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ABSTRACT

In this article the establishment of a fourth
pteridophytic phylum the Psygmophyllopsida is
explained. The Devonian Barrandeina Pot. et
Bern., Duisbergia Kr. et W., [enisseiphyton Anan.,
Haspia Kr. et W. and similar types are attributed
hereto. The Devonian Cladoxylineae, the Carboni-
ferous Noeggerathiineae as well as the recent Psilo-
tineae are regarded as special pteridophytic evo-
lutionary trends, arisen directly out of this group.
The pteridophytic phylum Sphenopsida (Arti-
culatineae) as well as the gymnospermic phyla
Cordaitopsida, Ginkgopsida and Coniferopsida are
regarded as major evolutionary lines arisen too of

this phylum.
A the taxonomic significance of the
fundamental phylum Psilopsida (or
Psilophytineae) including the most primi-
tive vascular plants ever found is very
far from being clear enough. In the Devo-
nian and Upper Silurian floras we meet
many primitive types reminding some lyco-
podioid or equisetoid plants and there are
especially many primitive fern-like plants,
which according to many palacontologists
are often regarded as psilophytic or at least
of psilophytic nature. Indeed no sharp
boundary seems to have been yet established
in this respect between the Psilopsida and the
other more progressive pteridophytic phyla.
We meet the same taxonomic problem full of
uncertainties if we study the more primitive
or archaic types belonging already to the
single pteridophytic phyla; only the lycopo-
dioid type seems utterly isolated without any
relations either to the Psilopsida or to any of
the pteridophytic types (articulatinean or fili-
cinean). The relations to the group of the
Devonian asteroxyla seems to be only ficti-
tious. There are in the Palaeozoic flora, types
which remind the Sphenopsida but exhibiting
normal dichotomous kind of branching, un-
articulated stems and often even leaflets not
quite regularly whorld, as well as loose spike-
like fructifications recalling some equiseta-
lean spikes, e.g. in the genus Hyenia. Or,
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there are types with spirally disposed leaflets
like the leaves of some sphenophylla, spike-
like arranged sporophylls, unarticulated stems
and branches with plagiotropic orientation
and arrangement like some fern leaf fronds,
e.g. in the genus Cladoxylon. The types with
spirally arranged petiolate leaves with wedge-
like enlarged blade asin various sphenophylla,
and spike-like arranged sporophylls bearing
perhaps terminally at the tops of the laciniae
a larger number of sporangia, remind thus
partly the conditions in the Lycopsida and
partly those in the Sphenopsida, e.g. the
genus Barrandeina. Some types exhibit
fructifications of a shape very characteristic
in several typical ferns, but axis not yet differ-
entiated into normal stems and leaves or
fronds, having only the tops of their last rami-
fications enlarged into some deeply incised
wedge-shaped blades, e.g. the genus Swval-
bardia with fructifications like Archaeopteris.
Last but not the least, even the represen-
tatives of the recent order Psilotales (the
genera Psilotum and Tmesipleris) have also
to be mentioned here as a type in which
lycopodioid characters, such as unarticulated
stem and leaflets, are combined with some
articulatinean ones such as sporophylls,
sporangia and their position. It is indeed
very difficult to define exactly the true taxo-
nomical position of such strange plant types.
In my various studies of the Carboniferous
floras of Bohemia, I met this taxonomical
problem in the case of the genera Noegge-
rathia, Palaeopteridium, Saaropteris and Eu-
rhacopterts, as well as in that of the fructi-
fications called Discinites. At present I am
especially occupied with it being entrusted
with the compilation of a larger textbook
of systematic palaeobotany for our Czech
students or experts in geology or botany.

EXPERIENCE ACHIEVED BY THE STUDY
OF THE GENUS NOEGGERATHIA AND
SOME ALLIED UPPER CARBONI-
FEROUS PLANT TYPES

In my monograph on the Noeggerathiae
and Archaeopterides from the coal districts
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of Central Bohemia (NEMEjc, 1928), being
affected by the opinions of my precursors, I
tried to explain the morphology and taxo-
nomic position of the genus Noeggerathia from
the point of view of the morphological fea-
tures peculiar to the ferns or cycads. But
later (NEMEJC, 1931) comparing this curious
type with several other Carboniferous types
like Tingia, Palaeopteridium and its probable
cones called Discinites, Saaropteris as well as
Eurhacopteris, I recognized that such point of
view was not in accord with many peculiarities
possessed by these plants. It became ob-
vious that (1) the once pinnate “ fronds” of
Noeggerathiae are no real leaf fronds, but
leafy shoots with limited growth and plagio-
tropic orientation of their simple leaflets,
e.g. in the genus Tingia they are disposed in
four rows; (2) in the genus Noeggerathia,
similarly as in Tingia or in the fructification
called Discinites (which belongs most probab-
ly partly to Palaeopteridium, partly also to
Saaropteris and Euwurhacopteris) the sporo-
phylls are arranged in mighty cone-like or-
gans like those in various representatives of
the Lycopsida or Sphenopsida; (3) the axis
on which sterile as well as fertile leaflets are
joined, just as all other branches or stems
(recognized by me in several Discinites and
Palaeopteridium remains, newly by J. Setlik
also in Noeggerathia foliosa Stbg.), exhibits
absolutely no indication of any articulation;
(4) they are of pteridophytic nature, mostly
heterosporic, e.g. Noeggerathia, Discinites;
(5) The sporangia are situated in a large num-
ber on the adaxial side of the sporophylls; and
finally (6) the spores as far as known exhibit
great similarities with the spores of several
Sphenopsida, especially with those of the
Carboniferous Calamariales.

Conformably with all these data, in a short
study (NEME]C, 1931) I stated that the Noeg-
gerathiae cannot be regarded as fern-like
plants but that even within the pteridophy-
tic phyla of Lycopsida or Sphenopsida we
meet absolutely no perfectly comparable
plant type, though many characteristic fea-
tures such as cone-like fructifications, sporo-
phylls provided by a larger number of sporan-
gia, the type of leaflets, the shape and char-
acter of spores, are no doubt common with
the Sphenopsida and attest, at least some, for
mutual relations (see also BRow~E, 1933). 1
expressed, therefore, the opinion that we have
to do here with representatives of a further
pteridophytic phylum hitherto not yet well
known or even defined, besides the three

hitherto approved phyla, Lycopsida, Spheno-
psida and Pleropsida. As a special group (or
class) of this new phylum I designated this
assemblage of curious Carboniferous plants
by the name of Noeggerathiineae.

MORPHOLOGICAL RESEMBLANCES IN
SOME DEVONIAN PLANT TYPES

At first sight it is doubtless that all the
members of the Carboniferous Noeggerathii-
neae are considerably transformed by some
secondary adaptations for special life condi-
tions. Their twigs are in all these genera
very strongly altered by plagiotropic orienta-
tion, by which they attain a fern-like or cyca-
deoid appearance. Also the position of their
sporangia on the adaxial side of the sporo-
phylls must be regarded as of secondary char-
acter, derived from a terminal one. In an
unaltered type of that kind we have certainly
to expect radially symmetrical leafy twigs of
unlimited growth and sporangia terminal on
some telomoid sporophyll laciniae (e.g. like in
the Sphenophylla or some other articulati-
nean plants). For such plant types we have
no doubt to look for in the Siluro-Davonian or
Lower Carboniferous floras. One of the best
examples of plants of that kind is no doubt
the middle Devonian Barrandeina. Some
species of the Devonian genus Hyenta stand
also very near to such theoretical conception,
but here szveral morphogenetical tendencies,
e.g. the more or less pronounced shifting of
the leaflets into a whorled position show al-
ready incontestable relations to the most pri-
mitive Sphenopsida. Similar features are
exhibited also by the genus Duisbergia, which
by the presence of only one sporangium per
sporophyll reminds to some extent the lyco-
podiaceous type. Very near to such type
stands also the Upper Devonian genus Clado-
xylon with its small, nearly Sphenophyllum or
Hyenia-like leaflets, spirally arranged on bifid
and unarticulated branches, and wedge-like
deeply incised sporophylls, arranged into
loosespikes and bearing terminally at the tops
of their laciniate single sporangium. They
exhibit only by the plagiotropic arrange-
ment of whole branch systems, which is also
evident in the anatomical structure of their
vascular strands, a slight resemblance with
the ferns, like our Carboniferous Noeggera-
thiae or Palaeopteridia.

In all these very archaic plants, relations
as to fundamental morphological features to
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the Carboniferous Noeggerathiineae are well
manifested. But at the same time we also
see here rather clear relations with the Sphe-
nopsida. Several rare similarities with the
Lycopsida or Pleropsida, e.g. one-sporanglate
sporophylls in Duisbergia, plagiotropic ar-
rangement of the whole branch systems in
Cladoxyla, seem to be only mere morpho-
genetical convergences. Of utterly different
kinds are the morphogenetic relations of such
archaic Silurian-Devonian plants like the
genera Protopteridium, Barinophyton, Pectino-
phyton, Aneurophyton. These genera also
show unarticulated type of branches, the
plagiotropic orientation of rather large branch
systems is realized here equally well as in the
Cladoxyla, but small fertile synteloms are not
arranged here on special straight axes like
some special sporophylls in some cone or
spike-like fructifications, but are included
within the large plagiotropic branch systems
like some telomoid branchlets or pinnae
within large leaf fronds. Here the fern-like
features are evidently prevailing, wherefore
such archaic types must be, and indeed even
by most of the botanists are regarded as,
the most primitive representatives of the
ferns.

We see thus very clearly that between the
group of our Noeggerathitneae and the nor-
mal ferns there is a fundamental morpho-
genetic difference, but that on the other hand
the relations of this group to the phylum
of the Sphenopsida are of very important
nature.

ESTABLISHMENT OF THE NEW
PTERIDOPHYTIC PHYLUM
PSYGMOPHYLLOPSIDA AND ITS
TAXONOMIC RELATIONS

Just these and similar considerations led
me in 1950 to the creation of a new taxonomic
term, that of Psygmophyllineae, just for the
phylum including all plant types agreeing
in all fundamental morphological features
with the presumed ancestors of the Carboni-
ferous Noeggerathiineae as well as all of its
direct pteridophytic descendants, the Noeg-
gerathiineae including. According to our
present nomenclatorial rules we have now
to assign this phylum by the name of
Psygmophyllopsida.

From the geological point of view, this
pteridophytic phylum is no doubt a very old
one. We have to include herein several

Devonian types, the taxonomical position
of which were hitherto rather uncertain, like
the genera Barrandeina Pot. et Bern., Duis-
bergia Kr. et W., Jenisseiphyton Anan.,
Haspia Kr. et W. Accordingly, as plant
types only slightly altered by secondary
adaptations, i.e. as direct descendants, we
have to regard the groups of Cladoxilineae
and Noeggerathiineae which in many text-
books are regarded often as ferns.

As evident in the case of the Devonian
genus Hyenia Nath. we have to assume that
in this archaic phylum the Sphenopsida took
their origin, by shifting down of the leaflets
into definite whorls and by a simultaneous
articulation of the stems. Whether the
Lycopsida are to be regarded as reduced
descendants (with special type of leaflets,
number of sporangia reduced up to one,
special position of the sporangia) of this
phylum too, is not at present clear; there
1s at present no certainty as to the morpho-
genetical nature of the lycopodiaceous leaves
and sporangia. Several new discoveries in
the Siberian Cambrian, e.g. Aldanophyton
Kryst., seem to attest an enormously high
age of this phylum and consequently the
possibility of a special independent origin.

Among living plants all the fundamental
features characterizing the phylum Psyg-
mophyllopsida are to be found in the small
pteridophytic family of the Psilotaceae, the
taxonomical position of which always caused
considerable difficulties to the botanists. On
account of their small uninerved leaflets and
unarticulated twigs they have been mostly
regarded as a curious evolutionary side line
of the Lycopsida. Recently on account of
several very primitive features such as rather
primitive vascular strands, no roots, etc., they
are also often regarded as more or less direct
descendants of the Silurian-Devonian Psilo-
psida. I regard them too as direct descen-
dants of our phylum Psygmophyllopsida, and
that as a special reduced type on account of
its saprophytic or epiphytic kind of life, which
at the same time kept several original very
primitive features, e.g. primordial rhizomes
instead of roots. This small plant group
agrees with the other Psygmophyllopsida in
having the same morphogenetic type of leaves
(even dichotomously divided sporophylls),
spirally arranged on unarticulated stems and
plurisporangiate sporophylls, bearing the
sporangia on their adaxial side. Their short
linear and incompletely uninerved small leaf-
lets must be regarded as some very reduced
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organs. Finally, in the genus Twmesipteris
Bernh., we may see even a tendency to a
spemal plagzotrop:c orientation of the whole
shoots, not unlike in Cladoxylineae or Noeg-
gerathitneae. The family of the Psilotaceae
represents in this light the last, of course
rather reduced, remnant of this once very
large pteridophytic phylum; it stands in the
present flora quite isolated. This isolated
position was recently expressed especially
by A. L. Tachtadzjan by the creation of
the phylum Twmesopsida specially for this
family.

As to the relations of this new phylum to
some more progressive, that is, gymnosper-
mous plants, I pointed out already in a
paper (NEMEJc, 1950) that many common
fundamental morphological features are to
be ascertained in the gymnospermous phyla
Cordiatopsida, Ginkgopsida as well as Coni-
feropsida (incl. the genera Trichopitys and
Dicranophyllum). Inthemostancienttypeswe
find a similar, wedge-like and dichotomous-
ly divided type of leaves, arranged spirally
on non-articulated twigs (Buriadia, Lebachia,
Carpentiera, Dicranophyllum, Trichopitys) as
well as nearly all Ginkgopsida as well as
syntelomoid, often even fork-like divided
sporophylls bearing terminal sporangia (pol-
len sacs or ovules; Cordaites, Walchia) and
arranged in some miniature strobili. The
group of Pitiae, the pteridophytic character
of which is very probable, is perhaps to be
regarded as an intermediary type between our
ancient Psygmophyllopsida and the three men-
tioned gymnospermous phyla. The group of
Pitiae, which from the point of view of the
stem anatomy stands very near to some more
primitive genera of the Cordaitopsida, repre-
sents thus also a direct descendant, a special
evolutionary trend of the Psygmophyllop-
sida, like the Cladoxylineae, Noeggerathii-
neae or the recent Psilotineae (Psilofaceae).

With regard to the very early occurrence
(Carboniferous and Permian) of the Cordai-
topsida, Ginkgopsida and Coniferopsida as
well as to the enormous quantity and variety
of the plant types included within these
gymnospermous phyla, we have to suppose
that a considerably large part of our phylum
of the Psygmophyllopsida very soon started
on an evolution leading rather quickly to the
gymnospermy. Another also very large part,
as evident from the foregoing, was no doubt
absorbed at the rise of the pteridophytic
phylum Sphenopsida (Articulatineae). Per-
haps it is just because of these two mighty

evolutionary events, that indeed unaltered
types of the Psygmophyllopsida phylum are
rather rare already at the end of the older
Palaeozoic (Silurian and Devonian), as com-
pared with the considerably large quantity
of types of the other pteridophytic phyla
(Lycopsida, Sphenopsida and Pteropsida).
I believe that even at future researches we
cannot expect that such plant types should
ever be discovered in a considerably larger
quantity.

CONCLUSION

Summarizing the chief opinions expressed
in the foregoing lines we have to state :

1. Besides the three commonly approved
pteridophytic phyla (Lycopsida, Sphenopsida
and Pteropsida), one more phylum, to which
the name of Psygmophyllopsida was given,
has been established.

2. The new phylum includes pteridophy-
tic types with spirally arranged microphyllous
(of the type of thearticulatinean plants) leaves
on non-articulated stems, with sporophylls
arranged in some spike or cone-like “ inflores-
cences "’ and with sporangia situated termi-
nally, marginally or on the adaxial side of
the sporophylls.

3. Various Silurian-Devonian plants, the
taxonomical position of which cause various
difficulties like Barrandeina Pot. et Bern,
Jenisseiphyton Anan., Haspia Kr. et W,
Duisbergia Kr. et W. are to be included
here in.

4, The fossil plant groups (classes) of
Cladoxylineae and Noeggerathiineae, the
group of the Pityae as well as the recent
family of the Psilotaceae (Tachtadzjan’s
Tmesopsida ) represent slightly specialized
evolutionary trends arisen directly of that
new phylum by means of only less important
alterations.

5. The pteridophytic phylum of the Sphe-
nopsida must be regarded as a large evolu-
tionary line related rather nearly with our
new phylum (as indicated also by Is. BRownE,
1933, in the case of Tingia Halle ).

6. The gymnospermous phyla Cordaitop-
sida, Ginkgopsida and Coniferopsida (incl.
Trichopitys and Dicranophyllum) are also to
be regarded as some major evolutionary
trends related with this phylum by media-
tion of the curious pteridophytic group
Pityae (and allied types), which itself, as
mentioned, must be regarded as a derived
psygmophyllopsid type.
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