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Preface

Ancient plunts are rarely recovered as complete entities
and the uiscovery of all ol tihe varts necessary to give a com-
plete story of the siructure and life history of these plants
is rarely accomnlished; therefore it is necessary to deal with
the available plant parts as orgun genera and species. The
desirable but virtually unattainable goal is, of course, the
eventual understanding of the form, structure, and life history
of =ach plant; its correlation with allied forms and the utiliza-
tion of this information in the interpretation of the phylogeny

and evolution of both ancient and moderan plants.

The following investigations and discussions of sone

of the provlems inherent in the study of Falesczoic plants are
based on specimens which were collected from the Lhiiddle-western
United States by Profescor John . ioskins and the zuthor

over a period of several years and now housed at the University
of Cincinneti. Since 1938 we have collaborated in a study

of certain of these specimens as evidenced by 5 papers and

7 abstracts published, and the presentation of 8 papers before

gscientific socileties. It is almost impossible in the present

report, without sacrificing continuity, to delimit the sections
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which are the result of our collcborations, from those wihich

have been formulated entirely by myself. As unpublisned portions
of this paver and additional parts which ars as yet incomplete
will eventuzlly be published under joint cuthorship, it seems
advisable to accept joint responsibility for all new species

or combinations herein proposed.

It has scemed desirable to treat general considerutions
of the floras and each principal plant group discussed herein
as separate parts. This organization requires separate cone-
clusions and bibliographies, increasing, I believe, the utility

of the paper as a whole.

Ae To Cross
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Part I

General Considerations

The nature and occurrence of coal btealls

Rounded or irregularly shaped concretions sre found in
many coal beds. In Britain and America they are usually
called "coal-balls" whereas in Germany and other Central
Furopean countries they are referred to as "Torfdolomiten",
"Torfkalksteine", "Torfsvhaerosiderite", etc. These con-
crétionary masses range in size from about one-half centimeter
to several meters in dismeter. They are often found twined

or in & chain-like series in situ in the coal seam or oc-

casionally in the overlying shales. Usually, howevor, the
concretions in the fire-clays and shales below and above the
coal are of a different sort; they may be a) epigenetic,
i.e., they were developed in the sediments after thsey were
deposited, as is shown by the transgression of the bedding
vlenes or luminae of the enclosing sediments through them;

or b) syngenetic (often diagencetically altered subsequently),
which developed by concentric accreﬁion’during sedimentation,

about a nucleus. The nucleus may be either an organic fragment
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such as a leaf, seed or shell, as is the case in the well-knowm
ironstone concreticns from llazon Creel, Illinois, or an in-
orgenic body such as a pilece of rock or a mineral crystal. Coal-
ralls are distributed without much order through the seam of
coal and in the roof shales. They normally occur in lenses or
pockets and are completely surrounded by coal, ‘he layer of
dark shiny coal, called “"glance-coal' which immediately sur-
rounds the nodule may be split cleanly away from the fossil

plant mass but the exposed surfeces normally do not give any

clue as to the contents,.

Coal balls consist of dark-brown to yellow-brown, more
or less solid masses of dolomitized, calcified or silicified
plant remains. Sideritic coel balls are less cormion than
calcareous coal balls. Varying quantities of iron sulfur,
aluminum, mangenese and other chemicals are present in the
forms of inorganic compounds. ZThe coal balls which show the
best preservation of the plant material are those which are
most nearly pure calcium carbonate or silicon oxide. liost
of the coal balls known from depmosits in America arc calcified
whereas the silicified nodules are equally common in Europe.
Those which contain a high percentege of impurities such as
verious iron sulphides or iron oxide often show little

structure in the contained plant fragments.
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Coal balls wesre formed in position and are really con-

cretionary formations of peat. Frocf of this in situ formetion

is evident from the numerous records where single large stems
or stigmarien rootlets have been found extending through a
unilateral series or chain of coal balls still in vosition in
the coale That coal balls must have formed in the peat stage
is borne out by the fact that the nodules are sometimes con-
siderably larger than the thiclkness of tThe entire coal seam.
In 21l cases the coal appears to be compressed as has actually
been the case, to less than one-fourth its original wvertical
dimension. The layers of coal are domed over the coal balls
and slove away from them in all directionse. ‘he lack of
distortion or compression of the nodule would seem to indicate
that the processes of fossilization of the masses of plant
aggregates had been completed very early in the history of the
deposit. Furthermore, coal balls must have been formed before
the plant organs had sufiered any considerable destruction by
decompositicn and compression which could only te in the
earlier stages of peat formation. Often even the most delicate
plant organs can be recognized, though some are in a poorer

state of preservation than others.

Distortion or destruction of the tissues is often found

when there is considerable accunulation of an iron sulfide,
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either in the form of marcasite or iron pyrite. 1Ian these casss,
it seems thet the carbonized cell-wall has acted as the locus
for the accumulative growth of the pyrite into a erystalline
ageregates The subsequent growth is then toward the center of
the cell or into the intercellular spaces. It is only with
secondary pyritization (i.e. recrystallization of the pyrite)
that the cell walls are crossed and thus destroyed or distorted.
During primary pyritization the pyrite replaces the crystals

of celcium carbonate in the calcified coal balls. Celcification,
dolomitization and silicification do not destroy the tissues.
Actually the plant cell wells have not been replaced by minerals
and the altered vroducts of the original cells are not carbon
but complex organic compownds. Pollen, spores and resin
globules are the best preserved of all structures found in cecal
deposits. Tatty or waxy tissues such as horny seed coats and

cuticula are also usually well nreserved.

The pleant remains enclosed in a coal ball may be seen
either 1) by splitting the coal balls in a plane of fracture,
which is usually parallel to the short axis, 2) by observation
of & cut and polished surface, 3) by the preparation cf thin
sections, 4) by use of the peel method, or 5) by maceration
of the coal ball and the isolation of the plant fragments.

These technigues will be discussed subsequently.
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Coal balls were found in England as early as 1841. (Coel
fields of Holland, Belgium, France, Germany, Czechoslovakiza,
and the Donetz basin in Russia have yilelded extensive collections.
In the United States they were first found in Illinois by Dre.
G. H. Cady who trunsmitted them to Professor &. C. Woé for study
(Schopf, 1941). Since that time they have been found in Iowa,
Kansas, lexas, Indianec, western Kentucky, iiest Virginia, and
recently one has been found in the glacial drift in southwestern
Ohic, probably from the eastern nentucky coel fields. Schopf
(1941) has given & rather complete account of the occurrence
and stratigrashie relationships of the principal ccal ball

deposits. (See also Plate 13, Part ITI).

Preparation of the material for study

The success of the study of fossils depends to a considerable
extent on the preservation of collections from oxidation and the
proper preparation of them for study. lany techniques have been
worlked out in various paleobotaniecal laboratories throughout the
world, but oftentimes they remain unpublished until later workers
have discovered them independently. The techniques which we
employed are either essentially unmodified, standard procedures
or embody important improvements or they are entirely new. A

brief outline of these will suffice.
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t is often advisable to prepare casts and molds to
areserve a record of the original condition of the material if
it is found necessary to section the specimens for proper study.
Air-drying, liquid rubber which has recently becrn developed
may be ap-lied to a specimen as paint. After a desirable thick-
ness nas been obtained by successive coats of rubber, a backing
of cheesecloth may be embedded in an additional coat of rubber,
thus giving greater rigidity to the mold, and enabling it to
nold its shape oermanently. The rubber mold may then be re-
moved by lifting a corner and stripping it off. This mold
preserves even the most minute details of the surface con-
figuration including overhangs, and will retain its form in-
definitely. It is often advisable to make a plaster cast of
the back of the rubber mold in which it may be placed to

facilitate making positive casts later.

The rubber mold must be dampened just before pouring the
plaster into it in order that the plaster will not be with-
held by air bubbles from the minute markings upon the surface.
In dampening the mold, it should be first dipped in water and
then all the free water should be removed by a gentle stream
of air. A fine grade of plaster should be used especially if
the specimen shows important surface ornamentation. The rate
of setting of the plaster may be slowed (for detailed work)

by the use of ice cold water and even further by the use of
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salt water. Dot water will haesten the time of setting, which

is often useful in preparation of large and/or three dimensional
casts. Uum arabic or glue dissolved or suspended in water may
be added to tne wet plaster to make the resulting cast stronger.
Water soluble paints of the desired color, i.e., the one most
nearly simulating the matrix, may be suspended in the water be-
fore mixing it with the plaster. <‘he plaster, when poured,
should have the consistency of molasses, i.e., it should be

thick but not stiff,

A method of enlarging casts of specimens bearing definite
surface configurations or possessing a definite shape has been
worked out by several paleontologis®ts. Tne rubber molds of
the original specimen are made in the same way as those al=-
reaedy described except that the cheesecloth backing must be
omitted. The molds are then placed in kerosene and allowed
to remain until they have expanded to about one and a half
times their original size. The mold is then carefully 1lifted
out, the excess kerosene is taken up with a blotter, and it is
placed in a sand mold. This sand backing is almost necessary,
for the rubber has lost much of its tensile strength and would
break down under the weignt of the plaster if unsupported. A
plaster cast is then made in this enlarged rubber mold. From
this enlargement another rubber mold may be made. The step

may be repeated several times. ¥xpansion is guite uniform
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throughout the rubber so that distortion in the enlargements

is almost non-existent. Il the first mold is taken from a
plaster cast which hus been colored as described above, part

of the color will be transferred accurately to several successive

steps of enlargement.

Friable or wet impressions or casts of fossils may be pre-
served in the field in several ways. Rubber molds may be made
of large casts or material which may not be moved eilther be-
cause of size or condition. Smaller specimens may be completely
embedded in Duco Cement to hold them together. This may be dis-
solved later with amyl or butyl acetate, thus freeing the material
for study. Collodion‘and cellulose acetate may be used tc
great advantage in embedding dry material which is very friable.
Nitro-cellulose solution or cellulose acetate may be cheaply
and adequately made by substituting movie film for guncotton
or parlodian as the cellulose ester. The zelatin must first
be removed from the film with hot water before dissolving it in
amyl acetate. A supersaturated solution of gum sandarac in
alecnhol may be used to preserve the material either wet or dry.
This is the best preservative we have found for all around use
and it has the advantages of being simple to prepare and in-
expensive., It dries on the specimen into a clear shiny film
thet is impervious to most acid fumes, water and dust., It

does not shrink nor become milky when put on a wet specimen
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as does cellulose acetuts.

Photorraphing original specimens is sometimes difficult
due to surface markings or mineral discoloration. If the
rubber mold of the original specimen is shaded uniformly
white by the vrecipitate of the dense fumes given off when
amnoniuwm chloride is heated in an amuonium chloride tube, a
picture wmay be made of the mold and bthese difficulties are
overcome. It is best to overexpose and underdevelop both the
negative and the prints, for such a procedure increases the
shadow and contrast. Often negatives will become covered with
Tingermarks due to careless or excessive handling. e have
been able to remove these in most instances from elther sur-
face by washing the film in cold water for five to ten minutes,
transferring it to a wet glass plate or ferrotypes board, and

wiping it firmnly with a well-soaked chamoils skin.

Cutting and grinding specimens may be done in a number
of ways. One method recently improved upon in our laboratories
in order to obtain some snecial sections is the use of a fine
wire and some abrasive (Carborundum oy Aloxite) powder. A
board has besn fitted to a vise in the following manner (Fig. 1,
ol. I): holes were bored into it to correlaute with the position
of the shaft of an ordinary commercial vise, the vise is then

taken apart and the board inserted over the shaft which is then
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Plate I

Fig. 1. Apparatus used to facilitate meking cuts in
fossils with a fine wire and carborundum. A single pulley
which acts as one of the two guides vhen properly fastened

to the frame is shown in the upper left hand corner.
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reassembled; at each end of the board, which extends about six
inches on either side of the wise shaft, a pulley is mounted
rizidly, upside down, and the base of the pulley frame is cut
out thus exposing the base of the pulley. The snecimen to be
cut is partially embedded in sealing wax which may be clamped
in the viée or fastened to the board. The wire is then drawn
over one pulley, across the specimen and over the second pulley.
The pulleys act as guides to insure a straight cut. HNumber 30-
36 cauge steel or tinned wire is found to be quite suitable
along with number 400 grinding powder as the abrasive. 7ith
this simple device, a perfectly straight, almost polished cut
may be made with the loss of less than 200 microns of the

material.

The method of maling peels is so well known that few
cormments concerning the stu&y and mounting of peelsvsuffice.
All peels were first given a preliminery examination. If
the specimen contained very little marcasite or pyrite, ob-
servation of the rough (lower) surface with direct light

proved best. Other peels seemed to show considerably more

-5

F

deteil when studied by reflected light with the rough surface
of the peel down, i.e., as taken from the coal ball. After a
preliminary examination, some of the better or more typical
peels were mounted in Canada balsam after having first been

cleared with Eycleshymer's solution. Mounted peels may be
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observed with high magnifications, an oil immersion (1.8 mm.)
objective beinz used for observation of the s tructure of cell

walls and of spore confizuration.
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Part II

Further studies on the coal bull flora of Iowa

Collections

Coal balls nave been found in nearly all coal producing
counties of south-central Iowa. Dr. L. R. Villson of Coe Ccllege,
Cedar Rapids, Iowa and several of his students made collections
from mines near Vhat Cheer and Des Lioines, Iowa, as early as
1937. At about the same time Iir. William C. Darrah of Harvard
Yniversity (1939) began an extensive collection with the
invaluable aid of Lir. Frederick 0. Thompson of Des L{oines,
Collections for the University of Cincirnati were begun in
1939 by Professor John ii. Hoskins, mr. K. . Hosanxe, and the
author, and during the following swuner, Dr. Th. Just of the
University of Notre Dame and Dr. A. II. Blickle of Ohio Univer-
sity joined Dr. Hoskins and the author in a rather extended
expedition, a portion of which was devoted to the collection

of additional coal balls.

In all, we obtained specimens from 18 mines in 7 counties.

Over 2,000 coal balls weighing about three and one-half tons
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were collected, more than half of which were found in two
mines, the Angus and the Atlas from near Oskaloosa, liahaska
County, Iowa. Ve have gectioned 1,550 of these coal bulls

and of these about 450 were worthy of careful study.

The Banner Coal iine, near Indianola, Varren County, Iowa,
has yielded 75 coal balls, most of which were poorly preserved.
One unusual specimen, containing a single petrified cone was
the subject of an extensive investigation, an abstract of
which is included here in Part IV. This coal is in the Des
ilcines Series, as are all the others investisated, and is
probably the Lower Coal of Lugn's Lucas County Report (1927),
the oldest coal in the Pennsylvanian of Iowa. It correlates

favorably with the Lower Carbondale of Illinois.

The second and largest collection to be worked was that
of the material from the Angus iline, a large strip mine five
miles northeast of Oskaloosa, liahaska County. The coal balls
recovered here were found principally in lens or pocket in
the upper of the two seams of coal. The lower seam appears
to be devoid of coal balls. About 200 specimens were studied

from this collection.

The Atlas Coal liine, another large strip mine, six miles
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south of Oskaloosa, also yielded large numbers of good speci-
mens. This material occurs indiscriminately throughout the
single vein of coal. Though the number of coal bulls to be
found is for greater than at the Angus Liine, and probably

even greater than those originally available at the Shuler
kine, north of ‘jaukee, Dallas County, Iowa, during 1937, 1938
and 1239 when the south wing of that mine was being extensively
worked, the degree of preservation is less, and secondary
pyritization has destroyed the plant material completely in

a majority of the coal valls.

The Angus and the Atlas ikilnes huve furnished most of the
plant specimens to be reported in this paper. Our collection
from the Shuler :iiine has not been worked, but Darrah{1939,
1941) has published rather complete lists of the flora which
he has found there. Only occasional specimens from bthe 14
other collections have been examined, and in thnese selected

coal balls no additional species have yeit been encountered.

Bxact stratigraphic correlations have not been made for
any but the coal seam exposed in the strip-mining operations
at the Banner Coal liine as already discussed. Local mining
engineers consider both the Atlas and Angus coal seams to

be the same. On the basis of plant content of the coal balls
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ve guestion this correlation at the present time. ‘iithout
doubt both seams are in the upper part of the Des rloines Series,
but, as we will show directly, the flora of the two mines

does not correspond as closely as it should, considering the

fact thot the mines are only about nine miles apart.

Irlora

The conspicuous plant assemblage from the Angus Coal
Jline specimens is principally the Cordaitales~Pteridospermae-
Filicales type, with lesser numbers of Sphenophyllales, Culamit-
ales and Lepidodendrales, in that order of abundance. This
corresponds closely to the florule set up for the Shuler lMine
near Des hoines, and a few others of lesser importance, by

Darrah (1939).

On the other hand, the Atlas iline appears to have had a
more abundant assenblage of. Calamites, Sphenophyllales, and
Lepidodendrales, in that order of occurrence numerically,
with respectively fewer numbers of Cordaiteles, Pteridospermse,

and Filicales species.

Disregarding the unequal numerical occurrence of the more
conspicuous species, the flora from the two mines is essentially

homotaxial, which correlates very closely with that recorded
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from Illinois, Kansas and Texas. The whole aspect is somewhat
similar to that of the lJjestphalian C and Stephanian floras

of Europe.

Tabulation of Species

It is im.ossible at this time to give more than an incom-
plete and generalized list of the species of fossil plants
found in the Iowa coal balls. Some have been positively
identified to species; others ohly tentatively. & large number
of the specimens recovered must, for the present, remain
tabulated under generic designation until new material is re-
covered, or until additional sections reveal critical sitructures.
It may be possible to establish specific identification for
some, only after a complete reinvestigation has been accomplished
of the material previocusly reported, as has been the case in

Part III of this report.

The tentative tabulation submitted here corresponds in
general to lists published by Darrah which have been previously
cited. Iile has recorded severzl species which have not as yet
been found in our material, and likewise; we have encountered

an even greater number which has apparently not recovered,
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Lycopodixales

Leridodendren Veltheimil Sternberge.
L. selagincides Sternbers
Lenidodendron so.

Lenidodendron spn. (3) (leaves)
Lepidostrobus fulirinosus Leclercqg
Lenidostrobus spoe (2)

Lepidopnloics sp. (stem)
Lepicdoniiloios spo. (2) (leaves)
Bothrodendron sp. (mundum ?)

Pothrostrobus mundus Yiilliamson
Bothrostrobus spp. (2)

Lenidocarpon Lomaxl Scott
Lenidecarpon iocense iloskins and Cross

Lepidorhyllum sp.

Sizillaria sp. (stenm)
Sizillaria sp. (leaves)

Stigmaria ficoides Brongniart
Stigmaria sp.
Articulatales

Sphenoohyllum pnlurifoliatum ¥Williamson
Sphenorhyllun insigne Williamson

Bownanites trisporangiatus n. sp.
Calamites suckowl Brongniart
Arthrodendron {(?) sp.
Asterophylliites sp.

Annularia spe.

Calamostachys sp.
Paleostachya so.
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-FMilicales
Steuropteris sn. (Qldhamia?)
Zvzopteris (?7) sn.

lcotti P. Rertrand
D (d' nsylon?)

n

Ttapteris ¢
Etepteris s
Etanteris s

(8

Rotrvonteris tridenteta (Felix) rosthumus
B. forensis Renault

B. americana Graham

3. Renaulti C.3. Bertrand and 4. Cornallle
B. cylindrica ¥#illiamson

B, rediata Darrah

Anachoropteris involuta :rHoskins
£nachoropteris sp. (Williamsoni?)

Psaronius sve.
Asterotheca sne
Scoleconteris spn.

Ptychocarpus (?) sp.

Pteridospermae
Hdeterangiwn sn.
Conostoma oovlongum wWillismson
Lagenostoma sp. (ovoides?)
Medullosa sp. (Woei?)
Alethopteris spe
leuropteris sp.

Triginocarpus spp. (3)
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Pachyteste gigantea £d. Erongniart
Wl 3 . .
Khabdocarpus so.

Carpolithes sp.

Cordaitales

Coruaites spp. (2
Cordaites sopn. (2

Liesoxylon spe.
Amyelon sp. (radicans?)

Cordaisnthus shuleri Darrah
Cordaienthus sp.

Cardiocarpus spinatus
Cardiocarpus sp.
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Part III

Revision of the Paleozoic Cone Genus Bowmanites (Sphenophyllales)

Introduction

Fructifications of Sphenophyllum were known from compressions
for many years before casts or fragments of petrified strobili

with structure preserved were first studied by Williamson in 1871.

As early as 1838 Presl described a specimen of Sphenophyllum

under the name Rotularie marsileaefolia Sternberg which showed

two laterally developed cones. Germar (1845) figured several
species of Spnenophyllum bearing fructifications and in 1855
Geinitz i1llustrated a rather poorly preserved cone which ne at-

tributed to Sphenophyllum emarginatum.

A cast of a cone which has since been referred to Spheno-
phyllum (Zeiller, 1893) vwms found before 1840 (Binney, 1871)
in = nodule of clay-ironstone from near Pontypool, South Wales,
by J. ®. Bovman. Binney described this specimen as Bowmanites
cambrensis in 1870 and published Bowman's original wnpublished

drawings in his memoir of 1871.
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Since that time five anatomically different types of
cones belonging to Sphenophyllum have been described under the
generic names of Volkmannia, Bowmanites, Sphenophyllum and
Spnenophyllostachys. Only three of these five general types
are known from material with structure preserved., The first
of these vetrified cones was described by Williamson in 1871

(18768) under the name of Volkmannia Dawsoni from the Lower

Coal-measures of kngland near (Oldnam. Later ¥Williemson ob-
tained and studied other specimens of the same type from
calcareous nodules in the coal seams at Cinder Hills near

Halifax, and from Dulesgaute.

Another fragment of a cone of this same general type
vas recorded by Leclercg (1925) which she assigned to

Sphenophyllum Dawsoni beta. The specimen occurred in a ccal

ball from the Bouxharmont beds of “yerister. This horizon in

Belgium is correlated with the Lower Coal-measures of England.

Jlore recently (Koopmans, 1928) the Duteh Finefrau-
Nebenbank horizon, which is also equivalent to the Lower Coal-
measures, has yielded a preserved specimen which Koopmans has
placed in this group. He supgests that it might belong to

forme alpha or beta or even vossitly gamme which is more an

indication of the confused status of this whole complex than

a reflection on either his good work or the condition of the
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material.

Two othsr uanamed fragments of silicified Sphenoohyllum
fructifications were discovered in the Grand 'Croix silcified
. < - - -
magmas near Szint Eiienne by M. Be Renault. He described
and figured one of these in his early investigation upon the
strueture of Sphenophyllum (Renault, 1877) and later in Cours

—— s s

de Botanigue Fossile (1882). Zeiller (1893) studied and des-

cribed the organization of the other as agreszing with S.

cuneifoliwn and S. Dawsoni. The taxonomic position of these

will be reviewed later.

The second general type to be described from a petri-
faction was found in the iiddle Upper Carboniferous coal seam
of Niedzielisko, nesr Jaworzno (Cracow), Poland and described

by Solms-Laubach in 1895 as Bowmaenites Rbmeri.

The third general type lmown as Sphenophyllum fertile

was first described by Scott in 1905 on the basis of a well
preserved fructirication from the Lower Coal-measures of
Shore Littleborough, in Lancashire. Leclercq (1930) reported
the discovery of some additional materiel of_i. fertile from
the Bouxharmont beds in the cosl basin of Liege, Belgium
which she later described in gzreet detail (Leclercqg, 1935,

1936A, 1938B, 19837).
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The only other tangible record of a petrified Spheno-
thyllum fructifieation, of which we are awarec, aprears guestion-
able. Koopmans (1933, pl. II, fig. 21) figured a part of a
section taken through & coal ball from the Aegir Horizon (basal
Lestphalian C or Lower Allegheny) in the orovince of Limburg
(The ¥etherlands). This photograph, which was made by reflected
light from a polished and etched surface, shows an obligue
section through the tipy of & strobilus which he believes to be
a new species of Sphenophyllostachys. The maximum dimensions
of this specimen by our measurements based on the phnotograph
are three millimeters in diameter by five millimeters of
lengthe #o unquestioned Sphenophyllum cone of such small
dimensions has been recorded as far as we can ascertain. It
is impossible to find in this illustration any trace of the
peculiar elongated sporangiophores which arce characteristic
of the fertile avpendages of Sphenophyllum. In view of the
size, appearance, and arrangement of the sporangia and leaves

it suggests the fertile tip of a branch of Corddites (Cordaianthusj).

The structure of the vetrified strobilus of Sphenophyllum,
found in 1941 (Hoskins and Cross, 1941, 1942) in & coazl ball from
the coal of the Des lioines Series of the Pennsylvania Period
in the Angus IMine, near Oskalocsa, liahaska County, Iowe, enables
us to correct the interpretation of certain morphological de-

tails of Spnenophyllum cones. These findings together with the
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distinctive charecters of this specimen warrant its description

as a new species.

Because of the complex wvariations which appear in various
modes of preservation in species of Spnenophyllum cones reported
as compressions or impressions, and because of the difficulties
encountered in any attempt to establish diagnostic characters
equally applicable to petrified material, compressions, etec.,
no effort is made at this time to correlate the Iowa specimen
with other known American material which has not been carefully
studied. Fortunately some of the compression matsrials from
regions other than the United States have been more critically
examined so that a comparison with available petrified material
is possible. Buch specimens sre included in the following

discussionse.

The Structure and Affinities of a New Species of Bovmanites from Iowa.

laterial, Preparation and Frocedure.

Tne srecimen of a cone of Sphenophyllum in coal-ball lo.
B-1706 from the Des lioines Series coal, Angus mine, near Oskelocoss,
Iove, which we have noted earlier (Part II) was first exposed by
a very oblique transverse sectiom through the middle of the fragment.

In the subsequent course of study several additional cuts were
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made by the wire-cutting technique (Part I) which exposed in
all, four true transverse sections, rather regularly spuced,

two rudial longitudinal sections in the mid-portion of the cone,
two obliquely transverse and two obliquely tangential sections.
2-35 peel sections were taken serially from each surface and
numbered consecutively. ZEXach of the 20 surfaces is represented
by a letter, i. e., 1706a - 1706t inclusive. Representative peels
from each series and in several cases, the comolete series of
specimens from a single surface were mounted in Canada balsam.
n all, of approximately 500 peel sections made, over 300

were mounted. Observations were made at various magnifications
inecluding the use of an oil immersion objective for the study

of cell characteristics and spore sculpturing.

The preservation of the material is excellent throughout
the mid-section (3 cem.) of the specimen. Neither the basal
nor the apical ends of the cone were present at the time of
fossilization and about one centimeter of each of the broken
ends (abutting on the edges of the coal ball) is poorly pre-
served. One side is greatly flattened (Figs. 2, 3) indicating
the position in which the cone lay as it fell into the nlant
litter. This flattening before fossilization clearly
emphasizes the fragile nature of this species as well as other

fertile shoots of Sphenophyllum in general.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



I
(3]
N

1

General morphology

The cone is not less than 1.6 centimeters in diameter

at any point.e There is no evidence of tapering et either end
of the 6 cm. fragment in our possession. Several evidences
clearly show that this specimen underwent some decay and dis=-
organization before petrification and the decayed ends probably
indicate that it was subjected to further deterioration after
fossilization, i.e., during the chemical alteration (secondary
pyritization) of the coal ball. The distal end of nearly all
the horizontal vortions (pedicels) of the sterile, dorsal
(inferior) segment of the sporophylls is absent. Rarely can
a fregment of the upturned portion, the lamina, of a sporophyll
be found (Figs. 1, 4, 5). Some of the outermost verticels of
sporangia are displaced or eptirely missing (Figs. 2, 3) on
tne unflattened side, and are quite crushed and distorted on

. the flattened side. Some free sporangia are found elsewhers
in the same coal-ball and even some leaf-like fragments which

may possibly be those of the missing leminae have been observed.

A radial longitudinal section through the axis parallel
to the bedding plane, or flattened side, gives the true appearance
of the structure of the cone (Fige. 1). Similer sections taken
perpendicular to the bedding plane show excellent organization

on one (upper) side only, with an almost unrecognizable tangle
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Plate I

Figs 1. Radial longitudinal section through

the cone of Bowmanites trisporangiatus showing
general features of the various organs. The
vasculer elements and the inner cortex of the
axis have not been preserved. (Composition from
B-1706 R2, 1706 Rl4, 1706 S2, 1706 S14).
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of crushed sporophylls, sporangiorhores and sporangia on

the other (flattened side.

Axis

Tho average diemeter of the axis based on direct measure-
ment of the four widely separated transverse sections is
4,5 mme The greatest diameter of about 6 mm. occurs at the
nodes. Such a nodal swelling is typical for most of the

Articulatales.

The entire central cylinder of the axis is missing as is
the surrounding zone of inner cortex, wnhich, on other species,
is made up of several layers of very delicate parenchyma cells,.
The nature of the stele, i.e. whether triarch or hexarch in
arrangement of the xylem, is unknovm. The exact nature of
this character, so important-in the distinction between

Bowmanites Dawsoni and Be Scottii, may later be found with the

recovery of additionel material.

The outer cortex of the axis in the Iowa specimen is
fairly well preserved.s It is composed of ratger firm-walled,
well-organized parenchyma cells wnich are sharply reduced in
size toward the periphery of the axis. The course and disposi=-
tion of the centripetal vascular bundles through the outer
cortex are clear. They appear to traverse this outer zone in

an upward an outward direction in approximately one-third the

length of an internode (Figss 5, 7, 8). There appears to be
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*ige. 2. True transverse section of tihe cone of Bowmanites
trisporangiatus through the region of a node. (Comoare wit
¥ize 3)e The increase in thickness of cortical tissue and

the decrease in the number of sporengia is typical. (1706 N1)

Fig. 3. Transverse section taken through an internodal region,
somewhat lower than the section shown in Fig. 2. Xote that the
sporangia occur in three concentric verticels and in radially
arranged rows from the axis. These rows indicate individual
bracts. IMicroscopic examination of serial sections of the
crushed side show it to have about 9 radial rows making a total

of 18 bracts and rows of sporangia. (1706 N9)
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a serial sequence of bifurcations which result in the single
vescular supply for each individual sporangiophore uznd bract.
The problem of the true nature of these bifurcations (Hirmer,

1933; Troll, 1953) will be reviewed later.

The internodes are about 1.5 - 2.0 mmn. in length and the
creatly thickened bract bases occupy about one-half this

distance (Figse 1, 4, 5).

Several foreign rootlets traverse the hollow central

area of the axis (Figs. 1, 2).
Sporophylls

The fertile leaves or leaf-like organs which bear the
sporangia in the Séhenophyllaceous plents are called
sporophylls or bracts. Horphologically and anatomically
these bracts are divided into two principal types of segments.
The morphological dorsal segment is inferior to the ventral
segment (-s) and the latter appears superficiully to be borne
upon 1ts upper surface. ife may consider trne two segments to
be a single divided sporophyll arising from the axis at a
single node. 4 comzon vascular bundle or leaf trace which

&

divides dichotomously in the outer cortex supplies both

segments.
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e will first consider the dorsal (inferior) sesment
which is usually referred to independently as the bract
or "sporophyll." It is a leaf-like structure comprised of
a horizontel portion, the pedicel, and a more or less erect
distal porticn of vurying lenpgths, the lamina. In most
species the point of juncture of these two portions is in-
discernable and the lamina curves evenly upward from the
nedicel and overlaps the lamina of the superior sporophyll7
and in some cases may extend the length of several inter-
nodes. The overlapping of the laminae may be definitely
imbricate if these free tips of the sporophylls rise more
or less vertically from the pedicel, but in many cases the
sporophylls are only aristate and divergent, whereas in a
few forms they do not overlap at all (E. fertilis, B.
trichomatosus, etcs)s Occasionally the distal portion of
the pedicel is subtended into & heel or spur as in.E.

angustifolius (Fig. 18).

o

Tne bracts of our specimens are arranged in superposed
whorls upen the axis. t seems most probable to us that
this is a sound generic charscter. Occasional reports of
alternating whorls have been made (Zeiller, 1893, Williemson
and Scott, 1894), but distortion during compression may be

nelé responsible in the case of Bowmanites cuneif'olium and
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reinterpretation of Williamson's specimens may be in order.
The definite superposition of consecutive whorls of sterile
Sphenophyllum leaves justifies the expectation of a similer
condition in fructifications. Also those species which do not

produce true cones (B. charaeformis, B. major, etc.) seem %o

have definite superposition of whorls of fertile leaves.

The number of bracts per whorl is difficult to determine
because cf their lateral confluence into a collar or disc
surrounding the axis, but 18 were counted in four different
sections. This number cen accurately be determined by a
study of obligue tangential sections such as that shown in
Fige. 10, where the vascular bundles of the sporophylls are
evident, and the free tips of the bracts are exposed as trans-
verse sections. There is always one vascular bundle per
bract. The number 18 may heve no significance, for the number
of breacts per whorl seems to vary from 14-20 in undoubted

specimens of B. Dawsoni. Transverse sections (Figs. 2, 3)

show 18 rows of sporangic above the whorl of bracts which
is also indicative of the number of bracts, as we will point
out in the discussion of the sporangia. The pedicels are
laterally coalescent through about one~third of their length,

i.e., for about 2 mm.

The principal body of tissue of the pedicel is a strong
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Fize 4. Radial section of cone showing attachment of sporangio=
phore to sporangia. A sporangiophore of the third node is
showsn as it becomes free from the bract in "third position.™
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parenchyme continuous with and scarcely distinguishable from
that of tne outer cortex of the axis. Toward the distal end
and in the more fragile laminal portion of the bract this
varenchyma more nearly approximates the delicate tissue of the
inner cortex of the axis, The thickness of the pedicel
diminishes, acccmpanied by a decrease in number of cells from
the point of attachment to the axis, where it is about 1 mm.
thick, to about 0.5 mm. in thickness distally. One or two
rows of smaller cells are immediately subjacent to the

epidermis which is a clearly differentiated tissue.

The slendér vascular bundle traverses the middle of the
bract just below its upper surface. It is composed of bubt
few elements, the smaller spiral members being exterior tc
the distinectly larger scelariform tracheids. This corrcborates
the statement made by 'illiemson end Scott (1894, p. 936) that
the xylem of the leaf trace bundle is centripetal. The phloem
must have been too delicate to be preserved for we have not been

able to observe it.
Sporangiophores

The upper segment of the sporophyll may be divided two or
three times and is usually much modified. The sporangiophores

arise from the same node as do their counterparts, the bractse.
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In our specimen the sporangiophore is a long (2.5-5.0 mm.),
slender, stalk-like structure, about 0.1 mm, in diam. for most
of its length. Usually the distel end (0.3-0.5 mm.) is gradual-
1y enlarged until it is about 0.4 mm. in diem. where it fuses
indistinguishably with its sporangium. The sporangiophores
in our species are always three times as numerous as the bracts,
i.e., there are always three sporangiophores per bract. They
arise separately, side-by-side on the bract surface and close
to the axis (Fig. 10). In a tengential section through the
cone neer the axis, they first appear as mounds of tissue,
slightly, yet distinctly delimited from the surface of the
bract (Fig. 10)s In a radial section of the ccne, they appear
as densely organized, radially elongated, ridges of special
tissue wnich become separated from the bract surface within
0.3 mme of the axis. This separation occurs in three distinet
positions, i.e., axillary, ‘between 0.1-0.15 mm. and 0.15-0.25 smm.
for the three laterally adjacent sporangiophores of each bract.
e have not been able to ascertain whether the sporangiophore
which bears the innermost sporengium always arises in the same
position, i.e., between the other two or on the right or left
side of the brect base, etec. HWeither have we been able to
prove that the sporangiophore which first becomes free from
tne bract surface (Iig. 7) bears the first sporangium; that

the sporangiophore arising in "second position” (Fig. 5)
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Plate IV

Fig. 5. Radial section showing "third vposition" sporangiophore
arising from the lowest bract, and "sscond position" on the middle
and upper bracts. The fragment of the sporangiophore above the
stub of the one on the middle bract belongs to it as is shown by
serial sections. The outermost sporangium of the lowest bract has
been cut quite obliguely and shows the vpeculiar nature of its
epidermal cells. Dark arcas below the point of jucture of the
bract with the axis are vascular traces. (1706 R2).
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always bears the second sporengium, end that from "third
position" (Figs. 4, 5, 8) the outermost sporangium, but in
several cases this 1s known to be true in our meteriel. ‘e
have found no cases to the contrery. Due to the flexible

s
nature of the sporangiophoresand to the crowded conditions
of the sporangia, the sporangiophores fcollow a tortuous
course to tneir terminations and may therefore be traced
only be observation of serial scetions. Various accessory
hooks and loops occur (fig. 4). Above tne third bract on
the righthand side in Fige 1, the single sporangiophore has
been cut through, transversely, 4 times (Serial sections

make possible the confirmation of their continuity).
P )

The course of the mature sporangiophores generslly ex-
tends along the upper surface of the pedicel to a point
beyond their respective sporangia, where they rise vertically
almost to the lower side of the superior whorl of pedicels,
then become noticeably inflated or expanded and sharply re-
curved toward the axis (Figs. 1, 9). The epidermis, which
is strongly differentiated throughout, becomes even more
accentuated by an unusual incresse in size of the cells and
thickness of their walls in the terminal portion of the
sporengiophores. . These cells also seem to contain considerable

orgzenic residues
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In transverse section, the sporangiophores are usually
rounded (Fige. 14) but occasional heart-shaved or even in-
vaginated sections are found. These latter occur when two
widely separated grouvs of (or single) epidermal cells seem
to enlarée more than the others. The epidermis, which is
occasionally more then one cell thick at the distal end of
the sporansiophore, surrounds a weak hypodermal tissue which
ie only imperfectly preserved. Between this and the vascular
bundle there is a space marking the former presence of delicate
cortical tissue and phloems The vascular bundle is apparently
collateral and consists of several elements. The number of
elements increases distally through the course of the sporangio=-

phore until as many as 20 are present at the distal extremity.

ety s S

- }N (i . R . ;
iost of the elements s&e splra%, but occasional scalariform

tracheids are found.

As already noted, the origin and nature of the sporophyll
segments, their vascular bundles, and their method of division,
hes been subject to sharp controversy. Hirmer suggests that
the leaf trace divides serially and occasionally collaterally
as it enters the bractigerous disc to sup;ly both the sporangio-
phore and bract, the two principal divisions of the sporophyll.
In a series of sections taken from surface 1706a and others
of our svecimen, we have conclusive evidence that the vascular

strand approached the node vertically and outwardly and at a
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point ebout 0.5 mm. from the angle formed by the atbtachment

of the bract with the axis, it forked dichotomously, the

outer (dorsal) strand passin:s out of the cortex inte the bract
without further division and the inner (ventral) portion under-
coing two successive dichotomies to result in threes equal
vascular bundles. Tach of the latter is separate and distinct
bsfore it emerges from the cortex of the axis. Further it has
been possible to prove that the dorsal segment of the second
dichotomy, ilece, the first serial division of the ventral
strand which sup;;lies tne sporangiophores, supplied the
sporangiophore which becomes free from the surface of the bract
in the "third position" (Fig. 8). The dorsal (outer) segment
resulting from the third dichotomy of the leaf trace always
supplies that sporangiophore arising from the bract in "second
position." The ventral or inner segment of the same serial
division supplies the axillary sporangiophore. ‘he sections

1706a 3-7 show this series completely.

The significance of these serial dichotomies is not
definite. It will be recalled, however, thal we have given
evidence to the specificity of each sporangiophore with respect
to the sporangia and to the position where it becomes free from
the bract, viz. "axillary (first), second, or third position".
sporangiophores, supply first, second or third (outermost)

sporangia respectively. Such a development does not preclude
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the morphological interpretation of the origin of sporanpgio-
vhores in Sphenophyllum a&s being bifurcations or segments

of equal runk with the uracts (ventral segments) of the sporo-
phylls (Hirmer, 1927, ig. 420). Neitner does it exclude

the possibvility thuat the most distal sporangium anc its
sporangiophore developed first from a new primordium and each
of the more proximal sporangiophéres represented a subsequent
and egual development from additional axillary primordia

(Troll, 1933, Text-fig. 5).

Troll and Goebel regard the development of sporengio-
phore arms in the Sphenophyllales as analagous to the
development of the androecium of Hypericum sp. In the
latter there appears to be a multiplication of the number
cf primordia rather than the serial division of a single
primordium. They also believe that such additional primordia
occur during especially favorable growth periods. DRower's
term "opleiogeny" (1911, p. 289), which connotes an increase
in nuaber of parts beyond the normal or typical, would,
according to Troll, be applicable to fructifications of the
Sphenophyllales. He beliesves the theory of serial or
collateral fission to be inadequate to explain the origin
of sporaangiopnores, partially on the basis tnat no comparable

living forms (including the Equisetaceae) possess serial

division. His study of Equisetum, which served as a basis
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for such a statement, is of questicnable value in view of the
several outstanding differences between that genus and Spneno-
phyllum. Several of the living lycopods show structures which
are clearly similar to those found in the sphenophylls. Living
Equisetum is, at best, only distantly related to Snhenovhyllum,
end perhaps scarcely more clossly related to it than certain
Lycopods. Such an interpretation as Trollt's involves the idea
that each whorl of sporangiophores as well as the leafy-bracts
arise from individual nodes, between which, the suppressed
internodes are scarcely evident. This condition is character-
istic of several éllied genera such as Calamostachys, Paleo~
stachys, etc. JThe solution of the problem of serial segmenta-
tion of leafy organs of plants is beyond the scope of this
paper. Scott (1920, v. 94) states that the sporangiophores

of Sphenophyllum fructifications are appendazes of the bract
from whicn they arise by evidence of both anatomy and vosition.
He is also sure that Cheirostrobus sporopnylls were first
serially divided in two planes and later collaterally (palmately)
segmented (Scott, 1920, p. 104). Hirmer (1933) is a proponent
of this interpretation and in an asnswer to Troll's contention
(1933) that serial segmentation is unknown in the plant kingdom
but that pleiogeny is of normal occurrence he contends that

certain living gymnosver:s show serial segmentation.
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Tne course of the vascular bundle and its method of
branching, according to Troll (1933), is generally an in-
dicztion of the nodal character in the above mentioned cones.
Loter in the same paper, however, he imnlies that the course
oi' tne vascular bundles of the Sphenophyllum cones cannot be
used as a basis for argument. Hirmer (1933) remains resolute
in nis earlier postulation, which agrees wita Scott's (1897,
1506), of the seriel segmentation of the sporophyll into
sporanziophores and bracts. The direct evidence of serial
segmentation of the leaf truce in our specimen leads us to
conclude, for the present, that the sporanglophores and bracts
are derived from the bifurcation of the leaf trace and there-
fore belong to the seme node, a characteristic which we believe

to be of generic rank.

Sporangisa

Three sporengia are borne linearly atove each bract
member of the whorl. They are not less than 1.7 mm. in short-
est diameter and some are 2t lseast 2.4 mm. The sporangia are
borne at the enlarged tips of the sporangiophores which bear
the same relationship to them as the funiculus does to an
anatropous ovule (Figs. ¢,9). The sporangium rests directly
on the surface of the bract below and reaches the base of the

bract above. This condition shows clearly in true median
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Plate V
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Fiz. 6. Single sporangium shown in true median section. Note
that it rests on the bract (BR) below and almost touches the one
abovs. The crushed, delicate inner sporangial wall (I. SPG) is
clearly visible. The general, gradual decrease in the size of
the much~thickened cells of the outer sporangial wall (0. SPG)
from the upper distal side to the lower and axial side is quite
evident. (1706 R1l4).
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section (Fig. 6) and in oblique tangential section (Fig. 10).

The sporengiophore passes to one side or the other, sometimes
causing a slight furrow (Fiz. 10) on the lower side of the
sporengium, and attaches to one side or the other of the top

but never directly in the middle. 1he sporangia asre crowded
closely together and very rarely (fig. 3) one of the sporengia
in the inner of the three concentric verticels does not develon.
In such a case, there are obut two sporangia per individuel bract.
This spatial relationship results in a densely crowded cycle of
sporangia nearest the axis, and the second and third verticels

are successively less crowded. A comparison of I'igs. 1 and 2

with Fige 10 shows this character rather conclusively.

There is no justificuation, according to the general
picture given by our material, for such an hypothetical areal
distribution of sporangia as vroposed by Hirmer (1927, Figs.
417, 419, 421). These figures are basically unsound and
unfortunately misleading. In the first place, material
figured by Binney (1&71), ‘illiamson (1874, 1876, 1890),
Williamson and Scott (1894), Solms-Laubach (1896), Leclercqg
(1925), Xoopmans (1928), and others shows a resther densely
crowded organization and the resuvltant distortion which nor-
mally accompanies such crowding. Those figures show further

that the space between the whorls of bracts is iiore or less
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Fig. 7. Enlarged section showing attachment of bract to axis

of the strobilus. The vascular bundle supplying the svorangiophore
of "first position" (axillary) is not shown. The wvascular bundle
which seems to lead to it is shown in other sections to supply a
sporangiophore which arises from the bract surface in "third
position". Wote the point of bifurcation of the bundle, one half
of which supplies the bract. (1706 R16).
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completely filled with sporangia. To attempt to project sporangia
f normal size on the sporanglophores as shovn in Hirmer's above

mentioned fipgures would result immediately in the necessity of

placing some above or below the others. OCur figures as well

as several of the figures already cited from other sources show

this is not the case; but rather the sporangia are usually borne

in a single plane above the bract. Ixception to this is found

in Bowmanites fertilis and perhaps B. zBmeri.

The sporangial wall is made ur of two princival layers.
Tne outer, or epidermis, is comprised of large, greatly thickened
ceolls. They are as large as, and continuous with those of the
epidermis of the distal end of the sporangiophore, and are in-
distinguishable from thems ‘There appears to be a gradual
diminution in size of the cells of the sporangium in all direct-
ions from this point of attachment. The thickening is occasion-
ally irregular and gives the superficial appearance of an annulus.
Though such a structure hes been suggested (Zeiller, 1893;
Williamson and Scott, 1894), and is within the realm of possibility,
serial sections of our material tend to show that the thin olace
in the sporangial wall (Fig. 14) is a groove apparently resulting
from the proximal position of the sporangiophore as it circum-

scribes the distal side of the svorangiwne
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Firs 8. The sporangiophore whicn is given off the bract (left) in

third position is shown here to be supplied by o vascular bundle which
is the adaxial (inner) segment of the division of the leaf trace (lower
zs 9. Enlarged sporangium showing increase in size of the sporasngio-
ore as it rises from its bract component and extends to the base of
he bract above and there bears the sporangium in an anatropous fashion.
Due to the nature of the section, the sporangium appears pyriform. This
is due to the attachment of the sporaugiophore to one side or the other
of the sporangium rather than directly in the middle of the distal side.
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The inner sporangiasl wall is made up of 2-4 layers of
.

very weak, thin-walled, parenchyma cells which are usuzlly
collapseds ‘Tnese are much smaller than the epidermal cells
(Figs. 4, 6, 7, 9, 14) and are apparently continuous with and
indistinguishable from the delicate inner tissue of the sporangio-
phore (Figs. 4, 9). The vascular bundle of the latter organ is
terminated abruptly Jjust before reacching the immer margin of
the fragile hypodermal tissue. The termination of the vascular

bundle is probably the only distinguishing point winich marks

the end of the sporangiophore.

THa

he sporangzia are densely vpacked with conspicuous spores

whicn will be discussed in the following paragraphs.

[l

[l

o

ores

Spores of Sphenopnyllum fructifications hove been figured
by several authors. The highly choracteristic ornamentation
of the spore wall has been more or less confuseds, “/illiamson

and Scott (18%4, p. 939) state that "their cell-wall possess

i

S

[0}

a highly characteristic ornamentation, consisting of rrominent
spines, which are connected together on the external surface
of the exosporium, by a reticulum of elevated ridges." Knox

(1938, ige 120) shows a single spore taken from Bowmanites

Dawsoni as having much enlarged, prominent spines, connectsd

by lesser ridges. Accordings to our material, from which
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Plate VIII

Fige 11l. Enlarged spore showing pustulose wall with good tetrad scar,
Fige 12, Spore with falsely “spinose" appearance. Caused by a portion
of the spore mother cell membrane persisting on its wall.

Fig. 13. Habit showing several types of spores in one small area. The
spoere to the left is very similar to that shown in Fig. 11 and the
spore o the lower right corresponds to fige 12,

Fige 14, Section showing difference in size of sporangiophores, de=-
pending on the proximity to point of attachment to sporanzisa.

Fige 15. Oblique lonzitudinal section showing fusion of bracts into

2 collar at left. Note the deformity of the bract bases on the crushed
side. Parts of three whorls of bracts are shown.
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figures have been obtained (Fiz. 13), that are almost identical
with those shown by Williamson (1890, ¥igs. 17, 18) and those
fPigured by FKnox, this is not the case. Iaceration of the svpor-
angia and isolotion of the swores show, rather, a continuous
network of heuvy ridges with & sort of bipolar orisntation on
the exine. The large "false soines" which are showm well in
®ig. 12, which was taken from a thin section, appear to be
fragments of the spore mother cell membrane. These prominences
or bits of tissus are lost in maceration which further sub-
stantiates our interpretation. A definite tetrahedral de-
hiscence scar is usually present (I"igse 11, 13) on the intine
as well as on the exine., The intine has a npustulose or

grenular confisuration on its surface.

There is no evidence of heterospory in oﬁr specimen. The
spores do nave a variation in size form 95 4 to lZéﬂ exclusive
of the ridges and "spines" in the same sporangium, il1.2., as
shovm in ¥Fig. 11. These ridges usually are not more than 15
hizh thus giving an overall diameter of about 130-1404 to
the spores. Renault's renorted heterospory (l377) is knowm
to be a misinterpretation. IHe considered o peculiar tangential
section through a sporangium to be a section through a megaspore.
Zobel's report of heterospory (1910) has been gemerally disproveﬁ.

It is readily conceivable that some of the spore mother cells

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 50 -

or even some of the individual members of the tetrad developed
less completely than others, or were even completely abortive

in a sporangium so tightly packed with spores.

siith all these characters in mind we feel that our specimen
is distinet from previously reported fructifications. ‘e there-

fore designate it as a new svecies.

In an attempt to name, classify and correlate it with
otner Sphenophyllum fructifications we became aware of serious
discrepancies and confliects in rrevious reports. Fur@ﬁer'we
were wable to discover the consistent use of clearly distinctive
cnaracteristics in previous descrintions of new species. 1In
order to positively place our specimen on record it then be-
came necessary to investigate all tne previous reports of
fertile shoots of Spnenophyllum, and to show the nmore evident
discrepancies and points of confusion. The following discussion
will civs adequate Jjustification to our contentions and make
pessible the revision of the entire genus. [Following that re-
vision, as conmplete a description as possible is given of all
previously reported species, and the type desceription and

name of our new snecies is there included,
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Discussion

In the attempt to classify our specimen as a species
of the fructifications of Sphenovhyllum we encountered great
difficulties because of the present confused status of the
classification of these fossils. To begin with, the name
Sphenophyllostachys as apnlied to the conzs of the  enus
Sphenophyllun only recently gained favor among leading
paleobotenists (Hirmer, Zimnerman, walton). This name,
though recognized at its inception by Seward (1898) as a
sesquipedalian one, would normally be acceptable because
of its basic meaning, i.e., desiznating the cones or strobili
of the Sphenophyllales. Unfortunately, for reasons of prior-

ity, tne validity of the name is questionable.

According to the present rules of botanical nomenclature,
and more especially those pertaining to paleobotany, we are
obliged to use the first name applied to a plant or group of
nlants since 1820, the date selected for absolute vpriority
of fossils, as long as this name has been validly published,
wless strong evidence is submitted that any change of a
neme well established by long and consistent usage would
create serious confusion. In such a case stepns could be

taken to nave that name retained as a nomen conservandum.
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For reasons well known to all who worl: with the fragmentary
remains of fossil plants, it is necessary to set {orth generic
designations for various plant organs as well as for entire
plants., Obviously this necessity poses additional taxonomic com-
plications but in reality is a convenient simplification of the
task of assipning organs or fragments of organs to the plants
which bore them. Althourh orgenic connection is the only proof
of definite relationsnip, evidence of an organic connection
between two plant fragments in one case may not be regarded as
nroof of the fact that all similer specimens must bear ildentical
relationship. The reason for this avkvard situation is the

necessity of considering the time relationship in addition to

(o)

the geographic and structural relationships. However, we do
not doubt that the cones considered in this paver represent
the well known and important Paleozolc cone genus belonging

to Sphenophyllum.

In his excellent memoir (1893) Zeiller claimed that certain
previously described fructifications were undoubtedly those of

Sphenoohvllum and that the Bowmanites Dawsoni #Williamson cones
P P

as well as certain others, except two, known only from im=-
nression material were, like some leaf remains, referable to

Sphenophyllum cuneifolium. This interpretation was generally

considered sound and was subsequently adopted in principle by

various authors (¥Williamson and Scott, 1894; Sevard, 1898;
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Kidston, 1901; Scott, 1905, et al.). The statement that all
similar specimens from horizons widely separated geologically

and geographically are similarly related is untenable. Re-
cognizing this difficulty, Seward (1898) proposed the distinct
organ genus Sphenopnyllostachys for the cones assignable mor-
pnologically and/or anatomically to the genus Sphenophyllun,

but whose organic relations with the plants could not be shown.
tHowever, at least two other generic names had been created

sarlier than Ssward's for cones now known to have sphenophyllaceous

affinities.,

Volionannia Sternberg (1825), one of these early cone genera,
included elongated, distichous cones arranged either on lateral
branches or at the tips of stems. ost of the diverse specimens
included in this heterogeneous group were correlated with
vegetative remains of Asterophyllites, others with Calamites
and a few Sphenophyllales. The first species described, V.
distachya Sternberg (1825), was later (1833) referred by the
szme author to‘z. arbor§§cens, whicn has since been transferred

to Celamites arborescens. Later Geinitz (1855) and Feistmantel

(1869) called it the fructification of Asterophyllites foliosus

and finally the latter author (1872) believed it to be identical

with lacrostachya gracilis Stur. The second species of Volkmennia

originally described by Sternberg was V. polystechya. Apparently

it is now refsrable to Calamostachys polystachya, although it has
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also been considered as the fructification of Asterophyllites

rigidus and classified under the generic designations of

Bruckmennia, Calamites, Paracalamostachys, Asterophyllites,

and Palaeostaciya.

Under tne present rules of nomenclature Vollmannia, then,
should be applied to the conzs of the type which were originally
described when this generic name was proposed. Calsmostachys,
which was created by Schimper (1869) for a portion of Volkmannie,
and which is now lmovn to include Sternberg's original type
material, should rightfully be reduced to synonymy. There is no
Justification for retaining a name of the basis of "euphony"
(seward, 1898, p. 351) nor on the basis of clarity as surrested
by Schimper (1869). However, the loné.acceptance and oresent
widespread, uniform application of the name Calamostachys, and
the obvious implications of the relationship of this organ genus
to Calamites are probably sufficient grounds for reccrmending
the retention of this name. In such a case, other forms which
were erroneously included under the name Volkmannia may not re-
tain the neme, even after the complex assemblage of unreléted
forms has been transferred elsewhere. Once the type material is

removed from a genus, there is no further basis for retaining the

name and it should then be considered a nomen re¢jiciendum. There-

fore the inclusion under the name Volkmannia of various species
now recognized as fructifications of Sphenophyllum, such as V.
Dawsonl, cannot justify the retention of the name as valid for

Sphenophyllum fructifications.
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Taxonomic Treatment

Bowmanites (Binney) Hoskins end Cross, emoende

1871 Bowmanites Binney, Paleont. Soce 1870:535-60, pl. XIT,

figs- 1, 18., lb, lc, 2, Se

1822 Sphenophyllites Brongniart, Class. d. végé%. foss.:

9, 34;(pro parte).

1823 Rotularia Sternberg, Lssai flora monde prim. 1(2):34,

37; 1(4):32;(pro parte).

1825 Volkmannia Sternberg, Vers. ein. geogne.-bote. Darst. d.
Flora d. Vorwelt. Fasc. IV. I, 4:42. Tentamen

p. XXIX. (pro parte).

1828 Sphenophyllum Brongniart, Prodrome. p. 68. (pro parts).

1898 Sphencphyllostachys Seward, Fossil Plants 1:401-402.

1909 Monosphenophyllum Lotsy - Vorl. {i. Bot. Stammesgesch.

2:525, fig. 349, IIT.

1909 Disphenophyllum Lotsy -~ Ibide 2:525, fig. 349, IV.

1909 Difurcosphenophyllum Lotsy - Ibid. 2:525, fig. 350, II 1, 2.

1909 ‘Tetrasphenophyllum Lotsy - Ibide. 2:525-526, fig. 350, III.
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Sporophylls verticillate, either arranged in true cones
or in a series of loose whorls elternating with vegetative
leaves, borne terminally or on lateral branches, usually less
than 2.5 cm. in diam. and 10 cm. in length, homosporous;
compactly organized or lax, usually covered with the overlapping
laminae of successive whorls of sporophylls or sometimes only

by peltate expansions of sporangiophores (B. fertilis, B. Rbmeri ?);

axis small with small hexarch or triarch xylem surrounded by a
weak parenchyma and a stronger outer cortex. Single vascular
strands are given off at each point of the xylem which divide
as they traverse the cortex in an upward direction to supply
each leaf member of the whorl. Before entering the leaf the
vescular bundle divides into an inferior (dorsal) strand which
passes into the sterile bract and extends distally at least to
its lamina (if present), and a superior (ventral) strand which
may divide (probably dichotomously) once or twice to give rise
to the individual vascular bundle which traverses the entire
length of each sporangiophore and terminates abruptly at the

point of attachment to the sporangiume.

Sporophylls usuvally much modified, though some are in-
distinguishable from vegetative leaves, usually superimposed,
always consisting of a sterile dorsal (inferior) segment and
one to several, branched or unbranched, ventral (superior)

segment or segments, the sporangiophoress, which bear distally
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small (0.5-3.0 mm.), elongate-ovoid (often distorted) sporangia,
either singly or in pairs, from infundibuliform or peltate ex-
pansions. Basss ol sporophylls (bracts) fused into a collar-
like disc; tips free. Sporangiophores, though anatomically
distinct when they emerge from axis, arise from the superior
surface of the disc (fused bract bases) near the axis and bear
their sporangia in one plane in one to several concentric cycles

above each node (except B. fertilis).

Sporangial wall of two layers, the outer with large cells
greatly thickened on their inner and lateral walls, the inner
layer of two to four rows of delicate cells which appear to be
continuous with the parenchyma of the sporangiophore. Sporangia
densely packed with large numbers of isosporous spores which may
vary slightly in size in the same species. Spores usually with
e ridged (falsely spinose) exine and a more delicate intine with

triradiate tetrad scar often present.

At present 18 species are recognized as valid; borne on

plants known by leaf impressions or stem anatomy as Sphenophyllum.

The outstanding characters whieh delimit this genus from
other a2llied genera (Calamostachys, Cheirostrobus, Cingularia,
Paleostachya, et al.) are its homospory, the division of fertile

bracts into & sterile dorsal sporophyll and a fertils, ventral
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sporangiophore(-s), the pedicéllate or stalked nature of the
sporangia, the configuration of the spores and the triarch or

hexarch nature of the xylem of the axis.

Known as compressions, casts and petrifesctions from North

America, LTurope, Asia and the Tast Indies.

Bower and others (Bower, 1935, pps. 151-152; Seward, 1910,
pe 7; Walton, 1940, p. 70) suggested that the organ genus for
fertile shoots related to Sphenophyllwun is heterogenous and that
certain forms should be removed from it in view of their ap-
narent morphological differences. But after a careful investi-
gation of most of the records of fertile shoots of Sphenophyllum
and an analysis of the group as a whole, we concluded that
Bowmanites is a homogeneous organ genus and prepared the above

generic description in accordance witn this interpretation.

Further, on the basis of the number of sporangia borne
on every sporangiophore, the species here included in the genus
Bowmanites can be placed in the following three distincet sections,
i.es, Simplices, Jugati and Conferti. Descriptions of these
sections are given below and ares followed by a key to the walid

species, each of which is then described as fully as possible.
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Section Simplices Hoskins and Cross

Sporophylls arranged in distinct cones or alternating
with sterile bracts from which théy may or may not be distinguish-
abls. Always one sporangium borne (often in an anatropous fashion)
at the enlarged distal end of a more or less elongated sporangio-
phore; one to five sporangia per bract arranged in as many concentric

verticels in one plane above each whorl of sporophylls.

Section Jugati Hoskins and Cross

Sporophylls mornhologically different from sterile
leaves and always arranged in distinet cones. Sporangia borne in
pairs on a distal, peltate expansion of the branched or umbranched
sporangiopnorsse Two to thirty-four sporangia per sporophyll, often
not arranged in a single plane but densely packed between two

successive whorls of sporophylls.

Section Conferti Hoskins and Cross

Sporophylls never arranged in distinet cones and often
indistinguishable from sterile leaves. Sporangia borne in clusters
of four on a terminal disc~like expansion of the sporangiophore.
Four to eight sporangia (one or two clusters) per sporophyll

arranged in a single plane above the sterile pedicel.
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Key to the spescies of Bowmanites

I Sporanzia borne singly on sporangiophores =--- Section Simplices

a liostly one or two (rarely three) sporangionhores per ovract.
b Always one sporangiophore per bract and onc whorl of
sporangia per node.

¢ Sporangia borne on elongate sporanziophore
--~ 3. simplex (1)
cc Sporangiophore very short; sporangia appearing

sessile.
d Sporangia borne axially; sporophylls

moderately curved and short,

--- B. trichomatosus (2)

dd Sporangia borne somewhat distally on
pedicel. Lamina of sporophyll vertical
to pedicel and extended below it to
form e spur cor heel.

--- B. angustifolius (3)

bb Usually two sporangiophores per bract (sometimes
one or three).
¢ ‘wo (rarely one) whorls of sporangia per node.

Cone small. Stele triarch in petrified

specimens.
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Petrifactions; sporangiophores greatly
elongated. --- B. Scottii (4)
dd Compressions; sporanglophores short.

€ Conss small, compact; sporophylls

much dissected.

--- B. tenerrimus (5)

ee Cones 5-8 cm. long, lax; sporophylls

not dissected. -~-- B. gracilis (6)

cc Two, whorls of sporangia per node (sometimes

three whorls on the same cone). Cones larcge,
if vresent; stele hexarch in petrified speci-
mens.

d Fertile bracts arranged in definite cones

—

e Petrifactions ~=~ B. Dawsoni (7)

ee Compressions

f ‘iestphalian A, B, aand perhavs

Ce --- B. cuneifolius (8)

ff Stephanian or Vestphalian D

--- B. verticillatus (9)

dd Tertile bracts not arranged in definite
cones. --~ B. charaeformis (10)
as Always three or more sporangiophores per bract. Sporangia

always in three or more verticels in one plane per node.

b Three concentric verticels of sporangia per node.

-~- B. trisporangiatus (11)
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bb Tour or more concentric verticels of sporangia

per node --= B. cambrensis (12)

II Two or more sporeangia borne on each sporangiopnore.

a Sporangia borne in pairs on sporangiopnores --- Section Jugati

b Sporangiophores unbranched;

¢ Usually 3 per sporophyll -=- B. Rbmeri (13)
cc  Usually 1 per sporophyll --- B. laxus (14)
bb Sporangiophores much branched; 14-18 per sporophyll.

--- B. fertilis  (15)

aa Sporangia borne in clusters of four on each sporangio-

phore --~ Section Conferti

b One sporangiophore per bract terminated by a large
(one cm.) disc which bears the sporangia.

--- B. Kidstoni (16)

bt Two sporangiophores per bract terminated by a much
reduced disc (sometimes only a point of coalescence
of sporangia basses).
¢ Sporangiophores and groups of sporangia in two
concentriec whorls per node; arising serially
on undivided bracts --- B. major (17)
cc Sporangiophores arising singly on adjacent
halves of each bract forming one concentric
wvhorl of sporangiophores.

--- B. tenuissimus (18)
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Description of Species

(1) Bowmanites simplex Hoskins and Cross, spec. nov.

1877 Sphenophyllum spe. Renault, Ann. Sci. Nat. Bot., sér. &,

47:303-304, plo 9, figs. 9"11,'

1882 Sphenophyllum sp. Renault, Cours Bot. TFos. 2:102-10C3,

pl. 18, figs. 7-8, pl. 16, figs. 3.

1893 Sphenophyllium sp. Zeiller, liem. Soc. Géol. France,

[
.

Paleont. Meme 11:28-30, pl. V, figs. &, B5A, 5B, 5C, &

1893 Sphenophyllum sp. Zeiller, Ibid:34-3€.

Cones very small, 11 mm. long x 3-5 mm. diameter. Sub-
globose sporangium borne singly on short sporangiophore which
is atteched to it as in B. Dewsoni; one per bract borne a short
distence from axis. ©Spores very small; configuration unknown.
Sporopnylls inserted on the axis at an sngle of 90°. Pedicels
of sporophylls about 1 mm. in length and laminae arise vertically

for about 2 millimeterse.

ne concentric whorl of sporangia above each whorl of
bracts, the small size, and the prominent insertion of the
sporophylls at right angles are the distinguishing features.
These specimens also occur much later geoclogically, i.e., Upper

Carb. (Stefanian), than B. Scottii and B. Dewsoni.
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Fig. 16. Longitudinal (near radial) section of Zowmanites simnlex.
(After Zeiller, 1893). a, b, ¢y and d, are sections of tne much broken
and distortsd sporangie. Cotype.

Fig. 17. Cotype of B. simplex (After Rensult 1877). 17a shows & much
flattened sporangium and a bract. 17b was interpreted by Renault as a
megaspore. The peculiar epidermal cells of the sporangium often present
such a picture (see Fige 5). Both these specimens were found by Renault
thougnh Zeiller studied the one figured in Fig. 16.

Fig. 18. Bowmanites angustifolius (After Schimper, 1874). Hote the heel
at the end of the pedicel and the base of the lamina.
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, ’
Stefenian (Grand Croix); silicified megmas neer Saint-Etienne,

France.

Petrifactions (Cnly two specimens known.)

(2) Bowmanites trichomatosus (Stur) Hoskins and Cross, comb. nov.

1882 Sphenophyllum tenerrimum Weiss, Aus. Steink.: 12, pl. X,

fige 633 not Ette.

1884 Sphenophyllum tenerrimum Weiss emend., Abhandl. geol.

Specialk. v. Preussen u. de Thlringischen Staaten.

5(2):199, pl. XVI, figs. 4-5.

1887 Asterophyllites trichomatosus Stur, Abh. k. k. Geol.

Reichsanst. Wien 11(2):202, ple 15, figs. 1l-4.

1887 Sphenophyllum trichomatosum Stur, ibid

True cones formed. Sporengia ovoid, borne singly and
neerly sessile (probably borne on short sporangiophore) one
per sporophyll, a short distance from the axis. Bracts or
sporophylls not sharply bent up at distal extremities but
rather gently curved frém horizontel portion (pedicel).
Usually considered to be sessile but better material may show

sporangiophores present, a characteristic of the genus.
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Carboniferous; Karwin, Karlsfl8tz; Dombrau. f. 2, 3.; Austria.

Yorkian (Li. Coal-measures); Cooper's pit, ‘orsbro' Dale, Barnsley,
Yorkshire. ©Shale and rock over Barnsley "Thick Coal"
(Kidston's material).

Westphalian B; South Wwales.

Suchaer (U. iestphal A); Ostrau-Kerwnir, etc.

Compressions.

(3) Bowmanites angustifolius (Germ.) Hoskins and Cross. comb. nove

1848 Sphenophyllites angustifolius Germar, Verstein. Steink.

Wettin u. LBbejlm: 18, pl. VII, figs. 4-7.

1850 Sphenophyllum angustifolium Unger, Gen. et Sp. Flant.

FOSSo: 71.

1864 Sphenophyllum angustifolium (Ung.) Coems and Kx. emend.,

Monographie Sphen.: 26, ple I, figs. 7, 7A, TB.

1869 Sphenophyllum angustifolium (Germ.) Schimper, Traité

raléont. Végdt. 1:343-44, Atlass pl. 25, figs. 1l-4.

1882 Sphenophyllum engustifolium Germer, in Renault, Cours Bot.

Fos.: 88-89, pl. 1%, figs. 19-23.

Cones definite, lax, elongated (10 cm. i), slender, borne

as fertile lateral branches of indeterminate growth. One sub-
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globose sporangium per bract borne probaebly on a short
sporangiophore which is attached to the upper surface of the
bract near the axis. (Possibly in older specimens the
sporangiophore as well as the bract elongated and thus the
sporangium itself is not borne in an axillary position but,
rather, distally upon the pedicel). Distal portion of
sporophyll pedicel appears cupped, having (externally) the

appearance of a heel. Probably 6 bracts per whorl.

Ue U., Carb., or Permian (Stephanian or Rothliegendes);

South Weles, Germany.

Compressionse

(4) Bowmanites Scottil Hoskins and Cross, spec. nove -

1895 Sphenophyllum Dewsoni (Will.) Will. and Scott, Phil,

Trans. Roys Soce. Londone B. 185:933-9569, pls. LXXVI

and 1XXXV, figs. 26 and 54,

1898 Sphenophyllostachys Dawsoni (Will.) Seward, Fossil Plants

1:401; (ex parte).

1908 Sphenophyllum Dewsoni (Will.) Will. and Scott, forma beta

Scott. Studies in Foss. Bot., 2nd ed., 1:100, 102-106,

figc 42.
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1909 Monosphenophyllum Dawsoni (Will.) Lotsy, Vorl. Uber

Bot. Stammesgesch. 2:525, fig. 349, III. (pro parte).

1920 Sphenophyllum Dawsoni (Will.) Will. and Scott, forma beta

Scott. Studies in Foss. Bot., 3rd ed., 1:89, 52, 94,

figo 21.

1925 Sphenophyllum Dawsoni 8. Wille., in Leclercq, 1én. Soc. G&ol.

Belgigue:34.

1925 Sphenophyllum Dawsoni‘ﬁ. Schimp., in Leclercg, ibid. pl. VII,

figs. 5, ba.

1927 Sphenophyllostachys Dawsoni (Will.) Seward, forma g. Scott,

in Hirmer, Handb. Paldobot. 1:356-57, not Sph. Dawsoni B

of figo 416,

Definite cones smell, over 185 mme long x 5.5 to 6.5 mm. in
diam. Globose (sometimes distorted) sporangia (about O.5-1.0 mm.
in diem.) borne singly on elongated sporangiophores, 2 per bract
(rarely one) in 2 concentric verticels between each two whorls
of sporophylls.. Sporangiophores slender (0.15 mm. in diam.)
where they arise from the superior surface of sporophylls near
the axis; inflated or swollen (0.4 mm. diam.) where they Join
the sporangia. Sporiangium suspended like an anatropous ovule

in regard to its funiculus. Spores spherical, 65-85 .4 in diam.
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ineluding anastomosing ridges of exosporium which give a
false spinose appearance. Sporophylls about 15 per whorl,
elongated, curving gently upwards distally eand overlapping
laminae of several superior verticels; fused at base into
nerrow collar and inserted on the axis at the ncdes at an
angle of about 45°%; about 5 whorls per centimeter of the axis.

Associated with Sphenophyllum plurifoliatum Wille (= S. myrio-

phyllum Crépin).

This species essentially similar in anatomy to Bowmanites
Dawsoni (Will.) Weiss except for its triarch xylem (instead of
hexarch), its smaller number of sporengia between each 2 whorls

of bracts, and its generally smaller size.

L. Coal-measures; Halifax, fngland.

Bouxharmont beds; Werister, Belgiume.

Petrifactions.

(5) Bovmanites tenerrimus (Ett.) Hoskins and Cross, comb. nov.

1854 Sphenophyllum tenerrimum Bttingshausen, Abh. k. k. Geologs

Reichsanst. 2(3):30-31; (pro parte).

1874 Sphenophyllum tenerrimum (Ett.) Helmhacker, Berg - und

hiittenm. Jahrb. 22(1):50-53, pl. III, figs. 14, 15.
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1877 Sphenophyllum tenerrimwn (EZtt.) Stur, Abh. k. k. Geol.

Reichsanst. 8{2):108 (214), pl. VII. figs. 12-14.

Cones compact, very small, terminal. Sporangia, probably
on short pedicels, arranged in one or two concentric verticels
per whorl of bracts; axillary in position. Essentially similar

(though smeller) to Bowmanites cuneifolius but for one outstand-

ing feature, i.e., the leaves arc greatly dissected and ultimate
segments are linear and ribbon-like. A ridge or fold on the
dorsal and distal side of the pear-shaped sporangia indicates

position of sporangiophore.

Ue U. Carboniferous; (Kulm) Austrisa.

L. Namurian (A); Silesia.

Compressionse

(6) Bowmanites gracilis (Crépin) Hoskins and Cross, comb. nov,

1880 Sphenophyllum gracile Crépin, Bull. Soc. Roy. Bot. Belgique,

sér. 2, 19:8-10.

1893 Sphenophyllum gracile (Crépin) Zeiller, emend. IBm. Soc.

¢8ol. France, Paleont. xém. 11, 4:25-28. Text-fig. He

Cones, kaown only from impressions, lax, 5-8 cme. long, 3~5 mm.

wide, probably covered with overlapping laminas. Ovoid sporangia
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Figs. 19, 20. Obliquely transverse end longitudinal sections of 3. Scotdii
after wWilliamson end Scott, 183%4.
Fime, 21, Bowmanites gracilis. Hote sporangiopnore (SPH) bearing sporangia
in typicel fashion. (After Zeiller, 1893.).

ce 22. B. tennerimus according to Stur. (After Renault, 1882).

ige. 23. Bowmanites sp. Kawasaki (1931, Fig. 20). Possibly B. simplex or
. trichomzatosus, but certainly a member of tne Simplices.
Tigs. 24-26. Bowmanites cuneifolius after Zeiller, 1893. The sporangio-
phores (SPH) end sporangia in two's on each bract shows clearly. Fig. 235.
snows a single whorl of tracts with sporangia removed showing cup-like
fusion of the several bracts into a collar.

3
Po

os]

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 87 -

borne singly on short, thick sporangiophores, probably 2
(sometimes 1) per bract in one or two concentric verticels
L]

between two wnorls of 6 leaves each, per node. Iiorphologically

these cones resemble those of Bovmanites Scottii and even the

dimensions of the comparabls structures of the two agree fairly
well with one another. The specimens studied by Zeiller seem

to indicate thet at least some of them were immature. .

Carboniferous (Charbonnages des Produits); Belgium

Compressionse.

(7) Bowmanites Dawsoni (%ill.) ieiss, Abhandl. geol, Specialk.

v. Preussen u. d. Thliringischen Staaten 5(2):200-202.

1384,

1871 (1876) Volkmannia Dawsoni Williamson, IMem. Lit. and Phil.

Soc. lManchester, ser. 3, 5:28-40, pl. I-II1I, figs. 1-7.

1393 Sohenophyllum cuneifolium Zeiller, lém. Soc. G€ol. France,

Paléont. Mém. 11, 4:1-39, pl. II, figs. 1-3, pl. III,

figs. 1, 2; (pro parte).

1895 Sphenophyllum Dawsoni (¥Will.) %Will. and Scott, Phil. Trans.

Roye. Soc. London B 185:933-959, pl. LXXVI, fig. 25;

ple LXXXV, figs. 55-58, (pro parte).
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Sphenophyllostachys Dawsoni (Will.) Seward, Fossil Plants

1. 401; (pro parte).

Sphenophyllun cuneifolium (Sternb.) Kidston, Trans. Nat.

Hist. Soc. Glasgow. 6(1):124-27, fig. 23; (pro parte).

Sphenophyllwn Dawsoni (Wille) formack. Scott, Studies in

Fosse Bot., 2nd ed. 1:100% 102-106, fipg. 43.

YMonosphenophyllum Dawsoni (Will.) Lotsy, Vorl. 4. Bot.

Stammesgesch. 2:525, fig. 349, III; (pro varte).

.3 4 s sers . g 7 /.
Bovmanites Yawsoni Will., in Pelourdé, Paléont. Véget.: 70.

Sphenophyllum Dawsoni (Wille) forma  Scott, Studies in Foss.

Boto, Sl"d edo, 1:92-96, figo 46.

Sphenophyllostachys Dawsoni (Will.) Seward forme« Scott et

forma # Scott, in Hirmer, Handb. Palfobot. 1:355-56,

figs. 416-418; not Sph. Dawsoni (Will.) Seward forma g

Scott, ibid.:356, line 15 to end of page.

Sphenophyllum (Sphenophyllostachys) Dawsoni (Will) Will.

and Scott, in Walton, Fossil Plants:70-72, fig. 47.

Cones large, 10-12 mm. or more in diam., several cm. long;

axis 2.5 mm. diam.; hexarch xylem characteristic. Subglobose

sporangia (sometimes distorted) borne singly, in an anatropous
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fashion (i.e. pendant and suspended on the sporangiophore from
its adexial side), usually 2, sometimes three per bract, dis-
posed in two (or occasionally three) concentric verticels above
eacn whorl of bracts; 1-2 mm. in diam. (i). Sporanglopnores
long, slender, 0.15 mm. in diam. where they become free from
surface of bract and inflated (or infundibuliform) to about

Oe4 mm. in diam. where they fuse with the wall of sporangia
which is apparently one layer of cells thick. Spores, 75-1004
in diam. (average for 12 specimens) including ridged exosporium,
appear spinous in cross section and vossess a tetrahedral scar
on endosporium. Sporophylls (brects) 14-20 per whorl fused into
a collar at their bases, inserted at an angle of about 30° and
curving gently upward; laminae overlapping several superior
whorls; bundle divides upon entering collar of fused bracts
giving rise to a strand for its respective bract and another
strand which bifurcates agein and supplies the two sporangiophores:
Associated indirectly but rather conclusively with vegetative

remains of Sphenophyllum cuneifolium.

The special featurss of this species are the large size of
its cones, the presence in most cases of two sporangiophores
per bract, and the hexarch xylem. By comparison B. Scottii has

smeller cones and a triarch xylem, whereas B. trisporangiatus

is generally larger and has ordinarily three whorls of sporangia

per nodes
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L. Coal-measures; ialifax, Oldham, Shore, Stalybridge and
Bacup, Great Britain.

Finefrau-Nebenbank; Netherlands.

Petrifactions.

(8) Bowmanites cuneifolius (Sternb.) Hoskins and Cross, comb. nove

1823 Bgtularia cuneifoiia Sternberg, Versuch I. Fasc. 1I1:33, pl.

XXVI, figs. 4a aand 4b.

1880 Sphenophyllum cuneifolium (Sternb.) Zeiller, Vegét. foss. du

terr. houil. de la France:30, pl. CLXI, figs. 1, 2. (pro

parte).,

1884 Bowmanitses germenicus Weiss, Abhandl. geol. Specialk.

Preussen u. de. Thliringischen. 2:201 (287), ple. XXI,

figs 12.

1893 Sphenophyllum cuneifolium (Sternb.) Zeiller, Mém. Soc. Géol.

France, Paldont. Iidm. 11, 4:1-39, pl. I, ple. II, figs.

1-3, pl. III, figs. 1-2.

1911 Bowmanites germanicus Jongmens, iieded. Rykse. Ops. van Delfs

3:417, fig. 391.

Cones definite, lax, more than 1 cm. in diam. and up to 10 cm.
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in length. Known as impressions from essentially the same
horizons as B. Dawsoni and probably identical with it. TIwo
(sometimes three) concentric whorls of sporangia borne on
elongated pedicels which arise from the superior surfaces of
the 14-20 bracts which are fused into a collar or cup at their
bases, and are extended vertically, their linear lanceolate

tips overlapping several superior whorls.

The specimens of Welss and Johgmens, l.e., Be germanicus
Weliss, are somewhat smaller than the cones usually found on

undoubted Sphenophyllum cuneifolium stems and the sporangia

are markedly smaller but they are possibly immature. Because

the petrified specimens of undoubted Be. Dawsoni have not been

found in connection with vegetative parts of Sphenophyllum

cuneifolium Sternb., it is best not to combine here that swecies

with Bowmanites cuneifolius.

e and L. Coal-measures; Great Britain.
Westgwlian A; French and Belgian coalfieldse.

e Ue Carboniferous; Germany.

Compressionse
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(9) Bovmanites verticillatus (Schloth.) Hoskins end Cross, combe. nove

1804 Sphenophyllum verticillatum Schlotheim, Flora d. Vorwelt: 57,

Pl’ 2, figo 24 .

1837 Sphenophyllites Schlotheimii Germer, Isis: 425, pl. 2, fiz. 1,

a, De

1855 Sphenophyllum emarginatum Brongt., in Geinitz, Die Verst. der

Steink. form in Sachsen: 12, pl. 20, fig. 7.

1883 Sphenophyllum emarginatum Brongt, in Schenk, Pflanz. Verst.

Richt. "China' 4:220, pl. XXXVIII, fige. 1.

1910 Sphenophyllum verticillatum Schloth., in Zobel, in Potonié,

Abb. uwnd Beschr. Ho. 138: 1-10, figse. 1-7.

Two types of cones postulated; if actually present, this
species would be the only established hetcrosporous member of the
genus. TFemale cones similar in structure to the cones of Bowmanites
cuneifolius (scarcely distinguishable from the immature specimens
of the latter). IMale cones with numerous sporangia (0.5 mm. in
diam.) crowded in several axillary verticels at each node. The
spores of these are supposedly round and without ornamentatione.

The other (female?) sporangia are elongated, axillary, 1 mm. in
diameter, and equal in number to that of the subtending bracts,

and contain macrospores (Mo spores have been illustrated).
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e believe that further investigation will reveal that the
two forms are actually separate species or thaet the "micro-
sporangiste'" cone is very immature. This would account for

- ma - - .
the smaller size,,the unornamented (immature) spores, but not

the extra whorls of sporangis which are more difficult to

explein.

Though tentatively separated this species seems to belong,

at least in part, to B. cuneifolius ("microsporangiate" cones),

whereas the remainder belongs possibly teo B. trichomatosus

("macrosporangiate" cones) or an unknown similer forme

U. U. Carboniferous; Lititz near filsen, Eohemia.

Stepranian or ‘estfalian D; Germany, Russia, et ale

Compressionse

(10) Bowmanites charaeformis (Jongmans) Hoskins end Cross, comb. novs

1912 Sphenophyllum characforme Jongmans, Ann. k. k. Hat. Hofmus.

Viien 1912.: 449-450, rl. 6.

No definite cones present. Sporangia borne in anatropous
fashion, singly, at the slightly enlarged tip of slender sporangiophores.
2 sporanglophorecs or more arise from the ventral (adaxial) surface

of each bract near the axis. Fertile leaves or bracts similar in
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appearance to sterile leaves and of same number (9?) per whorl,
Vegetative stems are slender, 1-2 mm. in diam., with long
(3 cm. i) internodes; laterzl branches, with internodes 2 cm.

long, bear fertile leaves at their nodes.

Jongmans noted a longitudinal ridge on the surface of
several sporangia which suggested to him a possibility that a
fused pair of sporangia instead of a single one were borne
terminally on each sporangiophore. Unless this condition is

definitely established, B. charaeformis must be placed in the

section Simplices.

L. U. Carboniferous, Franziska vein, Ostrau section;

Hruschau, Lower Silesia.

Compressions.

(11) Bovmanites trisporangiatus Hoskins and Cross, spec. nov.

Definite cone larger than those of B. simplex, B. Scottii,

and B. Dawsoni; not less than 16 mm. diam. and sceveral (6+) cm.

long. Axis over 4.5 mn. in diam. Vascular cylinder of axis
unknown. Three, essentially spherical, large (1.7 = 2.4 mm. diam.)
sporangia borne singly in en anatropous mananer above each of the

18 bracts of each whorl, always appearing as three concentric

series or verticels of sporangla above each whorl of sporophylls.
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Sporangial wall two-layered with an outer single layer of large
cells and an imner multicellular layer of delicate cells. Spores
large, 100 - 130w including irregular exosporium of anastomosing
ridges with bipolar orientation (central body of sphere 80 - 115. ).
Spores densely packed in sporangis; intine with promineant tri-
radiate tetrad scar. Sporangiophores slender (250«) greatly
elongated, separated at their bases, arising in three distinet
positions near the axis from the surface of the collarette

formed by the laterally fused bases of the bracts; infundibuliform
at distal end from which sporangium is suspended. Sporophylls
inserted at an angle of about 20°; laminae turned abruptly upward
at distal end of pedicels and overlappiné several (?) whorls

above. Single bundle bifurcates in outer cortex, the dorsal
(inferior) strand supplying the bract and the ventral (superior)
strand giving rise to three branches, in two simultaneous divisions,
which are separate and surrounded by parenchymatous tissue and
appear as ridges fused to the surface of the bract at the point

of emergence from the outer cortex.

The characteristic and constant occurrence of three sporangia
per bract in three concentric whorls per node in any section, in
addition to the larger size of spores and cone in general, are
the principval features which distinguish this species. The kmown
geologic occurrence is markedly later than that of B. Dawsoni,

B. Scottii, B. cuneifolius, but somewhat earlier than that of
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B. simplex.

U. Carboniferous, Des Moines Series (= L. Carbondale of
Illinois = L. Allegheny of Tastern U. S. = U,
Westohalian C of Burope); Oskaloosa, Mahaske Cowty,
Iown.

Petrifaction.

(12)  Bowmanites cambrensis Binney, Paleont. Soc.: 59. pl. XII,

figs. 1, la, 1lb, le¢, 2, 3. 1871

1888 DBowmanites cambrensis (Binney) Howse, Cat., Nat. Hist.

Trens. of Worthumberland, etc. 10:38, fig. 2.

1893 Sphenophyllum cuneifolium (Sternb.) Zeiller, dm. Soc.

Géol. France, Paléont. Mém. 11, 4:3-39. (pro parte).

1927 Sphenophyllostachys Dawsoni (Will.) Seward, forma gamma

Hirmer, Handb. Paldobot. 1:357. figs. 419, 420.

Large cones about 10 cm. long and 1-2 eme. in diam., borne
at tips of lateral branches, Essentially similar in structure
to B. Dawsoni but with 4-5 pedicellated sporangia per bract and
consequently 4-5 concentric whorls of sporangie between each
internode. Probably all sporangia borne linearly upon the bract

and not in alternating groups of one and two as postulated by
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Plate XTI

N
B

Figs. 27-31. Reproductions of Bimney's figures (1871) of Bowmanites
cambrensis. Fig. 27. The sporangia in this figure were interpreted as
Sporeés by Binney. Fige. 30 shows a photo of a mold of the base of the cone
and Fige. 31 is a reproduction of a drawing made Dy lir. Bowman when he had
all the fragments of the cone at hand. Fircs. 32-33. Bowmanites charaeformis

Jongmans (1912) showing lax nature of vegetative tranch and the long, un-

modificed leaves which bore the sporengia in their axils.
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Hirmer. Sometimes displaced to the one or the other side of

the bract if not in linear arrangement.

About 24 bracts per whorl whose attenuated laminae over-
lap characteristically the superior whorls forming a bristly

sheath as in nearly all cones of Sphenophyllum.

L. Coal-measures; near Pontypool, S. Wales, and Bensham

Seam; Jarrow.

Casts and compressions.

(13) Bowmanites RBmeri Solms-Leubach, Jahrb. d. k. k. Geol.

Reichsanst. #ien 45(2):225, pl. IX. figs. 1-4, pl. X,

figs. 1-10. 1895.

1898 Sphenophyllostaechys RBmeri (Solms-Laub.) Seward, Fossil

Plants 1:405, figs. 107c¢, 107d.

1901 Sphenophyllum R¥meri (Solms-Laub.) Kidston, Trens. Nat.

Hist. Soc. Glasgow, nes., 6(1):127-8. fig. 24.

1909 Disphenophyllum RBmerii (Solms-Laub.) Lotsy, Vorl. #i. Bot.

Stammesgesch, 2:525, fig. 349, IV,

1920 Bowmanites RBmeri Solms-Laub., in Scott, Studies in Foss.

Bot., 3rd ed., 1:96-99, figs. 48, 409.
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1927 Sphenophyllostachys (Bowmenites) Roemeri (Solms~-Laub.)

Seward, in Hirmer Handb. Pallobot.: 357. figs. 421-23.

1940 Bowmenites RBmeri Solms-Laub., in Walton, Study of Foss.

Pla.nts H 73

Viell developed cones, approxe 1 cme in diam.; length
several cm. (indefinite); axis unknown. Sporangia elongate-
ovoid, 1-2 mm. long with wall several cells in thiclmess,
attached in pairs by their abaxiel side to the peltate tips
of the slender, elongated sporangiophorey 6 per bract on 3 un-
branched sporangiophores (appearing as 3 concentric verticels
of sporangia per whorl of bracts in radial sect. of the cone

as in B. trisporangiatus)., All 3 sporangiophores arise from

surface of the bract, probably from a point near the axis.
Spores nearly spherical, 100 .« in diam., densely crowded, with
two wells., the intine membranous and often folded, the exine
thick and bearing numerous anastomosing ridges. Sporophylls
separate almost to base (number per whorl unknown); arranged
in superposed whorls with the narrow tips overlapping several

whorls above.

M. U. Carboniferous; Niedzielisko, near Cracow, Poland.

Petrifaction (only one specimen knowm.)
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(14) Bowmenites laxus Halle, Paleont. Sinieca A. 2(1):52-54,

pl. 11, figss 1-4. 1927.

wWell developed cones, over one cm. in diam., more than
5 em. long; axis thick (4 mm. in diam.); prominent ridges,
opposed at the nodes, i.e., not alternating; internodes less
than 3 mme. in length. Sporangia sub-globose, 1l.0-1.5 mme. in
diam., attached in pairs by their abexial side to the peltate
tip of the slender, elongzated (2.5 mm.) sporangiophore; 2
(rarely 4) per bract on 1(2) unbranched sporangiophores
(usually appearing as one verticel of sporangia per whorl of
brects in e radial section of the cone. Sporangiophore appears
to arise from the surface of each bract in an almost axillary
position. This condition plus the peltate, bisporangiate tip,
recall Cingulsria. Spores unknown. Sporophylls or bracts
confluent for about half their length (forming the characteristic
disc) which is about twice the diameter of the length of the
internodes. Tips of individual bracts free, subulate, and often
perpendicular to the axis; only occasionally recurved and nearly
parallel with it, and rarely ascending to the base of the superior

whorl of bracts,.

Several cones borne on the thick axis (possibly that of

Sphenophyllum Thonii) as lateral appendages at each node.
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The single verticel of paired sporangie per bract, and the
lack of overlapping of the shorter sporophylls which are also more
broedly fused laterally, differentiste this species from B. RbBmeri.
Additional material from China collected in a slightly younger
stratum (. Shihhotse Series, Bed 31) and figured by Halle (1927,
pD. 54-55, ple 11, figs. 5-8) appears to belong to this species
but careful study of the original material would be necessary

to establish this relationship.

L. Permian (L. Shihhotse Series); Chenchieyu,(East section:

plant bearing bed 14).

Compressions.

(15) Bowmanites fertilis (Scott) Hoskins and Cross, comb. nov.

1906 Sphenophyllum fertile Scott, £hil. Trans. Koy. Soce London

B 198:17-40, pls. ITI-V, text-figs. 1-3.

1908 Difurcosphenophyllum foertile (Scott) Lotsy, Vorl. #i. Bot.

Stammesgesch. 2:525, fig. 360, II 1, 2.

1927 Sphenophyllostachys fertilis (Scott) Hirmer, Handb.

Palfobot. 1:357, 359, figs. 424-25.

1936 Sphenophyllum fertile (Scott) Leclercq emend., Ann. Soce.

#dol. Belzique 59:222-248. pls. I-X.
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1936 Sphenophyllostachys fertile (Scott) Hirmer, in Leclercg

Proc. Sixth Int. Bot. Cong. 1:234, 239.

1937 Sphenophyllum fertile (Scott) Leclercg, £nn. Soc. ¢éol.

Belgique 80:170-172, figs. 1-4.

Definite compact cones present; at least € cme long by
1-2.5 cems in diam., not coverzd by sporophyll laminae. Sporangia
ellipsoidal, 1.5-2.5 x l.-1.5 mn., surrounded by a single laysr
of cells with radielly thickened walls; 2 per sporangiophore
branch (bisporangiate) and 22-34 per sporophyll, densely crowded.
Spores ellipsoidal, 20-96 x 65«70, without heavily ridged
exosporee. Eoch node bears 8 sporophylls divided into 18 bracts,
which are slightly fused at their bases; 6 of them ventral
(adaxial), fertile and forked; 12 dorsal (abaxial), sterile,
unbrancned and lacking upturned portions; 14-18 sporangiophores
inserted on the superior face of each fertile bract; each
sporangiophore bearing terminally a more or less peltate ex-
pansion; some are sterile. “horls of sporonhylls superposed

and partially covered externally by peltate sporangiophore tipss

L. Coal-measures; Shore Littleborough, Lancashiree.

Bouxharmont Beds; Assise de Ch@telet, Belgium.

Petrifactions.
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(16) Bowmanites Kidstoni (Hem.) Hoskins and Cross, combe. nove

1914 Sphenophyllum spe. Kidston, Trans. Roy. Soc. Edinburgh

l(l):lSl, pl- X, figs. 5, 5a.e

1931 Sphenopnyllum Kidstoni Hem., Ann. Bote. 45(177):41-44,

pls. II, III, figs. 1-8, 17, text-fig. 2.

Definite cones absent. Sporangia occur in fours (tetra-
sporangia) irregularly among foliage in one whorl per node.
Sporangia l.1 mm. in diam., oval or "fig-shaped,” i.e.,
broader than long and flattened at apex. Sporangiophore
very short, gttached to underside of broed (1.0 mm) disc,
which bears sporangia, and arising from collarette near axis
(not clearly seen). 6 leaves per node, very deeply dissected

(4=7 teeth).

Smaller than B. major and larger than B. terussimus.

1id Yorkian Series (Barnsley Coal, "lionckton Rock,");
Royston, near Barnsley. Yorkshire Coal Fielé (also
Staffordshire coel field). Spec. nos. WH 2154,

W 2155, WH 2158, etc.

Compressionse
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Plete XII

Figs. 34-35. Bovmanites major showirng rather clearly the grouping of
sporangia in two groups of four each per bract. (After Kidston.)
Fig

s. 36. B. tenuissimus. A much smaller rclant than B. major. MNote
the broken group of four sporanzia at "s". (After Kidston, 1916).

Figs. 37-39. Be laxus Halle. Figs. 37 and 39 show rather clearly
one sporangiophore bearing two sporangia per bract.
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(17)  Bowmanites major (Bromn) Hoskins and Cross, comb. nove

1828 Rotularie major Bromn, in Bischoff, Die Kryptogamischen

Gewtichse 2:139, »l. XIII, fig. 2a, Zb.

1835 Sphenophyllwn majus Bronn, Lethoea Geol. 1:32, pl. VIII,

figs. 92, 9b.

1909 .Tetrasphenophyllum majus (Kidston) Lotsy, Vorl. #. Rot.

Stemmesgesche 2:525-26, fig. 350, III.

1931 Sphenophyllum majus (Bronn) Hem. emend., Ann. Bote 45:

39-40, pl. III, figs. 16, 16a, and text-figs. 1,

A, B, and C.

No definite cones developeds. Sporangia occur in fours
(tetrasporangia) irregularly on leaf bracts, the whorls of
which may alternate with similar whorls of sterile leaves.
Sporangia about l.5 mm. in diam., pyriform, attached to a
much reduced central disc (sometimes only a point) or place
of confluence of their attachment to the long slender sporangio-
rhore which arises on the free surface of the fused collar
(formed by lateral confluence of bract bases) near the axise
Two sporangiovhores and two groups of four sporangia per
bract form 2 concentric rings of sporangial groups per whorl,

but may often be much displaced. The plant is larger than
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Bowmanites Kidstoni which it resembles closely.

¥id-Yorkian Series. (Shale over Barmsley Thick Coal); near
Barnsley. Yorkshire coalfield. Spec. Nos. @WH 855,

Wd 2172, etec.

Compressions.

(18) Bowmanites tenuissimus (Kidston) Hoskins and Cross, comb. nove

1914 Sphenophyllum tenuissimum Xidston, Trans. Roy. Soc. Edinburgh

50:129, pl XVI, figs. 3, 4, 4a, 5, text-fig. 6.

Definite cones absent. A sporengiophore arises from each
half of the divided fertile leaves which are morphologically
similar to sterile leaves. Four small (less than 1 rm. in-
cluding basal stelk) pyriform sporengia are borne on the disc-
like terminal end of the sporangiophore. The disc is reduced
elmost to a point in this species. (The disc may be formed
from the confluence of the much shortened, stalk-like attachments
of the sporangia.) The portion of the plant bearing the fertile
leaves is very slender (stalk, 1 mae. in diam.), several centimeters

long and hes long (7 mm.) internodes.

M. U. Carboniferous (Westphalian Series); Cosely near Dudley,

Clayscroft, Ingland.

Compressions.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



@
- -
-
i3
s Lo
l} > - Eh\QS-‘\urnivay
77 lo
o T —e i 5€Celhoun
e q [m
SDGarnen 0
o Kansas) ,2
2 B
z [ ﬁParker
b— 12 indiana
! “aDanviie
—®€Herrin
) 5':;5}1Harnsburg
z 1SEM h
O-Tebe coal ,uE azon s
ZpiHenryCoMissouri iz Palzo 55
»THE 10WA fn) | LReck !stand
i coALBALL | Ik
'8 HORIZON i$
' [
i 1o
i
3
=

[
)

1

s baononGanELa oGriraRT

~
G

o] rewaiver | v answna lanesciony fcongmaus

H -« Casl bl ool
" 1 o) Bowmanites

fus
[t
ta
1SPBartery
| |~ RacK sh
Q Tld
z [0 .
o i+t Hindostan
4 i< Orange Co o«
o _— ingizna P2
= Y
beS
. e
i I
- Y
e — —
z : x
= [ A
X G b
- b I
-— H i)
by B
: T
<
=

| PERMI AN

PENNSYLVAN!IAN

- 107 =

et et

|;,!f[

e N N

e (90

fa—

A

osin

IsmFrorlomw IRa

Manstreld Mar:ne Band

—eeeenpe 18]

=== drley = Batrer Beq Coal

3 Lpper Foot THLGREA

anister
Dtelprgge “('"";'lo*‘

ablittle

- LmesTone

R A
: Y
. foarthumberland
‘
G
;° ks
-7
- A
.
a
Yop P
@
B e
28
S¢
Poes
jZ22
i v s
O
[
2 el
Halg-D
[
g 3 -
|
Ek
<
o
DEVCNIAN OLD RED

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

& B ien foot fransteme (2)(16){17)
Dudley

[ S

PPt g COAL BAL x (4) (7 (12)(15



- 108 -

References

Bovrer,

e O¢ 1308--The Origin of a Land Flora. London.

————emw-e=]19l]l-~lotes on the mecrphology of Oopnioglossum
(cn

eiroglossa) palmatun, L. 4nn. Bot. 25:275-293.

mammeceene=]1935--Prinitive Land FPlants also knovm as the Arche-
poniatae. London.

BRinney, E. i,

1868--0Observations on the structure of fossil

plents found in tihe Carboniferous strata.

Part I. Calamites
and Czlamodendron. Palsont. Soce. 18867: 1-32.

TLondon.
--1870~-~A note on the organs of fructification and foliagze
of Calamodendron comnune (?). Trans. Lit. and Pail. Soc.
Lianchester, 3rd ser., 4

m—wmeweee=]1371l--0Observations on the structure of fossil plants

found in the Carboniferous strata.

Fart II. Lepidostrobus
and some allied cones.

Paleont. Soce. 1870: 33-G2. London.
Briquet, John, et al.

1935=-International Rules of Botan

Nomenclature, etce.

e

cal
3rd ed. 1-26. Jena.

. - - ) e /
Carpentier, Alfred. 1932--Ztude de Vecretaws: a structure conservée.

Silex Stephanian de Grand Croix (Loire). iLiéh. et Trav,

/ . . s . - .
Facultes Catholicgue Lille 40:3-3C. Lille.
Carruthers, #, 1867~-Cn

£ o
cne S

tructure of the fruit of Calamites.
Jour. Bot. &

Coecmans, E. and J. J. Kickx. 18864--jionographie des Sphenophyllum
d'Turopss Bull. Roy. Belpgi

13

rigue, ser. 2, 18:1-134. Bruxelles.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 109 -

/.. - o / . RN
Creénin, F. 1880--Motes nalcophytologiques; premiere note:

. o . . .
Observations sur les Sphenophyllum. Bull. Soc. Roye. Rote.
- . s

Belrique, sér. 2, 19:8-10, 22-29.

Darrah, . C. 1939--The fossil flora of Iowa coal balls. I.

Fad
kN

[

Discovery and occurrence. Bot. Yus. Leall. dervard Univ.,

7(8):1£5-136

cmmemmnee=]04]-~-Studies of Amorican coal balls. Amer. Jour. Sci.

Fttingshausen, C. von. 1854--Die Steinkohlenflora von Radnitz
in DBnmen. Abh. k. k. Geol. Reichsanst. liien. 2(3):30-31.

Germar, T. . 1848--Die Versteinerwgen des Steinkohlengebirges
von Wettin und LBbejln im Saslkreis, bildlich dargestellt
und beschrieben 2:13-1¢. Halle.

Halle, T. G. 1927--Paleozoic vplants from Uentral Shansi. Paleont.
Sinica./Bére A, 2(1):5-316. Pcking.

Zelmhsaclker, 1874~--FEinige Beitrlge zur Kenntniss der Flora

des Slidrandes der oberscinlesisca-polnischen Steiniohlen-

-

r

formation. Berg- und hlittemminnischss Jahrbuch 22:50-5

o

.
demingwey, . 1931--Researches on Coal-mezsure plants. Spheno-
phylls from the Yorisshire and Derbyshire coalfield. Ann.
Bot. 456:39-48.
Hirmer, imx. 1927--iandbuch der Palliobotonil., I. iiinchen und Berlin.

-———eee—==1932A--Paléiobotanik; in T. von ¥ettstein, Fort. Bot.

1:85-101.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 110 =

---------- 15323-~Die Deutung des weiblichen Blltenzarfens der
Coniferen. Ber. Ceuts. Bot. Ges., 50:(47) - (52).

---------- 1933--Bemerkuncen zur Theorie der serialen Spaltung
der Bldtter. Eine Erwiderung an Herrn. VW. Troll. Ber. Deuts,
Bots Gese 51:127-148.

—————————— 1837-~ralllobotanik; in P. von Wettstein, Fort. Bot.
6;71—103.

nowse, H. 1883--A catalogue of fossil plants from the Hutton
collection. Teat. Hist. Trans. Horthumberland. 10:38. HWew-
castle.

Hoskins, J. il. and L. is Cross. 1l%4l--Further studies on the coal
flora of Icwa. sAmer. Jour. Bot. 28:85~9g.

------ mm—=gndmeemmnm~ee]1042--iTew interpretations of Spherophyllostachys
based on a petrified specimen from an Iowa coal ball. Trans.
Illinois State Acad. Sci. 35:66-69 (Abstract).

Jongmens, /. J. 1912--Sphenophyllum cheraeforme, nov. spec. innal.
k. k. naturlist. HZofmus. “fien 26(1912). 449-450.

—————————— 1914--Equisetales I, II, III. Fossilium Catelogzus II,

Plantae. Edited by #. J. Jongmeans. rars 2, 3, and 4. Berlin.

----------- 1¢15~~Fquisetales IV and V. Loc. cit., Pars 5 and 7.
---------- 1922-~Equisetales VI. Loc. cit. Pars 9.

---------- 1924~-Equisetales VII. Loc. cit. Pars 11l.

---------- 1936-~Lycopodiales V. Fossilium Catalorus II. Plantae.

Edited by #. J. Jongmans. vars 21. Loce. cit. The Hague.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 111 -

---------- and V. Gothan. l934--Permo-Karbonische Flora auf
Sumatra, Miederlandischen IndiBn. Acta P, Acad. Sci.
ovi Lyac. 88B:54-63.

—————————— enQdem=—===-~==1935-~Dic palfiobotanischen ZErgibnisse der
Djambi-Ixpedition 1625. Jahrb. 1'ijnw. Wederlandischen Indie
for 1930, 59:71-201. Bataviae.

---------- , Te G. Halle, and W, Gothan. 1935--Froposed additions
to the International Rules of Botanical Nomenclature. Adopted
by the Fifth International Congress, Cambridse, 1930: 3-15. Jena.

Kewasaki, S. 1931l-~The flora of the Heian-System. Part II, Atlas.
Bull. Geol. Surv. Chosen, (Korea). 6(2): Pl. XIX.

Kidston, Robert. 1890-~Cn the fructificaticn of Sphenophyllum
trichomatosum, Stur, from the Yorkshire coal field. Proce.

Roy. Phys. Soc. Idinburch 11:58-82.

—————————— 1901--~Carboniferous Lycoprods and Sphenophylls. Trens.
Yat. Hist. Soc. Glasgow, New series, 6(1):25-140.

—————————— 1902~-~The flora of the Carboniferous Period. IT. Proce.
Yerkshire Geol. and Polytcche Soce 16(3):360-362.

---------- 1911——Le§yégé%aux houillers recueillis dans le Hainaut
belge. 215-227. Brussels.

---------- 1914-~0n the fossil flora of the Staffordshire coalfield.
Part III. ‘rans. Roy. Soc. Edinburgh 50:73=150.

¥nox, Elizabeth l. 1938--Ine spores of Pteridophyta, with observations
on microspores in coals of Carboniferous age. rroc. and Trans.

Dot. Soce Edinburgn 32(3):438 =440,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 112 -

Koopmans, R. G. 1928--Researches on the flora of the coal-balls
from the "Pinefrzu-Nebenbenk" horizon in the frovince of
Limburg (The ietherlands). In ¥. J. Jongmens, floras en
fauna van het Nederlandsche burbon. Jarsverslag Geol.
Bur. Nederlandi§he Mijnge 1l:1-54. ilecrlen.

Leclercqg, Suzanne. 1925--Introduction % 1l!'Etude anatomigue des
végé%aux houillers de Belgique: Les Coal Balls de la
Couche Bouxhermont des Charbonnages de Wérister. ‘idmoires
Soc. G&ol. Belg. 1925:11-79. Liéze.

---------- 1930--Etude dtune coupe vertical dans une couche B
coal-balls du houiller de Liége. £nn. Soce Géol. Belgique
54(2):

---------- 1935--Sur en épi fructif@re de Sphénophyllale. Premiere
Partie. fnu. Soc. G8ol. Belgique 58(G-7):182-194, Lidge.

---------- 19364~-Sur un &i fructifdre de Sphénophyllale. Sphéno-
phyllum fertile, Scott.e Deuxieme Fartie. Lfnine. Soc. Géol.
Belzigque 59(8-92):222-248. Lidge.

---------- 1936B--Sur la structure réele de Sphénophyllostachys
fertile Scotte Proc. Sixth Int. Bot. Cong. 1:234, 25¢.
Anmsterdame.

—————————— 1937--A propos du Sphénophyllum fertile Scoti. Ann.
Soc. G€ol. Belgique 60(3):170-172. Lidce.

Lotsy, J. P. 1909--Vortrige Uber Botanische Starmesgescnichte.

Vol. 2, Cormophyta Zoidogamisa: 520~526.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 113 -

Pelourdé, Fernand. 1914—-Paléontologie Végbtales Cryntogemes
cellulaires et cryptogames vasculaires. Paris.

Potonie, He 1902-~Uber die fossilen Filicales im allgemeinen
wid die Reste derselben zweifelhafter Verwandtscnaft.
Sphenophyllales. In Engler, A. und ¥. Prantl, Die Hdturlichen
Pflanzenfamilien. Band I, #£bt. 4:515-510,.

---------- and #. Gothen. 15Z2l--Lehrbuch der ralaeobotanik. 2nd ed.
Berlin.

“resl, C. Be. 1838-~Beitrdpe zur Kunde vorweltlichen Pflanzen--
Verhandl. Ges. Vater. Tius. in BBhmen 1838:29. Prag.

Rengult, M. B. 1877--Nouvelles recherches sur la structure des
Sphénophyllum et sur leur affinitjés botaniques. Ann. Scle
dlat. Dot., sér. 6., 4:303-304.

---------- 1882--Cours de Botanique Fossile. Deuxiéme Anrée: Paris.

—————————— 1890-~Etudes sur le terraine houlllier de Ceomentary.
Flore Tossile: 481-482.

Schenk, A. 18390--Haendbuch der Botanik - Die fossile Pfleanzenreste
Vierter Band. Breslau.

Schimper, W. P. 1869--Traité de Paléontolorie Végétale. Vol. I. Taris.

---------- 1870-72--Same, II. Paris.

---------- 1874~-Same, III. Peris.

—————————— 1874--Same, Atlas. Paris,

Schlotheim, E. F. von. 1804--Beschreibung merkwlirdiger Kr#uter-

Abdrlicke und Pflanzen-Versteinerungen. Gotha.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 114 -

Schopf, James M. 1941A--Contributions to Pennsylvanian Paleobotany.
lLezocarpon oedipternum, sp. nov. and Sigillarian relotionships.
Illinois State Geol. Surv. Rept. of Investigations - Ho. 75:
3-40. Urbana, Ill,.

---------- 1941B--Proposals and guestionnaire cencerning paleo-
botanical taxonomy. Iimeographed. pp. 1-55.

Scott, De H. 1897--0n the structure and affinities of fossil

plants from the Faleozoic rocks. On Cheirostrobus, 2 new

type of fossil cone from the lower Carboniferous strata
(Calciferous sandstone series). Phil. Ilrans. Roy. Soc.
London 3. 18¢:1-34.
---------- 1906~--0n the structure and affinities of fossil plants
from the Paleozoic rocks. V. On 2 new type of Sphenophyllaceous

cone (Svhenophyllum fertile) from the Lower Coal lieasures.
X pay

Phil. irens. “oy. Soc. London B. 198:17-40.

e meeme=]908-=8tudies in Fossil Botany. 2nd ed. Vol. 1. London.

---------- 1920--Studies in Fossil Boteny. 3rd ed. Vol. 1., London.
---------- 1929~-Handbuch der Paldobotanik, von Max Hirmer. &

review., New Phyt. 25:82-84.
Seward, #Ae. C. 1898-~Fossil Plants. Vol. 1. Cambridge.
---------- 1210-~-Fossil Plants, Vol. 2. Cambridge.
Solms-Laubach, H. Graf zu. 1891--Fossil Botany (English Edition).

Oxford.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



---------- 1695A~-Dovmianites Rbmeri, eine neue Sphenochylleen -
fructifikation. Jahrb. k. k. Geol. Reichsanst. wien
45(2):225-

---------- 1895B--0n a new form of fructification in Svhenophyvlleae.
Anr. Bot. 9:658~39. (Abstrect).

---------- 1896-~Uber die seinerzeit von Unger bescnriebenen
strukturbietenden Rlanzenreste des Unterculm von Saalfeld
in Thliringen. VIII. Sphenophyllum. Abh. k. freusz. Geolosg.
Landesanste, Mo F., 23:80-83. Berlin.

Sternberg, C. von. 1823--Versucin einer geognostisch-botanischen
Derstellung der Floru der Vorwelt. Fasc. II. Leipzigs

---------- 1825-~Same, Fasc. IV. Leipzig.

Stur, U. 1887--Die Carbon-Flora der Schatzlarer Schichten. ADT.
ITI. Die Calamarien. Abh. k. k. Geol. Reichsanst. ‘ien
11(2):202.

Thoday, De 1906--0n a suggestion of heterospory in Sphendphyllum
Dawsoni. New rhytol. 5:91-93.

Thomas, He. Hamshaw. 1935--Proposed additions to the International
Rules of Botanical Vomenclature. Suggested by *ritish paleo-
botanists. Journ. Bot. 73:111-113.

Troll, #Wilhelm. 1933--Zur Deutung des Blitenbeues fossiler Articulatales.
Ber. Deuts. Bot. Ges. 51:21-38.

Unger, F. 1850--Genera et Species Plantarum fossilium. Vienna.

wWalton, John. 1940--An Introduction to the Study of Fossil Flants.

London.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 116 -

Weiss, Cs E. 1884=~=Steinkohlen~Calamerien II. Abh. 2z. geol.
Specialkarte v. Preussen u. d. Thllringischen Staaten 5(2);
200~-202.

illiamscn, we Ce 1871--0n the organization of the fossil plants
of the Coal-measures., Part I. Calamites.vfhil. Irans. Roye
Soce London B. 161:477~510.

---------- lg74--0n the organization of the fossil plants of the
Cozl-measures. sart V. Asterophyllites. Phil. Trans. Hoy.
Soc. London. Be 164:41=Cle

- ————— 1876-=0n the organization of Volkmannia Dawsoni, an
undescribed verticillate strobilus from the Lower Coal-
measures of Lancashire. liemoirs Lit. and Phil. Soc.
Manchester, 3rd ser., 5(1871): 28-40.

- 18950=-~0n the orgenization of the fossil plants of the
Coal-measures. Part 17. Phil. Trans. Hoy. Soc. London. B.
180:89-106.

—————————— 1881--0n the orgenizetion of the fossil plants of the
Coal-measures. rFart 18. fiiil. Trens. Roy. Soc. London. B.
181:255-265,

---------- and D. He Scott. 1894--Furtner observations on the
organization of the fossil plants of the Coal-measures.
Part I. Calamites, Calamostachys, and Sphenophyllum. Fhil.

Transes Roye. Soc. London B. 185:865-959.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 117 =

[&N]

giller, R. 1892~--Sur les empreintes du sondaze de Douvres.
Compt. Rend. Acad. Scl. Paris. 115:
——mmmeww=e=]883~-~Ttude sur la constitution de ltappareil
. . ) 4
fructificateur des Spnénophyllum. }ém. Soc. Géol. PFrance,
< - - . .
Paldont, Mem, 1l, 4:3-39. raris.
. i 7 R . - .
—mmmmeeen=1000--Elanents de Paléobotanique. rFaris.
Zinyaerman, W. 1830--Die Phylogenie der Pflanzen. Jena.

Zobel, #&. 1910-=In Potonié, H. Abbildungen und Beschreibunren

fossiler Pflanzen. VII: 135-40,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Part IV

A Consideration of the Structure of Lepidocarpon

Scott Based on a Iiew Strobilus from Iowa (Abstract)l

Introduction

Paleozoic lycopodiaceous strobill and their isoleted
parts have been the subject of intensive study by paleobotanists
for over one hundred years. +he criteria criginally given es
diagnostic for certein of these genera, and their modifications
by later workers through the addition of new characteristics
or the changse in interpretation of established characteristics,
present a confused picture of generic limitations. In this
vaper we will point out the intergradation and overlapping
particularly of Lepidocarpon and Lepidostrobus, arising from
modifications of original descriptions, both by direct state-

ment and, indirectly, by assigning to one genus or the other,

1 rfresented, in part, in partial fulfillment of the require-
ments for the degree of liaster of Arts, to the Graduate School
of Arts end Sciences, University of Cincinnati. Published
lay, 1941. Amer. Xidl. Nat.
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specimens which possess characteristics of both.

The main objective of this paper is to consider the
diagnostic criteria of the genus Lepidocarpon as originally
described by Scott (1900, 1901), end tc illustrate the
characteristics of the genus with new material. The con-
tributions of more recent workers, Arnold, Bo&henski, Darrah,
Reed and Schopf will be considered insofar as their material
concerns ours. It is not the purpose of this paper to approach

a monographic study of the lycopecdiaceous cone genersa.
faterial

The material on which this paper is based was collected
by the authors as an isolated specimen in the Banner Coal
Company's large strip mine about six miles north of Indianola,
Vlarren County, Iows, just east of U. S. Highway 65-€9. IHere
the vein of coal is three to four feet thick and lies about
fifty feet below the surface. It is in the Des HMoines Series
of the Pennsylvenian Period. The exact age has not been stated
but Cline believes it is the same as the Lower Coal of Lugn's
Lucas County report.? Coulter and Lend (1911, 1921) and

Matthews (1940) described some strobili of Lepidostrobus

Coulteri Jongmans, from the same vicinity.

2 Clire, L. %, lowa State College, Geol. Dept.--Personal Com-
munication.
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The specimen consists of a wedge~shaped fragment of a
strobilus. From its external appearance we may be certain
that we have the entire portion which was preserved. The
specimen 1is carbonized over its entire surface. The preser-
vetion of the body of the specimen is excellent to within a
few millimeters of the surface. It is calcified with a trace
of pyritization. Distortion due to mineralization is negligible.
A crystallizetion pattern occurs which may be sufficiently
conspicuous to interfere with critical identificatiom of structures
when polished surfaces are studied by reflected light. The use

of mounted peels in which all trace of rock matrix has been re-

moved eliminates this problem.

The maximum dimensions of the specimen as found were
about six and one-half centimeters high (parallel witn the axis),
five centimeters in radius (perpendicular to the axis), and
three centimeters in width at the circumference (tangential to
the strobilus as a whole). This latter dimension tapered evenly
to the axls of the strobilus and the specimen thus prescents a

wedge-~shaned surface when viewed from the top.

Significent measurements at the lower part of the specimen
were distinectly less than at the upper; i.e., the strobilus
tapered toward the base. Nelther the apex nor the base of the

original strobilus is present but the tavering of our specimen
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Plate T

Fig. 1. Superimposed sketch of the upper and lower parts of the specimen of
. Lepidocarpon ioensc after being separated by cut no. 1V, showing surface features and
position of cuts made in the study of the specimen. The axis of the strobilus is at the
- extreme right. Two transverse surfaces (to the strobilus) are lettered ABC and DFE. "
C was exposed by cut no. 1 and is near the top of the original specimen. The.
surface ACHG originally exposed by the obliquely radial cut no. II has been halved
at DE by cut no. IV. The surface shown is in a plane intermediate between radial
and tangential, and at the right passes through the outer cortex of the axis.
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indicates that we hove a portion of the lower half of the
entire strobilus. According to our observations this fragment
contained parts or all of at least twenbty-four sporophylls and
a portion of the axis. Frobably this part was broken free

from the rest of the cone before fossilizatione

Tne measurements indicate that the strobilus was at
least ten centimeters in maximum diameter and probably more
than fourteen centimeters long. Eveon after a radial and two
horizontal surfaces (top and bottom of the fragment) were
exposed by cutting off irregularities and poorly preserved
portions of the specimen the fragment measured over three
centimeters high, with a rodius of about five centimeters
(Fig. 1). We lknow of no other specimen of Lepidocarpon as
large. Even the large isolated "seeds" which have been abund-
antly qollected, do not attain the over-all dimensions of
thirty millimeters long by twelve millimeters high by fifteen
millimeters wide as is found in meny of our sporophyll in-

vested sporangia.

The eleven ovieces of the specimen remaining after section-

ing carry the University of Cincinnati Palecbotanical Ifuseum

‘ serial numbers: €40 A-K. The slides are numbered according
to section and surface numbers I~-a, b--X-a, b and serial peels

on each surface are nunbered in order 1-28 or less. The
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e

sections are housed in the University of Cincinnati Paleo-
botanical ifuseum, Botany Department, where they are available
for study. Severel typical slides of the series are in the
collections of the Illinois Geologicel Survey, tne University

~ - . b

of Hotre Dame, and Dr. L. Re. Vilson, Coe College, Cedar Rapids,
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Lepidocarpon loense Sp. NOVe

Streobilus

Large, more than ten centimeters in diemeter, at least

(2

fourtsen centimeters long and probably much longer, tapering

toward the base.
Axis

Outer cortex, showing spiral arrangement of svorophylls,
only part of axis preserved. Sporophyll trace tyvical, wvascular

bundle collateral, surrounded by zone of parenchyma and sneath.
Sporophyll

llegasporophylls crowded, arranged in a close spiral, at-
tached nearly at right angles and elongated vertically to the
axis for two and one-half to three and one~half centimeters to
the up-turned distzl lamina. Tips of distal laminae regularly
lacking after approximately two and one-helf centimeters.
Pedicel extended abaxially to form a conspicuous keel through-
out, merging with the heel of the distal lamina. #n unbranched
collateral vascular bundle, traversing the outer cortex, enters
the base of the sporophyll and continues throughout its lnowm
length. Lateral laminae extend around and above the sporangium,

and together with the distel lamina, form an investing structure.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 125 =

Plate II

Fig. 2. Sketch showing typical tissue arrangements, parts and structures of a single
megasporophyll and sporangium as seen in a section tangential to the strobilus. Position
and plane of cut are indicated by inset. sl.o., slit-like opening; meg. rdg., megasporangial
ridge: lat. lam., lateral lamina; meg. wl., megasporangium wall; f. mg. mem., functional
megaspore membrane; s. arch. pad, sub-archesporial pad; lp., lateral pad; v.b., vascular
bundle; par., parichnos area; ped., pedicel; kl., keel. B

Fig. 3. Camera lucida drawing of a tangential section through distal end of mega-
sporangium. The characteristic appearance- and position of -the three non-functional
. megaspores (n-f. mg.) of thé tetrad are indicated in relation to the functional mega-

spore wall (f-meg. mem.). Slide no. 640-Vb-2.

Fig. 4. Diagram of 'transverse section of sporophyll near distal end of sporangium.
Basal tissue of sporangium fills much of cavity (meg.) which here is reduced to a nar- |
row three-lobed structure. The origin of the lateral laminae (lat. lam.) is clearly at
the lateral margins of the pedicel.

Fig. 5. Diagram of a section of sporophyll beyond that shown in Fig. 4 and distal

to the sporangial attachment to pedicel. The free tip of the sporangium (meg.) extends

- for a short distance in an extremely trilobed form, the inner sporangial wall apparently

closing the sporangium cavity. All traces of the basal tissues of the sporangium are lost.

The superior face of the pedicel (ped. wl.) extends upward into the space between

two of the sporangium lobes. The lateral laminae become free high on the superior
face of the pedicel, but their origin from the lateral edges of the pedicel is apparent.
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Lateral laminae, in tenpgential section, extend sbout twelve
millimeters from their attachment on the pedicel, apnroximately
five of which extend avove the sporangial cavity, exceecding
the sporangial ridge in height by some two millimeters. Lateral
laminae, proximally, in close cortact with sporophyll base;

distally they merge with distal lamina.
Ligule

Ligule present on adaxial surface of sporophyll immediately
distal to sporangium; about 450 miercns in greatest width and

over one nillimeter in length.
Sporangium

“egasporangium large, two and one~fourth to three centimeters
long, sporangial cavity approximately seven millimeters high,
the sporangial wall extending vertically for about two and one-
helf millimeters forming the megasporangial ridge; sporangium
attached for apsroximately its entire length along the adaxial
surface of the sporophyll pedicel, either stalked or essentially
sessile, resting on "lateral pads"; sub-archaesporial pad in-
creasingly conspicuous distally; distal end of sporangium extends
beyond attachment in a characteristic three-lobed extremity, the
megasporangial ridge forming one lobe, the other two initiated

by extensive development of sub-archesporial pad.
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Plate IIT

distal lamina

tetn-fomg,

fomg
ligule

heel  distal exient of amochment ¥ em.

pedicel bose

Fig. 6. Reconstruction of a radial section through the sporophyll and sporangium of
- Lepidocarpon ioense. The lateral lamina is shown overlapping the sporangial ridge.
The large functional megaspore (f. mg.) in the slightly larger megasporangium (meg.
body) and the three non-functional members of the tetrad (n-f. mg) appear in their
correct position at the upper distal end of the megasporangtum cavity. The ligule is
distal to sporangial attachment.
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Spores

Four megaspores are oresent in each megasporium resulting
from the divisions of a single functional megaspore mother-cell,
Three of these are non-functicnal, 750-1000 microns in diameter,
regularly occurring in the upner part of the sporangial cavity
at its distal end; at first remaining in contact in typical
tetrad formation, later becoming dispersed. One functional
megaspore, very large, nearly filling the sporangial cavity;

wall thin and uniform.
Gametophyte Tlssue

Evidences of gametophyte tissue present in most megaspores,

avsarently more strongly developed toward distal extremity.
Location and horizon

From coal of Des Moines Series, Pennsylvanian Period,
six miles north of Indianola, Warren County, Iowa; Banner Coal

Company strip mine.
Material

One calcified specimen, a wedge-shaped section of the lower
part of a strobilus, cut into eleven parts from which about 200
peels were btaken; housed in Puleobotanical Collection, Botany

Department, University of Cincinnati.
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Name of type

Lepidocarpon ioenses, indicating the geographical source

of the material.
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Discussion

Lepidocarpon was established as g genus (Scott 1900) to
include some previously misinterpreted cone material. (%William-
son 1877). Scott's generic diagnosis was revised (Scott 1801)

to read as follows:

“Lepidocarpon,gen. nov. {(Scott)

#, 9 . . -
Strobili, with the characters of Lepidostrobus, but each
megasporangiun inclosed, when mature, in an integument, growing

up from thz sunsrior face of the sporophyll pedicel.

/... . : . .

Intecument, together with the lamina of the sporophyll,
completely enveloping the megasporangium, or nucellus, leaving
only an elongated, slit-like micropyle above. A single functional

mezaspore or embryo-sac developed in each megasporangiuvm and

occupying almost the whole of its cavity.
“vegpaspore ultimately filled by the prothallus or endosperii.

”Sporophyll, together with intezumented megasporangium snd
its contents detached entire from the axis of the strobilus, the

whole forming a closed, seed-like, reproductive body.

/" . . , . . .
Seed-like organ horizontaily elongated, in the dircction of
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the sporophyll pedicel, to which the micropylar crevice is

’”
parallel.
Scott, in the same work, also says:

S48 1"t

the two conditions'--

~~

"The comparison of specimens in e ture,
lacking the enclosing leteral laminae, and mature with the laminsae)
"has shown the relation of the seed-like orzen of Lepidocarpon

to the ordinary megasporangium of a Lepidostrobus. ZThe former

differs from the latter in two principal respects: -

”(1) It contains only one functional megaspore, which like

the embryo-sac of an ovule or seed, occupies almost the whole
interior of the megasporangium, but is accompanied by the three

other spores of the tetrad in an abortive condition.

”(2) When mature, the megasporangiuvm of Lepidocarpon is
enclosed by an intepgument, which is a new formation, growing
up from the tissue of the spororhyll, and forming, together
with the latter, a complete envelope to the sporangium, only

o N u
open by & narrow micronvlar crevice alonge the tope.
. ol = -

The essential features upon which this generic diagnosis
was based have been largely substantiated by our observations.
It may be expected that the designation of any form genus will

be elastic enough to receive a few irregular specics. In recent
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works, however, first one and then another exception has been
taken until, in culmination, if these exceptions are to be
followed, sipnificant diagnostic characters of this genus

scarcely exist.

Derrah (1941B), in his new species, Lepidoecarpon glabrum,

which occurs abundantly as isolated seed-like bodies in the
coel ball flora of Iowa and XKansas (Darrah 12414), has cited

en instance in wnich a mature sporangium is shed free of its
sporophyll. In general external appearance he describes these
bodies as being "smooth and lustrous" and without any prominent
scars or markings. He has shown thet, structur2lly, this type
is essentially a sporangium with a wull of thickened cells,
with no apparent mecheanism for dehiscence. Ile has zllgs shown
that these sporangial bodies conform in general character to
the portion of Lesquereux's genus Lepidocystis (Lesquereux 1880)

represented by L. vescicularis Lesquereux. This type has a

bladder-like, oval or squarish, sporangium containing a large

spore as contrasted to the type of L. frexiniformis Lesquereux

which has a sporangium conteining many spores.

It is Darrah's contention that this species, Lepidocarpon

zglebrum Darrah, represents a "more mature condition of the

ety s

seed body than is usually observed in the familiaer Lepidocarpon"

(Darrah 1941B). In discussing these sporangial bodies from
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Plate IV

Fig. 8. Section tengential to strobilus showing essentially transverse sections of sev-
eral megasporophylls and megasporangia about midway between distal and proximal
ends. Slide 640-VIIT A 3.

Fig. 9. An enlarged detail from Fig. 8; lat. lam., lateral lamina; pal., the palisade-
like outer layer of the megasporangium wall; par., the inner parenchymatous wall layer:
‘meg. cav., megasporangial cavity; the unbroken character of the sporangial wall through-
out the megasporangial ridge is evident (top meg. rdg.)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 134 =

the Iowa coel balls he states that only the smaller and more
immature forms arc recognized as typical and that "all of the

seeds attaining a maximal or near maximal size are found isolated."
He substantiatcs this latter statement by observotions thut the

sporangial bodies of L. Lomaxi which are attached to a strobilus

in his possession are are approximately four and one-half milli-
meters in length are immatuwre rather than ripened, while those
whiech have been shed average nezrly six millimeters in length.
Darren believes that he is entirely within the bounds of the
genus Lepidocarpon in his assignment since these "seed bodies"
are merely more mature seeds. e have no basis for gquestioning

his conclusions.

It.should be pointed out, however, that this species, L.
glabrum, which is shed free of the sporopnyll upon maturity,
does not conform to one of the major characteristics of the
genus as recognized by Scott and already pointed out above,
i.e., "when mature the megasporangium of Lepidocurpon is en-
closed by an intepgument - growing up from the tissue of the
sporophyll" and the "sporophyll, together with the intezumented
megasporangiun and its contents, is detached entire from the

exis of the strobilus."

Arnold (1938) has described as Lepidostrobus braidwoodensis,

e lepidophyte strobilus from Breidwood, Illinois, having large
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memasporangia, each containing a single functional megaspore
about two millimeters in largest diameter. Appressed to the
triradiate apex of this sypore are three non-functional mega-
spores measuring about one-half millimeter in diameter. There
are no investing laminae. He assigns these megaspores to the
Lagenicule group of the form genus Triletes. Spores of the
Lagenicula group are generally conceded to be of wncertain
affinity, but some have been assigned to svecies of Lepido-
strobus. &rnold believes these snores to be indicative of

the distinct evolutionary trend among the Paleozoic lycopods
in the reduction in number of functional spores and the increase
in the size of the functional one. He recognizes Lepldocarpon

as representing the highest attainment in this line.

s - P .
Bolhenski (1936) made a similar report on two species of
Lepidostrobus, L. major, with a mature functional spore nearly

a centimeter long, and L. Sohdenowiczii, with a smaller mega-

spore. In both these species the other members of the tetrad
are present in the megasporangium as non-functional spores.
Bofhenski believes there is no intepument present but records
the occurrence of a likely tissue as a remmnant of the prothallus,.

Schopf (1938A) questions this interpretation.

The occurrence of a single functional megaspore essentially

£illing the sporangiel cavity, in association with the non-
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Fig. 10. Section nearly tangential to axis near the distal end of the sporangium. The
“saddle-bags”™ or trilobed appcarance of the distal end of the sporangium is just
beginning to appear. lLp.. lateral pads; s. arch. p.. sub-archesporial pad; lat. lam.,
lateral lamina; f. mg.. functional megaspore; tet. nf. mg., nen-functicnal megaspores
in tetrad formaticn; meg. rdg., mesasporangial ridge: sl.o., slit-like opening between
lateral laminae: kl. and ped.. keel and pedicel of adjacent sporophyll. Slide no.
640-Vb 3.
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functional members of the tetrad are characteristics which agree
with those given by Scecit as beinpg diagnostic and of major im-
portence for Lepidocarpon. Apparently the absence of well
developed lateral laminae closely investiig the sporangiwm is
considered by Boéhenski to be of sufficient importance that

the distinction between Lepidostrobus and Lepidocarpon may be
based on their occurrence or absence. Tne poor state of pfe-
servation of Arnoldts material make; furtiier conjecture regard-
ing it difficult. The much larger relative size oé the non-
funetional spores to the functioneal oﬁe, than is known to occur
in Lepidocarpon, may be considered indicative of the trensitional

nature of the species Lepidostrobus braidwoodensis. In our

material, the non-functionel spores have a much larger actual

size but are smaller proportionally when considering the size

of the functional megasporse.

It is obvious that the problem raised by the inclusion
within the genus Lepidocarpon of L. glabrum Darrah in which the
significance of the investing laminae is minimized and the in-
clusion within the genus of Lepidostrobus of species which
rossess bul a single functional megaspore, thus involving the
two significant criteria of Scott's original diagnosis of
Lepidocarpon, is one which must receive further serious con-
sideration as to the generic limitations of these and related

Peleczoic lycopodiaceous strobiloid forms.
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Swrmery

A portion of a calecified strobilus is recorded froem the
Des oilnes series of Iowa and 1s here described as a new

species, Lepidocarpon iocense :oskins and Cross.

A detailed deseription of the structure is correlated

with the original generic designations of D. . Scott.

A review of some recently described species of Paleozoic
lycopodiaceous strobili suggests the need for furtner con-
sideration of the generic limitation of Lepidocerpon and

allied genersa.
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Part V

TNO WEW SPECIES OF LEPIDOSTROBUS FROM THE LOJER
POTTSVILLE OF ORANGE COUNTY, INDIANAT
Introduction
Strobili of Palsesozoic lycopods are generally abundant and
well preserved in the calcareous nodules and cozl balls from
Europe. American workers have also found considerable Lepido-

strobus material, but most of these specimens are preserved

only as flattened impressions in shales and coal.

Coulter and Lend (1911) described a petrified specimen
found in & coal pocket in Warren County, Iowa. This specimen
waes reconsidered with additional material found in the same

locality later, and described as a homosporous Lepidostrobus

(Coulter and Land, 1921). The name L. Coulteri was applied
to the material by Jongmans (1930A), a fact which Arnold (1935)
has brought to attention. The definite horizon of the coal

pocket from which the material was taken was not discussed.

1 Printed in "The American iidland Naturalist," Vol. 24,
No. 2, pp. 421-436, September, 19540,
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Scott and Jeffrey (1914) described a fragment of a petri-
fied cone from the base of the Waverly Shale in Boyle County,
Kentucky. Arnold (1935) points out that the Waverly Shale is
Lower liississippian in age rather than the suggested Upper

Devonian. The name Lepidostrobus Fischeri was not wvalid be-

cause of the priority of the application of the name to some
French material by Renault. Scott (1915) renamed the specimen

L. kentuckiensise.

A partially preserved but complete lycopod strobilus

from the Pottsville series of Michigen was named Lepidostrobus

Bartletti by Arnold (1930) in order to place it on record.
He suggests possible affinities to previously described
European conese. In 1932 Arnold (1933) deseribed a lycopod-
isceous strobilus from the Pocono sandstone (Upper Devonian)
of Pennsylvania as having Sigillarian affinities on the
basis of the whorled arrangement of the sporophylls. Later
(1935) ne referred this specimen to the lepidostroboid group

and named it L. Gallowayi.

Graham (1935) has discussed the occurrence of several
lycopodiaceous strobili in coal balls from the kcLeansboro
horizon of Illinois. Complete description was impossible
due to imperfect state of preservation. The relationships

found between our material and the casts and petrifactions
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mentioned above will be discussed shortly.
Material

The plant material to be considered here was found in the
Hindostan sandstone rocks of the Pocahontas group (Lower Potts-
ville) of Orange Cownty, Indianas. The presence of plant frag-
ments from the western part of that state has long been noted.
Lesquereux (1884) lists ten species including seven ferns and
thres Lepidodendra. David Yhite (1895) records and discusses
19 speéimens of leaf and wood impressions from four querries
in the northwest part of Orange County. Coulter and Land
(1821) reported the possession of some stem fragments but no
cones from the sandstones of western Indisna. Weller® states
that extensive collections have been made from the Lower Potts-
ville (Pocahontas) Series and are described in a manuscrint by
the late David White. The three larger cone specimens which
we nave were obtained a number of years ago. The remainder

of our material with the exception of an extremely fine cast

of a branch tip of Lepidodendron (aculeatum) was collected

recently. The entire collection was found in the several
Chailleaux end VWhetstone quarries about 6 miles northwest of
Orleans, Indiana. The sandstone is in two stages and varies

from fine to medium graine.

< Vieller, Je ¥arvin, Ill. Geol. Surve. - Personal cormunication.
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The upver of the two stages is the main massive body of
sandstone. It is overlain by a thin underclay. In this rock
the plants are rather poorly preserved and not as numerous as
in the thinly bedded sandstones below. Several large fragments
of fair sized trees were found. One of especial note is lying
prostrate along a bedding plane and one of the branches of the
first dichotomy forks four more times successively. At the
second dichotomy, one branch penetrates about three feet of
sandstone in an almost vertical position. Over twenty feet
of the cest of this tree was exposed in relief by quarrying
operations. Kindle (1896) mentions the similar oceurrence of

a Tossil tree in a gquarry of this region.

Directly beneath this massive layer, a lesser zone of
thinly bedded, very fine, shaly sandstone occurs. It is under-

3 suggests that this is the coal

lain by a thin coal. ‘anless
called Wo. 1 in the Orange County report (Elrod and lMcIntire,
1376). Kindle (1896) has described the whetstone rocks in

some deteil.

The age of this deposit of plant material at the base of
the Pottsville Series is important. The plants are dissimilar
to those known to occur in Indiana, Illinois and western Ken-

tucky, and are possibly the oldest in the interior coal basin.

8 Wanless, Harold R., Unive of Ill, - Personal communication.
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Plate I

Fig. 1. Holotype specimen of Lepidostrobus imbricatus. Base complete and tip
missing. %114.

Fég. 2. Hypotype specimen of L. imbricatus. Distal end complete, except for portion
broken out to show tip of axis. XI14.
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These beds have been correlated with the Stalﬁybridge de-
posits ¢f the Lower Coal-measures of Great Britain and the

Bouxharmont beds of Belgium {pl. AIII, Part II).

The five specimens of Lepidostrobus which we have pre-

pared for study may be divided into two rather obvious typese

Four of the specimens are of the first typeﬁ. The
largest and best example of the first type was only partially
exposed along one side when found. Careful work with hammer
and chisels in the laboratory have exposed an excellent
cigar-shaped cone, about 13.5 cm. long and 2.5 cm. in diameter
at the base. The tip 1s missing. The cellular detail has
been lost through imperfect preservation as a ceast, but all
the external morphological features are well shown. After
pictures, rubber molds and plaster casts had been made of
the entire specimen, a section was cut through the cone 1.5
cm. from the base. A fortunate accident resulted in the
breaking of a portion out of this lower section. This ex=~
posed some interesting structure which might only heve been
conjectured otherwise. The axis at the basal point of attach-
ment is about 5 mm. in diameter. It tapers abruptly so that
within 5 mm. of thg base, the diameter is reduced to aﬁout
d mme. In cross section at the base, at a point 5 mm. above

the base, and at the broken tip of the specimen, the axis has
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13 ridres visible which are the old sporophyll bases. The
significance of this number is not lkmown, but a simlilar condition
is found in L. Bartletti and in the description given by Bower
(1893) of L. Brownii. Certain other species have only 11 of
these sporovhyll bases or less, but there is, apparently, a

rather constant number for each speciese.

There are, then, normally 13 sporophylls in each spiral
revolution about the axis and in a longitudinal section through
the cone there are between 95 and 100 such revolutions, in the
known 13.5 cm. Such a nunber of sporangia would indicate their

smell sizee.

As in L. Coulteri, L. Bartletti, E:‘Gallowayi, and the

specimens discussed by Greham (1935), the sporophylls are borne
approximately at right angles to the cone axis. The sporangia
are radially elongated as is characteristic of the lepidostrobus
type of lycopod cone. They are borne adaxially on & pedicel,
i.e., the portion of the sporophyll which is horizontal. The
distal end of the sporophyll, called the lamina by Scott (1920),
turns up and overlaps the ends of the next several sporangisa.
These laminae are rather narrow at their bases, not over 1.5 mm.
wide, and are usually less then 2 cme. long. They are closely
appressed throughout their length and are imbricate in appearance.

Two specimens of this type of cone show the imbriceate condition
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very well, An outstending feature of the sporophyll is the
apparent lack of any portion subtended below the horizontel
plene of the pedicel. Hirmer (1927) states that a subtended
portion is usually present as does Scott (1920) who adds that
the form of the whole sporophyll is somewhat peltate as a
result. ¥When this condition exists, as it dces in our second
type of cone, a portion of the lamina is not only subtended
but this part as well as the distal end of the pedicel is
usually strongly thickened. The lack of the subtended portion
of the lamina is not peculiar alone to our specimen. Graham
(1935) discovered a similar situation in his material and
states, "The lax neture of the cone a2nd the absence of a
dovmward projection of the lamina distinguish this from pre-
viously described species." Such & condition may exist in
other species which have been described, but if so, it is
neither discussed nor pictured clearly. A median nerve is

very prominent on the lamina.

The sporangia, which are about eight mm. in length and
slightly over one mm; in height are roughly wedge-shaped in
top view. The.end nearest the axis is very narrow and is
generelly wedge-shaped in cross-sectione. The distal end is
rather broad and flattened. The sporangia are so crowded to-
gether both laterally and vertically that their sides are

fluted by the pressure from adjoining sporangie. Due to the
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small size of the sporangia and the deformation present we are
unable to ascertain the amount, position and mechanics of the
attachment to the sporophyll. The presence of a ligule has not
been proven for this type in our collections. A cross-section
through the entire cone shows well the laterally compact nature

of the sporangia and the vertical distortione.

A specimen which we recently acquired from the type locality
is a well preserved sandstone cast. Only a small portion of the
tip of the cone was visible originally, but in our preparation
of the material for study we have exposed its entire length and
thickmesss, It is slightly flattened, parallel with the bedding
planes of the sandstone matrix. The strobilus is appreciably
smaller in all dimensions than the three original specimens
and the numerous traces of molds and casts which we found
while malking our collections. It agrees in all essential de-
tails with the holotype. The axis is slightly less than two
mm. in diameter constantly throughout its length except for
about six mm. of its distal end which tapers very slightly to
about one and one-half mm. in diameter. It is bluntly ter-
minated about three mm. from the actual tip of the strobilus
(Fige. 2). The sporophylls are spirally arranged, thirteen per
revolution about the axis,Aand the adaxially borne sporangia

are densely crowded and distorted. The sporophylls and sporangia
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P . . . /
Figs. 3 and 4. Lepidostrobus arwetlus as split from rock. X144,

-
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are progressively reduced in size throughout the distal cm.

of the cone, and the actual blimtly rounded tip of the axis
bears extremely shortened and lmmature sporangia radiating
systematically and progressively from the normal position,
which is slightly decurrent from horizontal, to a vertical
position (i.e. parallel to the cone éxis.). In gross external

appearance, then, the tip of the strobilus is bluntly conical.

A second type of cone, represented by one of the four
specimens, was exposed by splitting open a rather large, cut
slab of grey sandstone. The, cone split irregularly through
the axis and thus we have a single specimen well shown on
both slabs. The cone is somewhat flattened but chiseling has
revealed that the flattened diameter is about 2 cm. whereas
the normal diameter is ebout 2.7 cms Both ends of the cone
are missing and no tapering is apparent in the-ll.S CT,
which we have. Unfortwmately, several small concretionary
growths have either destroyed or distorted about one-half
of the middle section of our specimen. As in the first type
of cone already discussed, no cellular detail is visible but
the general orgenization and external morphological features

are well shovm.

The axis is about &5 mm. in diameter throughout its

entire lengthe In cross-section there are usually eleven
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Fig. 5. Cut cross-section near base of Lepidostrobus imbricatus showing axis in:
center, with longitudinal sections through sporangia surrounded by transverse sections
of erect laminae of sporophylls of lower insertion. 4. .-

Fig. 6. Broken base of same cone showing clearly, the outline of sporangia. x5 -

Fig. 7. Central axis of another specimen of Lepidostrobus imbricatus. X7.
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sporophyll bases exposed as ridges which indicate the presence
of eleven sporophylls for each revolution about the axis in a
spiral order. The reconstruction shows 43 such spiral revolu-
tions in the 1l.5 cme This number is less than one-half that
found in the first type, although this specimen is only 2 cr.
less in length. By computing this average, which agress quite
closely with the measurements taken, the sporangia are slightly

more than 2.5 mme highe

The adaxial angle of the sporophylls to the axis is
slightly greater than a right angle, l.e., the distel ends of
the sporopnylls slope toward the lower end of the cone as
much as 93° or 94°, This is accentuated by'a prominent, sub-
tended portion of the lamina and a thickened distal end of the
pedicel of the sporopnyll. The sporophylls at the lower end
of the specimen are angled slightly more than this, possibly
as a result of the release of the vertical pressure of the
compacted sporangia when the lower portion was broken away.
The distortion resulting from the concretionary growth in
the middle of the specimen is shown by the varying angles of

attachment of the sporophylls in the affected areca.

The pedicels and sporangis are arched in the middle so
thet both the axial and distal ends are lower. The distal

end is much lower because of the angle of attachment of the
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PLaTE 4

Fig. 8. Greatly enlarged section of tip of axis of type specimen of Lepidostrobus
imbricatus showing attachment of sporophylls. X7. ) . o
Fig. 9. Broken section of base of same specimen showing abruptly tapering axis. X5.
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sporophyll to the axis. NNone of the descriptions of casts
or petrified American cones records either the arching or
the downward slanting pedicels and sporangia. Text discussions

and figures by Hirmer (1927), Figs. 208 and 210 of Lepidostrobus

Brownii and L. Oldhamius respectively, Scott (1920), Fig. 77

of L. Veltheimianus, and Solms-Laubach (1891), Fig. 25 of a

different specimen of L. Brownii than that shown by Hirmer,
indicates that these characters have been noted and considered

in the European material.

The sporophyll is extremely important in this second type
of cones. The broéder, flattened part of the pedicel appears
to be attached to the axis by a more typically stalk-like
portion which is turned abruptly down along.the axis and is
fused to it throughout its length of one mme This might be
called a rather enlarged sporophyll base. Such a structure
is not discernible in the first type of cone. The pedicsl
itself, i.e., the horizontal portion of the sporophyll which
bears the sporangia on its upper surface, is very nar}cw. This
feature shows well in a number of places. The pedicel is flared
out broadly at the distal end and is thickened noticeably. The
lamina and the pedicel form a definite subtended portion very

similer to that mode&led after'Lepidostrobus Coulteri (Coulter

and Land, 1911). The lamina is 3 to 4 mm. wide at the base

and 30 to 40 mm. long. It tapers gradually to a width of 1 mm.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 186 -

PLATE 5

. Fig. 10. Reconstruction of cross-section of axis of Lepidosirobus imbricatus based
on Fig. 5. %5.

Fig. 11, Enlarged sporophyll and sporangium of Lepidostrobus imbricalus. X2.

Fig. 12. Enlarged sporophyll and sporangium of Lepidosirobus ariégtus. X2.

Y

B
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in the first 12 mm. of length, and is characteristically
appressed for the lower half. The upper halfl of the attenuated
lamina is slightly divergent and aristate in nature. This is
contrasted to the closely overlapping, appressed, imbricate
nature of the first type of cone described. A medlian nerve is
definite for the length of the lamina but is not as marked as
in the first type. Such a sporophyll seems to be unusual, at
least in regard to lengthe. The presence of ligules at the
distal ends of the sporangia cannot be definitely shown. Some
very confusing markings appear which, if liberally interpreted,

may be considered as ligulss.

The sporangia are closely crowded both laterally and
vertically and are prominently grooved by the adjacent sporangia.
In cross-section they differ markedly from those described in
the first type. They are narrowed at the axial end but not
wedge-shapeds At the distal end they are oblong=-ovate in cross-
section. The sporangium is rather broad in comparison with the
pedicel, and broadly overlaps it. 1In adaxial view the outline
of the sporophyll is generally wedge-shaped. The spores of

this cone and of the first type will be discussed together.

The spores of our cones were secured by macerating the
sporangia. In our first type of cone only one kind of spore

was found. The average diameter of this is about 26—297 .
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13. Reconstruction of Lepidosirobus arveetus. X1
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A triradiate opening is present in some and absent in others.

An equatorial flange is present in a few instances. 7Vhether an-
other type of spore exists and was not found is not kmown. It
would be unsafe to hazard the statement tnat this specimen is
nomosporous on the negative basis of not finding larger spores.
It is interesting to note that except for its larger size,

Lepidostrobus Coulteri is very similar to our species. Spores

of but one kind were found in L. Coulteri. The diameter of

these spores is comparable to that of the spores of our specimen.

Campos (1925) in describing a complets specimen, Lepidostrobus

foliaceus, finds only one size of spore, and that measures 32 ,
which is only slightly larger than our spores. These spores
areg very similer to ours in general outline and in the nature
of the triradiate marking. He states that his specimen is
homosporous. However, Mrse. D He Scott (1906) had described

a megaspore from a different specimen of L. folizceus. Campos

justifies his conclusions by o ‘statement from Berry (1918)

that different cones may produce two kinds of spores. However,
if two sizes of spores are known to occur in this svecies, it
is certainly difficult to indicate the homosporous nature of
eny single specimen. Only a'complete, well preserved cone such
as the spscimen described by Campos may be safely called

homosporous.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 160 =

PLaTE 7

Figs.
portions.

Fig. 14. Megaspore of Lepidosirobus arvestus. 165 mu.

Fig. 15. Microspore of Lepidostrobus arvéslus, showing equatorial flange and tri-
radiate opening. About 29 mu.

Fig. 16. Microspore of Lepidostrobus arréctus with roughened exine. 29 mu.

Fig. 17. Microspore of Lepidostrobus imbricatus with single slit opening. 26 mu

Fig. 18. Microspore of Lepidosirobus imbricatus with trace of triradiate opening.

26 mu.

14-18. Camera lucida drawings of spores from cones showing relative pro-
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In studying the spores from our second type of cone, the
microspores are found to be practically identical with the
spores found in the first type, i.e., 26—29;1. Most of them
have a definite triradiate openings. In addition, a larger
‘spore is found sparingly, at a ratio of about 3 to 100. The

size of this larger spore, 160-170 4, agrees fairly well with

the megaspores figured by Arnold (1933) for Lepidostrobus

Gallowayi, which measure about 15011. Certain definite
features show clearly that the two cones are of different
species. L. Gallowayi has whorled sporophylls and is con=-

siderably larger.

In order to obtain the spores from our material, several
techniques were tried with varying results., Sandstone is
normelly a poor matrix for The preservation of spores. Tne
spores were not revealed in the sporangia when viewed through
a binocular microscope using direct light. Such a condition
could be expected, however, so to make sure of the presence
of the spores, individual sporangia werc chipped from the cones
and broken into severazl small pieces. The most satisfactory
procedure found for freeing the spores was first to allow the
material to stand for about 15 minutes in hydrofluoric acid.

After several washings, Schulze's solution was poured over it

and allowed to stand for about an hour. This was followed
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with several wasninges in distilled water after which the
materiael was placed in a 30% solution of NaCH (sodium hy-
droxide). This was allowed to stend from 2-24 hours de-
pending on the amount of orgenic material present. The
MaOH was then poured off and the material washed until
neutralized. Without drying, "abopon", a Glyco mounting
mediuwm, which is wabter soluble, was added. The permanent

mounts made from this are available for further study.

It is possible that the spores which we obtained were
merely washed into or in some manner infiltrated among the
sporophylls and sporangie before fossilization. If so, we
may not have the original spores at all. This possibility
exists in all material preserved as casts. Petrifactions
in coal balls and concretions are less likely to be con-
taminated. It is interesting to note, however, that several
fragments of the surrounding matrix were processed in the
same manner and the presence of spores from that material
could not be definitely established, whereas in tne macerated
material from the sporanpgia spores were fairly numerous. The
detritus taken from the concreticnary growths in the central
part of the specimen of our second type of cone was found to
have an abundent spore assemblage. This could be expected,
since in formation the concretions disruvted the sporangia

and then reincorporated them and their contentse.
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A rough and thickened exine, which should be found on any
megaspore unless lost before preservation (Thomson, 1934) is
not always evident on the megaspores from our second type of
cone. Certain exterior roughenings are present in one or two
spores and these resemble somewhat the megaspore figured by

Arnold for Lepidostrobus Gallowayi.

With the discussion and criteria in mind, we feel that
these cones merit a definite record in paleobotanical liter-
atvre. While we do not wish to expand this literature with
unnecessary new names of specles, it seems desirable to give
the specimens a name, even though they may lack some of the
fundamental characteristics necessary for a complefe des=-
cription. Moreover specimens which are not given a name may
easily be overlooked. An attempt has been mede to compare
critically our specimens with casts and petrifactions of

Lepidostrobus which have already been described.

The summarized type diagnoses follow:

Lepidostrobus imbricatus Hoskins and Cross nove.-sp.

Strobilus: Hiedium size, more then 13.%5 cm. long by
1.8-2.5 cme in diameter, essentially cylindrical, base
(proximal end) not tapered, tip slightly tapered and bluntly

conicel. Specimens preserved as fine sandstone castse
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Axiss: Approximately 4-5 mme. in diameter at base, tapered
abruptly to 2-3 mm. throughout the remainder of length except
the distal end which tapers very slightly to the blunt, rounded
tip. 13 sporopnhyll bases prominent when viewed in cross section.

No cellular detail observede

S8porophylls: Arranged spirally, 13 per revolution about
the axis and approximately 5 revolutions per cm., progressively
reduced in size and maturity at the immediate distal end anéd so
arranged as to form a bluntly-conical tip. Pedicels inserted
at right angles to axis and about 6«8 mm. in length to the distal
ends where laminae curve evenly upward. No subtended or thick-
ened portion of lamina evident. Leminge 1l.5-2.0 cm. long,
slender, not over l.5 mm. wide at base, tapering graduelly to
sharp point, closely appressed, overlapping many laminae above;

imbricate in appearance. Median nerve is prominent.

Ligule: Definite evidence lacking, possibly because of

imperfect preservation.

Sporangia: Borne adaxially'on sporophyll pedicel. Greatly
elongated (6-8 mm.), wedge-shaped in top view, wedge-shaped in
cross~section near axis but broadly flattened at distal end and
overlapping narrower sporophyll; attachment not distinguishable.

Densely crowded vertically and laterally and thus distorted.
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Immature at tip.

Spores: Small (26.5s), btriradiate openings in some;
obtained only by maceration. No larger spores found in this

strobiluse

Location and horizon: Pocahontas sandstone, Lower Potts-
ville series, Pennsylvanian system. Six miles northwest of

Orleans, Orange County, Indisna; Chailleaux gquarries.

Number of specimens: Four. One fairly complete strobilus,
the holotype specimen, with base intact; one slightly smaller
specimen with tip intact, the hypotype specimen; two smaller
fragments; several traces of other stroblli of probably the
same type. Holotype, No. B-620 and hypotype, No. B-1981;
Paleobotanical Kuseum, Botany Department, University of Cin=-

cinnati.

Name of species: Lepidostrobus imbricatus, after the

imbricate nature and appearance of the laminae of the sporo-

phylls.

Lepidostrobus arrcctus nnvtwspié'

Cone: liedium sized cone, 11l¢5 x 2.7 cme Incomplete,

Hoskins, J. He and As Te Cross. 1943--Lepldostrobus sristatus.
Hoskins and Cross, a homonym. Amer. Midl. Wat. 29:542.
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both ends missinge. Sligntly flattened. Preserved as cast in
fine sandstone. Middle of specimen distorted by growth of

concretions.

Axis: 5 mm. in diameter throughout kmown length. 11
sporophyll bases on axis wnen viewed in cross-scction. Xo

cellular detail preserved.

Sporophylls: Arranged spirally, about 11 sporophylls
per revolution and 43 revolutions. Adaxial angle of pedicel
part of sporophylls to axis,slightly greater than right engle.
Pedicel 1.1 cme long. Prominent stalk=-like sporophyll bases
about 1 mm. long on axis. Laminae very wide at base (3-4 mm.)
and 30-40 mm. longe. A portion of the lamina is subtended
prominently below the horizontal plane of the pedicel and is
slightly thickened. Laminae taper rather gradually froan wide
base to an attenuated tip, are closely appressed for the lower

half but slizhtly divergent above. Aristate in appearance.

Ligules: Presence questionable. Indefinite structure

arises from distal end of pedicel,.

Sporangia: Borne adaxially on sporophylls, closely
crowded.s 1 cm. long, wedge-shaped in top view, narrow, but
notv triangular in cross-section next to the axis, broader and

somewhat rectangulsr-ovate at distal end. Narrower pedicel
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is broadly overlepped by sporangia. Attachment to sporophyll

appears to be throughout length by narrow band of tissue.

Spores: Two sizes of spores have been found by macerating
sporangia. The smaller spores are 27,'and the larger are 160—190n1.
Triradiate openings are prominent but no bristles are visible,

the exine possibly having been destroyed.

Location and horizon: Pocahontas sandstone, Lowsr Potts-
ville seriss, Pennsylvaniaywsystem. Six miles northwest of

Orleans, Orange Cownty, Indiana; Whetstone quarry.

Mumber of specimens: (ne specimen, exposed by splitting
sandstone blocke Split in half. Paleobotanical Museum,

Botany Department, University of Cincinnati.

-

Name: Lepidostrobus arrectus after the position of the

attenuated laminae of the superimposed sporophylls which arise

at angles of 70° to 80° from the pedicels. The name arrectus

refers to this condition.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



~ 168 -

SUNTIIARY

l. Several incomplete Lepidostrobus cones have been

found aloug with other plant remains in the Lower Pottsville

sandstones of Orange County, Indiana.

2. Diagnostic characteristics of the cone material are
given and the two evident types which result are compared with

other known casts or petrifactions of Lepidostrobus.

P

3. Lepidostrobus imbricatus and L. arrectus are the

oroposed species names for the two types of cones discussed.

4, Summarized type descriptions are given for each

speciese
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