepidostrobus zeilleri
Nathorst and he later (Nathorst 1914) erected the new ge-
nus Porostrobus for this species and described in situ
microspores with prominent equatorial cingulum belong-
ing to the densospore group. The in situ megaspores can be
assigned to the dispersed species Setosisporites hirsutus
var. brevispinosa (Zerndt) Potonié & Kremp (Chaloner
1967).

Emendation of the genus Porostrobus was proposed
by Bharadwaj (1958) who re-investigated the original
specimens of P. zeilleri Nathorst collected from the Mis-
sissippian of Lower Spitzbergen, assigned the in situ
microspores to the genus Densosporites (Berry)
Butterworth et al. and described the in sifu megaspores as
gulate with verrucate to granulate exine and developed
contact area.

Chaloner (1958) described a new species Selaginellites
canonbiensis Chaloner with in situ megaspores that he
compared to the dispersed spore species Setosisporites
hirsutus (Loose) Ibrahim and in situ microspores of the
Cingulizonates-type. Later Chaloner (1962) realized simi-
larity with Porostrobus and suggested the new combina-
tion Porostrobus canonbiensis (Chaloner) Chaloner.

The third fertile species of Porostrobus was described
by Leary & Mickle (1989) as P. nathorstii when they also
emended the genus. Leary & Mickle (1989) recovered only
megaspores belonging to the dispersed species Seto-
sisporites praetextus making Porostrobus nathorstii the
only monosporangiate species of the genus within their
original concept of the species.

Taxonomic and nomenclatoric problems with cones of
the Bothrodendrostrobus and Porostrobus-type and their
parent plants are still confusing and complicated (for ana-
tomical details and detailed discussion see Bharadwaj
1958, pp. 71-74; Chaloner 1958, pp. 250, 251; Stubble-
field & Rothwell 1981, p. 626; Leary & Mickle 1989,
pp. 1643, 1644).

Ecology
of Porostrobus/Bothrodendrostrobus

Leary & Mickle (1989) described P. nathorstii together
with sphenophylls (Sphenophyllum tenerrimum Stur,
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Table 1. Selected dimensions of Bothrodendrostrobus and Porostrobus cones, their stratigraphical positions and their in situ spores.

Diameter Length Diameter of axis In situ . Stratigraphical
. In situ megaspores o References
(mm)  (mm) (mm) microspores position
Bothrodendrostrobus mundus 210 > 10 3 densospores Setosisporites praetextus f.  Langsettian Chaloner (1967)
minor
Porostrobus zeilleri 6 >20 1 Densosporites Setosisporites hirsutus var. ~ Mississippian Chaloner (1962)
brevispinosus
Porostrobus canonbiensis Cingulizonates Westphalian ~ Bharadwaj
35 > 15 ? )
loricatus (1958)
Porostrobus nathorsti Not macerated  Setosisporites praetextus Namurian Leary & Mickle
4-7 18-36 1
(1989)
Porostrobus nathorsti 4-7 18-36 1 Cingulizonates ~ Setosisporites praetextus Namurian Herein

S. sublaure Purkynovd, S. cuneifolium Sternberg), cala-
mites [Mesocalamites cistiformis Stur, Asterophyllites
charaeformis (Sternberg) Goeppert, A. equisetiformis
Brongniart], Sphenopteris preslesensis Stockmans &
Williere, Alethopteris lonchitica Schlotheim, Gulpenia
limburgensis Gothan & Jongmans and Palaeopteridium
reussi (Ettingshausen) Kidston. Lycopods are represented
by Lepidostrobus cones, Lepidocarpon megasporophylls,
Lepidophylloides leaves, Stigmaria and Lepidodendron
axis. No vegetative structures unambiguously associated
with Porostrobus cones have been found (Leary & Mickle
1989).

Cone specimens of P. nathorstii consist of two types.
Some cones are essentially intact in that sporangium is
found covering mature megaspore tetrads, and the distal
sporophyll laminae and tuft are intact. Other cone speci-
mens consist of little more than megaspore tetrads in the
positions of sporangia in a cone, but the sporangium,
laminae tissue, and axis are not preserved. No specimen
has been observed that appeared to has dehisced sporangia.
Based on these observations and indications that these
cones were transported, it is possible to speculate that
whole cones were shed from the parent plant intact (Leary
& Mickle 1989).

Cones were found in sediments completely filled chan-
nels eroded in a nearly level limestone surface (Leary
1981). Isolated S. praetextus megaspores are concentrated
in the highly fissile black shale at the top of the sequence.
Parent cones are restricted to these upper black shales. Al-
most none of the channel sediments are bioturbated, indi-
cating that plants did not grow in the channels, even when
the channels filled with sediments (Leary & Mickle 1989).
This observation suggests that cones and megaspores were
transported prior to burial. Based on the associated flora,
the Porostrobus-bearing plants probably grew in area adja-
cent to channels.

Leary & Trask (1985) interpreted plant assemblage
of the Rock Island County as upland flora. This term has
been used to designate distinctive nonswamp floras. The
upland plants grew on soils derived from limestone bed-
rock, and many were stream banks and ultimately were

deposited in stream channels with minimal transport.
Generally upland flora includes a number of plant taxa
which are unknown in coal swamp. The presence of a
permanent body of water in the channels apparently per-
mitted the growth on the drier sites in Rock Island
of genera (e.g. Lepidodendron Sternberg and Meso-
calamites Hirmer) common to coal swamp (Leary &
Trask 1985).

The greatest similarity appears to be with the flora of
the Czech part of the Upper Silesian Basin, Czech Republic
(Susta 1928, Purkytiovd 1970). Here, Havlena (1970) re-
cognised several microenvironments within Namurian
hygrophile environment in addition to a major separation
of the hygrophile and mesophile environments. The meso-
phile (i.e. upland) flora described by Havlena (1970) was
present only as fragments whereas preservation of the
plants in the Rock Island is excellent (Leary & Trask
1985).

It should be noted that Porostrobus and Bothro-
dendrostrobus were not the only densospores-producers
because this type of microspores has also been recovered
from a sub-arborescent lycopsid of the genus Omphalo-
phloios White (e.g., Wagner et al. 2003, Oplustil et al.
2010).

Miospores of the densospore group [i.e. Densosporites,
Cristatisporites (Potonié & Kremp) Butterworth ef al. and
Cingulizonates)] first appeared in Devonian strata al-
though they are most abundant throughout the Pennsylva-
nian in most Euramerican coalfields. They are not very im-
portant from a stratigraphical view but they belong to
ecologically significant spores. Smith (1962) assigned
densospores-dominated parts of coal seams to the denso-
spore phase which is interpreted as the ombrotrophic stage
of mire development as is also supported by the high
inertinite and very low mineral matter content (see also
Butterworth 1964, Habib & Groth 1967). On the other
hand, different authors (e.g. Littke 1987, Strehlau 1990,
Oplustil er al. 1999) identified a densospore phase from
coal seams which contained sedimentary partings or in-
creased ash content and which evidently, did not develop
into an ombrotrophic mire. Eble & Grady (1990) suggested
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an ecological link between densospores-producing plants
and brackish conditions.

Stubblefield & Rothwell (1981) discussed the pa-
laeoecological preference of the parent plants of Bothro-
dendrostrobus based on the dispersed occurrences of
Setosisporites megaspores. They suggested that Bothro-
dendrostrobus may have grown in a swampy environment.
Stubblefield & Rothwell (1981) found megagametophyte
and embryos in isolated spores. It is, therefore, probable,
that megagametophyte development, fertilization, and
embryogeny in Bothodendrostrobus occured (like in the
extant Isoetales) in an aqueous environment after the
spores were released from sporangia (Stubblefield & Roth-
well 1981, p. 632). The pores on the megaspore surface de-
scribed by Stubblefield & Rothwell (1981), which were
initially covered and later exposed, may be a mechanism
for gaseous exchange or possibly for water regulation
(Stubblefield & Rothwell 1981).

Piérart (1968) described two main assemblages of dis-
persed megaspores, “wet” with Cystosporites Schopf, Tri-
angulatisporites, Lagenicula (Bennie & Kidston) Potonié
& Kremp and Tuberculatisporites (Ibrahim) Potonié &
Kremp and “less wet™ with Zonalesporites (Ibrahim) Po-
tonié & Kremp and Setosisporites (Ibrahim) Dybova-
Jachowicz et al.

Similar results are described by Bartram (1987) who re-
cognised five palynological phases based on megaspore re-
cord and petrological analysis. Generally drier Phase 3 is
characteristic by the occurrence of Spencerisporites
radiatus (Ibrahim) Bek er al., Setosisporites hirsutus
(Loose) Ibrahim, Lagenicula subpilosa Ibrahim and Zona-
lesporites.

It means that Setosisporites and Zonalesporites
megaspores (parent fructifications of both genera pro-
duced densospores) are often recorded together as dis-
persed. It suggests similar ecological needs of their parent
plants.

The results of Piérart (1968), Bartram (1987), Leary &
Trask (1985) and Leary & Mickle (1989) suggested, based
on the study of compression specimens and dispersed
megaspores, that Porostrobus could preferred less wet en-
vironment probably corresponding with ombrotrophic type
stage of mire development.

Only Stubblefield & Rothwell (1981) described
Setosisporites megaspores of the Bothrodendrostrobus ori-
gin (i.e. from permineralised cones) and stated that parent
plants may have grown in swampy environment, similar to
rheotrophic type stage of mire development.

It is possible that parent plants of compression speci-
mens of Porostrobus cones preferred different ecological
conditions (ombrotrophic-type of swamp) than per-
mineralised (coal-balls) specimens of Bothrodendro-
strobus (rheotrophic-type of swamp), although both cone
genera produced the same spores.
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Discussion

All cones of the genera Bothrodendrostrobus and Poros-
trobus have yielded the same types of micro- and megaspo-
res that can be closely compared with the densospore group
(microspores) and the spore genus Setosisporites.

Morphologically the simplest spore types, i.e. trilete,
lacvigate thin-walled (e.g. calamospores) or laevigate-
microgranulate-microverrucate (e.g. genera Leiotriletes
Naumova, Granulatisporites Ibrahim and Apiculatisporis
Potonié & Kremp) miospores have been recovered from
several plant species and genera, sometimes even from dif-
ferent plant groups (Balme 1995). This is not the case for
microspores of the densospore group and megaspores of
the genus Sefosisporites as such morphologically more
complicated spores were usually produced by the only par-
ent plant genus (Balme 1995). This means that from a
palynological point of view the two genera
Bothrodendrostrobus and Porostrobus may be hypotheti-
cally synonymous. Additional circumstantial evidence is
that the parent plants of both cones were herbaceous
lycopsids. Chaloner (1958) originally named his specimen
of Porostrobus as Selaginellites Zeiller and also Stub-
blefield & Rothwell (1981, p. 633) stated that Bothro-
dendrostrobus was not produced by arborescent lycopsids
with stigmarian root system, but that it may have been a
much smaller plant with cormose rooting system like
Paurodendron, i.e. a Selaginella-like plant.

We cannot be sure about the synonymity of
Porostrobus and Bothrodendrostrobus because all speci-
mens of Porostrobus are preserved as compressions while
all Bothrodendrostrobus specimens are from coal-balls.
We know some anatomical data from Bothrodendro-
strobus cones but they cannot be observed on Porostrobus
specimens. Also morphological informations described on
Porostrobus cones cannot be proved for specimens of
Bothrodendrostrobus. Maybe both genera represent differ-
ent modes of the preservation (like Sigillariostrobus
Hirmer and Mazocarpon Benson), but we still have no di-
rect evidence for such a conclusion.
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