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INTRODUCTION 

The old-fashioned taxonomists 'liJere interested to a limited degree in 
the morphology, anatomy, distribution and economic uses of their Plants. 
Nowadays, however, it is impossible to carry out successful taxonomic 
research without a thorough knowledge and real understanding of the ex
perimental morphology, cytology, ecology and general biology of the group 
with which one is working. This book is primarily, but by no means exclusively, 
designed for the taxonomist who is anxious to improve his methods and broaden 
his outlook. At the same time it offers to the general botanist working on the 
Pteridophytes the necessary fundamental facts about the group and a survey 
of the chief results of lines of investigation related to his own. 

Besides this, certain branches of the subject are dealt with more fully, 
because no good surveys of them have been published. Though the existing 
literature has always been considered, no attempt has been made to review 
the whole of it. This manual is not, and never could be, an exhaustive mo
nograph, it is rather a collection of essays. The editor has always urged his 
contributors to give more space to new ideas than to an academic summary 
of established knowledge. Comparatively little space has been allowed to 
subjects which have been treated at length in recent books, e.g. ontogeny, or the 
classification of the fossil pteridophytes. In this way more room has been 
found for topics in greater need of treatment, and duplication has been avoided. 

In aims as well as in method of treatment it follows closely the same editor's 
"Manual of Bryology" (The Hague, 1932). 

It is hoped that these two Manuals will provide those working on the A rche
goniatae with a new breadth of view and help them to put their problems and 
results in a truer perspective. 



FOREWORD 

by 

F. O. BOWER, F.R.S. 

An opportunity has been offered me, and gladly accepted, to write a 
brief Foreword on the Archegoniatae. It may serve as a bridge between 
the Manual of Bryology already produced by Dr. VERDOORN, and the 
Manual of Pteridology now presented by him. Collectively these volumes 
give a general conspectus of those primitive plants of the land which take 
a pivot-place in morphological comparison, and present in its most 
pronounced form the alternating life-cycle first fully disclosed by HOF
MEISTER. A special feature of these volumes is that they bring together 
studies of Mosses and Ferns, not only from the laboratory and experimental 
garden, but also from the herbarium and the field, while Palaeobotany 
takes an important place in them. Too often these branches of botanical 
science have been cultivated apart, and so are liable to be estranged: 
though all sources of the knowledge of Plants should be coordinated in 
leading to a general understanding of them, and to their natural seriation. 

A scientific Morphology of Plants may be said to have dated from 1851, 
when HOFMEISTER'S Comparative Studies were published. The reasoning 
of the earlier morphologists had been for the most part of the nature of 
deductive ideology, based primarily on study of the Higher Plants. Their 
method was corrected in 1841 by SCHLEIDEN who, together with NAEGELI, 
strove to convert Botany into an inductive science, on the same footing as 
Physics or Chemistry. This aspiration was realised in the brilliant research
es of HOFMEISTER on the Archegoniatae and Gymnosperms. His synthesis 
from below marked the birth of a Morphology founded on a comparative 
study of relatively primitive types. There followed a period of search into 
life-histories, not only in the Archegoniatae but also in the Thallophytes. 
Meanwhile cytological analysis having advanced, the quest was extended 
from somatic form to nuclear detail. In 1894 came STRASBURGER'S 
announcement of Periodic Reduction as a constant feature in the normal 
nuclear cycle for organisms possessed of sex. But for Plants at large the 
somatic phases, or "generations", proved inconstant in their relation to it. 
There are in fact three forms which that relation may take. Examples of 
them are known respectively as I. Haplobionts, such as the Algae Scinaia, 
Oedogonium, or Chara, where there is no diploid soma: II. Haplo-diplo-
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bionts, as in many Thallophytes, though variable in them: but typical of 
the normal Archegoniatae and of primitive Seed-Plants, where both 
gametophyte and sporophyte are present: and III. Diplobionts, where the 
soma is diploid, a state characteristic of Animals. In the Highest Plants 
practically a like condition has been attained by progressive reduction of 
the haploid phase. Thus for organisms possessing sex somatic development 
varies in relation to a more stable cytological cycle. It is an old principle 
in Morphology to accord weight to characters according to their stability. 
Hence the normal nuclear cycle will take precedence over such somatic 
developments as have been imposed upon it. 

The development of a soma, or "generation", whether haploid or diploid, 
punctuating the nuclear cycle, is in fact an optional not an obligatory 
event in the life-history of sexual organisms at large, however constant 
such phases may be within limited circles of plant-affinity. OLTMANNS has 
concluded from wide comparison of the Algae that just as sexuality may 
have arisen repeatedly and independently in various groups of the lower 
organisms, so may the various higher families have carried out independ
ently the establishment of two generations. In fact that homoplastic post
sexual phases have been developed in widely different plants, such as 
Dictyota and Polysiphonia among the Algae. But this does not imply 
their homogeny one with another, nor with that of anyone of the Arche
goniatae. This leads on to the statement of GOEBEL, that the doctrine of 
alternation as founded originally for the higher plants, from the Bryophyta 
upwards, cannot be extended to all plants. Further we may conclude that, 
since it is not possible to bring anyone family of living Thallophytes into 
genetic relation with the Archegoniatae, the alternation of generations 
seen normally in them should be discussed on its own merits. 

Many years earlier than 1894 irregularities had been recorded in the 
normal Hofmeisterian cycle. They are known as Apogamy and Apospory. 
At first sight such happenings seemed to be wholly subversive of regularised 
alternation, and a period of confused thought followed. But so long as the 
eye rests upon the normal cycle, with its constantly recurring features of 
syngamy and reduction, the Scylla of apogamy and the Charybdis of 
apospory may safely be passed, as relatively recent irregularities in the 
developmental history of a Land Flora. For we are not entitled to assume 
that the normal cytological cycle was arbitrarily regularised for all time, 
nor that the irregularities seen today took any part in the development 
of the remote past. For us they demonstrate present potentialities rather 
than past history. 

Thus far this discussion has been purely morphological. But it may well 
be assumed that events, relatively so constant as those of the normal 
archegoniate cycle, have had some steady biological foundation to stabilise 
them. As early as 1890 I had suggested that amphibiallife presents con
ditions that would favour the development of a diploid sporophyte. It 
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would thu~ appear as a natural outcome of migration from water to land, 
though no consecutive series of living amphibians now exists illustrating 
that transition. It has always been held that the Archegoniatae probably 
sprang from some green algal source. Such types as Ulothrix, Oedogonium, 
Coleochaete, and Chara have commonly been quoted. All of these stand 
cytologically on the haplo-biontic plane, reduction being involved in the 
first division of the zygote. Not one of them seems to have hit off the in
novation of postponing reduction, and interpolating a stable diploid phase. 
Their stolid conservatism has resulted in evolutionary inertia. Here lies 
the biological gap between green aquatic and green amphibiallife. But if 
any race of littoral plants were to have initiated such a diploid phase as 
the more primitive sub-aerial plants possess, the capture of the land 
would have lain open before it, provided the diploid phase were fitted to 
endure sub-aerial life. It would have secured at one stroke three biological 
ends of supreme importance to any land-living plant: (1.) a multiplication 
of possible combinations of hereditary characters, as SVEDELIUS has shown, 
(II.) an opportunity for a wide spread on land by dissemination of spores; 
and (III.) relief from dependence on repeated syngamy for numerical in
crease. Probably this last may have been the most important. The superior
ity thus gained would favour a rapid advance of the sporophyte. The 
haploid ancestors would be left hopelessly behind, and a gap would widen 
between these and their successful rivals. The result of this is actually 
what is seen today. 

A precis, biological rather than phylogenetic, may be given of the 
general course which appears to have been taken in the establishment of a 
Land Flora, with the sporophyte as its dominant factor. The normal 
Hofmeisterian cycle underlies the whole progression. There is no clear 
evidence how the protective archegonium originated, but its constancy 
shows its importance for nascent life on land. The zygote, as we see it in 
the Bryophytes, first assumes polarity, apex and base being defined in 
relation to the basal cleavage. Here, as comparison shows it to be in the 
archegoniate embryo at large, the apex lies centrally in the epibasal 
hemisphere, and the base in a corresponding position in the hypobasal. 
A primitive spindle is thus defined, having an oval or cylindrical form in 
the simplest types. In the Bryophytes this is elaborated structurally along 
well-known lines of specialisation, but without branching. It remains 
dependent on the gametophyte. An important step in its elaboration, 
following NAEGELI'S fundamental law of organic development (Abstam
mungslehre, p. 352), has been the distinction of a sterile base from a distal 
fertile capsule. In this it prefigures the structural unit of vascular plants 
designated by ZIMMERMANN as the Telome. 

Notwithstanding that the gametophyte reaches its highest state of 
organisation on land in the Bryophytes, these plants present a dwarfed 
habit. There was something wanting in their make-up. It appears to have 
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been a lack of coordination of the factors of advance. The Moss-plant, on 
which the sporogonium depends, bears leaves and is usually profusely 
branched: but it is without internal ventilation. On the other hand, the 
sporogonium of a Moss possesses internal ventilation through stomata, 
but lacks appendages or branching. Thus neither phase of the cycle has 
been developed structurally to a full photosynthetic equipment, by com
bining elaboration of form with internal ventilation, as the Higher Plants 
have done. Moreover the sporogonium cannot draw its supplies directly from 
the soil. What is required for the advance of such a diploid phase as this on 
land is physiological independence, together with elaboration of form. 
Without the latter no great size can be reached. The simple sporogonium 
may be contrasted with the diffuse form of ordinary land-vegetation. The 
difference shows the importance of maintaining a due surface-volume
ratio as the size increases. Notwithstanding these disabilities the Bryophy
tes have achieved a limited success, and have made the best of the simple 
Spindle, - or Telome-unit. 

Up to the turn of the Century the widest gap in the sequence of plants 
was held to lie between the Mosses and Vascular Plants. But its opening 
years were marked by the establishment of the ancient Class of the Psilo
phytales. In them we see fossil plants of very primitive type and early 
horizon, which have solved for themselves the biological problems that 
held back the Bryophyta. They present an independent and branched 
sporophyte. Probably these innovations were closely related in origin. 
The Psilophytales possessed cylindrical, photosynthetic, and forked shoots, 
with more or less marked tendency to dichopodial or even monopodial 
branching. Their distal and often large sporangia were solitary or grouped, 
while the whole plant was fixed in the soil by tuberous or elongated 
rhizomes. These plants suggest types of branched sporogonia, fixed in
dependently in the soil. Of living plants the nearest related to them are the 
Psilotales. In the various known types of ancient fossils we may find 
suggestions of further lines of advance towards types still living, such as 
the Lycopods and Equiseta; or to others known only as fossils, such as the 
Sphenophylls. But above all, comparisons with the Ferns are the most 
interesting. Such comparisons raise questions of foliar origin and of the 
grouping of sporangia, on which considerable diversity of opinion has 
developed, especially in relation to microphyllous types. These problems 
may be resolved later by help of new discoveries among the fossils. Certainly 
the last word, whether on the origin of leaves or of their relation to 
sporangia, has not yet been spoken. 

The Ferns present the best object-lesson in continuous evolution of 
any Class of Land Plants. From the earliest Coenopterids to the present 
day Ferns have been distinctively Ferns. We may trace many of those types 
now living in continuous sequence from pre-existent Ferns. They now 
appear not as vestigial relics, but as vital factors in vegetation: being 
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represented by many thousands of species. Up to 1890 it had been assumed 
that the simplest Leptosporangiates were the most primitive of them all. 
But in that year, on comparative grounds, CAMPBELL claimed priority in 
evolution for the Eusporangiates. This claim is now amply supported by 
fossil evidence. The Coenopterids, with their massive sporangia, sometimes 
solitary and distal, sometimes grouped in simple sori resembling telome
trusses, are essentially palaeozoic types. The Ophioglossaceae and Marat
tiaceae represent them today. Their cladode sporophylls give evidence by 
venation of a dichopodial origin, to which even the axis has been ascribed. 
It is still an open question whether or not there was in the ancient fossil 
Stauropteris any axis at all; it is significant that its frond resembles 
anatomically the stalk of Asteroxylon. Collectively the Coenopterids suggest 
the origin of early Filicales in relation to a source such as the Psilophytales 
might supply. From those Palaeozoic types to the modern Leptosporangia
te Ferns the sequence is one of steadily advancing accommodation to 
shaded sub-aerial life. Even at the critical period of transition at the end of 
the Palaeozoic Age there was continuity of type. It is witnessed by the 
Osmundaceae, Schizaeaceae, and Gleicheniaceae, types that still survive. 
The story of the evolution of the modern Leptosporangiate Ferns has been 
followed in detail in "The Ferns", Vols: I-III, 1923-1928, and stated in 
brief in "Primitive Land Plants", 1935. 

The data therein contained show how greatly the organisation of an 
ancient phylum, such as that of the Ferns, may be transformed from that 
of its original source. How much greater may we expect the transformation 
to have been in the evolution of modern Seed-Plants. If this argument be 
given its due weight, the attitude in further enquiry upwards will be, to 
use the experience gained from simpler types, as suggesting valid methods 
of analysis and comparison, in leading towards those plants that take the 
highest place. In either case we may expect to find the traces of early 
evolutionary steps disguised and overgrown by secondary adaptive 
change. This appears to affect the vegetative more than the propagative 
system. Spore-production is a constant feature in each normally completed 
cycle, and the spore-producing parts retain their character. In particular, 
the micro-sporangia of Flowering Plants show a degree of conservatism 
that links the organisation of the whole series of Vascular Plants historical
ly together, more effectively than any other feature of land-vegetation. 
Such sporangia may be held as the correlatives of those of the homosporous 
Pteridophytes, and of the distal capsules of the Psilophytales: or even of 
some type resembling those of the living Bryophytes. The normal scheme 
of life which we see in the amphibial Archegoniatae, though variously 
balanced, is essentially the same for the whole series. It consists of an 
underlying cytological cycle with somatic growth, developed or vestigial, 
threaded between its alternating events. 



CHAPTER I 

MORPHOLOGY 

by 

J. C. SCHOUTE (Groningen) 

§ 1. Historical introduction. - Since the task of any morphology is 
the study of forms, it should always be based on an inventory of the oc
curring forms and a description of them by means of a suitable terminology. 

The terminology for the Vascular Plant sporophyte, being recast and 
improved by LINNE, in that shape offered a satisfactory basis for the 
taxonomical description of the Pteridophyte species. 

A judgment on the mutual relations of the different Pteridophyte orders 
and on their relation to Bryophytes and Spermophytes, was still much 
impeded by lack of knowledge about the gametophyte and the alternation 
of generations; so LINNE himself still included Lycopodium in the M usci 
and the Cycads in the Filicinae (Genera Plantarum). 

In the first half of the nineteenth century botanists, stimulated by 
HEDWIG'S success in discovering the sexual reproduction of Bryophytes 
(1782), diligently searched for sexual reproduction in Pteridophytes. 
However as they were convinced that Pteridophytes were only imperfect 
Spermophytes, their line of enquiry followed curious paths. The sporangia 
usually being looked upon as fruits, fertilization was imagined to be 
brought about in the most different ways, by the involucre, by the annulus, 
or by certain hairs; the spores of Equisetum on the other hand were mostly 
considered to be flowers, consisting of an ovary with four surrounding 
stamens. 

A. P. DE CAN DOLLE gave an interesting survey of these opinions in 
1827 1). The name of "spore or gongyle" is considered by him as a very 
appropriate non-committal name for those organs of which it is still 
unknown whether they are fecundated or not; if they are, of course they 
really are seeds, if not, they are bulbils. The only Pteridophytes offering 
less difficulty according to the opinion of these days were the heterospores, 

1) A. P. DE CANDOLLE, Organographie vegetale, Paris 1827, II, p. 119. 

Manual of pteridology 
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the megasporangia for instance of Pilularia and of M arsilia obviously 
being monospermous pistils and the microsporangia being sessile anthers 
containing a yellowish globular pollen. It was, however, inexplica:ble why 
Selaginella had male and female organs while Lycopodium and Psilotum 
only had one, presumable male, kind. 

The elucidation of the real state of things only came gradually. The 
first observations were those on germinating spores, revealing the exist
ence of a prothallus. This prothallus was generally taken to be a cotyledon, 
or in the case of a cordate prothallus, to represent two cotyledons. 

BISCHOFF rightly saw a difference between spores and seeds in 1828 1), 

in the fact that spores did not contain any part of the future plant. 
Shortly afterwards von MOHL in an excellent paper 2), by comparison 

came to the conviction that the spores in no respect resembled seeds or 
ovules, but that morphologically they were related in a striking way to 
pollen grains. As however their life cycle was wholly different he was 
obliged to admit that they yet were different from pollen grains. 

Real progress could only become possible after the discovery of the 
antheridia and at the same time of the spermatozoids by NXGELIin 18443); 

the author however did not conceal his doubt as to the importance of his 
discovery, the position ofthe antheridia on the cotyledon being so 'strange 
that it "fast nicht denkbar ist welche Beziehung sie hier zur Befruchtung 
der Sporenzellen haben konnten" 4). 

Four years afterwards Count LESZCZYC-SUMINSKI discovered the arche
gonia 5); though his observations in many respects were still defective, he 
even saw the entrance of spermatozoids into the neck canal. His conclusion 
was that the Ferns no longer could be included in the Cryptogams, and 
that it would be better to transfer them to the Monocotyledons (on account 
of their single cotyledon, the prothallus). 

When after the study of these papers we consult the famous paper by 
HOFMEISTER 6) of 1851, we are struck with admiration for HOFMEISTER'S 
genius. Indeed this modest volume of 142 pages text has been something 
like a flash of lightning. Without a single word of introduction it treats a 

') G. W. BISCHOFF, Uber die Entwicklung der Equiseten, insbesondere des 
Equisetum palustre, aus den Sporen, Nova Acta 14, 1828, p. 779 . 

• ) H. VON MORL, Einige Bemerkungen uber die Entwicklung und den Bau der 
Sporen der cryptogamischen Gewachse, Flora 16, 1833, p. 33. 

3) C. NAGELI, Bewegliche Spiral£aden (Saamenfaden?) an Farren. Zeitschr. f. 
wiss. Bot. 1. Heft 1844, p. 168 . 

• ) l.c. p. 184. 
5) J. LESZCZYC-SUMINSKI, Zur Entwickelungsgeschichte der Farnkrauter, Ber

lin 1848. 
0) W. HOFMEISTER, Vergleichende Untersuchungen der Keimung, Entfaltung 

una Fruchtbildung haherer Kryptogamen und der Samenbildung der Coniferen, 
Leipzig 1851. 
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number of Mosses, Pteridophytes and Conifers from several aspects, 
especially dealing with the cell divisions giving rise to stem and leaves, and 
also with their reproduction. At the end a three page "Ruckblick" follows, 
giving the full theory of alternation of generations in two pages, the third 
being reserved for the resignation of all hope of discovering differences be
tween stem and leaf in the cell division order. 

Not only by this work was the life history of Pteridophytes established, 
not only was their full cycle of morphological features made known, but 
moreover a high-light was thrown on their affinities to both Bryophytes 
and Spermophytes, clearing the way for a natural system of the great 
plant groups. 

Theoretically the way was cleared too for the idea that Pteridophytes 
are not to be understood from the knowledge of flowering plants, but that 
on the contrary the flowering plants up to then had been wrongly supposed 
to be understood, and that they had to be taken as a highly specialized 
and hardly recognizable branch of the Pteridophytes. In practice it took 
more than half a century before this view became commonly held, as the 
flowering plants being dominant, were much more studied, and the feeble 
modern remnants of Pteridophytes were less accessible. 

A great improvement in this respect was reached by the discovery of 
numerous new fossil types, especially of the Psilophytinae. By these 
discoveries the range of the Pteridophyte canon of morphology was much 
enlarged and a much better survey of the underlying principles became 
available. As we shall see in the following pages this survey shows a plant 
group in which a number of different solutions for one and the same 
problem have been elaborated, a single one of which has been preserved in 
the Spermophytes. 

Some general references to literature: the only special Pteridophyte 
morphology as far as I know up to the present, has been written by VE
LENOVSKY 1). For further literature we may refer to ENGLER & PRANTL 2), 
GOEBEL 3), HIRMER 4) and specially to BOWER 5), where the most recent 
papers may be found. 

§ 2. The common principles of Pteridophyte morphology. - Be
cause of the great range of variation in the Pteridophyte morphology the 
principles common to all members of the class are relatively few. They are: 

') J. VELENOVSKy, Vergl. Morph. d. Pflanzen, I, Prag 1905, p. 152-277. 
') ENGLER & PRANTL, Die natiirlichen Pflanzenfamilien, I, 4, Leipzig 1902. 
3) K. VON GOEBEL, Organographie der Pflanzen, 3rd ed. II, J ena 1930, p. 1039-

1362. 
4) M. HIRMER, Handbuch der Palaobotanik I, Miinchen und Berlin 1927, p. 147-

692. 
5) F. O. BOWER, Primitive land plants also known as the Archegoniatae, London 

1935, see p. 111-646. 
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1. the occurrence of an antithetic alternation of generations, the two 
generations being a small and lowly organized haploid gametophyte, 
usually called the prothallus, still more or less adapted to aquatic life or to 
life in a moist medium, and a large and highly organized diploid sporophyte, 
adapted to terrestrial life and provided as such with vascular tissue, with a 
cuticle and with stomata; 

2. the occurrence in the gametophyte of antheridia and archegonia of a 
special type of organization; 

3. the occurrence in the sporophyte of a stem with apical growth; 
4. the occurrence in the sporophyte of sporangia of a special type of 

organization. 
Moreover a number of organs may be present in a larger or smaller 

proportion of the Pteridophytes, which by adding essential parts to the 
morphology of these groups deserve special treatment here. Firstly the 
embryo may be provided with special organs which evidently are adap
tations to the conditions of embryonic life, the suspensor and the foot. In the 
second place the adult sporophyte in the large majority of cases produces 
roots, leaves and sporophylls, and often strobili. 

Further a number of Pteridophytes bear organs about which the 
opinions of botanists are widely divergent: the Psilotum sporophyll, the 
Selaginella rhizophore, the stigmarian axis, the stigmarian rootlet, the 
I soetes stock base, the Pleuromeia stem base, and the N athorstiana stem 
base. 

The following paragraphs of this chapter will accordingly be devoted 
successively to the prothallus (§ 3), the gametangia (§ 4), the stem (§ 5), 
the sporangium (§ 6), the root (§ 7), the leaf (sterile leaf and sporophyll) 
(§ 8), the strobilus (§ 9), special parts of the embryo (§ 10), organs which 
have given rise to controversies about their morphological nature (§ 11) 
and appendages of the surface, hairiness (§ 12). 

§ 3. The prothallus. - Unless reduced the prothallus is a green auto
trophic pluricellular body, of comparatively low organization. 

Its shape varies to such a degree that no general rules can be given: it 
may be like a moss protonema, consisting of a branched system of filiform 
cell-rows (Schizaea); it may be like a foliaceous liverwort, flat, dorsiventral 
and prostrate (Aspidium), it may be cone-shaped or cylindrical (Lycopo
dium spp). 

When it is attached to the substratum, this is brought about by means 
of rhizoids. 

In some cases the prothallus shows a certain differentiation of its parts; 
in the different orders this differentiation does not follow the same lines 
and evidently it is of polyphyletic origin 1). Thus there may be lobes 

1) R. ORTH criticizes (Morphologische und physiologische Untersuchungen an 

_Farnprothallien, Planta 25, 1936, p. 104) the" artificial" taxonomical systems of 
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showing a certain resemblance to leaves (Equisetum, Lycopodium cernuum) , 
or there may be separate parts with a peculiar shape in which the game
tangia are formed (Lycopodium clavatum, apical part of top-shaped prothal
Ius, Trichomanes, archegoniophores). In many cases brood-tubers may be 
formed, enabling the gametophyte to resist injurious conditions. 

MallY prothalli undergo a certain amount of reduction. A not uncommon 
feature'is the loss of chlorophyll, in which case free-living prothalli get 
their organic matter by symbiosis (Psilotum, many Lycopodium spp.). 

Another kind of reduction, often combined with loss of chlorophyll, 
is the reduction in size and in number of cells in the prothalli of hetero
spores. The megagametophytes as well as the microgametophytes mostly 
remain inside the spore wall or slightly protrude from it; the number of 
cells may become so small that a microgametophyte only consists of one 
antheridium and a few, or even only one, prothallus cell. 

In all these cases the development of the prothallus as well as that of the 
gametes is executed mainly or wholly by means of the nutritive substances 
deposited in the spore, from the sporophyte. In the megagametophyte even 
the development of the embryo and the young sporophyte to a certain 
extent is provided for from the same source. 

§ 4. The gametangia. - The Pteridophyte gametangia on the whole 
are of a rather uniform construction, following mainly the same lines as in 
the Bryophyta; they always consist of a sterile cellular wall covering the 
gametes. 

The antheridia, usually being more or less globular, may be more or 
less embedded in the prothallus tissue. At maturity they either open by 
sejunction of the wall cells at the apex or by disintegration of one large 
apical cell. They always produce two or more usually numerous sper
matozoids, which are more or less spirally coiled cells with two (Lycopodi
um, Selaginella) or numerous cilia (Equisetum, Psilotum, Isoetes, Filicinae). 

The archegonia, being always embedded with their basal part in the 
prothallus tissue and only the neck protruding more or less, do not quite 
show the typical flask shape of the Bryophyte archegonia. Every arche
gonium contains one large basal egg cell and a row of a varying number 
of canal cells. At maturity the neck opens at the top by sejunction of the 
apical cells while by the disorganization of the canal cells the way to the 
egg cell is made free for the spermatozoids. In some cases (Psilotum) the 
opening of the neck ensues by the throwing off of its upper part. 

Ferns, based exclusively on the differences in the annuli, the construction of the 

sporangia and the indusia and on sorus distribution; he wants these systems to be 
replaced by a "natural" system, based on the developmental history and the 

morphology of the gametophyte (see especially p. 149). 
Probably most taxonomists will not yet be inclined to go that length. 
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§ 5. The stem. - A. General Properties. In our § 2 the stem has 
already been characterized by its apical growth. Indeed the universal 
possession of a vegetative cone, adding again and again new young parts to 
the mature ones, is as essential for the stem morphologically as it is from 
a physiological point of view. 

We cannot reverse the thesis and say that every part of the plant with an 
apical cone is a stem, as the root always and the leaf in many cases, at 
least temporarily, are formed in the same way. No more can we say that 
the apical cone in the Pteridophytes is a peculiar feature, a new acquisition, 
as the stems of many Algae like Fucus already have it in the same way. 

The striking properties of vegetative cones of course have often captivat
ed the attention of botanists; what we find in literature on the topic is 
however practically limited to observations on the presence or absence of 
an apical cell, on the order of cell division, the direction of partition walls, 
and further, on the earliest differentiations of new organs in the cones. 

Yet it is not the cell network which gives the peculiar power to the cone, 
nor is the production of new organs its chief property. In the unicellular 
apex of Caulerpa or of the Sphacelanales the same forces are present 
without any cell network; cones with and without apical cells are alike 
in their achievements, and many cones, for instance most root cones, never 
produce new organs. 

The vegetative cone is to be taken as another consequence of the general 
faculty of living beings to form their different parts according to different 
laws, by means of the activation of different morphogenetic forces. This 
faculty applies equally well to the different parts of a cell as to the parts 
of a tissue. It is the cause of the different plastics of different parts; it may 
also give rise to different physiological properties. 

In the case of the vegetative cone its chief property, the power of adding 
new parts to the mature ones, is restricted to a very limited area. As in 
most similar cases, that of the cambium for instance, it is accompanied by a 
marked difference in plastics between the active cells and other cells of the 
plant, the former being meristematic. The apical meristem is further 
characterized by a most remarkable but quite unexplained regeneration 
and concentration power; the parts adjoining the mature tissues differ
entiating in their turn, the special forces in the centre of the meristem are 
always concentrating and never disappear. 

It is exactly the mode of concentration which furnishes the great differ
ence from intercalary meristems, cambia and marginal meristems: in the 
intercalary meristems and in the cambia the concentration is directed 
towards a plane, in the marginal meristems it is directed towards a line and 
in the apical meristems towards a point, the so-called vegetative point. 
As a consequence of this mode of growth we may take the paraboloid shape 
of the vegetative cone. 

The backward concentration in a vegetative cone usually works with 
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an astonishing perfection. Yet it seems to be a general property of all 
vegetative cones that in some abnormal specimens, more or less subject to 
exceptionally vigorous growth, the mode of concentration changes. The 
central area in such cases loses its circular outline, it becomes elliptical or 
even almost ribbon-shaped, the concentration now being obviously direct
ed towards a line. In such a way the stem apex becomes cuneiform, and a 
fasciation of the stem is the result. 

Continued growth of a fasciated stem usually tends to exaggeratation of 
the fasciated condition, the "vegetative line" growing longer and longer, 
and the stem becoming broader and broader. Probably this is due to the 
fact that the surrounding meristematic tissues which in the normal cone 
increase in all three dimensions, continue to grow in about the same way, 
but that their tangential growth for which in the normal paraboloid cone 
room is provided, here has the effect of stretching out the thin apical line. 

Usually after some time the vegetative line is broken up and consequent
ly the apex itself, instead of remaining cuneiform, is divided into two or 
more pieces which may themselves be elliptical or circular: in such a way 
the fasciation is accompanied by a dichotomous ramification 1). 

Fasciation has been observed in Pteridophytes as well as in Gymnosperms 
.and Angiosperms, in stems as well as in roots. Though the real nature of 
fasciation may be quite unexplained as yet, we may be sure that its causes 
must be connected with the essential properties of the vegetative cone it
self, and perhaps the study of fasciation may incidentally afford the means 
of getting some insight into the mysteries of the vegetative cone. 

n need hardly be mentioned that the growth by an apical meristem 
confers a polar character on the stem, to be exact, a unipolar or heteropo
lar one. 

B. Form of stem. The paraboloid shape of the vegetative cone usually 
entails a cylindrical form for adult stems; only in dorsiventral stems may 
the transverse section get an elliptical or other form owing to the different 
morphogenetic forces acting at opposed sides of the vegetative cone. 

It is only in very rare cases that the stem form may become more com
plex; such a case is found in the stem of M atteuccia Struthiopteris and 
some other ferns, where "epidermal pockets" are developed 2) over the 
leaf insertions. These cavities may extend even into the pith. 

They have a superficial likeness to leaf-gaps, but as MEKEL has shown 
convincingly they are due only to growth differences, not to any intrusion. 
GWYNNE-VAUGHAN once speculated about the possibility of a fusion of 

') This paper being already in type, the point of view taken by the present 
author has been worked out in: Fasciation and dichotomy, Rec. trav. bot. 
neerl. 33, 1936, p. 649, where instances are given and the literature IS 

reviewed. 
0) J. C. MEKEL, Die Entwicklung des Stammes von Matteuccia Struthiopteris 

insbesondere die der Hohlungen, Rec. trav. bot. need. 30, 1933, p. 627. 
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these pockets 1) which would give rise to a stem having the form of a 
lattice-work tube, in the same way as a fusion of leaf-gaps gives rise to a 
pith. The difference however is that while leaf-gaps are due to the centri
petal extension of stimuli which may fuse, the endodermal pockets never 
can surpass the limit of the original circumference of the stem at the time 
of their formation. 

C. Origin of stem. The main stem of a Pteridophyte always or nearly 
always is formed directly from the embryo. It is only in some Lycopodium 
species and in Phylloglossum that a protocorm, a tuberous body, is formed 
first which in its turn produces one or more stems; about this protocorm 
see § 11. 

Usually every plant forms a number of stems the greater part of which 
arises by ramification of the main axis, as will be dealt with at length sub 
D. In a minority of cases however stems may be produced from roots or 
from leaves. 

Cases in which roots form buds are rather rare: Ophioglossum furnishes 
a well-known instance 2). 

Buds on leaves are rare in microphyllous plants (Isoetes 3)), but frequent 
in ferns. Usually they are formed accurately in definite places, which 
may vary in the different species. According to KUPPER 4) these positions 
may' be: at the lamina base only; on the main rachis in the pinna axils or 
at the pinna bases; on the lamina itself; on the terminal pinna only, at its 
base or near its apex; on a specially elongated main rachis with small 
pinnae; at the apex of the main rachis; on leaf-runners without any pinnae. 

In all cases the stem seems to arise exogenously. In the literature known 
to me only one instance has been reported of an endogenous formation, 
for the sporeling of Equisetum. BARRATT found that whereas all branches in 
Equisetum always arise exogenously, only the first branch of the main axis 
is formed in the interior of the stem, about at the level of the endodermis 5). 

The transverse section figured by BARRATT (fig. 5) seems quite convin
cing as a proof. Yet in view of the remarkably exceptional character of the 
case caution seems advisable. The bud in question is formed either at 
the first node or under it, sometimes even a considerable distance under 
the first leaf sheath. Now it might be possible that the space in which the 
bud develops was connected by a canal or pocket with the axillary space 

') D. T. GWYNNE-VAUGHAN, On the possible existence of a fern stem having the 
form of a lattice-work tube, New Phytol. 4, 1905, p. 21l. 

2) GOEBEL, op.c. p. 1221: ENGLER & PRANTL, op.c. p. 461; M. W. BEYERINCK, 
Beobachtungen und Betrachtungen tiber Wurzelknospen und Nebenwurzeln, Verh. 

Kon. Akad. v. Wetensch. Amsterdam, Afd. Nat. 25, 1886, see p. 15. 
3) GOEBEL, op.c. p. 1220. 

4) W. KUPPER, Ueber Knospenbildung an Farnblattern, Flora 96, 1906, p. 337. 
0) K. BARRATT, A contribution to our knowledge of the vascular system of the 

genus Equisetum, Ann. of Bot. 34, 1920, p. 201, see p. 208. 



J.C.SCHOUTE,MORPHOLOGY 9 

of the first leaf sheath over it ; in that case the conditions would be a parallel 
to the pseudo-endogenous buds of Angiopteris 1) and of Dracaena 2). 

D. Ramification. A not strictly essential, yet most important character 
of the stem is its ramification. 

Certainly in any plant at least part of the stems will remain unbranched 
throughout life. Yet the faculty of branching, of producing new vegetative 
cones giving rise to daughter branches, is of general occurrence and is quite 
indispensable to the life-cycle of nearly all Pteridophytes. 

I. Kin d S 0 f ram i f i cat ion. As to the mode of production of 
new vegetative cones it is customary to distinguish between dichotomy, 
lateral and adventitious branching. 

Dichotomy is the splitting up of the vegetative cone into two parts, 
recalling the simplest case of splitting in fasciation; lateral branching is 
the development of a new vegetative cone in a lateral part of the stem apex 
and adventitious branching is the production of a new cone in adult tissue. 

This distinction, though seemingly absolutely definite and clear-cut, 
on closer examination loses much of its pregnancy. In the first place be
cause of the fact that all graduations between dichotomy and lateral 
branching occur 3). Dichotomy approaches lateral branching as soon as the 
two daughter branches are not of equal size. In such cases the stronger 
branch, as occupying the greater half of the podium, grows out in a 
direction less diverging from the original podium direction than the weaker 
branch which is crowded somewhat aside. This gradually leads to a con
dition in which the stronger branch is the direct continuation of the 
podium, the weaker branch being quite lateral in position. 

In the second place we have transitional stages equally between lateral 
and adventitious buds; moreover in practice there is usually great un
certainty about the time of initiation of any given bud 4). 

Yet, notwithstanding these difficulties, there remain clear cases like 
the dichotomy of Lycopodium Hippuris, the lateral branching of Equisetum 
and the adventitious branches of Rhynia Gwynne- Vaughani, and on the 
whole the distinction is not only serviceable in most cases, but it even has 
some taxonomic value in so far as dichotomy, with transitions to lateral 
branching, is the prevailing mode of ramification in the Psilophytinae, the 
Psilotinae and the Lycopodiinae; lateral branching with transitions to 

1) W. DOCTERS VAN LEEUWEN, Ueber die vegetative Vermehrung von A ngiopte

ris evecta Roffm. Ann. de Buitenzorg, 2nd ser, 10, 1912, p. 202. 

2) J. C. SCHOUTE, Ueber die Verastelung bei monokotylen Baumen III, Die Yer

astelung einiger baumartigen Liliaceen, Rec. trav. bot. neerl. 15, 1918, p. 263. 

3) AD. BRONGNIART, Ristoire des vegetaux fossiles, II, Paris 1837, p. 3. See 
moreover J. C. SCHOUTE, Beitrage zur Blattstellungslehre II, Uber verastelte 

Baumfarne und die Verastelung der Pteropsida im allgemeinen, Rec. trav. bot. 

neerl., 11, 1914, p. 94, especially in the object from Sendoro. 
') SCHOUTE 1914, I.e. p. 165. 
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dichotomy prevails in the Filicinae, whereas the Articulatae only have 
lateral branching, the Protoarticulatae with their more or less dichotomous 
branching only excepted. 

II. Spa t i aIr e 1 at ion S 0 f bra n c h e s. The branches of a 
branch system usually are not distributed at random without any order. In 
most cases certain laws may be found governing their arrangement, laws 
to which up to the present botanists have not paid sufficient attention. 

These spatial relations may be reciprocal relations between the branches 
themselves, relations to the nodes of the stem, relations to the leaves, or 
finally combinations of these. 

a. Spa t i air e 1 a t ion s bet wee nth e bra n c h e s 0 f a 
bra n c h s y s tern. 

I. I n pia n t s wit h e qua 11 y d i c hot 0 m i z i n g s t ems. 
In these cases the two daughter branches, equally dividing the available 
space at the top of the podium, are always opposed; there is no opportunity 
for additional rules. Successive dichotomies however may show a definite 
reciprocal orientation of their division planes. 

So in Psilotum triquetrum the successive planes are at right angles to 
each other, ensuring in this way a satisfactory spatial allocation of the 
erect branches, and no doubt the same relation which has been recently 
termed cruciate dichotomy by TROLL 1), occurs in many other plants too. 

Another condition is that the successive dichotomies all have their 
planes parallel, so that all branches fall into a single plane. This condition, 
called flabellate dichotomy by TROLL, is observed in some dorsiventral 
branch systems as in Lycopodium complanatum, Phegopleris Dryopteris 
and Lygodium scandens 2). 

According to TROLL these two modes are due to the general symmetry, 
other conditions not being possible. For the flabellate dichotomy the 
dorsi ventral nature of the stems may indeed be responsible. For the 
cruciate dichotomy however I cannot admit this, radiate symmetry not 
being itself a principle in the plant, but only a lack of differentiation of the 
morphogenetic forces at the different sides of the stem. 

Indeed, though other stable conditions have not come to my notice, 
they might very well be possible, and in any case there are instances of 
radially symmetric stems in which the successive dichotomies are indepen
dent of each other in direction. In Lycopodium carinatum I found the per
fectly equal dichotomies following each other at any angle; in one and the 
same shoot system rectangular, oblique and parallel positions of the planes 
being equally represented. 

Similar conditions have been reported in literature for other species. 

1) W. TROLL, Grundsatzliches zum Stigmarienproblem, Flora 129, 1934, see p. 99. 
2) For illustrations of the two last mentioned cases see VELENovsKy, op.c. p. 248 

and 249. 
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CRAMER 1) writes about L. Selago: "Die successiven Verzweigungsebenen 
bilden aIle moglichen Winkel mit einander, die Verzweigungsrichtung un
terliegt also keinem Gesetz. Ich habe mich davon auch bei der Unter
suchung junger Zustande iiberzeugt", and illustrates this by three diagrams 
of three plant individuals (PI. 32, fig. 13-15). And HEGELMAIER found in 
L. alpinum 2) that the dichotomies usually follow under an oblique angle, 
sometimes rectangularly; in L. Selago he could not find a fixed relation 
at all. 

Obviously the cruciate dichotomy, where it occurs, is due to an effect 
of the lower dichotomy on the next higher one, an effect not to be found 
in L. carinatum and L. Selago. 

2. I nun e qua 11 y d i c hot 0 m i z i n g s tern s. Here the 
conditions are somewhat more complicated, as the successive larger branches 
form a more or less perfect sympodial axis, whereas the smaller branches 
may show reciprocal spatial relations. 

Of these a single one is very well known, namely that of the flabellate 
dichotomy, where alternately the right and the left branch is the stronger. 
In the dorsiventral shoot systems of Lycopodium volubile we have fine 
instances; the relative strength of all branches being very accurately regu
lated in these cases, the shoot system in outline resembles a fern frond. 

Of radial shoots with unequal dichotomy no reliable data were available, 
though the subject would certainly repay an investigation. There is some 
probability that at least in some cases the smaller branches will be arranged 
in a regular cladotactical system, though in other cases they may be 
arranged without any apparent regularity; d. § 8 B IV. 

3. In laterally branching stems. Here we have 
striking examples of regular cladotactical systems. 

In Ulodendron, Lepidodendron Veltheimianum and other related forms 
the large scars which undoubtedly bore some kind of branches are placed in 
a regular distichous arrangement, quite independently of the complicated 
phyllotactical system. The main axis here sometimes follows a zigzag course 
from one branch to the other; this has been illustrated by SCHENCK 3). It 
is clear that such a cladotaxis can only be due to determination of the 
place of higher branches by the lower ones, just as the place of higher 
leaves is determined by lower ones: these two parallel processes must have 
been present in the same stem, independently. 

Perhaps still more striking is the case of the Halonia branches of 
Lepidophloios where the lateral branches are arranged in a more complicat-

') C. CRAMER, Uber Lycopodium Selago, Pflanzenphysiologische Untersuchun
gen von CARL NAGEL! and CARL CRAMER, 3. Heft, Zurich 1855, p. 10. 

2) F. HEGELMAIER, Zur Morphologie der Gattung Lycopodium, Bot. Ztg 30, 
1872, col. 773, see col. 826. 

3) K. A. ZITTEL, Handbuch der Palaeontologie, Munchen & Leipzig, II Palaeo

phytologie 1890, see p. 192. 
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ed spiral: a specimen pictured by GOLDENBERG I} of Lepidophloios lari
cinus with four branch parastichies seems to have had an arrangement after 
a system 4 + 5. 

b. Spa t i a 1 r e 1 a t ion s ton 0 des 0 f s tern. Relations of 
this kind evidently are only possible in lateral branching. They occur only 
in the class of the Articulatae, where they seem to have been present in aU 
members, probably only the Protoarticulatae excepted. The relation is 
that the production of branches is only possible at the nodes of the stem, so 
that a certain relation to the leaf production ensues. 

In the distribution of the buds on the nodes great differences may be 
observed. We may have stems which ate quite unbranched in the aerial 
part (Calamites spp. of the group Stylocalamites), where the ramification is 
limited to the subterranean stems, and to the production of lateral fruc
tifications. 

In other cases the stems may branch at every node (Calamites spp. 
group Eucalamites; Equisetum arvense, sterile shoots), the number of 
branches at a single node varying from two (or one?) to many. 

In still other cases the production of branches is limited to some of 
the nodes, in a regular rhythmic order (Asterocalamites Lohesti 2), Calami
tes spp. group Calamitina} , every single fertile node following after one 
(Asterocalamites) or after a number (Calami#na) of sterile nodes, a rhythm 
accompanied in the latter case by an apically increasing length of the 
successive sterile internodes. The fertile node in these cases bears a number 
of branches. 

c. Spa t i a Ire 1 a t ion s ton 0 des and too the r 
bra n c h e sat the sam e tim e. Branches borne at nodes at the 
same time may show mutual spatial relations, and indeed these occur in 
many instances. In the first place we may cite cases in which every node 
bears a fixed number of equidistant branches; in Calamites carinatus the 
number usually is two, in C. multiramis and in other members of the Ca
rinatus group, as well as in Asterocalamites Lohesti, the number is higher. 

In other cases however the branches, though being numerous in every 
branch whorl, seem to have been placed at unequal mutual distances 
(Calamites spp. group Calamitina, see for a good example Calamophyllites 
verticillatus as figured by ZEILLER 3), and without any doubt these distances 
were strikingly different in Asterocalamites radiatus (see our fig. I). 

In the second place the branches of different nodes may show spatial 
relations. Often the branches of successive branch whorls alternate regu-

') F. GOLDENBERG, Flora Saraepontana fossilis, Saarbriicken 1855-1862, PI. 16. 
fig. 6. 

2) A. RENIER, Asterocalamites Lohesti n.sp., du houiller sans houille (H 1a) du 
bassin d'Antiee, Ann. d.1. Soc. geol. de Belgique II 1910, p. 13. 

3) R. ZEILLER, Bassin houiller de Valenciennes, Description de la flore fossile, 
Paris 1886, in Etudes des gites mineraux de la France; see Atlas PI. 57, fig. 2. 
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larly (Asterocalamites Lohesti; Calamites multiramis, large branches of main 
axis). In other cases the successive whorls are superposed (Calamites 
multiramis, on the second order branches; Asterophyllites equisetijormis). 
In still other cases other relations occur; in Calamites carinatus according 
to HIRMER 1) the planes of the successive pairs may meet at an angle of 60°, 
so that we get a cladotactical system 2 + 4 with six orthostichies. 

On the contrary, in the group Calamitina the successive whorls, which 
are moreover often heteromerous, do not seem to have had any spatial 
relations. 

Quite an isolated form of these cladotactical patterns is afforded by 
Asterocalamites radiatus. A study of two natural objects, both pictured 
from two sides in KmsToN and JONGMANS 2), reveals the following con
ditions. Fig. 1 renders one of these objects in a diagrammatic drawing; the 
other object 3) offered 
quite analogous con
ditions. From our figure 
it is obvious that the place 
of insertion of every 
branch lies over the 
largest gap between two 
lower ones, and further 
that when these two lower 
ones are inserted at differ
ent nodes, the higher 
branch lies towards the 
side of the lowest branch. 
The 16 internodes of the 
object show successively, 
as far as can be made out 
from the photographs, 3, 
1, 3, 2, 4, 2, 4, 1, 4, 2, 6, 1, 
5, 2, 5 and 3 scars. Per
haps one or two scars 
have been hidden at the 

FIG. 1. Asterocalamites radiatus. After KIDSTON and 
JONGMANS, op.c. (f.n. below) ,PI. 150, fig. 3and PI.151, 
fig. 1 (same object from two sides). Only outline of 
specimen, internode lines and branch scars rendered. 

Internodes numbered. Reduced. 

side or have become indistinct, but in any case the number of scars at the 
nodes varies very irregularly. The cladotactical system surely is not a 
whorled one, but is most like a spiral system. Its regularity however is not 
such as to make possible a counting of the parastichies. 

The most remarkable property of this arrangement is that it clearly 
demonstrates that branch formation, though only possible at the nodes, 

') HlRMER, op. c. p. 445, fig. 542. 
2) R. KmsToN and W. J. JONGMANS, A monograph of the Calamites of Western 

Europe, the Hague 1915-1917 . 
• ) KmsToN and JONGMANS, op.c. PI. 152, fig. 1 and 2. 
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is not a consequence of a certain disposition of a particular node, but that 
any part of any node is able to form a bud, the actual distribution of the 
buds being determined by the lower branches, just as is the case with 
leaves in a phyllotaxis. 

In Asterocalamites Lohesti all this may be exactly the same, but as, at 
least in the specimen described by RENIER, really every second node is 
fertile, the intermediate ones being sterile, this can not be made out. 

In still other forms we may observe another curious phenomenon, viz the 
occurrence of two kinds of branches. These branches are placed at different 
nodes in Calamites discifer and in C. crassicaulis, but at one and the same 
node in C. multiramis. Here we may observe that the two kinds of branches 
are independent to such a degree that the row of numerous small strobilifer
ous branches passes underneath the insertion of the row of larger, less 
numerous, vegetative branches, though otherwise in all Articttlatae the 
branches of one node are placed in a single row. 

d. Spa t i aIr e i a t ion s ton 0 des and t ole a v e sat 
the sam e tim e. Amongst the Articulatae the genus Equisetum is 
remarkable for another rule for the branch distribution. Though bearing all 
lateral branches at the nodes in a single whorl, the arrangement differs from 
that of all related groups, as BRONGNIART already described in 1828 1), by 
the fact that every branch is placed between two leaves of the leaf-sheath 
of the node, so that the number of branches is equal to that of the teeth of 
the sheath and to that of the ribs of the internode below. In the case of 
heteromery of successive leaf sheaths the number of branches is never 
influenced by the number of ribs of the higher internode but always keeps 
to that of the lower whorl, though the branches take their origin in the 
vegetative cone from a stem part right between the two nodes. 

As far as I know ]ANCZEWSKI 2) was the only author who ever pointed 
out this easily accessible fact; it has only been figured by MEYER 3). 

In other Articttlatae there is no relation between the individual leaves 
and the branches of the node. 

e. Spa t i aIr e 1 a t ion s t ole a v e s. 
1. I n pIa n t s wit h e qua 11 y die hot ami z i n g s tern s. 

All Filicinae with equally dichotomizing stems have a fixed relation, as far 
as observed, between the stem branching and a single one of the leaves, 
the so-called angular leaf of VELENOVSKY 4). This relation amounts to the 

') AD. BRONGNIART, Histoire des vegetaux fossiles, I, Paris 1828, p. 102. 
') E. DE J ANCZEWSKI, Recherches sur Ie developpement des bourgeons dans les 

Preles, Mem. Soc. nationale des Sc. natur. de Cherbourg, 20, 1876, p. 69, see on 
p. 84. 

3) F.]. MEYER, Das Leitungssystem von Equisetum arvense, ]ahrb. f. wiss. Bot. 
59, 1920, p. 263, see fig. 6. 

4) VELENOVSKY, op. c.p. 249. See moreover SCHOUTE, I.c.p. 1914 (f.n. p. 9), p. 163. 
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fact that this angular leaf occurs on the podium, at one side of the dicho
tomy, just under and between the two daughter branches. 

In the equally dichotomizing microphyllous Pteridophytes no such 
angular leaves are to be observed. 

For Lycopodium VELENOVSKY mentions that no angular leaf is present in 
stems with a spiral phyllotaxis, but that in tetrastichous stems of Lycopo
dium complanatum an angular leaf is to be found on both sides of the 
dichotomy. 

As in L. complanatum the leaf pairs are alternately placed laterally and 
medianly, of course every dichotomy has on both sides a leaf in the position 
of the angular leaf, but the fact that as soon as the phyllotaxis changes, 
even in the same plant, no angular leaves remain already demonstrates 
that these angular leaves are only angular by incidental position. The same 
conclusion is reached by an observation of the natural object. Our fig. 2 
represents two cases being 
drawn from dichotomies 
of two sister branches, 
taken at random. In A 
and B we have a case 
corresponding to VELE

NOVSKY'S decription, Aas 
seen from the light side, B 
from the shadow side. In 
C and D we have 
quite another distribution 
owing to the fact that the 
last whorl of the podium 
and the first whorl of both 
shanks are trimerous. 
Consequently the light 
side C has no median leaf 
at all, the shadow side D 
ou the contrary has, but 
in quite another position 
from that of B. In the 
same way even those cases 

13 

( o 
FIG. 2. Lycopodium complanatum. Herb. Univ. Gro
ningen, specimen from Hangsberg bei Herrnhut, 
coIl. Breutel. Two dichotomies from light side (A ,C) 

and same from shadow side (B,D). Enlarged. 

with a median leaf on both sides may vary; at the level of the dichotomy 
we may have a median or a lateral leaf pair or any intermediate condition 1). 

In Psilolum angular leaves are equally absent; this may already be 
concluded from the fact that often the successive dichotomies follow so 

1) After having written this paragraph I have become aware of the fact that 
HEGELMAIER (l.c. col. 826) reports exactly the same conditions for Lycopodium 

complanatum, even with the incidental trimerous whorl under the forking. 
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closely, that many shanks have no leaves at all. Yet they dichotomize just 
as well as others. 

So the angular leaves may be considered as restricted to the Filicinae. 
For this class their importance has been denied of late by BOWER 1) on 
account of the varying mode of junction of the angular leaf trace with the 
stele. This argument in my opinion is of no value, as the downward course 
of all traces varies according to local circumstances and is no reliable basis 
for the judgment of external organization. 

For any botanist doubting the validity of this opinion I might cite 
as an instructive instance the fine observations made by STENZEL on 
Dryopteris Filix-mas 2), in which he found that the bud trace may join the 
stelar system of the leaf base in very different ways, namely after having 
been simplified in its downward course to a single solid bundle (I.c. PI. 4, 
fig. 6, 8, 9), so that the branch medulla was "formed anew" as he expressed 
it, or as a tubular bundle, so that the medulla of the branch was formed 
from that of the leaf base (fig. 10), or finally in the form of three separate 
bllndles, decurrent from a solid ring (fig. 12, 13). In an analogous way the 
angular leaf trace obviously may join the stelar system in different ways. 

2. I nun e qua 11 y d i c hot 0 m i z i n g s tern s. Here the con
ditions are almost the same as in equal dichotomies. 

In all Filicinae we observe an angular leaf between two unequal branches, 
though sometimes the angular leaf may be shifted on to the weak branch 
(Pteridium aquilinum 3)). And in Lycopodium the angular leaves are 
wanting in the same way as in equally dichotomizing cases. 

For Selaginella, where the unequal dichotomy prevails and which con
sequently has not been treated sub 1, we have to consider separately the 
numerous dorsiventral species where angular leaves are to be found, and 
the few radial species where they are absent. The former will be dealt 
with below, sub g; for the latter I may refer to our fig. 3, representing a 
branching shoot of S. selaginoides as seen from two sides. The phyllotaxis 
Df podium and shanks being a spiral one of the main series, it is particularly 
clear that no angular leaf occurs. 

This has already been recognized by AL. BRAUN 4) who wrote for Lyco
podium and for Selaginella: "Bei vielzeiliger Blattstellung Hisst sich ein 
constantes Verhaltniss des Zweiges zu einem Blatte, das man als Tragblatt 
bezeichnen k6nnte, nicht nachweisen, indem der Zweig bald genau liber 

') F. O. BOWER, The ferns, I, Cambridge 1923, see p. 74, and op. c. 1935 p. 300. 
') K. G. STENZEL, Untersuchungen tiber Bau und Wachsthum der Farne. II 

Uber Verjtingungserscheinungen bei den Farnen, Nova Acta 28, 1861, p. 3. 

3) VELENOVSKy op. C. p. 250 and especially M. BUSGEN, Einige Eigentiimlichkei
ten des Adlerfarns, Zeitschr. Forst- und Jagdwesen 47,1915, p. 235. 

') AL. BRAUN, Uber die Blattstellung und Verzweigung der Lycopodiaceen, 
insbesondere der Gattung Selaginella, Verh. bot. Ver. Provo Brandenburg, 16,1874. 
p.60. 
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ein unter ihm stehendes Blatt, bald in die Lucke zwischen 2 vorausgehende 
Blatter WIt". 

3. I n 1 ate raIl y bra n chi n g s tern s. Here a striking relation 
between the branch and a leaf may occur, but again this is only to be 
found in the Filicinae, not 
in any microphyllous 
plant. The relation, as I 
tried to demonstrate at 
length on a former oc
casion 1), is identical with 
that between a dichotomy 
and the angular leaf, 
though because of the 
great difference between 
the small lateral branch 
and the main stem it 
amounts to a leaf and a 
I t I b d t t't FIG. 3. Selaginella selaginoides. Herb. Scandinavicum 
a era u nex 0 I . (Haglund & Kallstrom, Falun). Dichotomic branching 

As a ru1.e the lateral from two sides; specimen soaked in water and more 
branch is situated at the or less transparent. Leaves numbered according to 
. h 1 f 'd f th spiral phyllotaxis. Enlarged. fIg t or e t Sl e 0 e 

leaf insertion. In many cases however the position changes: the lateral 
branch may become quite axillary, it may be situated basally to the leaf, 
just under it, or it may shift on to the leaf-base, forming in this way a 
transition to the many stable forms of branch formation in the fern leaf 
mentioned above sub C. For particulars see my quoted paper and es
pecially METTENIUS 2). There may even be two branches near one single 
leaf insertion, one to the left, one to the right, or even four, two at each side. 

For those starting from the well known axillary branching of the A ngio
sperms and trying to explain the Filicinae from that point of view, these 
conditions may seem very strange; we should however reverse the case and 
recognize that the general tendency of macrophyllous plants is the pro
duction of branches in relation to one particular leaf; as special forms of 
this tendency we have on one side the equal dichotomy with its angular 
leaf, on the other side the axillary branching, which in the Filicinae is 
represented in the Hymenophyllaceae. 

f. Spa t i aIr e 1 a t ion sun c e r t a i nor not fix e d. Of 
course the presence of stable spatial relations is more easily stated than 
their absence. Perhaps many cases of branch systems without spatial re
lations are present in nature, but beyond the case of Lycopodium carinatum 

') SCHOUTE I.e., 1914, (f.n. p. 9) p. 161. 
2) G. METTENIUS, Uber Seitenknospen bei Farnen, Abh. d. math. phys. KI. d. K. 

Sachs. Ges. d. Wiss. 5,1861, p. 611. 

Manu9-l of pteridology 2 
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treated above p. 10, no cases can be mentioned here for the above reason. 
The only topic to be dealt with here is the position of lateral branches in 

the Lycopodiales of which the spatial relations have been described very 
differently. We shall deal successively with Lycopodium Selago, Lepido
dendron and Sigillaria. 

1. L Y cop 0 diu m S e I ago. In L. Selago and in some allied species 
so-called bulbils are of common occurrence, short detachable branches 
serving as a means of vegetative propagation. About their arrangement as 
well as about their morphological origin 1) the statements of the different 
authors are widely divergent. 

METTENIUS wrote in 1860 2) that the bulbils are placed at the side of 
the leaf-bases. HEGELMAIER on the contrary found them to occur in the 
place of a leaf 3). VELENOVSKY again reports them to arise "zwischen den 
Blattern ohne aIle Orientierung zu den letzteren" in L. inundatum 4), and 
in L. Selago he mentions them as placed "unregelmassig zwischen den 
Blattern an der Achse, indem sie die Ordnung der nachsten Parastichen 
storen". Lastly CZURDA like HEGELMAIER finds them in the place of the 
leaves when they are few in number; as soon as they become numerous the 
whole phyllotaxis becomes irregular 5). In his diagrammatic drawing Fig. 1 
we see that most bulbils take the place of a single leaf, but some of them of 
two superposed leaves. 

My own observations on some L. Selago plants from Alp Palti in Switzer
land belonged to the simpler cases of CZURDA, all bulbils taking the place 
of a single leaf without causing more disturbance. 

Summarizing these data we may say that the bulbils in any case disturb 
the phyllotaxis in so far as by their presence one or sometimes two leaves 
are wholly omitted; when they are numerous the whole phyllotaxis loses 
its regularity. A spatial relation of any bulbil to any particular leaf is not 
recognizable; the bearing of these facts on the phyllotaxis will be discussed 
later in § 8 sub A IV. 

') R. WILSON SMITH (Bulbils of Lycopodium lucidulum, Bot. Gaz. 69, 1920, p. 
426) tried to solve the question of their morphological origin on the basis of modern 
technique and serial sectioning; he concluded from the nature of the bulbil trace, 

that the bulbils should be metamorphosed leaves: a new argument for the ineffi. 
ciency of anatomical research in morphological questions. 

The same result was reached on an experimental basis by S. WILLIAMS (A 
contribution to the experimental morphology of Lycopodium Selago, with special 
reference to the development of adventitious shoots, Trans. Roy. Soc. Edinb. 57, 

1933, p. 711); the descriptions of the regeneration products and the drawings do not 
however warrant any conclusion. 

2) METTENIUS, l.c. p. 628. 

3) F. HEGELMAIER, l.c. (Ln. p. II), col. 841. 

4) VELENOVSKy, op.c. (f.n. p. 3), p. 257. 
') V. CZURDA, Zur Kenntnis der Brutzwiebeln von Lycopodium Selago und L. , 

lucidulum, Flora 116, 1923, p. 457. 
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2. L e p i dod end ron. The distichous ulodendroid scars of L. 
Veltheimianum have been quoted p. 11 as examples of a cladotactical 
system. It remains however to be investigated, especially after taking cogni
zance of the facts related for the Lycopodium bulbils, as to how far the large 
corresponding branches disturbed the phyllotaxis. 

Many drawings or photographs of the large scars amidst the small 

FIG. 4. Lepidodendron Volkmannianum, After STUR, op.c. (f.n. below), PI. 23 (40), 
fig. 3a, (actual stem) 3b, 3c [impressions). 

leaf scars seem to demonstrate that though the phyllotactical system 
above the branch scar resumes its original pattern, at the actual place of 
insertion a great number of leaf scars has been suppressed. The fine drawings 
by FAHRENBAUER in STUR 1) however, clearly demonstrate that a large 
part of the apparent branch scar was clothed with epidermis and bore 
numerous small leaf scars, only the centre (the "Nabel") being the insertion 
of the branch. About the completeness of the phyllotactical pattern these 
drawings give no information. 

') D. STUR, Die Culm Flora, Abh. k.k. Geol. Reichsanst. 8, Wien 1875-77, see 

PI. 21 (38),22 (39). 
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As STUR himself already compared these large scars to the Lycopodium 
bulbils which he believed to be axillary productions, he tried to prove the 
axillary position of the Lepidodendron branch scars too. He therefore 
looked for objects with smaller "bulbils" amongst the Lepidodendra, and 
once succeeded in finding them in a specimen of L. V olkmannianum. The 
object consisted of the flattened stem itself and moreover of the two differ
ent impressions in the rock (our fig. 4); four "bulbil" -scars in total being 
present. Two of them are to be seen in the right impression, the cross 
higher up only indicating the place where a further scar might have been 
expected. Two others are present in the left impression, in such positions 
as to make clear that the four scars together formed a distichous system. 
The small preserved part of the actual stem only contains a single scar, the 
same as the lower one in the right impression. 

From these figures it becomes clear that the branch scars are placed 
between the leaf scars in the only possible way: obliquely over one of the 
asymmetric leaf scars. A definite relation to anyone of the leaves is not 
to be assumed, the more so as we see that in the left impression the in
sertion of the two branch scars is different in so far as the higher one is in 
contact with a lower scar on its left, the lower one with a leaf scar on its 
right. 

Moreover - and this is the reason why the figures have been reproduced 
here - it is obvious that the whole phyllotactical pattern is disturbed in 
the vicinity of the branch scars, as only the higher branch scar of the left 
impression is surrounded by unchanging leaf parastichies, whereas the 
three other branch scars all have changes in the parastichy numbers just at 
their place of insertion. 

Our conclusion may therefore be that these branch scars, whatever they 
may have been, in their spatial relations showed analogy to the bulbi Is 
of Lycopodium as described above. 

3. S i gill a ria. In the different species of Sigillaria the strobiliferous 
branches were borne in various ways, as may be gathered from the fine 
drawings in ZEILLER 1), some of which have been reproduced in our fig. 5. 

In S. elegans (5a) they were borne more or less exactly in whorls, their 
number in a whorl being far less than the number of leaf orthostichies. In 
the branch whorl the individual branches were placed at varying distances 
and indiscrimately in a leaf orthostichy, between two orthostichics or in 
an intermediate position. 

In other species, like S. tesselata, the branches were locally more numer
ous and were placed in vertical rows between the leaf orthostichies, either 
without causing any disturbance of the latter (5b) or disturbing the 
phyllotaxis more or less (5c). The number of the branch scars here is 
somewhat greater than that of the leaves in the adjacent orthostichies: 

1) R. ZEILLER, op.c. (Ln. p. 12). 
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special spatial relations between branches and individual leaves are 
lacking. 

In S. mamillaris the branch scars are not confined to the spaces between 
the leaf orthostichies, but are often placed exactly in the leaf orthostichy 
itself; they exert a rather strong disturbing influence on the phyllotaxis. 

FIG. 5. Sigillaria spp. After ZEILLER, op.c. (f.n. p. 12). a = PI. 87, fig. 1, S. elegans; 
b,c = PI. 85, fig. 8 and 1, S. tesselata; d = PI. 87, fig . 5, S. mamillaris; e = PI. 82, 

fig. 9, S. scutellata. 

In S. scutellata finally the phyllotaxis in the branch bearing zone IS 

so strongly disturbed that it becomes wholly irregular. 
4. Com par i son 0 f spa t i aIr e 1 a t ion s 0 f 1 ate r a 1 

bra n c h e sin L y cop 0 d i ina e. The phenomena in the three groups 
described above from the observations instituted quite independently by 
so many authors, all show a strong similarity. In all cases the branches. 
when numerous, disturb the phyllotactical pattern; when they are less 



22 J.C.SCHOUTE,MORPHOLOGY 

numerous they may be formed quite independently of any leaf insertion, or 
they may be formed at those places which have been as yet left free from 
leaf formation, i.e. either between the leaf orthostichies or in a single leaf 
orthostichy. In so doing the branches may either only crowd the leaves a 
little aside without influencing their number, or they may prevent the 
formation of one or more leaves, the place of which they have taken. 

Our impression therefore is that in the Lycopodiinae leaf formation and 
branch formation may become competing processes; when branching is 
earlier, as in equal dichotomy, the leaves may only cover the space that 
is left for them; when leaf formation gets ahead, the branches have to 
put up with the space left between the leaves, and finally when the two 
processes are more or less simultaneous they may disturb each other. 

g. T a x 0 nom i c val u e 0 f d iff ere n t mod e s 0 f bra n c h
in g. As pointed out above p. 9, the different forms of branching have a 
certain taxonomic value. 

To the arguments given there, we may now add that the relation between 
branches and nodes in the Articulatae which no doubt is connected with 
the peculiar node organization in that class, is of outstanding taxonomic 
importance. 

The relation of a branch to a particular leaf seems equally to be of first 
importance, as it occurs in all Filicinae and not in microphyllous Pteri
dophytes, with the only exception of a number of Selaginella species. For 
that reason we have to consider these cases anew here. 

When VELENOVSKY in 1905 enounced the idea 1) of the importance of 
the angular leaf in the Pteridophyte branching he based his views to a 
large extent on Selaginella. Indeed the angular leaf in the dorsi ventral 
stem systems is very remarkable; it is the only symmetrical leaf occurring 
in these systems. As such it has already been adequately described in 1874 
by BRAUN 2). 

Of course it would be possible, that the same relation between a particu
lar leaf and ramification which is present in megaphyllous plants, had been 
developed in a group of microphyllous plants as well, as a parallel phe
nomenon. The fact however that only dorsiventral species display it, while it 
is lacking in radial species of the same genus, makes this rather improbable, 
and it may therefore be worth while to consider the facts in some more 
detail. 

As far as I can see there is only one other possible supposition, namely 
that the dorsiventrality factors which influence both ramification and phyl
lotaxis, in doing so establish a certain relation between the two. To check 
the merits of such a view it will be necessary to review the facts for both 
ramification and phyllotaxis. 

1) VELENOVSKY, op.c. p. 249; probably already earlier in a Czech paper of 1890. 
2) AL. BRAUN I.e. (tn. p. 16), p. 62. 
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The ramification in a dorsiventral Selaginella is of a very characteristic 
kind. In the aerial branching systems a sympodial main axis is formed 
out of the stout shanks of the successive unequal dichotomies, the smaller 
shanks being placed in a strictly alternating order at the right and left 
sides of the main axis. At those places where the Selaginella "frond" is 
quite flat, as usually is the case at least at the last ramifications, all 
branches are really placed exactly in the same plane. Often however the 
lateral branches, especially near the base of the "frond" are turned up
wards, towards the sky, and in such places the insertions of these branches 
are also to be found on the upper side, so that the successive dichotomies 
are no longer flabellate, but cruciate. 

In view of this fact the idea becomes tempting that perhaps all branches 
really are due to cruciate dichotomy, but that by the dorsiventrality factor 
all shanks are reduced more or less to the same plane. The stronger 
branches in that case would all be the under shanks, the smaller branches 
the upper shanks. 

The lateral branches usually follow at about equal distances; sometimes 
however a very unequal, we might sayan iambic, rhythm may be observed 
when alternately the successive parts of the main axis bear e.g. 3 or 1 pair 
of leaves, and some number of, say 13. I have never seen two successive 
lateral branches at the same side of the main axis. 

The phyllotaxis is essentially diagonally decussate, the under leaves 
being shifted towards the sides and all leaves being often unequal-sided 
or falcate. In the last thin branches of a "frond" with their densely packed 
leaves the phyllotaxis is usually quite regular, in the main branches with 
their more diverging leaves it often becomes rather irregular by many 
longitudinal shifts. The last leaf pair of every shank consists of a peculiar, 
symmetrical under leaf, the angular leaf, which is situated in the fork and 
a normal upper leaf at the insertion of the stout shank or often shifted up 
on to that shank, even several mm. The under leaf of the next lower pair 
is then often also shifted on to that same shank. 

Because of these shifts it is not always easy to determine the number of 
leaf pairs of a given shank, which may give some trouble in checking the 
correctness of the view enounced by BRAUN, that every shank always 
bears an odd number of leaf pairs. Yet I believe this statement to be 
correct, and as BRAUN remarks, the alternation of the lateral branches and 
the normal position of the angular leaf pair can only be reconciled in that 
way, as our schematic fig. 6A may illustrate. Between the two dichotomies 
two normal leaf pairs have been drawn and it is clear that only an even 
number of pairs between the two angular leaf pairs wIll be able to ensure 
their reverse positions; the shank therefore should contain an odd number, 
the angular leaf pair being included. 

In my incidental observations I was not able to find exceptions to this 
curious rule. Yet BRAUN himself writes: "Von dieser Regel kommen jedoch 
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merkwurdige Ausnahmen vor, indem der Zweig auch nach einer geraden 
Zahl von Blattpaaren (UnterbHittern) eintreten kann, in welch em Falle er 
mit dem vorausgehenden Zweige auf dieselbe Seite fallt. Dem Bestreben 
nach Abwechslung wird alsdann (nicht immer, aber meist) dadurch Genuge 
geleistet, dass der Zweig sich aufrichtet und die Stelle der Hauptachse 
einnimmt, die Hauptachse dagegen, zur Seite gedrangt, die Rolle des 
Zweiges spielt. Bei vielen Arten kommt ein solches Verhalten nur als 
seltene Abweichung vor, bei einigen aber (5. Wallichii) wird es zur Regel". 

In order to examine these curious but not very lucid facts I studied some speci
mens of Selaginella Wallichii from the University Herbarium at Utrecht. They in
deed showed the even number of leaf pairs for every part of the sympodial axis of 
the "fronds", in casu invariably 4 pairs. The distribution of these pairs was how
ever not that of fig. bC (derived from bE), as might have been inferred from 
BRAUN'S description. In bC the position of the angular leaf pair would be alternately 

FIG. b. Selat<inella. A = diagrammatic representation of relation between phyl
lotaxis and branching in most dorsiventral species. B = same from description by 
BRAUN for S. Wallichii, without change of size of main axis and lateral branches. 
C = as above, with interchange of size. D = actual condition in S. Wallichii. Leaf 
pairs of sympodial axis indicated by Roman numbers, of small shanks by Arabic 

numbers. 

different for any two successive dichotomies. It was however, with some variation 
in the longitudinal shifts, the arrangement of bD. 

At first the idea might present itself that here we had some trimerous whorls 
(III, IV, IV and III', IV', IV'), but as all leaves here, as in other dorsiventral 
Selaginella spp. are inserted on the usual four orthostichies, this is not very proba
ble. Moreover the leaves may very well be grouped in pairs, with some longitudinal 
shifts; this has been done in bD by designating the leaves in the same way as in the 
diagrammatic figures A-C. The longitudinal metatopies of bD are not stronger 
there than in other cases. 

From the above observations I am inclined to the following view on the relation 
between branching and phyllotaxis in the dorsiventral Selaginella species. The 
branching is an independent phenomenon; the smaller shanks of the uneq u al 
dichotomy or, what amounts to the same, the lateral branches, are placed alternately 
at the right and the left. 

The phyllotaxis is a diagonally orientated decussation; one of the under leaves 
always shifts into the angle of the dichotomy, and because of that peculiar position 
the dorsiventrality factors do not get any hold on it, so that it develops symmetric
ally. 
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In the majority of species this angular leaf is one out of the orthostichy at the 
small shank side (6A). Therefore the upper leaf of that pair falls in front of the 
sympodial axis, and moreover any part of the sympodial axis has an odd pair of 
leaves. 

The two dichotomy branches begin with symmetrically placed pairs of leaves, 
their upper leaves being turned towards the dichotomy angle: the stout shank 
therefore continues the phyllotaxis of the podium, the first leaf pair of the small 
shank being superposed over the last podium pair. 

In Selaginella Wallichii the angular leaf is an under leaf out of the orthostichy at 
the stout shank side. The upper leaf of the same pair therefore falls in front of the 
small shank and the number of leaf pairs of any part of the sympodial axis is even. 

The two dichotomy branches begin their phyllotaxis exactly in the same way as 
in all other species; owing to the different position of the angular leaf pair it is now 
the small shank which continues the phyllotaxis of the podium. 

After this view the hypothesis of the main axis and the lateral branch 
interchanging their roles may be spared. At the same time, and this may 
be the excuse for this long digression, the way is cleared for the assumption 
that the angular leaf of the dorsiventral Selaginellae may be something 
quite different from the angular leaf of the Filicinae, playing no role in the 
branching itself. 

E. Kinds of stem plastics. The term plastics (Plastik) has been 
framed by AL. BRAUN 1) to indicate those form properties of the flower 
which do not depend on the 'mutual arrangement of the floral parts nor 
its division into floral belts: it therefore comprises all the special characters 
of form, colour, consistency, pubescence etc. The use of the term at present 
is almost limited to taxonomic papers, but it may be of great advantage 
in general morphology to denote the range of variation of differentiation. 

For a survey of stem plastics in the Pteridophytes the reader may be 
referred to VELENOVSKY 2). Here will be treated only the question of 
different kinds of stem plastics in one and the same plant. In many 
Pteridophytes such a difference does not occur, all stems being essentially 
alike (Rhynia, Isoetes, Pteris). In many other Pteridophytes however the 
fully developed plants exhibit two, three or even more different kinds. 

Thus we may have sterile and fertile stems (Equisetum arvense), aerial 
stems and subterranean rhizomes (same instance), normal rhizomes and 
stem tubers (do.), normal leaf bearing stems and stolons (Alsophila 
aculeata 3)), normal rhizomes and special runners with root-hairs and root
function (Trichomanes sect. Hemiphlebium), normal stems and strobilus 
axes (Lycopodium clavatum). 

F. Nodes and internodes. In leafless Pteridophytes nodes and inter
nodes are wanting, every stem being a single unit. As soon as there are 
leaves however they may be distinguished, at least theoretically, and when 

') AL. BRAUN, Uber den Bliithenbau der Gattung Delphinium, Jahrb. f. wiss. 
Bot. I. 1858, p. 307. 

0) VELENOVSKY, op.c. p. 230-242. 
8) STENZEL, I.c. (f.n. p. 16), PI. I. 
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the leaves form leaf traces, the structure of nodes and internodes even 
differs anatomically. 

In a number of Pteridophytes the plastics of nodes and internodes is 
practically the same: in such cases the distinction properly has no value 
(Lycopodium, Lepidodendron). In other cases nodes and internodes may 
differ more or less in plastics; this occurs to a great extent in the Articu
lalae. The intercalary growth of the Eq~tiset'ltm stem, for instance, is 
wholly based on this differentiation. In such cases the distinction assumes 
real morphological importance. 

In literature there has been much speculating about holocyclic and 
mericyclic nodes, including either a whole transverse disc of the stem or 
only a sector (CELAKOVSKY 1)) or about the question whether an internode 
between two whorls might be taken as homologous to an internode be
tween two scattered leaves. All these speculations are useless, and the 
simple opinion of AL. BRAUN is by far to be preferred, namely that a node 
is nothing but a part of the stem, differentiated more or less in a special 
way under the influence of the leaf insertion 2). 

G. Telome. The term telome as introduced by ZIMMERMANN 3) 
designates the last ramification of a stem or shoot, as far as it is one single 
unbranched body, externally as well as in its stelar structure. 

As soon as a stem develops a lateral branch, its basal part by that fact 
is no longer a telome or part of it, but it is a part of a syntelome; its Uil

branched apex on the contrary remains a telome. 
Though the term has been accepted of late by highly competent au

thorities like HALLE and BOWER, yet in my opinion the use of it is not to be 
recommended. Our morphological conceptions should be read from nature 
as far as possible, our morphological terms should correspond to parts 
owing their origin to natural processes. 

A stem, being formed by a given vegetative cone, responds to that 
requirement. But that a stem should change into two different parts by 
the development of a lateral branch to me seems an unnatural, artificial 
conception. 

§ 6. The sporangium. - The sporangium of the Pteridophytes is a 
more or less globular, reniform or sack-shaped organ, usually freely pro
jecting on the surface of the sporophyte, seldom imbedded, in which 
following reduction division haploid air-dispersed spores are formed. The 
sporangium being already known in the oldest land-plants as far as our 
record goes, its phylogeny is quite uncertain; perhaps it is derived from 
a group of tetrasporangia. 

Its place on the sporophyte is either terminal on the stem (Psilophytinae) 

1) L. J. CELAKOVSKY, Die Gliederung der Kaulome, Bot. Ztg 59,1901, p. 79. 
') AL. BRAUN, Tannenzapfen, Nova Acta 15, 1, 1831, see p. 347. 
3) W. ZIMMERMANN, Die Phylogenie der Pflanzen, J ena 1930; see p. 65. 
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or in any position on the leaves (all recent Pteridophytes); the last con
dition seems to have been present from the beginning of land vegetation, as 
of late it has been reported by LANG and COOKSON 1) for Baragwanathia 
longifolia. 

Sporangia borne on microphylls are usually inserted on the adaxial leaf 
side; see moreover § 8 sub A III; those on megaphylls are usually placed on 
the abaxial side or on the margins, see § 8 sub B III. 

Every sporangium consists of a pluricellular sterile wall within which an 
archesporium develops the spores in a smaller or greater number. In only 
a few cases is a central sterile columella present (Hornea, Sporogonites) at 
the basal part of the sporangium, being overarched by the dome-shaped 
spore mass. The organization of the different parts of the sporangial wall 
shows a great range of variation in the different groups; the taxonomy has 
to a certain extent been based on these differences, especially of the outer 
layers. 

These outer layers often show complicated differentiations of various 
kinds, the function of which is the dehiscence of the sporangium. Amongst 
these the annulus, a complex of cells with partly thickened walls, may be 
cited. The inner layers have a nutritive function for the developing spores 
and are called the tapetum. 

The sporangia of Pteridophytes are often produced in great numbers, 
and may be arranged in groups, called sori (see § 8 sub B III). The sporan
gia of a sorus may fuse into a unit of higher order, the plurilocular synan
gium; this seems to have already occurred in the Silurian age (Y arravia 2)). 

Another differentiation of the sporangium amounts to the development 
of two kinds of sporangia in one and the same plant species; kinds differing 
in that from the spores of the one only male gametophytes arise and from 
the other, females. These two kinds are called microsporangia and mega
sporangia, and their spores micros pores and megaspores. 

The micro- and mega sporangia may be of the same organization 
(Selaginella) or they may be different (Azolla). Their spores differ in all 
known cases notably in size, as is indicated by the names; it has however 
been pointed out of late (see e.g. PINCHER 3)) that such a difference is not 
essential for the phenomenon of heterospory. 

§ 7. The root. - As remarked in § 2, the root does not occur in all 
Pteridophytes: it is lacking in the Psilophytinae, in the Psilotinae and in 
Salvinia. In the latter case its absence has always been recognized as 

1) w. H. LANG and 1. S. COOKSON, On a flora including vascular land plants, 

associated with Monograptus, in rocks of Silurian age, from Victoria, Australia, 

Phil. Trans. Roy. Soc. London, B, 224, 1935, p. 42l. 

') LANG and COOKSON, I.c. p. 437. 

3) H. C. PINCHER, A genetical interpretation of the origin of heterospory and 

related conditions, New Phyt. 34, 1935, p. 409. 
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being of a secondary nature, connected with the occurrence of the dissected 
submerged leaves with root function. 

In the Psilophytinae on the other hand it is generally considered as being 
the primitive condition. In the Psilotinae it was formerly often suspected of 
being secondary, especially as the embryo long remained unknown and of 
course the embryo might have passed through a rooted stage. Since the 
discovery of the quite rootless embryos both of Tmesipteris 1) and of 
Psilotum 2) and the simultaneous acquisition of knowledge of the Psilo
phytinae, the general view is that roots probably never have been present 
in the ancestors of the Psilotinae. 

The roots, where present, are always of a little varying organization. 
They grow by a vegetative cone much like the stem, a cone which however 
is covered by a calyptra or root-cap. They are cylindrical, never develop 
leaves and as a rule develop root-hairs, a feature which is rare in stems 
(Rhynia, Hornea, Psilotum, rhizomes, Trichomanes, runners and some
times other stems too, Psaronius, stem after leaf fall) and which is still 
more rare in leaves (petioles and leaf under-surface of Trichomanes Hilde
brandtii 3)). 

Roots arising endogenously on the stem are formed in contact with 
the vascular tissue strands. Their distribution therefore in some cases may 
show a certain correspondence to that of the leaf traces 4). 

From the point of origin they make their way out in various directions, 
running sometimes through the stem tissues over considerable distances 
(Lycopodium, basipetal course, Angiopteris, geotropical course 5)). 

Roots may be formed in some cases on leaves too. 
The root may branch dichotomously (Isoetes, Selaginella, usually in Ly

copodium, sometimes in 0Phioglossum 6)) or laterally (Equisetum, Filicinae). 

1) A. ANSTRUTHER LAWSON, The prothallus of Tmesipteris tannensis, Trans. 
Roy. Soc. Edinb. 51, 1917, p. 785, and: The gametophyte generation of the Psilo
taceae, ibid. p. 93. 

2) G. P. DARNELL SMITH, The gametophyte of Psilolum, Trans. Roy. Soc. Edinb. 
52, 1918, p. 79. 

3) ENGLER & PRANTL, op.c. p. 98. 
0) J. P. LACHIIIANN, Contributions it l'histoire naturelle de la racine des Fougeres, 

Ann. Soc. Botan. de Lyon, 16, Notes et Memoires, 1889, p. I, see p. 23; J. C. SCHOU
TE, On the foliar origin of the internal stelar structure of the Marattiaceae, Rec. 
trav. bot. neerl. 23, 1926, p. 269, see p. 287, 288. 

5) R. F. SHOVE, On the structure of the stem of Angiopteris evecta, Ann. of 
Bot. 14, 1900, p. 497, see p. 506. 

0) HIRMER makes mention of dichotomous branching of the roots of Asterocala
mites scrobiculatus (op.c. p. 377), without quoting his source. Perhaps this source 
has been D. STl:R, who describes his Archaeocalamites radiatus as "radices irregu
lariter dichotomas emittens" (op.c. f.n. p. 19, p. 2).The figures (PI. I, fig. 3-5) as well 
as the, further description of the text p. 5 are far from convincing: in the text it is 
expressly stated that the branching is not so regular nor so symmetrical as that of 
the leaves. So the question must remain unsettled. 
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The successive dichotomies may follow rectangularly (Selaginella 1), 
usually in Lycopodium 2)) or occasionally in the same plane (Lycopodium 2)). 

Transitions between dichotomy and lateral branching may occur; in 
Lycopodium branches arising at the apex but being smaller may be decided
ly lateral; their arrangement may approach a regular one when the branches 
follow more or less in a Y2 or Y4 spiral, or in opposed pairs which themselves 
may be alternate or superposed 2). 

In Equisetum and in the Filicinae lateral roots arise endogenously; 
they are arranged in orthostichies, as their origin is confined to the presence 
of the vascular strands in the mother root. 

The first root of the embryo usually is formed exogenously, in various 
positions, not always opposite the first leaf. Later roots nearly always 
arise endogenously, but in Phylloglossum also these are exogenous 3). This 
difference of origin might be taken as a reason for distinguishing between 
a main root and adventitious roots, a practice which is sometimes followed, 
e.g. by VELENOVSKY 4). Most authors however do not make much of the 
difference; perhaps on account of the repeated assertion of HOFMEISTER 

that Pteridophytes have no main root oj, or perhaps from GOEBEL'S COli

sideration 6), that a true main root should show secondary growth. In any 
case exogenous and endogenous roots are of exactly the same morphologic
al description so that the distinction seems of little or no importance. 

A phylogenetic origin of the root from a specialized kind of stem, 
differentiated for absorption and attachment purposes, has always been 
more or less probable 7). Of such a differentiation we know many instances: 
the rhizomes of so many Pteridophytes, being only slightly modified subter
ranean stems, the rhizophore (see § 11 sub 2), the stigmarian axis (§ 11 sub 
3) and finally the peculiar leafless runners of Trichomanes. These last 
dichotomously branching organs attach the plant to the substratum and 
have an absorptive function; they develop root hairs, but lack a calyptra. 
They fully replace the roots which are either entirely wanting (most spp. of 
T. sect. Hemiphlebium) or are rarely formed (T. muscoides 8)). 

1) C. NAGEL! und H. LEITGEB, Entstehung und Wachsthum der Wurzeln, Bei
trage zur wiss. Botan. von C. NAGEL!, 4. Heft, 1868, p. 73, see p. 128. 

2) NAGEL! und LEITGEB, le. 1868, p. 117. 
3) F. O. BOWER, On the development and morphology of Phylloglossum Drum-

mondii, Phil. Trans. 1885, no. 238 p. 665. 

4) VELENOVSKY, op.c. p. 266. 

5) HOFMEISTER, op.c. (f.n. p. 2), passim . 
• ) GOEBEL, op.c. (f.n. p. 3), p. 1145. 

') POTONIE, struck by the leaf-like characters of the stigmarian rootlets, sug
gested (H. POTONIE, Grundlinien der Pflanzen-morphologie im Lichte der Palaeon

tologie, J ena 1912, on p. 233), that all roots might be metamorph leaves. At present 

such a view is not likely to find supporters. 

8) ENGLER & PRANTL I.c. p. 98. 
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It is not surprising therefore that LIGNIER in 1908 clearly expressed the 
view 1) that roots are the oldest kind of rhizomes; it was however only 
several years later that thIs view was supported by direct fossil evidence, 
by the discovery of the Psilophytinae. In 1921 KmsToN and LANG derived 
the roots from rhizome systems in Rhynia and in Asteroxylon 2) and this 
derivation again was much strengthened by the discovery of Asteroxylon 
elberfeldense in which KRAUSEL and WEYLAND observed root-like rhizome 
branches, differing from the other rhizomes of the plant 3). 

§ 8. The leaf (sterile leaf and sporophyll). - In the different groups 
of Algae a differentiation between a special photosynthetic and usually 
flat part and a supporting and usually cylindrical part has evidently 
occurred several times. In the Pteridophytic sporophyte a successful 
differentiation of such a kind is nowadays generally assumed to have at 
least arisen twice, so that the leaves in this phylum are taken to be of a 
diphyletic origin. VELENOVSKY even distinguished between four leaf 
categories 4), those of the A rticulatae, Lycopodiinae, I soetinae and Fili
cinae, but this view has not been confirmed since. 

The two kinds of leaves are usually designated as microphylls (or 
Thursophyton leaves of BOWER 5)) and megaphylls (or cladode leaves of 
BOWER 6)). The latter are the leaves of the Filicinae and perhaps part of the 
leaves of the Cladoxylinae, while the leaves of all other Pteridophyte 
classes are usually taken together as microphylls. 

In the present chapter the distinction will be accepted in this form, 
notwithstanding the fact that Lady ISABEL BROWNE in a recent paper .) 
questions the microphylly of the Articulatae and Psilotinae, mainly on 
account of the fact that some old forms, more or less related to these 
classes, had relatively large and forking leaves. 

Though granting that our knowledge of the actual phylogeny is in-

1) O. LIGNIER, Essai sur l'evolution morphologique du regne vegetal, C. R. du 
Congres de Clermont Ferrand de l'Assoc. franc;. 1908, reprinted in 1911 in: Bull. 
Soc. Linn. N ormandie, 6th ser., 3, p. 35 and especially p. 41. 

') R. KIDSTON and W. H. LANG, On old red sandstone plants showing structure, 

from the Rhynie chert bed, Aberdeenshire, Part 4, Restorations of the vascular 

cryptogams, and dicussion of their bearing on the general morphology of the 
Pteridophyta and the origin of the organisation of land-plants, Trans. Roy. Soc. 

Edinb. 52,1921, p. 831. 

3) R. KRAUSEL und H. WEYLAND, Beitrage zur Kenntnis der Devonflora II, 
Abh. d. Senckenberg. Naturf. Ges. 40, 1926, p. 115 . 

• ) VELENOVSKy, op.c. p. 184. 

5) BOWER, op.c. (f.n. p. 3), p. 552 . 
• ) BOWER, op.c. p. 550. 
') Lady I. M. P. BROWNE, Some views on the morphology and phylogeny of the 

leafy vascular sporophyte, Botanical Review 1, 1935, p. 383, 427; see p. 440. 
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sufficient to settle the question directly, I believe that many facts point to 
the correctness of the usual view. The following general treatment 
of the leaves of Psilophytinae, Lycopodiinae, Psilotinae and Articulatae 
may show this, and moreover I might point to § 5 it} which we saw that 
an important difference is found between the leaf categories so defined, 
in their relation to the stem branching. 

A. The microphyll. 
I. P h y log e net i cor i gin. According to our present knowledge 

the microphylls are the oldest. At least in Baragwanathia from the Silurian 
the microphyll is represented as clearly as in. any later form, being a 
long, simple, lax leaf already ocurring in two forms, sterile and as a 
sporophyll with a reniform sporangium on its adaxial side. 

According to a generally accepted and indeed very plausible supposition 
the microphyll has been developed as an emergence, or as BOWER expresses 
it, an enation. Whether this enation from the beginning was dorsiventral, 
with a different organization of the abaxial and the adaxial side, is un
known. In any case all known microphylls are always dorsiventral. 

When they are formed as parts of a dorsiventral shoot, their right and 
left sides moreover may grow out differently, so that falcate and other 
asymmetrical forms ensue (SelagineUa spp.). 

In the oldest forms, the microphyll is quite simple without any incisions 
or any special parts. In many of the microphyllous groups it has remained 
so up to the present day, e.g. in Lycopodium. In other groups complications 
in shape have arisen; they will be dealt with separately for the sterile leaf 
and the sporophyll. 

II. The s t e r i 1 e m i c r 0 p h y 11. Usually the microphyll is 
entire, without any lobing or dissection. In rare cases the margins may be 
provided with small teeth (SelagineUa) or even may become in this way 
pinnatifid (SelagineUa LyaUii, abnormal leaves, see BRuCHMANN 1)). 

The microphyll however may become complicated by the occurrence of a 
dichotomous division. One forking occurs in Protolepidodendron and in 
many SphenophyUum leaves, while other Sph. spp. have two or three 
forkings in their leaves; Asterocalamites has three or more. In Pseudobornia 
the leaf on the same basis has become flabellate, every long lobe being finely 
pinnately dissected. 

In a number of related forms, known as the Lycopodiinae ligulatae and 
the I soetinae, the leaf adaxially produces near its insertion a special laminar 
outgrowth, the ligule, usually inserted by a comparatively stout foot, the 
glossopodium, in a definite socket, the ligular pit. Other differentiations 
are rare. Stipules never occur and a sheath is seldom formed (Isoetes). 

III. The fer til e m i c r 0 p h y 11. In the sporophyll we meet 

') H. BRUCHMANN, Von den Vegetationsorganen der Selaginella Lyallii Spring, 
Flora 99, 1909, p. 436. 
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with the same differentiations as in the sterile leaves and of course also 
with the sporangia and eventually with their stalks. 

The sporangia always or nearly always are borne on the adaxial side 
of the sporophyll, near its insertion on the stem: a single sporangium 
moreover being nearly always sessile (Baragwanathia, Lycopodium, Se
lagineUa), seldom stalked (SphenophyUum angustifolium). When a ligule is 
present in a sporophyll, the sporangium invariably is situated between axis 
and ligule. 

When there are more sporangia on one sporophyll they are seldom sessile 
(Sphenophyllum majus), usually stalked, in which case the stalks may be 
branched (Spenophyllum fertile) and every branch may either bear one 
(Sphenophyllum Dawsoni) or two (Sph. fertile) or more sporangia, often four 
(Cheirostrobus). In the case of two or more sporangia to one stalk branch 
the latter tends to be terminally dilated, the sporangia pendent in a 
symmetrical distribution from the basal side of the shield-like dilation. 

Cases in which the sporangia or their stalks are not inserted on the 
adaxial sporophyll side have been reported, but never satisfactorily proved 
to exist. 

The best known case is that of Sphenophyllum fertile where the sporo
phyll, after SCOTT, consisted of two fertile storeys of two sporangium
bearing stalks each. Quite recently LECLERCQ 1) however, was able to show 
that the sporophyll of Sp./ertile as in all other species possessed an abaxial 
sterile part and a number of fertile sporangium-bearing stalks. 

A second case is that of Pleuromeia where an abaxial position of the 
sporangium was supposed to occur by SOLMS-LAUBACH 2). However in the 
chapter by WALTON and ALSTON on Lycopodiinae in this Manual the 
statement has been called in question on good arguments 3). 

The union of one or more sporangia to a microphyll has often given rise 
to comment in literature. The botanists of the first half of the nineteenth 
century contented themselves with a comparison with the 0Phioglossum 
sporophyll, as may be read in full in SOLMS-LAUBACH'S paper on Psilo
tum 4). By reduction this OPhioglossum sporophyll might have led to the 

') Suz. LECLERCQ, Sur la structure n~elle de Sphenophyllostachys fertile Scott, 
Proc. Int. Bot. Congr. I, 1936 p. 234. 

') H. GRAF ZU SOLMS·LAUBACH, Uberdas Genus Pleuromeia, Bot. Ztg, 57, 1899, 
p. 227, see p. 239. 

3) HlRMER has tried to explain this supposed abaxial sporangium position (M. 
HIRMER, Rekonstruktion von Pleuromeia Sternbergi Corda, nebst Bemerkungen 
zur Morphologie der Lycopodiales, Palaeontographica 78 B, 1933, p. 47) by fan
cying an original form with a belt of sporangia all around the sporophyll; by re
duction in the belt the normal case of Lycopodium as well as the case of Pleuromeia 
might have arisen . 

• ) H. Graf zu SOLMS-LAUBACH, Der Aufbau des Stockes von Psilotum triquetrum 
und dcssen Entwicklung aus der Brutknospe, Ann. d. Buitenzorg 4, 1884, p. 139. 
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condition of Psilotum, and by further reduction to the r:ondition of Lyco
podium. Even if such a "backward" view were still considered to be 
satisfactory, we should have to object that it implies a comparison between 
megaphylls and microphylls. 

The question became especially interesting when the Psilophytinae 
seemed to prove that sporangia originally had been only borne on stems, 
terminally. With the hope of solving this problem, BOWER enounced his 
collocation theory 1), claiming that for every sporophyll a union must have 
taken place between a Thursophyton-leaf and a Hostimella-branch, i.e. a 
stem with a terminal sporangium. 

This conception hardly needs a detailed discussion. The improbability 
that, in plants where axillary branching is unknown, one single branch 
should arise exactly above every single leaf, without ever even betraying 
itself by teratological cases, is such that we must discard the idea alto
gether. 

Moreover the discovery of Baragwanathia and Yarra via makes all such 
explanations superfluous. The original land flora did not only consist of 
leafless plants with terminal sporangia; there is no objection to supposing 
that the Pteridophyte sporangia originally were produced all over the 
plant, as in the Laminariaceae, where the' sporangia are formed on the 
stalk and holdfast as well as on the frond. 

The terminal group of sporangia in Yarravia and the single terminal 
sporangia of Rhynia may both represent original arrangements, but the 
leaf-borne sporangia of Baragwanathia have the same claim to originality. 

The same view, that every sporophyll should owe its origin to the union 
of a leaf and a branch, has been upheld with much more stress and on the 
basis of quite different fossil evidence in the case of the Articulatae. 
Especially jn this plant group do we meet with the stalked sporangia; 
and these stalks, often termed sporangiophores, have been considered as of 
a cauline nature by several botanists. 

Not by all however. The foliar nature of the Equisetum sporophyll has 
been strongly emphasized by one of the best investigators of the Equiseta, 
MILDE 2). From his extensive and excellent observations on the transitional 
forms between the sheath leaves and the annulus teeth, and between these 
teeth and the sporophylls, MILDE arrived at the firm conviction that sheath 
leaf, annulus tooth and sporophyll are all homologous organs. And as the 
Equisetum sporophyll consists of one single sporangiophore, the latter must 
be of a foliar nature too. 

Starting independently from the same facts GOEBEL 3) also came to the 
conclusion that the homology of leaf and sporangiophore in Equisetum is 

') BOWER, op.c. (Ln. p. 3), p. 59S. 

2) J. MILDE, Monographia Equisetorum, Nova Acta 32, 2, IS67; especially p. 164 

3) GOEBEL, op.c. (f.n. p. 3), p. 110S. 

Manual of pteridology 3 
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so obvious that the assumption of an axial nature for the latter is untenable. 
As he rightly remarks, what can be stated with certainty in living plants 
is not to be doubted on the basis of much less known fossils. This view of 
GOEBEL is the more remarkable as he belonged to the zealous defenders of 
the axial nature of the Psilotum sporophyll. 

The supporters of the axial nature of the sporangiophores are especially 
BOWER 1) and BROWNE 2); the arguments of both authors are entirely 
taken from the domain of phyllotaxis. We shall therefore postpone their 
discussion until we come to the microphyll phyllotaxis, sub IV; here I will 
only remark that our conclusion will be that the facts of phyllotaxis are 
not such as to require an axial sporangiophore nature. In the present 
paper all these complex sporophyU structures of the Articulatae will 
therefore be taken as real sporophylls; for Psilotum see § 11 sub 1. 

The sporophyll may become forked or by repeated dichotomy more-lobed 
in the same way as the sterile microphyll; this occurs in Psilotum, Spheno
phyllum andin Cheirostrobus; in the latter case the sporophyll is remarkably 
divided into three equal collateral parts, a curious deviation from the 
normal two, four or eight of dichotomous branching. 

The collateral dedoublement of the sporophyll may equally well pertain 
to the sporangiophore; we may therefore have two or more sporangiophores 
as an upper storey over two or more sterile lobes (Cheirostrobus). In liter~ 
ature this division into two storeys is usually designated as a serial division, 
following in this respect the example of ZEILLER 3). See for instance 
SCOTT 4) and especially HIRMER 5). Another explanation is that the under 
sterile and the upper fertile lobes should represent different phyllomes; a 
view especially advocated by TROLL 6). 

As far as I can see either explanation is equally unnecessary, as we may 
simply consider it as an elaboration of the sporophyll (the under lobe) 
with its sporangium (the upper lobe). This view is not at all new, as it 
has been discussed by many authors, see e.g. SEWARD 7); but it has mostly 
been discarded on account of the complex organization and structure of 
the sporangiophore, and of its likeness to the Equisetum sporophyll. 

For Equisetum the above view does not present any difficulty, as we may 

') F. O. BOWER, The origin of a land-flora, London 1908, see p. 383. 
') Lady I. M. P. BROWNE, A new theory of the morphology of the Calamarian 

cone, Annals of Bot. 41, 1927, p. 301. 

3) R. ZEILLER, Etude sur la constitution de l'appareil fructificateur des Sphe
nophyllum, Mem. Soc. geol. de France, Paleont. 1893, p. 3. 

') D. H. SCOTT, Studies in fossil botany, 3rd ed. I, 1920, see p. 99. 

6) M. HIRMER, Bemerkungen zur Theorie der serialen Spaltung der Blatter. 

Eine Erwiderung an Herrn W. TROLL, Berichte D. bot. Ges. 51,1933, p. 127 . 
• ) W. TROLL, Zur Deutung des Bliitenbaues fossiler A rticulatales, Ibid. p. 21. 

') A. C. SEWARD, Fossil plants,!, Cambridge 1898, see p. 405. 
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easily conceive how the sporophyll in these plants may have been reduced 
to the single sporangiophore 1). 

Finally the sporophyll of microphyllous plants may develop some special 
parts besides the sporangium and sporangiophore, in connection with the 
formation of a strobilus or even with the formation of seeds. 

In some forms (5 elaginella 2), Lepidostrobus, Spencerites, C heirostrobus) at 
the transition between the horizontal and the vertical tegumentary 
part of the sterile lobes a downward extending rim or knob may be 
present, the function of which is obviously the ensurance of an accurate 
fitting and closing of the strobilus parts in the bud condition. 

In other forms where the seed habit was attained, a membrane was formed 
from the adaxial side of the sporophyll, more or less enveloping the 
megasporangium, and even sometimes (Lepidocarpon) in the microsporo
phyll, enveloping the microsporangium likewise. These membranes usually 
are designated as indusia. 

IV. P h y 11 0 t a xis. Probably no fact has contributed more to the 
inclusion of microphyls and megaphylls in one single category of leaves 
than the regular phyllotaxis both often display. This regular arrangement 
must have been present very early during the phylogeny, as in Barag
wanathia the parastichies, though not quite regular, are yet very con
spicuous 3). It is however quite possible that in other early or in still 
earlier forms the microphylls have been distributed irregularly, like many 
hairs. 

The study of recent microphyllous Pteridophytes clearly reveals the fact 
that their leaves display exactly the same phyllotactical phenomena as the 
megaphylls in the Filicinae and in Spermophytes; evidently the so-called 
law of HOFMEISTER governs the phenomena in both. Yet there is this 
difference, that the phyllotactical patterns of the so-called main series 
whose parastichies occur in numbers belonging to the series 1, 1,2,3, S etc., 
are not nearly so frequent in microphyllous plants as e.g. in Conifers. This 
is due to the action of at least two disturbing factors, namely the dichot
omy of the stem and the false whorl formation. 

Where these factors are absent, systems of the main series may be 
found in perfect regularity, for instance in Isoetes 4). 

1) The strobili of Calamostachys and its allies are sometimes believed to display 
analogous phenomena of serial splitting; for literature see BROWNE I.e. 1927, p. 310 
and especially HIRMER 1933 I.e. 

In the discussion on phyllotaxis I hope to make clear why this view is not to be 

accepted, as the superposed parts in these strobili belong to different phyllomes. 

2) M. G. SYKES and W. STILES, The cones of the genus SelagineUa, Ann. of 

Bot. 24, 1910, p. 523. 
3) LANG and COOKSON, I.e. (f.n. p. 27), fig. 6, 12, 14. 
4) JOHANNA LIEBIG, Erganzungen zur Entwicklungsgeschichte von Isoetes 

Jacustre L., Flora 125, 1931, p. 321, see p. 335. 
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In a dichotomizing stem, however, only low systems of the main series, 
with low parastichy numbers, may occur regularly, as the following 
reasoning may show. In a vegetative cone where the young leaf primordia 
(or, according to my theory of phyllotaxis 1), the dispersion circles) at the 
time of the determination of the next higher ones have a relative bulk 
(expressed in the stem circumference as unit) of between 0.50 and 0.58, no 
other phyllotactical systems are possible but a system 1 + 2, a low member 
of the main series. 

From such a system higher members of the main series may be elaborated 
by a gradually diminishing bulk relation 2), and this is what occurs in 
Isoetes. However as soon as a stem dichotomizes, the new systems of the 
two shanks are only partly the continuation of that of the podium; they 
are completed at the sides facing each other on a new and more or less 
horizontal base. When in the shanks the bulk relation happens to fall 
between 0.50 and 0.58, the new systems must be of the main series. When 
the bulk relation is smaller, the new systems can only belong to the main 
series when the supplementory part of the system is erected on a basis 
of the required obliquity; this not being the case it is not difficult to prove 
that the new system will be such a one in which the two sets of determining 
parastichies have a tendency to differ less in number than they do in the 
main series. 

This proof may be given as follows. Let a and b in fig. 7A be two leaf centres, 
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FIG. 7. A = part of a phyllotactical system. "Basal line" fully drawn, lines from 
determining to determined leaves dotted. B,C,D = regular systems 3 + 3, 3 + 4 

and 3 + 5. 

determining together the place of a third leaf d. We know that b at the other side 
cooperates with a third leaf c in determining the place of of a fifth leaf e, etc. Now 

') J. C. SCHOUTE, Beitrage zur Blattstellungstheorie. I, Die Theorie, Rec. trav. 
,bot. neer!. 10, 1913, p. 153 . 

• ) SCHOUTE 1913, l.c. p. 247. 
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we may call the line passing through the centres a, band c a basal line; it is clear 
that we may extend such a line around the stem. For a realization of a whorled 
phyllotaxis it is required that the basal line on being continued from c to the right, 
again abuts on a. (7B) When it leads to d, the system is of the form n + (n + 1) 
as in 7e, etc. In fig. 7B-D three regular systems have been drawn, 3 + 3,3 + 4 and 
3 + 5, each with its basal line. 

Supposing now that in each of these three systems a certain part is taken away 
and replaced by a new part, built up on a horizontal base, it is obvious that all 
three will be likely to change into another system, but it is at the same time clear 

that in the new systems the basal lines will be inclined to be more or less horizontal, 

or in other terms will have determining parastichies whose numbers are not very 
different. 

This theoretical conclusion is borne out by the facts to a large extent. Dichoto
mizing stems occur in: 

A slel'oxylon. Little of its phyllotaxis is known, but the only instance known to me 
in which it is possible to determine it from a photograph '), is that of a system 
7 + 8, a very rare system for non-dichotomizing plants. 

Psilolum triquetrum. The main axis of the aerial shoots has an irregular phyllo
taxis, the thin terminal branches have systems 1 + 2. 

Lycopodium Selago. According to AL. BRAUN 2) very young plants have 'I,. In six 
plantlets grown from bulbils I observed low systems of the main series. Adult 
specimens on the contrary are stated by BRAUN ') to have the systems 3 + 4, 
4 + 4,4 + 5,5 + 5 and 5 + 6, all either systems of the form 'I"~ '/., '/11 or whorled 
systems. 

Lycopodium spp. In adult specimens the conditions usually are as in L. Selago: 
for L. clavalum BRAUN ') mentions all similar systems from 4 + 4 up to 8 + 9. 

My own observations in some species showed the following results. No other 
systems were observed but n + n, n + (n + 1) and n + (n + 2), the last always 
being very rare. Of the former two the whorled systems often prevailed, especially 
in the thinner branches. Often in a shank the system was subject to one or more 
changes; in these cases there was no predilection to be found for changes towards a 
whorled condition '). A discussion whether the whorled or the spiral condition is 

') On PI. 5, fig. 25, in KmsToN and LANG, I.c. 1921 (f.n. p. 30). 
2) AL. BRAUN 1831, I.c. (Ln. p. 26), p. 277. 
') AL. BRAUN 1831, I.c. p. 338. 
') My own observations pertained to L. carinalum, dicholomum, Hippuris and 

Phlegm aria. From one or more shoots the phyllotaxis was determined in all 
branches, all changes in system of the shanks being recorded; the results are plotted 
in the two following tables: 

Species 

carinatum 
dichotomum 
Hippuris . 
Phlegmaria . 

Numberof 
observed 
shanks 

89 
31 
27 
51 

Phyllotactical systems I 

n+n In+ (n+ 1)ln+ (n+2) 

51 30 -
40 33 2 
28 16 1 
40 11 -

Lowest 
system 

2+2 
5+5 
4+5 
2+2 

Highest 
system 

4+4 
13+13 
7+8 
4+5 
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primitive in Lycopodium as may be found in BRONGNIART ') and in SPRING '), in 
view of such facts seems to be without any foundation; both the spiral and the 
whorled systems are incidental consequences of space relations, without any govern· 
ing principles of their own. Both alike are original patterns and the whorled systems, 
in striking contrast with nearly all other whorls, are true whorls. 

Selaginella. In the common dorsi ventral species the phyllotaxis, though subject 
to horizontal shifts in connection with the dorsiventrality and often to longitudinal 
shifts too, is essentially decussate. In some radial species conditions are quite 
different. BRAUN writes about them 3): "Nur wenige Selaginellen zeigen complicir. 
tere Blattstellungsverhaltnisse, .... Sel. rupestris zeigt an den vegetativen Spros. 
sen '/s oder '/'" in denAehren dagegen das gewbhnliche vierzeilige Verhalten; Sel. 
spinulosa dagegen zeigt in allen Theilen complicirte Spiralstellungen oder compli. 
cirte Abwechslungsverhaltnisse von Quirlen und bewegt sich dabei in einem nicht 
minder weiten Spielraume als manche Lycopodien". 

Lepidodendron. Our knowledge of the phyllotaxis of the Lepidodendron stems is 
only scanty; a determination of the parastichies round the stem is usually im. 
possible as loose parts of the stem surface are the common material. 

In view of this difficulty STUR devised a method ') of determining a phyllo. 
tactical pattern from such loose surface parts. Though he thought he had obtained 
good results, his numerous observations are all worthless, as their basis, the de· 
termination of the orthostichies, was necessarily unsatisfactory. The only reason 
why he did not become aware of the unreliability was that he started from the 
preconceived idea that only patterns of the main series or its jugate forms were 
possible. 

The only satisfactory determinations I know of have been made by DICKSON on 
15 specimens which he was fortunate enough to obtain with the parastichies round 
the stem '). Three of these 0 bj ects showed patterns of the main series: 8 + 13 + 21 ; 
13 + 21 + 34; 55 + 89; five cases were conjugated systems of the same, namely 
onebijugate 16 + 26,twotrijugate 15 + 24, 15 + 24;onequinquejugate 15 + 25, 
one septem jugate 35 + 56 + 91; one was of the first accessory series 18 + 29 + 47, 
two of the second accessory series, both 14 + 23, and four of three further anoma· 
lous series 6 + 11 + 17; 12 + 19 + 31; 13 + 23; 36 + 59. 

As nothing is known about the lower part of the observed stem pieces these 
may have been main stems which had not yet forked. In that case we might expect 
patterns of the main series and perhaps, as most of the cases seem to be, irregular 
degenerations of that series. There was however one amongst the 15 specimens 

Changes in phyllotactical system from 

Species 
spiral 

to next 
whorl 

I 
whorl I 

to ~ext 
spIral 

whorl I spiral I . 1 t In+(n+2)ln+(n+2) 
to next to ~ext nS~(:+~) to ~ext to next 
whorl spIral spIral whorl 

carinatum 7 1 - - - - -
dichotomum 18 21 2 1 1 - 1 
Hippuris 9 6 4 - - 1 -

Phlegm aria 2 3 - - - - -

Total 36 31 6 1 1 1 1 

') AD. BRONGNIART, op.c. II, (Ln. p. 9), p. 10. 
') A. SPRING, Monographie de la famille des Lycopodiacees, I, Mem. de l'acad. 

roy. de Belgique 15, 1841; do do II, ibid. 24, 1848; see II, p. 303. 

3) AL. BRAUN 1874, l.c. (f.n. p. 16), p. 61. 

4) STUR, l.c. (f.n. p. 19), p. 342 (236)-368 (262). 
0) AL. DICKSON, On the phyllotaxis of Lepidodendron, Transactions of the Bo· 

tanical Society 11, Edinburgh, 1873, p. 145. 
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which bore a lateral branch; this branch had a pattern 8 + 13. The latter case 
evidently is against our theoretical view. 

Sigillaria. Here again we have numerous but worthless observations by STUR ') 
and moreover numerous determinations by NAUMANN 2) and by GOLDENBERG 3) 
who both tried a variation of STUR'S method by the so-called "quincunx" method; 
a method which is as bad as the other. This judgment has already been enounced, in 
a very polite but nevertheless determined way, by AL. BRAUN <) to whom Prof. 
BRONN had sent NAUMANN'S paper to report upon. For us BRAUN'S paper is note
worthly as he added a positive contribution to his criticism, an observation on a 
stem piece of S. Cortei or S. mamillaris, in which the pattern successively changed 
from 42 + 43 into 43 + 43 and further into 43 + 44; being high systems of the 
kind mentioned above. 

We might now ask reversely whether there are any plants with the same peculiar 
systems n + nand n + (n + 1) without dichotomous branching. As far as I 
know; such plants are not on record. The only case perhaps might have been 
given by Asterochlaena taxa where BERTRAND 5) determined the phyllotaxis in 
three stem pieces as 10 + 11, 10 + 10 and 11 + 11. The mode of branching is 
unknown but as the longest stem piece on record is not yet twice its diameter in 
length, the supposition that the stem branched dichotomously as in the related 
Coenopteridineae is not very risky. 

So we see, that the facts, as far as available, on the whole point towards 
the correctness of the theoretical view given above about the relation be
tween dichotomic branching and phyllotaxis. The facts related in § 5, p. 17 
sub f tend to support the same view. As all lateral bulbils treated there may 
be compared to shanks in very unequal dkhotomies, we may expect that 
the phyllotaxis of the podium will be continued on the large shank with 
only a small interruption at the side of the small shank; over this inter
ruption the system will soon close up again, and may do so in the same 
pattern as was present in the podium. In such a way it becomes clear why 
at the place of insertion of the small shank only one or two leaves of the 
system are lacking and, moreover, why a number of bulbils tends to disturb 
the phyllotaxis entirely. 

As the other disturbing factor for phyllotaxis I mentioned the false 
whorl formation. Like the leaves in so many megaphyllous plants, the 
microphylls too may become secondarily connected so as to form whorls. 
This process has to be taken as an ontogenetic one, as it is brought about 

') STUR Lc. p. 400 (294). 
2) C. F. NAUMANN, Uber den Quincunx, als Gesetz der Blattstellung bei Sigillaria 

und Lepidodendrum, Neues Jahrbuch fUr Miner., Geogn., GeoL und Petrefakten
kunde, herausg. von VON LEONHARD und BRONN, 1842, p. 410; C. F. NAUMANN, 
Ueber den Quincunx als Grundgesetz der Blattstellung vieler Pflanzen, Dresden 

und Leipzig 1845; a third paper in Poggendorff' Annalen is alluded to by the author 

but not quoted. 
3) F. GOLDENBERG, Lc. (f.n. p. 12), Heft 2 p. 2. 

<) AL. BRAUN, Uber die Blattstellung der Gewachse, mit Beziehung auf die fos
silen Formen und die vorangehende Abhandlung, same place as the first paper by 

NAUMANN, p. 418. 

5) P. BERTRAND, Structure des stipes d'Asterochlaena laxa Stenzel, Mem. Soc. 

GeoL du Nord, 7,1911, p. 5. 
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by metatopies, i.e. by shifts and one-sided extensions of the developing 
primordia or even of the still invisible preliminary stages. 

In the Articulatae the phenomenon occurs on a large scale, and is of 
taxonomic interest. It is attended by a strong lateral binding of the 
neighbouring leaves in the whorl, as becomes obvious from the strong 
torsion to be observed in the rare cases of "Zwangsdrehungen" 1). Two 
successive whorls have a certain tendency to isomery, though, especially 
in polymerous shoots, the numbers are hardly ever identical. 

Successive whorls usually show a certain spatial relation of the members 
of the one to those of the other. In Equisetum and in many other Articu
latae this relation amounts to an alternation. In strictly isomerous whorls 
the alternation is perfectly realized; in heteromerous whorls the rule is 
adhered to as far as possible. When for instance a whorl of 10 members 
follows on a whorl of 11, nine of the higher members alternate with the 
lower whorl, the tenth lying exactly over a member of the lower whorl 
with an unusually large space at both sides. Even in the torsion cases of 
Equisetum we may observe the same imperfect mode of alternation of 
successive windings of the spiral. 

In Asterocalamites the relation is quite different; here superposition is 
the rule. Yet we have an absolutely analogous solution of the difficulty 
offered by the numerous deviations from strict isomery, especially in the 
whorls with very high numbers of members; in such cases nearly all leaves 
are placed exactly over leaves of the lower whorl, but for a number of 
places, where one or a few members occupy an alternate or an intermediate 
position. 

It is exactly from these deviations from the rule that the false whorl 
character may be concluded, as no true whorls could ever show such 
phenomena; every departure from the isomerous condition in true whorls 
must change the whole character of the system. 

Alternation and superposition are not the only spatial relations of 
microphyll whorls; in the case of junction of whorls consisting of different 
organ categories, as may be observed in some strobili, more complicated 
relations are sometimes realized. We find this in Calamostachys, where two 
kinds of phyllomes, sporophylls and sterile scales 2), both arranged in 
whorls, follow in turn. The numbers in the successive whorls have no tend
ency to isomery here, but the sporophyll whorls are nearly isomerous 
among each other. The bract whorls, lying between the sporophyll whorls, 
have about twice the number of scales each, or in other cases their normal 

') Already figured for Equisetum fluviatile by J. P. VAUCHER, in: Monographie 
des Preles, Geneve 1822. 

2) UsuaUy called bracts, a very inappropriate name, as the term bract has a 
strictly defined meaning in botanical morphology, namely of a subtending phyl
lome, especially in inflorescences. 
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number is one and a half that of the sporophyll whorls (c. magnae crucis). 
These relations may be paralleled by the junction of a stamen whorl of ten 
to a corolla of five, or by the junction of a dimerous gynoecium to a pen
tamerous androecium. 

Usually in these cases the sporophyll whorls in themselves are superposed 
upon each other, whereas the scale whorls alternate amongst each other, 
in such a way that when half of the members of one scale whorl alternate 
with those of the lower sporophyll whorl, its other members being super
posed to the same sporophyll whorl, the next scale whorl takes an inter
mediate position, no scale being alternate to nor superposed to the 
sporophylls. 

All whorls in these remarkable cases only keep true to their normal 
number in a general way, not in detail; deviations occur and bring about 
unusual spatial relations locally. It is exactly from this lack of consistency 
that we conclude that we must abandon the old view of SCOTT, HICKLING 
and BROWNE, in later papers rejected by both SCOTT and BROWNE 1), but 
defended again emphatically by HIRMER 2), that "bracts" and "sporan
giophores" should represent dorsal and ventral lobes of a phyllome, or as 
HIRMER calls it a "Sporophyll-Einheit". HIRMER tries to argue away the 
importance of the abnormalities by distinguishing between the "prinzi
pielle Organstellung" and the observed arrangement, affected by dis
turbances; a set of natural suppositions about the real processes determining 
the organogeny, might, however, prove difficult to correlate with such a 
VIew. 

In Sphenophyllum and in Cheirostrobus, which are often compared with 
Calamostachys in this respect, conditions are quite different. Here a 
sporophyll really may consist of a dorsal and a ventral lobe, as dealt with 
above p. 34, and in such places where the successive whorls are hetero
merous these two storeys always correspond. 

Finally we may perhaps cite as a third factor disturbing phyllotaxis, 
ridge formation, the arrangement of leaves in false orthostichies. 

This phenomenon is strikingly developed in the Sigillariaceae, but 
owing to the absence of sufficient data we can only point out its importance. 

In phyllotactical respects it reminds one of the ridge formation in 
Cactaceae. Whenever the pattern changes, existing orthostichies may be 
discontinued or new ones may be intercalated. This is not only to be 
observed in Sigillaria in the strobiliferous zones dealt with above in § 5 
sub j, p. 20, but also in the basal parts of the stout sterns, see for instance 
the figure of S. laevigata as given by ZEILLER 3). 

') BROWNE, l.c. 1927 (Ln. p. 34), p. 304. 
2) HIRMER 1927, op. c. p. 471, 472. 
3) R. ZEILLER, op.c. 1886 (Ln. p. 12). see Pl. 78, fig. 3. 
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V. Kin d S 0 f m i c r 0 p h Y 11 pIa s tic s. Of course the sterile 
and the fertile microphylls are already of different plastics; all Pterido
phytes, onJy part of the Psilophytinae excepted, show this difference. Yet 
the organization of the two kinds of leaves may be the same, but for the form
ation of sporangia in the sporophylls (Lycopodium Selago). In other plants 
the sterile and fertile leaves may be different in most respects (Equisetum). 

Some Pteridophytes however have two kinds of sterile microphyll 
plastics; some outstanding cases will be enumerated here. 

Lycopodium Selago. In addition to the normal assimilating leaves there 
are developed some very thick and fleshy leaves in the bulbils, containing 
reserve materials. 

L. volubile has a marked difference between the large falcate lateral 
leaves, and the small linear upper and under leaves. 

Selaginella subgen. Heterophyllum. The small upper leaves and the large 
under leaves are different in shape!); the former turning their morphologic
al under side towards the sky, the latter their upper side, their anatomical 
organization too is often different (S. Martensii). 

Lepidodendron and Sigillaria. If the view on the stigmarian rhizome, to 
be defended in § 11, is to be confirmed, the stigmarian "rootlets" are 
nothing but metamorphosed leaves, widely diverging from the photosyn
thetic normal leaves by their root-like apical growth, their root-like 
anatomy and their root-function. 

Sphenophyllum verticillatum and some other Sph. spp. have finely dis
sected leaves in the lower parts of the plant, and simple cuneate leaves in 
the higher parts. 

Equisetum. Beyond the normal sheath leaves and the sporophylls, 
Equisetum has a third form of leaves, the teeth of the annulus, being 
transitional forms between the other two. Usually they are sterile, but in 
the Equiseta cryptopora they mostly bear a sporangium at the inner side of 
each tooth 2). 

Amongst the fertile microphylls dimorphism does not seem to have been 
developed, though of course, especially in monosporangeous sporophylls, 
mega- and microsporophylls may be distinguished (Selaginella, Isoetes). 

') SPRING (l.c. f.n. p. 38, II, p. 300) develops a remarkable theory on the polarity 

of the Selaginella leaves,trying to demonstrate that every form property of an upper 
leaf is the polar contrast of the same property of an under leaf. Without any doubt 

his views are too sketchy; moreover the exposition of his views is far from clear. 

The fact is that the right and left sides of any leaf, developing in different 

positions with regard to the zygomorphy factors in the stem, differ in many re
spects; so most leaves are either unequal-sided or falcate or both at the same time. 

The position of the broad halves and the curvature of their midribs may be opposed 

in the two kinds of leaves or they may be similar ;fixed rules such as SPRING claimed 
not being present. 

2) MILDE, Ie. (f.n. p. 33), p. 167. 
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B. The megaphyll. 
I. P h y log e net i cor i gin. As the first author claiming the 

development of the megaphyll from a specialized branch system LIGNIER 
is usually cited 1). The same view however has already been given ex
pressively by HOFMEISTER in 1851 2) namely that the fern frond was a 
branch system, its paleae being its leaves. 

In 1916 HALLE was inclined to adopt LIGNIER'S view on account of his 
observation of Lower Devonian forms 3), especially of Psilophyton Gold
schmidtii, in which the lateral branch systems being already dorsiventral 
seemed an approach to megaphylls, while the main stem and the basal 
parts of the branches bore numerous small spines, the microphylls. 

The subsequent discovery of Asteroxylon M ackiei with its specialized 
lateral branch systems and especially that of A. elberfeldense where these 
systems were very clear, and, moreover, appeared to have circinate tips in 
the young condition, strongly emphasized the correctness of the general 
view, and the fact that in Asteroxylon the incipient megaphyll did not yet 
display dorsiventrality only tends to corroborate it. 

For it is clear that the original branch system may have been radially 
symmetrical, and that the acquisition of dorsiventrality factors is to be 
considered as an adaptation to the photosynthetic function. 

Subsequent authors mostly accepted the same view: SCOTT 4), KmSTON 
and LANG 5), HIRMER 6); only GOEBEL and ZIMMERMANN did not. GOEBEL 
because he assumed the homology of all Pteridophytic leaves on account 
of the results of comparative morphology of recent forms 7), and ZIM
MERMANN because he derives both forms of leaves in a hypothetical way 
from a phylloid-complex, i.e. a sterile branch system; moreover he 
ascribes microphylls to the Conifers and megaphylls to Sphenophyllttm 8). 

The elaboration of the fern leaf from the Asteroxylon branch system 
according to all authors has been accomplished by the following processes: 
the acquisition of dorsiventrality factors; the gradually perfected ar
rangement of all branches in a single plane, in connection with the dor
siventrality; the development of a lamina by a flattening out of the 
branches and by "webbing"; finally by the gradual change of the original 
dichotomous mode of branching into a monopodial branching habit. 

1) LIGNIER, I.c. (f.n. p. 30). 
') HOFMEISTER, op.c. (f.n. p. 2), p. 87. 
3) T. G. HALLE, Lower devonian plants from Riiragen in Norway, K. Svenska 

Vet. Akad. Handl. 57,1916, no. I. 
4) SCOTT, op.c. (f.n. p. 34), p. 414. 

') KIDSTON and LANG, I.c. (f.n. p. 30), p. 673 . 

• ) HIRMER 1927, op.c. p. 688. 
7) K. VON GOEBEL, Organographie der Pflanzen, 2nd ed. II, Jena, 1915-'18, see 

on p. 914; and op.c. 1930, p. 1045. 
8) ZIMMERMANN op.c. (f.n. p. 26), p. 67. 
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The last mentioned process is even lacking in many recent fern leaves 
(Rhipidopteris, Schizaea) with their dichotomously branching veins; leaves 
without a lamina are to be met with in many Coenopteridineae 1); leaves 
which though dorsi ventral do not yet bear their different branches in one 
single plane occur in the same group, Stauropteris being the best example; 
a full discussion of these phenomena may be found in HIRMER 1). 

HIRMER moreover expresses the view that serial splitting may also play 
a role in the megaphyll, namely in the Ophioglossum sporophyll. There is 
however no reason for such an assumption. The adaxial position of the 
fertile part or parts in the Ophioglossaceae is usually explained by the 
assumption of fusion of the lowest pair of pinnae, as has already been 
enounced by ROEPER and defended by METTENIUS long ago; for quo
tations see TROLL 2). It was CHRYSLER 3) especially who brought forward 
good arguments in favour of this view. 

TROLL rightly remarks that even a fusion of the two lowest pinnae is not 
to be assumed in all cases, as the two rows of lateral pinnae of the common 
leaf may be united by a basal curve at the adaxial side of the leaf, and a 
single pinna in the middle of this curve exactly assumes the required 
position 4). 

The megaphylls of the Filicinae, even when formed in dorsi ventral 
shoots, do not seem to have ever acquired a notable asymmetry; at least no 
examples have come to my knowledge. 

II. The s t e r i 1 e meg a p h Y 11. Though the sterile leaf may 
consist of a lamina only, a more or less clearly defined petiole is usually 
present. 

The lamina may sometimes be simple (Cyathea sinuata, Salvinia), but in 
most cases it is compound, often being very finely dissected. It is further 
customary to call the leaflets pinnae, and the terete parts rachis. Amongst 
the compound leaves the pinnate up to multipinnate forms strongly 
prevail; of other types the following may be instanced: the palmate leaf 
(Hemionitis palmata), the pedate leaf (Adiantum pedatum), the dichoto
mously dissected leaf (Schizaea). 

For details of the organization of the lamina and its venation the reader 

1) HIRMER 1927, op.c. p. 688. 

2) W. TROLL, Uber die Blattbildung der Ophioglossaceen, insbesondere von 
Ophioglossum, Planta 19, 1933, p. 547. 

3) M. A. CHRYSLER, The nature of the fertile spike in the 0Phioglossaceae, An
nals of Bot. 24, 1910, p. 1. 

') In his masterly doctor's thesis EICHLER describes (A. W. EICHLER, Zur Ent

wickelungsgeschichte des Blattes mit besonderer Beriicksichtigung der Neben

blatt· Bildungen, Inaug. Diss. Marburg 1861) the same condition of two lateral 
rows of leaf-members, uniting basally by an adaxial "Transversalzone", such as he 
observed in plants with peltate leaves and also in many others like Oxalis, Lupinus 
and Geranium (op.c. p. 13). 
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may be referred to the works of GOEBEL 1) and BOWER 2); only a few points 
may be mentioned here. 

In the first place the remarkable apical growth of the lamina and its 
pinnae may be mentioned, and the correlated circinate vernation of these 
parts, characters which do not o<;cur in microphylls and which may be due 
to the phylogenetic origin of the megaphyll. This apical growth may even 
be unlimited (Lygodium) , or it may act periodically, in which case the 
apical meristems may be protected by special leaflets, so that a kind of bud 
is formed in the leaf organization (Gleichenia). 

In the second place a remark on the venation. In many cases every vein 
may be considered to represent a branch of the original branching system. 
This is only possible however for the "open" venation without commissural 
veins; in the "closed" venation and its elaboration, the reticulate venation, 
the veins obviously have lost this homology with branches, or in other 
terms, the morphogenetic forces inducing the veins are no longer modified 
branch forming factors. 

Besides a blade and a petiole, in some forms stipules (M arattiaceae) or a 
sheath (OPhioglossum) may be present in the leaf; a ligule is never formed. 
The last parts to be mentioned are the aphlebiae, leaflets of quite different 
plastics from the other, normal leaflets. They often have a protective 
function and formerly were usually designated as adventitious pinnae. In 
accordance with the theory of the diphyletic origin of the Pteridophyte leaf 
they have later been regarded as microphylls, borne on the megaphyll 
(SCOTT 3), HIRMER 4)). No doubt however BOWER is right in contending 5) 
that though some of these aphlebiae may indeed be microphylls, most of 
these formations are only specially differentiated true leaflets of the 
megaphyll. 

III. The fer til e meg a p h y 11. The demarcation line between 
the sterile and the fertile megaphyll is not very sharp. Not only in many 
cases are the plastics of both absolutely the same but for the production of 
sporangia in the sporophyll, but also many megaphylls are partly sterile, 
partly fertile, with all possible size relations between the two parts. 

From the theoretical conception of the phylogenetic origin of the 
megaphyll it is clear that a marginal position of the sporangia must be held 
as primitive. The usual position of the sporangia however is on the leaf 
underside; this position is connected with the marginal position by so many 
transitional stages, that a phylogenetic shift of the position is easily 
assumed 6); moreover marginal sporangia and sori even occur in recent 

1) GOEBEL 1930, op.c. p. 1171-1209. 
2) BOWER 1935, op.c. p. 302-316. 
3) SCOTT, op.c. p. 414. 

') HIRMER, 1927, op.c. p. 690. 
0) BOWER 1935, op.c. 628. 
0) Compare BOWER 1935, op.c. p. 371. 
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ferns and in rare cases even the upper leaf surface may bear sori (Poly
stichum anomalum 1)). 

The sporangia in relatively rare cases are produced singly; in most cases 
groups of sporangia are formed, called sori, or if the sporangia become 
concrescent, synangia. The sori are often protected by an indusium, an 
enation. For the manifold modes of organization and of position the works 
of GOEBEL and BOWER and, also, the taxonomic literature may be consulted. 

In the case of the development of mega- and microsporangia the sori 
may also be differentiated into mega- and microsori (Salviniaceae) or they 
may be bisexual, mixed (Marsiliaceae); mega- and microsporophylls, so 
common in the seed plants, are unknown in the Filicinae. 

The sporophyll of heterosporic Filicinae may develop fruit-like bodies, 
the sporocarps (Marsiliaceae), each consisting of a leaflet which by folding 
towards the adaxial side and cqncrescence of the free margins is converted 
into a hollow sac, like the ovary of a follicle, in the interior of which a 
number of indusia are produced and which by its peculiar differentiation 
strikingly reminds one of seed coats or fruit walls 2). 

IV. Ph Y 110 t a xis. Fern leaves evidently are arranged according 
to the same phyllotacticallaws as those of Angiosperms. The systems of the 
main series strongly predominate; in dorsiventral rhizomes systems I + 1 
are very frequent, in stout erect stems high spiral patterns prevail. Whorl 
formation rarely occurs: regularly in Salvinia (trimerous alternating 
whorls), in many Psaronii 3) and side by side with spiral patterns in some 
tree ferns 4). 

The fact that the phyllotacticallaws of megaphylls and of microphylls 
are the same, notwithstanding the diphyletic origin of the two kinds of 
leaves, may represent a parallel adaptation. It is however also possible, 
that the phyllotaxis of megaphylls is derived from the cladotaxis of the 
original smaller dichotomy shanks, and that in some ancient form with 
both mierophylls and lateral branch systems both have been arranged 
independently according to the same laws. 

V. Kin d s 0 f meg a p h Y 11 pIa s tic s. All Filicinae pos
sessing sterile and fertile leaves in a certain sense are heterophyllous. Yet 
the difference between the two kinds may only lie in the presence or 
absence of sporangia or sori (Pteridium aquilinum) or there may be other, 
often very great, differences (Matteucia Struthiopteris). Often a leaf may be 

1) F. O. BOWER, The ferns, III, Cambridge 1928, see p. 259 . 

• ) The sorus of the Salviniaceae is often wrongly called sporocarp too, as by 
SADEBECK in ENGLER & PRANTL op.c. 1902, p. 391 and even in the last edition 
(1936) of the well-known Bonn te'!'tbook. 

3) K. G. STENZEL, Die Psaronien, Beobachtungen und Betrachtungen, Beitrage 

zur Palaontologie und Geologie Osterreieh-Ungarns und des Orients 19, 1906, p. 85, 
seep. 114. 

4) See SCHOUTE 1914 I.e. (f.n. p. 9), p. 151. 
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partially sterile, partially fertile (Osmunda regalis) , with great difference 
between the parts. 

In some cases the sterile leaves are dimorphic too: the nest leaves and 
the foliage leaves of Platycerium being one instance, the floating leaves 
and the submerged leaves of Salvinia another. Moreover great differences 
may be found between juvenile and older leaves (Asplenium epiphyti
cum 1). 

§ 9. The strobilus. - A strobilus is a more or less condensed stem of 
limited growth, bearing a number of sporophylls. 

In the bud condition the sporophylls are usually densely packed, forming 
a kind of investment protecting the sporangia. The investment may consist 
of the shield-like dilations of the sporangiophores (Equisetum) or of the 
upturned laminar part of the sporophylls (Lepidostrobus, Sigillariostrobus), 
or of separate sterile lobes of the sporophylls (Sphenophyllum Dawsoni), or 
finally of a number of separate sterile phyllomes, intercalated between the 
sporophylls (Palaeostachya, Calamostachys). 

In the older literature the strobili were usually called spikes or cones, 
terms which have not yet entirely disappeared from modern literature. 
They are however to be avoided on account of their different morphologic
al meaning in the Spermophytes. In some cases the strobili are called 
flowers, a designation to which less objection is to be made, as flowers 
are specialized strobili. It seems however more appropriate to retain the 
term strobilus for the less specialized reproductive shoots of the Pteri
dophytes. 

Strobili are present in many Lycopodiinae and in most Articulatae; 
instances of forms without strobili belonging to these classes are Lycopo
dium Selago and Sphenophyllum tenuissimum. In the Psilophytinae, the 
Psilotinae, Isoetinae and Filicinae they are altogether lacking. 

The strobili may be borne terminally (Lycopodium, Lepidodendron 
obovatum, Selaginella, Equisetum) or laterally (Lepidophloios, Bothroden
dron). 

In the case of heterosporous strobili there is usually a fixed rule for the 
distribution of mega- and microsporangia. In most cases the rule amounts 
to the production of megasporangia, casu quo of megasporophylls, at the 
basal part of the strobilus, the microsporangia (microsporophylls) oc
curring at the apical part (Lepidostrobus V eltheimianus, C alamostachys 
Casheana, Selaginella spp. with erect radial strobili 2)). 

In other cases the rule may be different; in Selaginella spp. with hori
zontal strobili, the megasporophylls form the two ventral, the micro
sporophylls the two dorsal rows; in pendulous Sel. strobili the mega-

') See GOEBEL 1930, op.c. p. 1188. 
2) See ENGLER & PRANTL, op. c. p. 659. 
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sporophylls may occupy the morphological apical, the microsporophylls 
the basal part (ibid.). 

§ 10. Special parts of the embryo. - In the second half of the last 
century great expectations were entertained about the results of compar
ative embryology. Developmental studies being in high esteem, the 
great success of animal embryology invited analogous work in botany. 

So the succession of cell cleavage in the embryo was accurately studied 
and the cell divisions leading to organ formation were recorded. On the 
whole we may say however, that the results have fallen short of the ex
pectations 1). 

Even such a fundamental distinction as that between exoscopic 
embryos, where the apex of the young sporophyte is directed towards the 
archegonium neck, and endoscopic embryos, where it is directed towards 
the base of the archegonium, did not prove to have the taxonomic value 
one might expect, the embryos of Psilotum, Equisetum, Isoetes, OPhioglos
sum, Botrychium Lunaria and of Leptosporangiatae being exoscopic, those 
of Lycopodium, Selaginella, Marattiaceae, Botrychium obliquum and Hel
minthostachys being endoscopic 2)). 

Special organs are formed in all or nearly all embryos, as adaptations 
to the condition of development in the archegonium at the expense of the 
prothallus. Of these organs the foot and the suspensor will be dealt with 
here. 

1. The foot. Contrary to its name, the foot serves as a haustorium, re
ceiving nutritive substances from the prothallus. Accordingly in Tmesipte
ris it even has an irregular surface in contact with the prothallus. Some
times as in Lycopodium Selago it is not conspicuous, but it seems to be 
present in all Pteridophytes. Its position in the embryonic body may vary, 
or as BOWER expresses it 3): "the haustorial organs .... included under the 
term "foot" .... are, in fact, opportunist growths, formed in positions 
convenient for the plant". 

2. The suspensor ("Embryotrager") is an organ of quite another function 
as it is destined to push the embryo farther into the prothallus. Accordingly 
it develops in the embryo at the side of the archegonium neck. 

It occurs in Lycopodium, in Selaginella and in some Filicinae 2), amongst 
the 0Phioglossaceae we find both embryos with and without a suspensor; in 
Angiopteris we may' even have specimens of both forms in the same 
species 4). 

1) Detailed surveys of the facts with full quotation of the extensive literature 
may be found in ENGLER & PRANTL, op. c. (1902), GOEBEL, op. C. (1930) and 
BOWER (1935). 

') All from BOWER 1935, op.c. 
3) BOWER 1935, op.c. p. 542. 
4) See BOWER 1935, op.c. 
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These facts all point to the unstable and morphologically not very 
important character of these adaptations. BRUCHMANN describes the 
interesting fact that the suspensor in Selaginella Kraussiana and S. 
Poulteri is much reduced and is replaced by another organ of analogous 
position, the embryo tube ("Embryo Schlauch" 1)) which however does not 
belong to the embryo but develops from the basal archegonium cell 
surrounding the egg cell. 

§ 11. Organs which have given rise to controversies about 
their morphological nature (d. p. 123). - In this paragraph the follo
wing organs will be dealt with: The Psilotum sporophyll, the rhizophore 
of Selaginella, the subterranean basal parts of some more or less related 
Pteridophytes, namely the stigmarian axis with its rootlets and the basal 
parts of Pleuromeia, I soetes and N alhorstiana. 

The protocorm, the tuberous stage of the Lycopodium embryo will not 
be treated, as it has become clear that these tubers are nothing but an 
occasional adaptation without phylogenetic importance; the reader may 
be referred for it to BOWER 2) who after having cited the literature con
cludes that it will be best to drop the term protocorm altogether. 

The aphlebiae are not treated either, as BOWER'S conclusion has already 
been cited in § 8 on p.45, that under this name two different categories 
have been included, namely microphylls and specialized megaphyll pinnae. 

Before dealing with the indicated topics one general remark may be 
advanced on the so-called organs sui generis. It is a well-known fact that 
several authors have little objection to declaring an organ to be sui 
generis, when the morphological nature is difficult to determine. 

A sui generis organ however should properly be a novelty, not having 
arisen by metamorphosis of existing organs, and such novelties are rare in 
living organisms. Of course they must have occurred sometimes,and perhaps 
the microphylls were such a novelty once, or the ligule of the Ligulatae. 

But in most cases the so-called sui generis organs are evidently special
ized forms of other organs, and often the assumption of the sui generis 
character is only an easy means of getting rid of the difficulty, an apparent 
solution which may retard the attempts to find a real solution. 

The origin of a new specialized form of an organ must be supposed to take 
place by a change in the morphogenetic forces for the special organ. When, 
for instance, in a plant group the stem develops two forms with different 
plastics, the morphogenetic stem factors must have been specialized in two 
directions, or besides the old unchanged set of factors a somewhat different 
modification must have been segregated from it; it is clear that the two 
different organs arising in this way are homologous. 

1) H. BRUCH MANN, Zur Reduktion des Embryotragers bei Selaginellen, Flora 

105,1913, p. 337. 
') BOWER 1935, op. c. p. 272. 

~Ianual of pteridology 4 
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For the discrimination of homologous organs considerable weight has 
always been attached to the occurrence of transitional stages. Evidently 
this is due to the fact that the nearer the relation between the two sets of 
morphogenetic factors, the easier the occurrence of transitions. Especially 
in such cases where a number of consecutive organs are formed in which a 
change of character follows, as for instance in sporophylls following on 
foliage leaves, the change may often be executed gradually and the study 
of the transitional stages formed in this way may give excellent information 
on the homology of the different organs and their parts. 

Most authors in declaring some organ to be sui generis, add their opinion 
that the whole question of the inclusion in one or another category is only 
of an academic order, or utterly unimportant, or some qualification like 
that. This only shows the more that they do not take it as a question of 
real biological processes, but only as a concern of idealistic morphology, a 
branch of science which for some unknown reason always wants to pigeon
hole all topics in a pragmatical way. 

1. The Psi lot u m s p 0 r 0 p h y 11. In § 8 on p. 34 the 
complex sporophyll of some Articulatae has been declared to be a single 
phyllome, and for Psilotum the same conclusion has been tacitly assumed. 
A number of authors however have claimed an axial nature for the 
fructificative complex; the first of them being ]URANYI 1), who derived 
his arguments from ontogenetic facts, from the presence of an apical cell 
for the synangium etc. 

Many botanists later followed ]URANYI, not only SACHS, STRASBURGER 
and GOEBEL, but even EICHLER; on the other hand LOERSSEN, PRANTL 
and CELAKOVSKY always adhered to the foliar nature of the complex. In an 
excellent paper SOLMS-LAUBACH clearly proved that ]URANYI'S facts 
were all ill-observed and that on the contrary the development was more 
in favour of the foliar nature than of the axial nature 2). In the same paper, 
to which reference may be made for the older literature, SOLMS pointed 
out the transitions occurring between the sterile leaves and the sporophylls 
and concluded that if the latter should really be taken for lateral branches, 
then the sterile leaves would be monophyllous lateral branches too. 

Accordingly after SOLMS'S investigation the general opinion changed: 
VELENOVSKY 3) and SEWARD 4) again accepted the foliar view. The subse
quent discoveries of the Rhynie fossils with their stem-borne sporangia, 
however, so strongly impressed all botanists, that several of them again 

1) L. ]URANYI, Uber den Bau und die Entwickelung des Sporangiums von 
Psilotum triquetrum Sw., Bot. Ztg. 29,1871, col. 177. 

2) SOLMS-LAUBACH, 1884, I.c. (f.n. p. 32). 
3) VELENOVSKY, op.c. p. 215 . 

. ) A. C. SEWARD, Fossil Plants, II, Cambridge 1910, see p. 23. 
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took up ]URANYI'S view: as for instance SAHNI 1) and KRAUSEL and WEY
LAND 2). The last mentioned authors even put forward the old argument 
that the fertile leaves of Psilatum possess a stele which is lacking in the 
sterile leaves, although SOLMS had already shown that Psilatum flaccidum 
has a leaf-trace for every leaf and that even in Ps. triquetrum part of the 
leaves have weak traces. 

As far as I can see there can be no doubt as to the true foliar nature of 
the sporangium-bearing complex on account of the following arguments. 

In the first place, because of the transitional stages already pointed out 
by SOLMS, which clearly prove the homology of the two categories of 
organs. 

In the second place because of the analogy with Sphenaphyllum, to 
which SCOTT 3) and SEWARD 4) have pointed; the forked sporophyll with a 
small number of adaxially borne sporangia occurring in both. 

In the third place on account of the phyllotactical relations. In Psilatum 
triquetrum the sterile leaves at the main branches are placed irregularly. In 
the.thin branches they are however placed in a tristichous system 1 + 2, 
together with the transitional stages and the sporophylls; this has been 
remarked already by GOEBEL 5) and it would be very hard to explain if the 
two categories of organs were not homologous. 

The only other solution, that the sterile leaves are cauline too, is more or 
less explicitly defended by ZIMMERMANN, who derives both microphylls and 
megaphylls from overtopped dichotomy branches 6), a view to which, 
however, few botanists will have recourse at the present stage of our 
knowledge. 

2. The S e 1 a gin e 11 a r h i Z 0 P h 0 r e. The well-known 
rhizophores of Selaginclla share some properties with roots (positive ge
otropy, lack of leaves), others with stems (exogenous origin, lack of root
hairs and calyptra). Their anatomical constitution varies much in the 
different species and is what might have been expected from leafless stems, 
modified in the direction of roots; if they were true roots the structure. in 
some species would be quite uncommon, even unique in the plant kingdom 
(see Ch. II § 2, A, III, e). They are easily converted into leaf-bearing shoots. 

In view of these facts all three possible opinions have found their de
fenders, that rhizophores are transformed stems (e.g. PFEFFER, TREUB, 
BRUCHMANN, VELENOVSKY, WORSDELL, TROLL); that they are roots (VAN 

1) B. SAHNI, On Tmesipteris Vieillardi Dangeard, an erect terrestrial species 
from New Caledonia. Phil. Trans. R. S. London, 1925, B 213, p. 143. 

2) R. KRAUSEL und H. WEYLAND, Beitrage zur Kenntnis der Devonflora, Sen-
ckenbergiana 5, 1923, p. 154, see on p. 169. 

3) D. H. SCOTT, Studies in fossil botany, London 1900. 
0) SEWARD, 1910, op.c. p. 17. 
5) GOEBEL, 1930, op.c. p. 1252. 
6) ZIMMERMANN, op.c. p. 125. 
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TIEGHEM, HARVEy-GIBSON, UPHOFF), or that they are organs sui generis 
(GOEBEL, BOWER). For references to the literature the reader may consult 
some of the later authors 1). 

About the improbability of the last opinion little remark need be made 
after what has been said about the sui generis organs in the introduction to 
this paragraph; the many features the rhizophores share with stems and 
roots completely exclude the idea of development in an independent way. 

If rhizophores were transformed roots there would be no explanation 
for their exogenous origin and their lack of root-hairs and a calyptra; if, on 
the other hand, they are stems with a root-bearing function it is quite 
natural that they are transformed in the root-direction. There seems there
fore no room for doubt that rhizophores are specialized stems. 

3. The s t i g mar ian a xis. The large main root-like organs of 
Lepidodendron and Sigillaria, known as Stigmaria and in some cases as 
Stigmariopsis, have even given rise to more comment than the rhizophores. 
They are either thick and long, dichotomously branching horizontal organs 
very slowly tapering towards their apices (Stigmaria), or shorter and more 
downward sloping organs with stout positively geotropic lateral branches, 
the so-called tap-roots (Stigmariopsis). They arise from the stem base, and 
are usually four in number, a fact which is attributed to a once repeated 
dichotomy. 

The stigmarian axes always bore a very large number of appendages, 
the so-called stigmarian rootlets (see sub 4), arranged in a high phyllotactic
al pattern. These rootlets were produced close to the dome-shaped apex 
of the stigmarian axis, and SOLMS-LAUBACH even wrote: "Indem sie sich 
vorwarts kriimmen, neigen sie sich knospenartig urn den Scheitel zusam
men" 2). This remark, based on personal observation, surely deserves 
consideration; it should however be confirmed by new and detailed 
investigation. 

The appendages were formerly believed to arise exogenously, but LANG 
found in Stigmaria bacupensis that the two tissue zones of the rootlet outer 
cortex, which are continuous with two similar zones of the stigmarian 
axis, are covered in the latter by a third zone of three or four delicate and 
ill-defined cell-layers. 

The rootlets are not only arranged in a phyllotactical pattern as leaves 
are, but they also cause distinct gaps in the axis stele, showing the same 

') J. C. TH. UPHOF, Contributions towards a knowledge of the anatomy of the 
genus Selaginella. The root. Ann. of Bot. 34, 1920, p. 493; S. \\<'ILLIAMS, An anal
ysis of the vegetative organs of Selaginella grandis Moore, together with some obser
vations on abnormalities and experimental results, Trans. Roy, Soc. Edinb., 57, 
1931, p. 1. 

2) H. Graf zu SOLMS-LAUBACH, Einleitung in die Palaophytologie, Leipzig 1887, 
see p. 276. 
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arrangement as the rootlets themselves; for lateral roots this would be an 
unparalleled phenomenon. 

Some authors have concluded that the stigmarian axis was a root. 
WILLIAMSON strongly insisted upon this view 1); his only argument how
ever was the function, morphological facts not being taken into consider
ation. ZEILLER in his earlier years was inclined to the same view, though 
less decidedly 2), and LINDINGER arrived at the same conclusion on the very 
slender basis of a comparison with the large roots of Dracaena 3). 

These views no doubt are erroneous, as a root never would bear organs 
in a phyllotactical pattern, causing gaps in its stele, particularly while its 
root function remained unaltered. 

Of course the sui generis view has been held too: as its defenders we 
may quote GOEBEL 4), POTONIE 5), ZIMMERMANN 6) and BOWER 7). As re
marked above,this view would imply that the stigmarian axis should have 
been formed anew by the plant, without borrowing its numerous cauline 
characters from the stem. 

A third category of authors compares the stigmarian axis with the 
Selaginella rhizophore: SCOTT 8) and especially TROLL 9) may be instanced. 
As the rhizophore represents a modified stem, this opinion deserves some 
more attention that the above ones. Yet it seems unacceptable on the 
following ground. 

The rhizophore is more advanced than the stigmarian axis in having 
lost all traces of lateral organs borne in a phyllotaxis. On the other hand it 
is less advanced in still bearing true roots; as we presently shall see the 
stigmarian axis was devoid of roots. It is therefore not probable that either 
of the two should be derived from the other. 

') w. C. WILLIAMSON, A monograph on the morphology and histology of Stig
maria ficoides, London 1887, in: The palaeontographical society, volume for 1886. 
See foot-note on p. 5. 

2) R. ZEILLER, Vegetaux fossiles du terrain houiller de la France, Paris 1880, as 
vol. 4 of "L'explication de la carte geologique de France". 

3) L. LINDINGER, Die sekundaren Adventivwurzeln von Dracaena und der mor
phologische Wert der Stigmarien, J ahrbuch der Hamb. wiss. Anst., 26, 1908; 3. 
Beiheft, p. 59, Hamburg 1909 . 

• ) K. GOEBEL, Morphologische und biologische Bemerkungen, 16. Die Knollen 
der Dioscoreen und die Wurzeltrager der Selaginellen, Organe welche zwischen 
Wurzeln und Sprosse stehen, Flora 95, Erg. Bd. 1905, p. 167. 

5) H. POTONIE, Lehrbuch der Pflanzen palaeontologie, Berlin 1899, see on p. 

214; moreover POTONIE op.c. 1912, (f.n. p. 29), p. 236. 
6) ZIMMERMANN, op.c. p. 148. 

') BOWER 1935, op.c. p. 236. 
8) SCOTT 1920, op.c. p. 239. 

0) TROLL 1934, I.c. (f.n. p. 10). 
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In the older literature many other improbable views have been given; 
for these SOLMS 1) refers to a survey given by GOEPPERT. 

So only the view which has been adopted by so many authors remains, 
namely that the stigmarian axis is a rhizome. This, in my opinion un
doubtledly correct, view has been held by: W. PH. SCHIMPER, B. RENAULT, 
SOLMS-LAUBACH, GRAND'EURY, ZEILLER 2), HIRMER, WEISS 3), and 
KUBART 4). 

The objection raised by TROLL 5), that the stigmarian axis cannot be 
a rhizome, because of the lack of innovation buds producing aerial stems, 
does not seem well-founded. Even if it may turn out that the stigmarian 
axes never formed such innovation buds, the designation as a rhizome 
might be used for these specially adapted subterranean stems. 

Moreover the problem as to how the aerial stem was produced remains 
quite unsolved up to the present day. 

GOEPPERT, RENAULT and GRAND'EuRY came to the conclusion that the 
stigmarian axis in some way produced large tuberous thickenings giving 
rise to an aerial stem and also to new stigmarian axes; GOEPPERT compared 
it with the way in which moss stems are borne on a protonema. 

WILLIAMSON, the best connoisseur of the English forms, was strongly 
opposed to this view. Later authors however admitted the possibility of 
such vegetative propagation. Sours in his excellent "Einleitung" discussed 
the question at length 6) and concluded by saying that the conception, as 
given by these authors, is very plausible and explains everything com
pletely. It is only a pity that the actual basis of observed facts is not 
worth much, the indications of a parent rhizome at the tree base especially 
being entirely lacking. 

So by negative evidence the existance of vegetative propagation became 
less and less probable; yet SEWARD wrote in 1910 7) that he still believed 
the main contentions of RENAULT and GRAND'EuRY to have been correct. 

It is only quite lately, by the discoveries of WALTON 8) that positive 
evidence has been adduced for the direct elaboration of the tree from the 
sporeling, for the case of Lepidophloios W unschianus. WALTON succeeded in 

') SOLMs-LAuBAcH 1887, op.c. p. 288. 
2) R. ZEILLER, Elements de paleobotanique, Paris 1900, see p. 202. 
3) F. E. WEISS, A re-examination of the Stigmarian problem, Proc. Linn. Soc. 

London, session 144, 1932, p. 151. For further quotations see HlRMER 1927 op.c. 
and especially SOLMs-LAuBAcH op.c. 1887, p. 270. 

4) B. KUBART, Stigmaria Bgt., Mitth. naturw. Ver. Steiermark 71, 1934, p. 33 . 
• ) TROLL 1934, I.c. p. 94 . 
• ) SOLMs-LAuBAcH 1887, op.c. p. 299. 

') SEWARD 1910, op.c. (Ln. p. 50), p. 238. 
8) J. WALTON, Scottish lower carboniferous plants: the fossil hollow trees of 

Arran and their branches (Lepidophloios Wiinschianus Carruthers). Trans. R. Soc. 
Edinb. 58,1935, p. 313. 
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observing the well preserved primary xylem of the stem base in several 
specimens and he found it to consist of a solid core of very small dimensions, 
probably less than 2 mm in diameter at the base, and soon enlarging 
upwards in the stump to a medullated primary xylem cylinder of about 
20 mm. 

The slender primary xylem cylinder moreover showed two shallow 
grooves at its periphery, not present in other parts of the plant, which the 
author, in all likelihood correctly, connects with the stigmarian base. 

These facts really are strong indications of a direct development of 
the stem from the sporeling. Of course many unsolved questions remain: 
thus we should like to know how the primary cortex of say 30 em in diame
ter may have been elaborated, and especially we should like to have some 
knowledge about the origin of the stigmarian base. 

As far as the facts go I should therefore be inclined to the supposition, 
that in many Lepidophytes the tree was directly elaborated from the 
sporeling, whereas in some others there may have been vegetative propa
gation with a gradual increase in the size of the successively produced 
stems. 

There are actually some indications for the latter possibility. As such 
I may call attention to the numerous young specimens of Pleuromeia, to 
be described beneath sub 6, which are similar in all respects to the large 
specimens. But especially I might allege the fact that in the thick basal 
stem part of Sigillaria the number of leaf orthostichies may be much larger 
than in the normal part of the stem some feet higher, through the discon
tinuation of a considerable number of the orthostichies; see the drawing 
by BRONGNIART 1). Such a condition would be natural if the stem arose 
from a large innovation bud, but if the stem was directly elaborated from 
the embryo the conditions must have been rather the reverse, as indeed has 
been observed by GOLDENBERG for Sigillaria cacti/armis 2) where between 
16 orthostichies 4 new ones were intercalated and by KmsToN 3) in a 
Sigillaria of the Rhytidolepis-groups, where 29 orthostichies increased in 
humber up to 45. 

In any case new facts like those alleged by WALTON will be most useful; 
mere suppositions as given by LIGNIER 4) or HIRMER 5) will never be able 
to fill up the gaps in our knowledge. 

') BRONGNIART, I.c. 1828, (f.n. p. 14), PI. 160. 

2) F. GOLDENBERG, I.c. (f.n. p. 12), 1855-1862, I. Heft p. 38. PI. 4 fig. I. 
3) R. KIDSTON, Fossil Flora of the Yorkshire Coalfield II, Trans. R. Soc. Edinb. 

39, 1897. 
4) O. LIGNlER, Interpretation de la souche des Stigmaria, Bull. Soc. bot. de 

France, 60, 1913, p. 2. The author supposes thatstigmarian rhizomes by dichotomous 

branching in a perpendicular plane, gave rise to the aerial stem at the upper side 
and to a new rhizome at the under side; the latter by two further dichotomies formed 

the usual stigmarian base. He further supposes that by apposition of secondary 
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4. The s t i g mar ian roo tIe t. These well-known, more or 
less cylindrical or awl-shaped and sometimes dichotomizing organs, also 
called appendages ( appendices), are usually regarded as true roots, not with -
standing their arrangement in a phyllotactical pattern, a unique feature 
for roots. 

Their organization and function however are similar to that of roots; 
anatomically we have only the difference of the development of a trans
fusion tissue in the outer cortex, connected by small strands, through the 
trabecular tissue, with the stelar xylem 1). 

Apart from this small difference they have almost the same anatomy as 
the Isaetes roots; and as they are famous for their intrusive power, they 
must have possessed a strictly localized apical growth. 

Accordingly WILLIAMSON, HIRMER, WEISS and many other authors 
declare them to be roots. Yet there are some characters deviating from 
what is to be found in other roots, beyond their arrangement: they lack 
root-hairs and a root-cap, in contrast with Isaetes. The absence of the 
root-cap is especially remarkable, in view of their normal root-function. 

It is therefore no wonder that several other authors have seen metamor
phosed leaves in these rootlets, especially from their arrangement; these 
are W. PH. SCHIMPER, RENAULT 2) and GRAND'EuRY. On the same argu
ments POTONIE 3) and SCOTT 4) recognize the homology of rootlets and 
leaves, but at the same time take them to be homologous with the Isaetes 
roots too. I shall come to the latter point below sub 5. 

Of course the idea that the rootlets are modified leaves deserves full 

tissues all these branching places became covered and withdrawn from the eye; 
a view for which it might be difficult to obtain a satisfactory anatomical founda
tion. 

0) HIRMER (1927 op.c. p. 289; I 9331.c. f.n. p. 32, p. 52 and 1934 in a paper "Grund
satzliches zur Rekonstruktion des Lepidophyten-embryos. Eine Erwiderung an 
Herm Wilhelm Troll, Palaeontographica 79, B, p. 143) suggests, especially in the 
second paper, that in the embryo of Lepidodendron both epibasal and hypo basal 
halves may have been active, not only the epibasal one as in Isoetes, or the hypo
basal one as in Lycopodium and Selaginella; in such a way two poles might have 

been produced, one for the aerial stem, the other for the stigmarian base. 

This view which does not seem very acceptable in itself and for which the facts 
mentioned above are not favourable, has been discussed by TROLL (1934, I.c. f.n. 
p. 10). 

') F. E. WEISS, The vascular branches of Stigmarian rootlets, Ann. of Bot. 16, 
1902, p. 559 and same title 18, 1904, p. 180. 

') RENAULT believed that apart from the root-like leaves true roots also oc
curred on the older stigmarian axes, roots of the same form and properties as the 

leaves. His arguments in favour of this incredible view have been discussed and 

fully refuted by SOLMS-LAUBACH (1887, op. c. f.n. p. 52, p. 285, 297). 
3) POTONIE, op.c. 1912 (f.n. p. 29), p. 238. 

4) SCOTT, op.c. 1920, p. 238; this view has been adopted by KUBART (f.n. p. 54). 
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attention, as most facts mentioned above would be readily explained in 
this way: the arrangement, the presence of stelar gaps, the absence of 
root-hairs and root-cap, and their early formation at the stigmarian apex. 
It would only imply the assumption of a far-reaching adaptation to the 
root-function, including a striking approach to the root-anatomy. 

There are however some objections. The occurrence of dichotomous 
branching would not be a serious one, as dichotomizing leaves are not 
lacking in the Lycopodiinae, nor even in the closely allied Lepidophyta 
(Protolepidodendron) . 

As a real objection we have in the first place the endogenous insertion 
as described by LANG for Stigmaria bacupensis 1) and other species. 
Leaves are always exogenous, and for the realization of a phyllotaxis this 
is probably even an essential feature, the determination of leaf places 
being a surface phenomenon. 

We may say however that an endogenous insertion does not necessitate 
an endogenous origin. What has been proved is that a few external cell 
layers of the mature axis did not extend over the surface of the mature 
rootlet which in any case must have been formed very near to the axis 
surface. If for instance there was a superficial tissue of the rootlet during 
the ontogeny, which disappeared during the stretching of the rootlet, then 
rootlets would have been exogenous in origin as has always been assumed. 
As long as nothing is known about the rootlet ontogeny, this point must 
remain unsettled, and the arrangement of the rootlets in parastichies in 
itself is an argument for an exogenous origin. 

A second objection might be inferred from the communication of Po
TONIE 2), that in rare cases on the Sigillaria stem between the leaf scars 
other scars of rootlets were to be observed; indeed if the rootlets occurred 
irregularly between the leaf scars whose phyllotactical pattern was un
changed, this would amount to a direct proof that the rootlets were not 
homologous with the foliage leaves. 

POTONIE'S observation however, as may be read in SOLMS 3), was far 
from new, and its explanation has been very different, GERMAR already 
having declared these marks to be scars of spines. Unless proof is given that 
these scars really are rootlet scars, this objection may be left out of con
sideration. 

In consideration of the known facts I am therefore inclined, though 
recognizing the need for further research, to assume that the rootlets are 
modified leaves. In any case we may say that this view is much more 
probable than any other one, and the comparison of the stigmarian axis 

') w. H. LANG, On the apparently endogenous insertion of the roots of Stigmaria, 
Mem. and Proc. Manch. Lit. and Phil. Soc. 67, 1923, p. 101. 

2) POTONIE 1899, op.c. (p. 53), p. 212. 
3) SOLMS·LAUBACH 1887, op.c. (f.n. p. 52), p. 252. 
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with parts bearing true roots, like the rhizophore or the Isoetes stem base, 
thus loses significance. 

Finally there are still two divergent opinions to be mentioned. One of 
them of course is the unavoidable sui generis hypothesis, this time held by 
ZIMMERMANN 1); it will be passed over in silence. 

The other is a view of WEISS, giving an elegant solution for the difficulty 
of roots arranged in parastichies. WEISS supposes 2) that the stelar gaps in 
the stigmarian axis are caused by wholly aborted leaves, whereas under 
every leaf a single root is developed. This solution, though attractive at 
first view, presents the greatest difficulties on closer examination. It 
implies for instance that for every wholly aborted leaf exactly.one single 
root was formed, a root with the ordinary root function, but without root
hairs or root-cap, and that moreover the true root-trace would form the 
continuation, without any visible disturbance, of the well-developed trace 
of the aborted leaf: altogether an untenable set of suppositions. 

5. The Iso e t e sst 0 C k bas e. The first to relate Isoetes with 
Stigmaria was BRONGNIART 3). Since then it has become customary to see in 
I soetes a last remnant of the Lepidophytes, the Mesozoic forms Pleuromeia 
and N athorstiana representing intermediate links. This series has even been 
claimed by MAGDEFRAU 4) to be one of the best phylogenetic series known 
in the vegetable kingdom. 

Other botanists on the contrary deny a close connection between I soetes 
and the Lepidophytes, for instance WEST and TAKEDA 5); in all papers by 
these authors the organization of the lower stem part plays a primary role. 

A discussion of the morphological conditions of the I soetes stock base 
is therefore necessary here; as we shall see it will reveal to us the existence 
of a large gap between the Lepidophytes and I soetes. 

The two- or three-lobed stem of Isoetes (sometimes five-lobed, rarely 
four-lobed) at first is more or less globular. The development of the lobes 
is not due to the action of supplementary vegetative cones at the basal 
side, but only to the local formation of secondary tissues by the cambium. 
This cambium surrounds the stem stele and even closes around its basal 
end, just as is the case in Nolina recurvata 6). The lobes therefore are not 
comparable to stigmarian axes as all botanists formerly believed 7), as 

I) ZIMMERMANN, op.c. (f.n. p. 26), p. 149. 
2) WEISS 1932, I.c. (f.n. p. 54), p. 156. 
3) AD. BRONGNIART, Prodrome d'une histoire des vegetaux fossiles, Paris 1828, 

see p. 82 . 
• ) K. MXGDEFRAU, tiber Nathorstiana, eine Isoetacee aus dem Neokom von 

Quedlinburg a. Harz, B.B.C. 49, 2, 1932, p. 706; see p. 715. 
S) C. WEST and H. TAKEDA, On Isoetes japonica, A. Br., Trans. Linn. Soc. 

London, 2nd ser. 8, Botany, 1915, p. 333. 
') J. C. SCHOUTE, Die Stammesbildung der Monokotylen, Flora 92, 1903, p. 33. 
') Thus for instance still in POTONIE 1912, op.c. (f.n. p. 29), p. 234. 
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these grew by a vegetative cone; for the same reason they can neither be 
stems or roots. 

The place where the lobes arise is determined by the phyllotaxis of the 
young plant; in distichous plantlets the furrows alternate with the leaf 
orthostichies, under which the lobes are formed 1). Once the lobes are 
constituted they retain their position, even on change of phyllotaxis. 

Between the lobes the tissue is torn open by a longitudinal slit, forming 
in this way the well-known furrows; evidently these furrows are due to the 
growth of the lobes, by the dilatation of the tissue. The furrows meet at the 
stock base and unite there. 

In the embryo the first root arises laterally and exogenously 2); like all 
subsequent roots this first root is provided with root-hairs and with a root
cap. The position of later roots is always related to the place of the furrows, 
these roots according to all authors being formed in series alongside the 
furrows, and therefore more or less in the position of orthostichies. 

In every orthostichy the development is acropetal, the youngest root 
being placed nearest to the furrow end, i.e. to the stem apex 3). 

The orthostichies however are soon discontinued, and a new orthostichy 
arises at either side of the furrow, between the last orthostichy and the 
furrow which is always becoming deeper. 

This new orthostichy forms its members without any spatial relation to 
the roots of the previous row; there is no alternation or juxtaposition to 
be observed 4) ; such a spatial relation moreover would hardly be expected, 
in view of the different age of the adjacent roots of different orthostichies. 

1) First observed by AL. BRAUN, Weitere Bemerkungen tiber Isaeles, Flora 30, 
1847, p. 33. 

2) J. BRETLAND FARMER, On Isaetes lacuslris, Ann. of Bot. 5, 1890/,91, p. 37 . 

• ) This acropetal development has especially been demonstrated by D. H. 

SCOTT and T. G. HILL (The structure of Isaeles Hyslrix, Ann. of Bot. 14, 1900, p. 
413) who observed that the roots of any series are of different ages, the oldest root_ 
traces having their vascular tissues more or less obliterated while the youngest are 
still wholly meristematic (I.c. p. 428). 

WEST and TAKEDA however contend (I.c. p. 354) that all roots of a series are of 
the same age. No observations are given in proof of this aberrant statement; the 
fact that the roots in a series appear in a regular succession at the stem surface with 
considerable difference in time is duly recognized, but explained by the remark 
that the roots at the furrow end have to travel over a longer distance through the 
cortex. 

This last statement is difficult to reconcile with the drawings of longitudinal 

sections through the stem in the furrow plane, as given by VON MORL Co-ber den 
Bau des Stammes von Isaeles lacustris, Linnaea 14, 1840, p. 181, pI. 3, fig. 4, 9) 

and by W. H. LANG (Studies in the morphology of I saeles I, The general morphol

ogy of the stock of Isoetes lacustris, Mem. & Proc. Manch. Lit. & Phil. Soc. 59, 

1915 .. Memoir no. 3. See fig. 2). 
<) SCOTT and HILL, l.c. fig. II, 12; LANG,l.C. fig. 2. 
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For the rest the distribution and position of the root series cannot easily 
be grasped from literature. In particular the later position of the root 
series which is quite different from the original position alongside the 
furrow, has never been explained as far as I know 1). 

All these roots being formed endogenously, their traces are inserted on 
the base of the stem stele. Owing to their great number on the stem stele 
two, or in the three-lobed stems three, anns of stelar tissue are formed out 

') Though not having instituted any investigations myself I might suggest the 

following incomplete, but perhaps not improbable, explanation of the said diffi· 
culty, in the hope that it may stimulate some future student of Isaetes to complete 

it, or to amend or reject it. 

Our fig. 8 represents two transverse sections through an Isaetes stock base, just 

. 7' 

I 

B 

FIG. 8. Schematic transverse sections just un
der stele through two-Io bed (A) and three-lobed 
(B) stem of Isaetes; s = position of stele at 
slightly higher level; ie = cortex inside furrows; 
I = lobes of stem; r, r' and r" = successive 
positions of root series; radiating lines = pre-

sumed growth direction of parenchyma. 

under the stele, A being a two
lobed, B a three-lobed specimen. 

The position of the stele s as pres

ent in higher sections has been 
indicated by dotted lines; the 
lobes I and the cortex ie inside 
the furrows are represented. 

Radiating lines in ie and I are 
intended to indicate the pre

sumed transverse growth direc
tions; in I where the tangential 
tension is removed, these must 
be different from those in ie. 

Now the root series arise at 

the under side of the upturned 
stelar arms; in our schematic 
figures this upward curve not 
being taken into account, r may 
represent a root series at the place 
of origin. By the formation of 
new cortex parts at the outside 
of the cambium, such a series 
will successively assume other 
positions, of which r' and r" may 

give an idea. 
The position of the different 

root series in the drawings by 

WEST and TAKEDA of the three

lobed I. japonica (I.e. text-fig. 

12 and 13) exactly corresponds to 
that in our fig. 8 B; the drawings by LANG of the two-lobed I. lacustre (I.e. fig. 2) 
contain, it is true, some series in the position of those in our fig. 8 A, but moreover 

some series in or near to the median line of the lobe; for this undou btedl y correct 
observation (from a photographed section series) the above explanation give.s no 
clue. 
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of the confluent root-traces, arms which FITTING has taken to be homolo
gous with stigmarian axes 1). The thorough description by SCOTT and HILL 
however leaves no doubt that the interpretation by these authors is 
correct 2). 

So the peculiar stem-formation of Isoetes, notwithstanding its unique 
feature of secondary growth in a recent Pteridophyte, does not offer any 
analogy to the Lepidophyte tree base; the fact that its roots are clearly 
true roots therefore is no longer a problem. 

We cannot leave the topic without mentioning a widely accepted opinion 
from literature about the basal stock part. BRAUN believed that the lower 
part of the Isoetes stock was nothing but a telescoped main root; he based 
that view on the basipetal development of the new roots. Though this 
argument was wholly cancelled by the accurate observations on the root 
developmental order by SCOTT and HILL, similar views remained. So we 
read that LANG after intensive anatomical examination concluded that 
"the recognition of the lower region of the stock of I soetes as a rhizophore in 
some way correlated with the upwardly growing shoot appears to be 
justified" 3). And LIEBIG even declares 4), that all her median longitudinal 
sections through the stock are proofs of BRAUN'S thesis! 

When we consider the arguments of these assertions we find that they 
are chiefly based on the fact that the stele in every monarch root is turned 
towards the furrow, a relation which surely is no basis for such far
reaching conclusions and which may be quite well correlated with the 
orientation of all roots towards the furrows. 

So our conclusion is that the stock base of I soetes is only peculiar in its 
constantly tearing furrows, a feature connected with the formation of 
local humps of secondary tissue, the lobes. Roots are formed, as always in 
all plants, in any suitable place; the presence of the furrows and the lack of 

1) H. FITTING, Sporen im Buntsandstein - die Makrosporen von Pleuromeia? 

Ber. d. D. bot. Ges., 25, 1907, p. 434, see p. 441. 

2) WEST and TAKEDA in this respect hold another view; they describe an apical 
meristem by which the stelar arms grow (1.c. p. 346). This meristem is compared to 
that of the stem, and on this basis the authors try to keep to the fore the con
ception of the downward growing "rhizophore" as an organ sui generis. 

They admit however that this apical meristem differs from any other in being 
distributed over a large area, since it extends along the whole length of the curved 
lower edge of each of the stelar arms. They further admit that this primary meri

stem is not situated at the actual periphery of the stock, but that it is separated 
from the exterior by several regularly arranged layers of parenchyma cells, and 

finally they admit that it may also be regarded as a part of the cambium. 

The natural conclusion therefore may be that this "primary meristem" is 
nothing but a specialized part of the cambium in which the adventitious roots are 

formed in great number. 

3) LANG 1915, I.e. p. 21. 
.) 'JOHA. LIEBIG, Le. (f.n. p. 35\, 329. 
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new higher stem parts cause these suitable places to be found in an unusual 
arrangement. 

6. The PIe u rom e i a s t e mba s e. No comparison being 
allowed between the stigmarian axes and the I soetes stock base, the question 
remains about the intermediate links. 

In Pleuromeia the stem at its base usually developed four conical up
turned lobes; sometimes only two have been present. In the normal case 
of four they were not placed in a regular cross, a single connecting part 
being present at the under surface between two opposed pairs 1). 

In rare cases some of the four lobes showed a beginning of further 
dichotomy2). Therefore there is no doubt that the lobes were due to a process 
of dichotomous branching; in this respect they entirely fall in line with the 
stigmarian axes and are in striking contrast with I soetes. 

The lobes were covered on all sides by scars left by appendages. About 
the distribution of these appendages we have but little information. 
Judging from the published figures it is not impossible that they were 
arranged in irregular parastichies. In any case we may say that their 
occurrence at all sides of the lobes agreed with the stigmarian rootlet 
distribution, and was in contrast to the arrangement of the I soetes roots. 

The lobes further were cone-shaped; when a vegetative cone has been 
present its place is absolutely c1ear~ As, however, the scars cover the lobes 
up to the apex, it may have been that the lobes were of a determined 
growth and that their vegetative cones soon became exhausted. 

Concerning the appendages which are sometimes found in situ our 
information is rather meagre. They had a small excentric stele like the 
stigmarian rootlets and the I soetes roots; about root-cap and root-hairs 
nothing is known. There is however one important fact, described by 
SOLMS 3), namely that the appendage traces caused gaps in the lobar stele; 
this correspondence to the stigmarian rootlets is an important argument 
for the homology of the lobes with the stigmarian axes and of the ap
pendages with the stigmarian rootlets. 

Apart from the adult stems of about 2 metres numerous small specimens 
have been observed. The most curious fact about them is that they were 
similar in all respects to the big ones, only much smaller. They had a stem 
of for instance 12-16 mm diameter instead of 0-9 em, but their lobes 
were perfectly analogous, the only difference being 4) that the lobe apices 
were not yet acute but more globular. 

1) K. MAGDEFRAU, Zur Morphologie und phylogenetisehen Bedeutung der fos· 
silen Pflanzengattung Pleuromeia, B.B.C., 48, 2, 1931, p. 119; already earlier 
observed by BISCHOFF 1855. 

0) H. POTONIE, Abbildungen und Besehreibungen fossiler Pflanzenreste, Lief. 2, 
Berlin 1904. 

3) SOLMS-LAUBACH, l.e. 1899 (f.n. p. 32), see p. 235. 
0) TH. SPIEKER, Pleuromeia, eine neue fossile Pflanzengattung und ihre Arten, 
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These small specimens probably were nearly or quite as full-grown as 
the big ones; SOLMS in discussing them points out 1) that it is extremely 
improbable that the small specimens could grow up by an evenly distribut
ed growth, but that the only plausible conception, here as in the case of the 
Lepidophytes, was the development of the aerial stems from a rhizome. 

Our conclusion can only be that the Pleuromeia stem base is really 
homologous to a Lepidophytic stem base, but on a reduced scale; and 
further that its appendages, in the same way as in the stigmarian rootlets, 
were modified leaves. 

7. The Nat h 0 r s t ian a s t e mba s e. The stem of this 
recently described fossil 2) had a basal part provided with some 12 to 20 
longitudinal ridges, separated by shallow furrows. On the ridges appendages 
were borne, in the upper part of the ridge in a single, in the lower part in 
from two, up to four, rows. 

The appendages which have been observed in situ left scars with a small 
excentric protuberance; evidently they had a small excentric stele like the 
appendages and roots in the former cases. 

MAGDEFRAU makes mention of indications of a partition of the stem 
base in old specimens into two or four lobes. His photographs however are 
very disappointing in that respect, showing only a somewhat irregular 
shape. 

As far as the incomplete data allow I should be inclined to see in Nat
horstiana a plant which has nothing whatever to do with the Lepidophytes, 
but which in its stem base is developed more or less along the same lines as 
Isoetes. 

§ 12. Appendages of the outer surface (Hairiness). It is a re
markable fact that the stem and leaves of most microphyllous Pteri
dophytes are absolutely glabrous. Only the root and sometimes the 
rhizome with their root-hairs show other conditions. 

Exceptions to this rule are rare; in the Psilophytinae they seem to be 
entirely lacking. 

Amongst the Articulatae the only case I found mentioned was that 
of a "tomentum" developed in some Equisetum spp, consisting of simple 
and filiform hygrometric processes of the epidermis cells, up to 5 mm long. 
According to DUVAL-]OUVE this tomentum is present on the rhizomes of 
E. maximum, sylvaticum and arvense; in E. littorale, limosum, palustre and 
pratense it only occurs on the rhizome leaf sheaths 3). 

gebildet aus der Sigillaria Sternbergi Mlinst. des bunten Sandsteins zu Bernburg. 

Zeitsehr. f. d. ges. Naturwiss., Halle, 3, 1854, p. 177 see p. 185. 

') SOLMS-LAUBACH 1899, I.e. p. 239. 

2) K. MAGDEFRAU 1932, I.e. (f.n. p. 58). 

3) J. DUVAL- J OUVE, Histoire naturelle des Equisetum de France, Paris 1864, 

see on p. 18. 
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In Lycopodium the leaf margin may sometimes bear small teeth or 
cilia 1), and in Selaginella the epidermis cells of the stem may form cy
lindrical out bulging processes giving rise to hairs 2); only in some cases do 
we find independently formed hairs, borne on a podium of small cells. 

In the Filicinae on the other hand hairs are abundant everywhere, 
mostly in the special form of paleae, being flat multicellulair hairs, though 
stellate and peltate forms occur too. These paleae have been rightly com
pared by several authors to microphylls, lately by BOWER 3). 

Indeed the likeness is often very striking. VELENOVSKY, giving a survey 
of these dermal appendages 4), mentions the existence of a midrib con
sisting of special thick-walled cells in the paleae of the genus Platycerium 
and in Asplenium Trichomanes; moreover he mentions the fact that 
Polyp odium lycopodioides owes its name to the scaliness of the rhizome, 
giving it a likeness to a Lycopodium shoot. 

Besides the paleae there may be a second form of hairs, smaller and cy
lindrical, without any transitional forms between the two hair categories 5) ; 
perhaps these hairs are other enations, independent of the line that once 
gave rise to the microphylls. 

Groningen, May 1936. 

') ENGLER & PRANTL, op.c. p. 583. 

Botanical Laboratory of 
the Government University. 

2) Ibidem p. 638 and moreover R. J. HARVEY· GIBSON, Contributions towards 
a knowledge of the anatomy of the genus Selaginella Spr., III, The leaf, Ann. of 
Bot., 11, 1897, p. 123, see pI. 9 fig. 1,4, 14, 15. 

3) BOWER 1935, op.c. p. 558. 
') VELENOVSKYOp.C.p. 194, ibidem Part 4, 1913, p. 30 . 
• ) VEENovsKy 1905, op.c. p. 195. 



CHAPTER II 

ANATOMY 

by 

J. C. SCHOUTE (Groningen) 

§ 1. Introduction. - A. Historical. Anatomy, the study of internal 
construction, as compared to external morphology has the great dis
advantage that its object usually is only open for observation after special 
preparation; often the studied spatial forms have to be synthesized by 
combination of the observations made on different sections. 

When we further take into consideration that in vascular plants the 
internal structures as a rule are much more complex than the outer forms, 
it is no wonder that the knowledge of the Pteridophyte anatomy long 
remained behind the knowledge of the external forms of these plants. 

Indeed we may say that the study of Pteridophyte anatomy only dates 
from the first half of the nineteenth century. The general works on plant 
anatomy from the beginning of that century 1) only contain incidental and 
insignificant facts about Pteridophytes. Soon afterwards, however, we find 
a good anatomical description of the stem of Equisetum fluviatile by 
BRONGNIART 2) and some years afterwards VON MOHL wrote his splendid 
paper on the stem structure of tree ferns 3) which was to be followed by his 
equally excellent paper on Isaetes 4). 

The impression these papers make upon a reader of our times is that they 

1) J. J. P. MOLDENHAWER, Beytrage zur Anatomie der Pflanzen, Kiel 1812; K. 
SPRENGEL, Von dem Bau und die Natur der Gewachse, Halle 1812; C. F. BRIS· 
SEAU-MIRBEL, Elements de physiologie vegetale et de botanique, Paris 1815. 

2) AD. BRONGNIART, Histoire des vegetaux fossiles, I, Paris 1828, see p. 100. 

") H. VON MOHL, De structura caudicis filicum arborearum, 1833, in: C. F. PH. DE 
MARTI US, leones plantarum cryptogamic arum quas in itinere annis 1817-20 per 

Brasiliam instituto coliegit et descripsit, Monachii 1828-1834; shortened and 

translated into German in: H. VON MOHL, Vermischte Schriften botanischen In

halts, Tiibingen 1845, see p. 108. 
4) H. VAN MOHL, tiber den Bau des Stammes von Isoeles lacustris, Linnaea 

1840, p. 181; Vermischte Schriften p. 122. 

Manual of pteridology 5 
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are quite modern in ground-plan and execution. This is due to the fact 
that these authors tried, without bias, to record the prevailing rules and 
laws, governing the construction of the tissues. Before 1825 most anatomists 
(or phytotomists as they were often called) were either led by mere 
curiosity and by the' desire to make a trial of their lenses, or they at once 
tried to understand the internal structure as a base for the fundamental 
physiological phenomena in the plant. 

As the former aims did not yield sufficient impulses for the continued 
efforts required to master the multifarious facts, and as the latter aim 
even at present for the greater part is still out of our reach, the results on 
the whole were disappointing. The study of the existing regularities how
ever, being a safe and efficient guide in the labyrinth of phenomena, 
yielded much better results, and this is still the experience of our times. 

Once the facts are established by a thorough description, we may try to 
make use of our knowledge for physiological, systematical or other 
purposes, and the better our description and the greater the detail the 
better the results will be. As MOLL expounds in his "Phytography" 1), 
experience has shown that by making descriptions, as detailed as possible, 
without any prejudice, results may often be obtained as unsought for 
by-products, which would have been out of the reach of the author when 
trying purposely to solve the same problems without making such a 
description. 

After VON MORL a number of authors followed, of which VON NAGELI, 
METTENIUS, DUVAL-JOUVE and Russow may be instanced. Up to the year 
1874 their work has been summarized and quoted in the masterly work by 
DE BARY 2), an unrivalled monument in the anatomical field. From 1874 
up to the present day the stream of anatomical work on Pteridophytes, 
both recent and fossil, has gradually risen in accordance with the in
creasing interest paid to Pteridophytes in general. 

B. Scope of the chapter. In view of the extension of the field and the 
limited space available for the present chapter a severe restriction of 
the subject- matter is peremptorily required. 

This will be attained in the first place by omitting all histological facts 
and dealing only with the gross anatomy, the topography. For information 
on histology the reader may be referred primarily to BARY who gives an 
astonishing number of facts, and for more recent work to ENGLER and 
PRANTL 3) and to ZIMMERMANN 4); for fossils to HIRMER 5) and to HOF-

') J. W. MOLL, Phytography as a fine art, Leiden 1934, see p. 465. 

2) A. DE BARY, Vergl. Anatomie der Vegetationsorgane der Phanerogamen und 

Fame, Leipzig 1877. 

3) ENGLER und PRANTL, Die natiirlichen Pflanzenfamilien, I, 4, Leipzig 1902 . 
• ) W. ZIMMERMANN, Die Phylogenie der Pflanzen, J ena 1930. 

5) M. HIRMER, Handbuch der Palaobotanik, Miinchen und Berlin 1927. 
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MANN 1). With the aid of these works and their literature lists the scattered 
original sources may be found. 

In the second place even the topography will not be dealt with ex
haustively, but only in so far as it has a more general importance either for 
phylogeny, or for the ontogenetical elaboration of the plant structure. It 
goes without saying that the choice of subjects has been rather arbitrary 
and has been determined by the private views, knowledge and experience 
of the present author. For more detailed information the same works 
quoted above may be recommended, with the exception of HOFMANN who 
only deals with histology, and with the important addition of BOWER 2). 

Developmental anatomy, in the sense of a study of cell division order, 
which was such a prominent feature in the researches of the nineteenth 
century will be left entirely out of consideration, as it has been recognized 
long since that it is in no way decisive for further differentiation; for 
striking new instances see BOWER 3). 

On the contrary due attention will be paid to the presumable order 
in which the plant structures are first induced. The process of induction 
not being open for direct observation itself, this has to be gathered from the 
results in the later stages in which the induced structures have become 
visible; in view of the easy observation of large complexes the adult 
condition often gives the best information. 

§ 2. Anatomy of the stem. - A. Primary organization. 
I. E P ide r m i s. In such cases where the stem surface has not been 

wholly taken up by leaf insertions, but where a free stem surface is to be 
observed, the outer cell layer is called the epidermis. 

Unlike the condition in Angiosperms, the boundary between epidermis 
and cortex is usually an irregular surface; this is due to the fact that the 
epidermis does not arise from an early defined dermatogen, but often 
is separated by late partition walls from the inner cells. Accordingly HE

GELMAIER speaks of a most external, "die Stelle einer Epidermis ver
tretenden" cell layer 4). The distinction between a one-layered and a many
layered epidermis, often to be made in Angiosperms, as a rule therefore is 
impossible in Pteridophytes. 

When the plant forms different kinds of stem, the epidermis in these 
stems may be differentiated along divergent lines too, for instance in 
Psilotum Bernhardi in the rhizome and the aerial stem 5). Two different 

1) ELISE HOFMANN, Palaohistologie der Pflanze, Wien 1934. 

2) F. O. BOWER, Primitive land plants also known as the Archegoniatae, Lon

don 1935. 
3) BOWER, op.c. p. 328. 
4) F. HEGELMAIER, Zur Morphologie der Gattung Lycopodium, Bot. Ztg 30, 1872, 

col. 773, see col. 797. 
5) \V. L. BEEKMAN, Uber die Torsion des Stengels von Psilotum Bernhardi, Rec. 

trav. botan. neerl. 21,1924, p. I. 



68 ].C.SCHOUTE,ANATOMY 

forms of epidermis may occur moreover in one and the same stem next to 
each other, when the underlying tissues differ locally, as in Equisetum . 

. Special kinds of organs may be present in the epidermis: stomata and 
hairs. Stomata are always present in such stems as are the chief photo
synthetic part of the plant: Rhyn£a, Psilotum, Equisetum; when the leaves 
are well developed, stomata may be present (Asteroxylon) or they may be 
lacking (Selaginella, probably in most Filicinae). 

II. Cor t e x and g r 0 u n d-t iss u e. The tissue between the 
epidermis and a monostele is called cortex; in the case of polystely the 
internal limit of the cortex being vague, the term ground tissue which 
includes the non-vascular part of the stele may be used instead. 

The cortex may be homogeneous (OPhioglossum 1), Lycopodium Sela
go 2)) or it may be homogeneous for the greater part, with locally differ
entiated other tissue parts (Marattia, parenchyma with mucilage ducts), 
but usually the cortex is divided into an inner and outer, or even into three 
concentric zones, the tissues of which are different in organization. Some 
instances are: Psilotum, aerial stem: outer cortex chlorenchyma, middle 
cortex sclerenchyma, inner cortex collenchyma; Asteroxylon, aerial leaf 
stem: outer cortex of tangentially extended cells, inner cortex divided into 
three layers: two zones of compact tissue and a zone of trabecular tissue 
with large intercellular spaces in between. 

In other cases the differentiation is not in concentric layers, but in 
tangentially alternating tissue complexes (Equisetum, chlorenchyma and 
so-called vallecular cavities). 

The cortex moreover in all Pteridophytes, the leafless Rhyniaceae only 
excepted, is traversed by the leaf-traces, sloping downward from the leaf 
insertion towards the stele, usually rather steeply. In the Lepidophytes 
these leaf-traces are accompanied at their abaxial side by a gutter-like half 
sheath of a loose tissue, called the parichnos. 

The innermost layer of the cortex 3) usually is of a particular organization 
and is called the endodermis; in Rhynia an endodermis is believed to have 
been absent. Otherwise it often occurs in the form of a protective sheath 
with Casparian strips. 

In such cases where the vascular strands in the stele are separated by 
large parenchyma complexes, the endodermis instead of surrounding the 
whole stele may surround the individual strands separately (Equisetum 
Heleocharis). In this case, which rather inappropriately has been termed 
polystely, the cortex communicates with the pith without a definite 

') H. G. HOLLE, Uber Bau und Entwickelung der Vegetationsorgane der 

Ophioglosseen, Bot. Ztg 33, 1875, col. 241, see col. 246. 
2) HEGELMAIER l.c. (Ln. p. 67), col. 796. 

3) For the reason why this layer may be taken as the innermost cortex layer see 
J. C. SCHOUTE, Die Stelar-Theorie, Groningen 1902, Groningen und J ena 1903, on 
p. 162. 
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boundary. The normal case in contrast with polystely is called monostely. 
In Equisetum hiemale and E. ramosissimum a most curious complication 

has been observed by PFITZER in the rhizomes, consisting of the develop
ment of narrow closed accessory endodermis sheaths, surrounding only a 
limited amount of common parenchyma, and running in a longitudinal 
direction between the normal bundles; usually one singly, rarely two or 
three of them between two bundles. 

These "Zwischenkernscheiden" as PFITZER calls them, may be either 
free at both ends or they may unite at the upper or lower end to the normal 
endodermis 1). 

III. S tel e. The stele is the most complex and the most variably 
constructed part of the stem. 

Its outermost cell layers - or in the case of polystely the outer layers of 
its meristeles - almost invariably are parenchymatous and are called 
the pericambium or pericycle. 

Further it contains one or more vascular strands, composed of phloem 
and xylem strands, and often smaller or larger parenchyma strands. In the 
phloem and xylem strands a difference of organization may be present 
between the first differentiated parts, the protophloem and protoxylem, 
and the later differentiated meta phloem and metaxylem. The parenchyma 
may form strands between the peripheral vascular strands, called medul
lary commissures, and also a smaller or larger central massive strand, the 
pith or medulla. 

In the case of medullated monostely the external pith layer may be 
differentiated as an internal endodermis (Equisetum hiemale). 

The different arrangements of the several tissues in the stele have given 
rise to an intricate (and for the greater part superfluous) stelar nomencla
ture 2). Of these terms only a few will be used here, namely: 

protostele = a monostele with a peripheral phloem and a central 
massive xylem; 

siphonostele = a medullated protostele wtih internal endodermis; 
amphiphloic siphonostele = a siphonostele with a second phloem ring 

inside the xylem; 
solenostele = a siphonostele, perforated by scattered leaf gaps ; 
dictyostele = a solenostele with more leaf- or other gaps, so as to show 

more than one interruption on any transverse section; 
meristele = the vascular parts of a dictyostele between two neighbouring 

gaps, appearing in transverse section as separate strands. 
Before entering into a consideration of the diverse forms of stelar 

') E. PFlTZER, Ueber die Schutzscheide der deutschen Equisetaceen, Jahr. f. 
wiss. Bot. 6, 1867, p. 297, see p. 318. 

2) See SCHOUTE, op.c. p. 144 and moreover F. J. MEYER, Die Stelartheorie und 
die neuere Nomenklatur zur Beschreibung der Wasserleitungsbahnen der Pflanzen, 
B.B.C.33, I, 1916,p. 129. 
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structure in the different Pteridophyte groups, we may remark that as 
far as is known all Pteridophytes in the sporeling start with a protostelic 
stem. This fact has always been recognized as a proof of a phylogenetic 
derivation of all Pteridophytes from protostelic ancestors. 

Notwithstanding this common origin, the resulting stelar structures 
in the adult plants are very divergent in the different groups. We shall 
therefore begin by considering a number of representative forms. To shorten 
the exposition only the distribution of the xylem will be dealt with, being 
the best known and giving a sufficient idea of the whole stelar structure. A 
comparison of the forms will follow afterwards. 

a. R h Y n i ace a e. The stele in the Rhyniaceae is invariably a 
protostele, in all stages of the life cycle. This fact, only recognized later, of 
course has greatly corroborated the view, just mentioned, on the phylo
genetic importance of the protostele. The organization of the protostele of 
the Rhyniaceae is very simple, as it is quite cylindrical and as the xylem 
only consists of tracheids without any parenchyma. 

A difference between large tracheids at the outside and a central core of 
smaller tracheids is to be noticed in Rhynia major and in Hornea, not in 
Rhynia Gwynne-Vaughani: notwithstanding the similar organization of 
the larger and the smaller tracheids they are to be considered as proto- and 
metaxylem, especially as in Hornea the inner tracheids sometimes are 
found broken down inside the ring of intact larger tracheids. 

In contrast in the early Devonian Gosslingia the protoxylem surrounds 
the metaxylem with a continuous cylindrical zone 1); the conditions of 
endarchy (Rhynia major) and exarchy (Gosslingia) therefore have both 
been present in vascular plants as far as our record goes. 

b. A s t e r 0 x y Ion. In the rhizome and in the leafless lateral branches, 
bearing the sporangia, the stelar structure is much like that of Rhynia, a 
central homogeneous xylem being present. In the leafy shoot however the 
xylem becomes stellate; as the spaces between the longitudinal xylem 
flanges are filled up with phloem tissue, the stele itself remains cylindrical. 
At the peripheral edges these flanges are somewhat thickened and in the 
centre of these thickenings an immersed protoxylem is present, the 
tracheids of which are of the same construction as those of the metaxylem, 
but smaller in size. In the young condition the protoxylem on which the 
mesarch leaftraces are inserted has clearly been demonstrated to be 
differentiated before the rest of the xylem. 

c. Psi lot ace a e. In the young plant the stem is protostelic in Psi
lotum as well as in Tmesipteris; in the leafless rhizome of Psilotum it seems 
to lack a protoxylem. In the adult condition the stelar organization is 

1) A. HEARD, On old red sandstone plants showing structure, from Brecon 
(South Wales), The Quarterly J oumal of the Geological Society of London, 83, 
1928 (volume for 1927), p. 195; see p. 199 and PI. 13, fig. 7, PI. 14, fig. 3, 7. 
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rather different in the two genera; in Psilotum the xylem is exarch, with a 
number of protoxylem strands, projecting from a tubular metaxylem mass 
with a central medulla. In Tmesipteris there is a ring zone of separate 
mesarch xylem strands, and sometimes one or a few similar strands in the 
medulla. 

Leaf-traces connect the sporophylls of Psilotum with the stelar proto
xylem strands; the sterile leaves may have feeble traces or they may lack 
them. Yet the stelar protoxylem strands are related totheleaf arrangement. 
Some distance under the leaf insertion (3-8 mm) the stelar xylem has a 
prominent point, tapering slowly downwards 1), and the stelar protoxylem 
strands more or less agree in number with that of the irregular leaf ortho
stichies 1). 

d. L y cop 0 diu m. The sporeling begins either with a protocorm 
without any stele, or it begins directly with a shoot; in the latter case a 
protostele with 2-4 peripheral protoxylem strands is formed 2). In the 
adult stem the peripheral protoxylem strands usually are more numerous; 
the metaxylem may either form an irregularly fluted cylinder, the 
anastomosing ridges being situated inside the protoxylem strands, or it 
may form a small number of flat bands, extending vertically, parallel to 
one another and lined at their edges by protoxylem strands; finally the 
metaxylem may occupy the whole of the space inside the protoxylem 
strands but for a number of irregular ~eshes 3). 

In literature we find several indications of the relation between the stem 
protoxylem strands and phyllotaxis 4). By the observations of these 
authors it has been established that the leaf-traces do not run straight 
downwards in the stele, but that every trace, before inserting on a stem 
strand, may shift laterally in order to meet that strand; accordingly their 
insertion on the strand may be either in the median plane or laterally. 

The stem protoxylem strands on the whole follow a longitudinal course, 
with some tangential undulations; they may freely unite and split during 
their course. The number of these strands only corresponds in a very 
rough way with thephyllotaxis. In Lycopodium Selago stems with pentamer-

') C. NAGEL!, Das Wachsthum des Stammes und der Wurzel bei den Gefass
pflanzen und die Anordnung der Gefassstrange im Stengel, in: NAGEL!, Beitr. z. 
wiss. Botanik, 1, 1858, p. 1, see p. 52. 

0) F. J. MEYER, Die diaplektischen Leitbiindel der Lycopodien im Lichte der 
vergleichenden Anatomie und der Palaobotanik nebst einem Ausblick auf die 
iibrigen Pteridophyten, Engler's Botan. Jahrb., 60, 1926, p. 317, see p. 324. 

3) F. J. MEYER 1926, l.c. p. 319. 
4) C. NAGEL!, Dber das Wachsthum des Gefassstammes, in: SCHLEIDEN und 

NAGELI, Zeitschr. f. wiss. Botan., 3 und 4, 1846, p. 129, see p. 133; C. CRAMER, 
Ueber Lycopodium Selago, in: NAGEL! und CRAMER, Pflanzenphysiologische Un
tersuchungen 3, 1855, p. 10, see p. 14, C. NAGELI l.c. 1858, p. 53; HEGELMAIER l.c. 
(f.n. p. 67), col. 792. 
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ous whorls often have five protoxylem strands, the variation going 
from 4-6 or even up to 8; stems with tetramerous whorls usually have 4, 
sometimes 5 or 6. So here for every two leaf orthostichies about one 
protoxylem strand is present. 

In Lycopodium alpinum on the other hand slender decussate stems 
usually have four strands, sometimes 3, and in Lycopodium clavatum stems 
with 4 + 5, 5 + 6, 6 + 7 systems have 10--17 strands, i.e. more than the 
number of leaf orthostichies 1). 

c. S e 1 a gin e 11 a. In the leafy stem many 5elagineUa spp. have a 
flattened stele, the edges being turned towards the sides of the dorsiventral 
stem. The stele is usually a protostele with two lateral protoxylem strands 
to which the leaf-traces run, one strand receiving the left row of under and 
upper traces, the other strand the right rows. 

In other species the conditions may be different 2). In the first place the 
xylem may become cylindrical and in many species at the same time 
polyarch, with a number of protoxylems all around; moreover the central 
metaxylem may be reduced so as to form a pith (5. spinosa, erect stem). 

In the second place the xylem may become endarch instead of exarch 
(5. spinosa, trailing stem). 

In the third place the stem may become polystelic, with 2 or 3, sometimes 
up to 12 meristeles (5. laevigata var. Lyallii, erect stem); at the branching 
places of the stem all meristeles are connected. 

Lastly the stele may become siphonostelic by the development of an 
inner pericambium and endodermis around the pith, and if so, it may 
develop an inner ridge at the dorsal side which may be separated from 
the tube to form a new small "stele" inside the pith of the normal one 
(5.laevigata var. Lyallii, rhizome). 

The rhizophores always have one single protostele, but otherwise their 
stelar structure may show remarkable differences in the different species 3). 

In 5elaginella Martensii and some other spp. the xylem is exarch and 
monarch, the protoxylem strand being turned towards the abaxial side of 
the rhizophore at its origin, but turned towards the dichotomy centre in 

') See foot-note 4 p. 71. 

2) A. DE BARY op.c. (f.n. p. 66) p. 293; R. J. HARVEy-GIBSON, Contributions 

towards a knowledge of the anatomy of the genus Selaginella, Spr. [The stem], 
Ann. of Bot. 8, 1894, p. 133. 

3) See: C. NAGEL! und H. LEITGEB, Entstehung und Wachsthum der Wurzeln, 

in: C. NAGEL!, Beitrage zur wiss. Botan, 4, 1868, p. 73, esp. p. 124; PH. VAN 
TIEGHEM, Recherches sur la symetrie de structure des plantes vasculaires, Ann. d. 

Sc. nat. 5th ser, 13, 1870/1, p. 1, esp. p. 88; R. J. HARVEy-GIBsON, Contributions 
towards a knowledge of the anatomy of the genus Selaginella, IV, The root, Ann. 
of Bot. 16, 1902, p. 449; J. C. TH. UPHOF, Contributions towards a knowledge of \he 
anatomy of the genus Selaginella. The root. Ann. of Bot. 34, 1920, p. 493. 



J.C.SCHOUTE,ANATOMY 73 

its shanks 1). This structure may be taken as a simplified stem stele, but 
also as that of a simplified root stele; it is identical with that of the roots of 
Selaginella and of I soetes. 

In S. atroviridis the metaxylem being crescentic, a number of proto
xylem strands is to be found on the concave adaxial side 2); and in S. 
Kraussiana I), S. P01tlteri and S. delicatissima 3) the stele is endarch Ijke 
that of Hornea. These cases are therefore like simple stem steles; for root 
steles the structures would be quite out of the normal scheme, the more 
remarkable as this root scheme is otherwise the same in all vascular plants. 

These stelar structures, varying in about the same way as in the leafy 
stem, all fit in with the view that the rhizophore is a modified stem; but 
offer serious objections to the view that the rhizophore is a modified root 4). 

t. L e p i d 0 P h Y t e s. The stelar xylem in all aerial stems is exarch 
with a large number of projecting or flat protoxylem strands or with a 
continuous protoxylem zone all around. The metaxylem may be solid, so 
that the stele is a protostele, or it may contain a large parenchymatous 
pith; in other cases there may be a "mixed pith", consisting of inter
mingled parenchyma and tracheids. 

Little is known about the numerical relation between leaf orthostichies 
and protoxylem strands: HIRMER reports that in Sigillaria elega~s their 
numbers seem to be eqnal 5). The leaf-traces insert either at the top of the 
ridges or laterally, at their flanks. 

In the subterranean stem organs, the stigmarian axes, the xylem 
sometimes is exarch too 6), but in most cases the xylem is endarch, with a 
great number of anastomosing protoxylem strands. The rootlet-traces, 
which the present author considers to be leaf-traces, in order to reach the 
protoxylem strands, in an endarch xylem have to pierce the secondary 
and the metaxylem. As they are accompanied on their course by paren
chyma strands, medullary commissures are present, in a phyllotactical 
arrangement, like leaf-gaps. 

g. Iso e t e s. In the stunted stem of this remarkable group the 
anatomical differentiations are more or less reduced. According to LANG 7) 

') NAGELI und LEITGEB, I.c. p. 127. 
2) HARVEy-GIBSON,I.C. 1902 (f.n. p. 72) p. 457. 
3) HARVEy-GIBSON, I.e. 1902, p. 460. 
0) NAGELI und LEITGEB, I.e. p. 126; VAN TIEGHEM I.e. (f.n. p. 72) p. 97 devotes 

two pages to explain the anomalous case of S. Kraussiana and terminates by saying: 
.. L' anomalie signalee par MM. NAEGELI et LEITGEB disparait ainsi en s' expliq uant." 
As far as I See the facts are not so easily to be reasoned away . 

• ) HIRMER op.e. (f.n. p. 66), p. 271. 
0) F. E. WEISS, A Stigmaria with centripetal wood, Ann. of Bot. 22, 1908, p. 221. 
') W. H. LANG, Studies in the morphology of Isoetes. II. The analysis of the 

stele of the shoot of Isoetes lacustris in the light of mature structure and apical 
development. Mem. & Proc. Manchester Lit. & Phil. Soc. 59, 1914/15, no. 8. 
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the zones inside the anomalous secondary tissue are to be homologized 
to an outer primary phloem inside which a parenchymatous xylem sheath 
and a strongly parenchymarized central xylem follow. For our comparison 
the case is of little value. 

h. E qui set u m. The sporeling axis at first is protostelic, at least 
partly; very soon however the peculiar adult structure sets in, consisting of 
a number of leaf-traces, arranged on a cylinder surface and connected at 
the nodes to the lower leaf-traces by commissures. 

The stelar leaf-traces consist of an internal protoxylem strand, oc
curring in the internodes in the form of a canal with loose rings, the carinal 
canal, and further somewhat more towards the stem periphery two lateral 
metaxylem strands; at the nodes a somewhat larger amount of metaxylem 
surrounds the protoxylem. 

These conditions are to be found in the monostelic as well as in the 
siphonostelic or the polystelic forms; the distribution of the sheaths does 
not influence the vascular construction. 

In the strobilus axis the protoxylem strands are rather irregularly 
connected, forming sympodial strands in various ways. The amount of 
metaxylem being much greater here, only irregularly distributed gaps in 
the xylem cylinder remain. 

i. Cal ami t e s. The stelar structure of Calamites is hardly different 
from that of Equisetum; the main difference is that the leaf-traces in some 
forms descend over two internodes instead of over one, so that the number 
of vascular bundles in any node is about twice that of the entering 
traces. 

i. S ph e n 0 p h Y 11 u m. The stem of Sphenophyllum has a protostele 
with three large protoxylem strands at the periphery and a triangular 
metaxylem in between. In some cases the three protoxylem strands are 
double, so that there is an approach to hexarchy. 

The leaves of Sphenophyllum always being placed in superposed trimer
ous whorls or in whorls with a multiple of three as number, the le~if-traces 
enter before the protoxylem strands and insert on them. 

k. Com par i son 0 f s tel a r s t r u c t u reI n m i c r 0-

p h Y 11 0 u s Pte ri d 0 p h Y t e s. 
1. Red u c t ion 0 f c e n t r alp art 0 f x Y 1 e m. A comparison 

of the primitive Rhyniaceae with most higher developed microphyllous 
Pteridophytes (Psilotaceae, Lycopodium, Lepidophytes, Isoetes, Equisetum, 
Calamites) as well as a comparison of the sporeling structure with the 
adult condition in these plants reveals us the fact that the central part of 
the xylem is often more or less reduced. 

This may begin with a development of living parenchyma cells between 
the tracheids, so that a mixed pith is formed. No doubt this phenomenon 
is connected with what BOWER has termed the size factor, bringing for 
increasing xylem structures the necessity to increase their limiting surfaces 
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in proportion to the cube of the linear dimension, not to the square 1). 
Finally a wholly parenchymatous pith may be formed, a fact which 

may be connected too with the same size factor, at least in part of the 
cases, and moreover with the mechanical needs of the stem, a hollow cylin
der being more stable than a solid core of the same weight, by its greater 
diameter. 

2. A r ran gem e n t 0 f pro t 0- and met a x y I e m. The 
position of the protoxylem strands in the stem stele is remarkably varying. 
In a number of cases these strands are situated at the xylem periphery 
(Gosslingia, Psilotum, Lycopodium, Sphenophyllum) , often even as out
wardly projecting ridges. 

In other cases the protoxylem is immerged in the metaxylem (Astero
xylon, Tmesipteris) and in a very few cases it occupies a central position 
(Rhynia mafor, Hornea). Moreover some plants have exarch and endarch 
conditions realized in different parts or in different kinds of stems 
(Selaginella spino-sa, Lepidophytes). 

It has often been held that the meta xylem inside the protoxylem, the 
so-called centripetal wood, should belong to another morphologic and 
phylogenetic category than the centrifugal wood outside the protoxylem 2). 

In view of the above facts the distinction seems to lose much of its 
importance, and perhaps the more simple suggestion may be advanced 
that when for some unknown reason the protoxylem changes its position, 
the metaxylem having to put up with the space left, is obliged to develop 
in another direction. 

3. Influence of leaf-traces. The present author has already, 
on several occasions, pleaded the view that leaf-traces are not given off 
from the stele, but that on the contrary the stimulus inducing the traces is 
decurrent from the leaf into the stem. This even holds good for the case 
often occurring in Psilotum where a leaf-trace is not developed in the cortex, 
but the protoxylem ridge of the stele begins some mm under the leaf in
sertion. 

In support of this view which has been proved by VON NAGEL! in 1858 3), 

many further facts may be alleged 4) and it has never been refuted in 
literature. Now we may ask whether entering leaf-traces give rise to 
changes in the stem stele. As a rule the protoxylem strands of the trace are 

') F. O. BOWER, Size and form, London 1930 . 
• ) D. H. SCOTT, The old wood and the new, New Phytol. I, 1902, p. 25. 
3) NXGELI, l.c. (f.n. 4 on p. 71) p. 45 . 
• ) J. C. SCHOUTE, Beitrage zur Blattstellungslehre II. Dber verastelte Baum· 

fame und die Verastelung der Pteropsida im allgemeinen, Rec. trav. bot. neerl. II, 
1914, p. 93, see p. 156; O. POSTHUMUS, On some principles of stelar morphology, 
ibid. 21, 1924, p. III, see p. 145, J. C. SCHOUTE, On the foliar origin of the internal 
stelar structure of the M arattiaceae, ibid. 23, 1926, p. 269, see p. 271; J. C. SCHOU

T E, On pleiomery and meiomery in the flower, Ibid. 29, 1932, p. 164, see p. 214. 
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to be followed over a certain distance in the stele, and usually they unite 
with the stem protoxylem strands. 

In examining the influence of these leaf-traces the first question to be 
raised may be whether the stellate xylem of Asteroxylon owes its form to 
leaf-trace influence. 

The fact that there, where leaf-traces are absent, the xylem in Astero
xylon is cylindrical (rhizome, peculiar axes) points in that direction; more
over the fact that the xylem flanges always contain leaf-trace protoxylem 
strands in their distal parts is in favour of that view. 

A solution of this point will remain impossible as long as insufficient 
data are available on the relation between phyllotaxis and flange dis
tribution. 

Unlike the case of the Filicinae, where often large leaf-gaps are to be 
observed, the traces of microphyllous plants usually give no further 
changes. This may partly be due to the fact that the leaf-traces are so 
much weaker than in the Filicinae; small traces in ferns do not cause gaps 
either. It may be connected, moreover, with the peripheral position of the 
stem protoxylem in many forms, the union of trace and protoxylem oc
curring at the outside. 

When we look at the rare cases of endarch xylem we find that in the 
trailing stem of Selaginella spinosa the small traces simply pierce the 
metaxylem without causing any gaps 1). In the stigmarian axes with cen
trifugal wood on the other hand the rootlet-traces as described above cause 
gaps. 

JEFFREY once enounced the view 2) that the microphyllous Pterido
phytes only form ramular gaps, whereas the Ferns and Spermophytes 
moreover in all cases form leaf-gaps. It has been long recognized since 
that this generalization was too wide 3). 

4. S tern x y 1 e man dIe a f-t r ace x y 1 e m. POSTHUMUS makes 
a theoretical distinction between the original cauline xylem as present in 
Rhynia and the xylem which is formed under the influence of the entering 
leaf-trace, categories which he distinguishes as the stem xylem and the leaf
trace xylem 4). 

The question rises whether and in how far this distinction may be 
carried through, and whether is has a biological meaning. If we, for 
instance, could show that the stem xylem was induced acropetally and 
the leaf-trace xylem basipetally, then the distinction would be well 
established. 

1) HARVEY· GIBSON, I.c. (f.n. 2 on p. 72) p. 172, PI. 9 fig. 37. 

2) E. C. JEFFREY, The structure and development of the stem in the Pteridophyta 

and Gymnosperms, Phil. Trans. 195, 1902, p. 119, see p. 144; Are there foliar gaps 
in the Lycopsida? Botan. Gaz, 46, 1908, p. 241, 

3) BOWER, op.c. 1935 (f.n. p. 67) p. 329. 
<) POSTHUMUS I.c. (f.n. p. 75) p. 155. 
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For the protoxylem strands this question amounts to the alternative 
whether the stem protoxylem strands are sympodia or not. When they are 
cauline, like the central protoxylem is in Rhynia major, their number may 
be regulated in harmony with the size factor by acropetal splitting or union, 
or perhaps by insertion of new strands between the others and by dis
contination. 

In such a way Lycopodium might satisfactorily be taken, the more or 
less independent cauline protoxylem strands receiving the numerous leaf
trace protoxylems from various sides. In other cases, however, there are 
objections, namely when the distribution of these strands is regulated by 
phyllotaxis. 

When in Equisetum the number of strands is always equal to that of the 
teeth of the next higher sheath, there is no doubt; in Equisetum all proto
xylem strands are decurrent from leaf-traces, and the same holds good for 
Calamites. When in Sphenophyllum the stem invariably is triarch and the 
protoxylem strands always lie exactly under the leaf orthostichies, the 
same conclusion presents itself. The root of Sphenophyllum is diarch or 
tetracll, rarely triarch; this variation might return in the stem in case of 
independency of the stem protoxylem strands. 

Having thus on one hand Rhynia with undoubtedly acropetal proto
xylem and on the other hand Equisetum and some others with a basipetal 
leaf-trace protoxylem, most Pteridophytes are difficult to incorporate into 
either of these groups; perhaps intermediate cases may also occur. Detailed 
investigations about the existing conditions might possibly bring more light. 

Turning now to the metaxylem we may begin with the remark that its 
differentiation always proceeds from the protoxylem "poles", as has even 
been stated in Asteroxylon. But as differentiation and induction are quite 
different processes this does not prove that the metaxylem is induced by 
stimuli emanating from the protoxylem. 

Yet there are indications that at least in some plant groups this latter 
condition really occurs. Since in Equisetttm the metaxylem is only to be 
found in small quantities in a definite position with regard to the proto
xylem, or since in some Lycopodium species the metaxylem occurs in 
longitudinal plates always extending between protoxylem strands, we 
cannot escape the conclusion that the metaxylem distribution depends on 
that of the protoxylem. 

For Sphenophyllum and for Asteroxylon the same conclusion may be 
drawn for the outer part of the metaxylem, the flanges. Nothing can be 
said, however, about the central core. 

We come therefore to the general conclusion that the stem xylem which 
phylogenetically no doubt was once independent and which was induced 
acropetally, gradually may have come under the influence of the entering 
leaf-traces, or in other terms that it may have become dependent for its 
realization on stimuli emanating from these traces. 
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In this way the distinction between stem and leaf-trace xylem, though 
still being possible, looses much of its pregnancy. 

One remark only remains to be made, namely that the stem stele, even 
when it forms no xylem or any other tissues independently, yet keeps its 
anatomical independence and importance; it acts as a recipient for leaf
trace stimuli. These stimuli in their centripetal course on having reached 
the stele, bend downward so as to induce the stelar vascular strands in 
their typical arrangement. This stele still develops in an acropetal way, 
just as it does in Rhynia. 

5. Pol Y s tel y. From the above related facts it may be inferred that 
the polystelic condition is only an unimportant departure from the normal 
monostely. The term, framed by V AN TIEGHEM from the wrong idea of a 
splitting of the stele, may be used as before, notwithstanding its origin. 

l. F iIi c ina e. 
1. Red u c t ion 0 f c e n t r alp art 0 f x Y 1 e m. The phe

nomena of reduction of the central part of the protostele xylem in Filicinae 
are the exact counterpart of those in the microphyllous Pteridophytes; in a 
number of cases a mixed pith has been described 1), and this may lead 
towards a complete medullation. There is, however, one complication, 
namely that a medulla may also be arrived at by fusion of leaf-gaps, as 
will be discussed below; a medullation independent from leaf-gaps is to 
be met with in most Osmundaceae, in Gleichenia pectinata and in the 
H ymenophyllaceae 2). 

2. A r ran gem e n t 0 f pro t 0- and met a x y 1 e m. Proto
xylem strands are not always present in the stem stele. As TANSLEY and 
LULHAM write: "spiral protoxylems of many Ferns are confined to the leaf 
and are absent in the stem altogether" 3); this is the case in the Hymeno
phyllaceae, the Schizaeaceae and according to POSTHUMUS for instance in 
Platyzoma 4). 

In many other cases the strands from the leaf-traces run down in the 
stem stele over a certain distance and then die out (e.g. in most Osmunda
ceae 5)). In ferns with an internal system the protoxylem strands may run 
down in the inner meristeles, as in Cyathea moluccana (= Brunonis) 6) and 

') For examples see BOWER op.e. 1935 (Ln. p. 67), p. 334. 
2) POSTHUMUS l.e. 1924 (Ln. p. 75), p. 155, 163; O. PO,STHUMUS, On the anatomy 

of the Hymenophyllaeeae and the Sehizaeaeeae and some additional remarks on 
stelar morphology, Ree. trav. bot. neer!. 23, 1926, p. 94, see p, 102, 

3) 'A. G. TANSLEY and R. B. J. LULHAM, A study of the vascular system of Ma· 
tonia peetinata, Ann. of Bot. 19, 1905, p. 475, see p, 503. 

0) POSTHUMUS l.e. 1924 p. 166 . 

• ) POSTHUMUS l.e. 1924, p. 115-139. 
6) D. T. GWYNNE-VAUGHAN, Observations on the anatomy of solenostelie ferns, 

II, Ann. of Bot. 17, 1903, p. 689, see p. 708. 
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in Matonia pectinata 1). In the normal outer dictyostele they often fuse 
with strands from lower traces and so form sympodial strands (e.g. in 
Gleichenia pectinata 2)). 

The position of these protoxylem strands in the stem xylem is described 
by T ANSLEY and LULHAM in the following words: "The exact position of 
the spiral protoxylems in relation to the metaxylem of the vascular 
strands of the stem is decidedly variable. Exarchy, endarchy, and me
sarchy are all found within comparatively small groups, and the actual 
course of evolution seems to affect the position of the protoxylems much 
more freely and rapidly than in the other great groups of vascular plants"3). 

Whether the stem stele sometimes may form protoxylem-strands other 
than those from leaf-traces has not been established. TANSLEY and LUL
HAM write: "spiral protoxylems in the stems of Ferns af"e always .... 
continuous with those of the petiole. In those cases in which there is no 
spiral protoxylem in the stem there may be a localized non-spiral proto
xylem-band round the stele, which is exarch (Loxsoma, various Davalliae, 
&.) or endarch (Schizaea malaccana), but which has no connection with the 
leaf protoxylem; or the differentiation of tracheids may be more or less 
irregular (Gymnogramme, Lindsaya, etc.)" 3). 

So we see that, notwithstanding the fact that distinct protoxylem strands 
always seem to be foliar, there may be a more vague band of protoxylem 
belonging to the stem proper. 

About the distribution of the metaxylem little need be said after the 
above remarks. Some factors influencing this distribution are the medul
lation, the development of a stellate xylem and the leaf-gap formation; 
for the last-named factors see belo~ sub 3. 

3. I n flu e n ceo f lea f-t r ace s. In the first place we may again 
ask whether a stellate stem xylem may owe its form to the influence of 
leaf-traces. Stellate xylems occur in the family of Clepsydropsidaceae. As in 
the case of Asteroxylon the xylem flanges in their distal parts contain 
protoxylem strands on which the leaf-traces insert. 

In Ankyropteris Grayi the correspondence between the phyllotaxis and 
the flange distribution is very conspicuous 4); evidently the flange for
mation is ruled here by the leaf distribution. 

In Asterochlaena and in Asteropteris both phyllotaxis and stele con
struction being more complicated, the relation between the two phenomena 
is not clear. 

In these plants not only the stem xylem is stellate, but the whole stele 
assumes the same form, in contrast with the condition in Asteroxylon. 

1) TANSLEY and LULHAM, I.e. (f.n. p. 78), p. 505. 
2) POSTHUMUS I.e. 1924, p. 163. 
3) See foot-note 3 p. 76. 
4) D. H. SCOTT, Studies in fossil botany, 3rd ed., I, London 1920. 
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In the second place the leaf-gap formation has to be considered. The 
small traces of the first leaves in the sporeling usually insert on the stem 
stele without causing any gaps. The higher and larger traces however 
gradually begin to do so, as has already been described in great detail 
by DE BARY 1). 

About the processes going on during the formation of a leaf-gap, the 
following set of suppositions has been made by POSTHUMUS, suppositions 
which may be held to be the most satisfactory in the field 2). 

The leaf-trace in the Filicinae is composed of the united downward ex
tensions of a number of elementary pinna-traces, each originally consisting 
of an endodermis, a pericycle, a cylindrical phloem and inside a mesarch 
xylem strand. These bundles may be simply united by juxtaposition, but 
in their further course their constituent parts usually fuse, up to the proto
xylems, so that in the petiole the number of protoxylem strands may be 
small. 

At the adaxial side of any protoxylem strand the formation of meta
xylem is inhibited by some unknown influence over a certain area, de
pendent on the strength of the protoxylem strand; the pro cambial elements 
which might have formed the metaxylem then differentiate as parenchyma, 
casu quo as phloem or as sheath tissue. 

A small protoxylem strand in a mesarch xylem therefore will be ac
companied by a downward tapering parenchyma funnel inside the tubular 
metaxylem; a larger protoxylem strand will lie in a gutter-shaped meta
xylem, the concavity falling towards the adaxial side. 

When in a leaf-trace the parenchyma strand accompanying the proto
xylem ends before the stem stele is reached, no interruption in the latter is 
formed (Thamnopteris Schlechtendali 3)); when it is continued further 
down, a depression in the stem xylem ensues, or a funnel-shaped pocket. 
The pockets caused by different leaf-traces may remain separate, but 
when extending far enough they will unite and a pith will be formed in 
this way (Polypodiaceae, Cyatheaceae 4), Schizaeaceae 5)). The xylem being 
reduced in this way unto a hollow cylinder, the free parts of the pockets 
will appear as gaps in the cylinder, as leaf-gaps. 

When in other forms a pith has been formed already by reduction of 
the central xylem part, the funnels will pierce the hollow xylem cylinder 
and cause analogous leaf-gaps 6). 

These are the views of POSTHUMUS which will be adopted here. For a 
different conception of the relation between leaf-trace and stem stele the 

1) DE BARY, op.e. (Ln. p. 66), p. 294. 
2) POSTHUMUS I.e. 1924, Ch. 1. 

3) POSTHUMUS I.e. 1924, p. 118, fig. 1. 

') POSTHUMUS I.e. 1924, p. 280. 
5) POSTHUMUS I.e. 1926 (Ln. p. 78), p. 102 . 
• ) POSTHUMUS I.e. 1924, p. 278. 
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reader may be referred to the excellent survey given by TANSLEY 1). It 
may be remarked however that TANSLEY could not fail to recognize "the 
fact, which seems to be indisputable, that the leaf-trace leads, and the 
stele follows, in the course of evolution" 2). 

In a number of ferns where a pith is present, the stelar structure is 
complicated by the formation of an "internal structure", i.e. of additional 
vascular strands in the pith 3). This internal structure is due to the in
fluence of leaf-traces too, but in the details the mode of origin may be 
brought about in two different ways. 

In the first place the internal structure may be due to the fact that 
the leaf-traces only partly unite to the dictyostele, part of their strands 
which already in the petiole occupy a more or less internal position directly 
running into the pith through the leaf-gap. This condition is realized in the 
Cyatheae 4) were the leaf-traces are provided with two lateral inward folds 
and the strands of these folds pass into the pith, in which they may either 
form an inextricable network (Hemitelia capensis 5)) ortheymay end blindly 
(Cyathea moluccana (= Brunonis 6)). Such a leaf-trace course may be ex
plained by assuming that the peripheral strands of any leaf-trace being 
accompanied by a hollow continuous parenchyma cylinder inside the 
strands, the central petiolar strands are forced to remain inside this paren
chyma cylinder and so have to enter into the pith. 

In the second place the leaf-traces may unite wholly to the dictyoste1e, 
but on their downward course in the dictyostele they may abut on lower 
leaf-gaps and may be forced by the parenchyma strands passing through 
these leaf-gaps to turn inward. These continued leaf-traces, as I have 
termed them 7), when long enough, may unite and form a complex similar 
to that in the sporeling axis, a replica of the first protostele; the cylindrical 
form of this inner protostele being due to the fact that the inhibition zone of 
the outer dictyostele constitutes a parenchyma tube inside which the 
continued leaf-traces are compelled to run. When still stronger the con
tinued leaf-traces begin to cause gaps in this "inner stele" and so a second 
dictyostele is built up, in which a third system may be formed, and so on. 

I) A. G. TANSLEY, Lectures on the evolution of the Filicinean vascular system, 
New Phytol., 6, 1907, p. 25, 53, 109,135,148, 187,219,253; 7,1908, p. 1, 29. Issued 
in book-form as New Phytologist Reprint 1908. 

2) TANSLEY, New Phytologist, 1908, p. 2. 

3) SCHOUTE I.c. 1926 (f.n. p. 75), with quotations of literature; see moreover 

TANSLEYI.C. 1907,p. 193; F. O. BowER,TheFerns, Cambridge I, 1923(p.151),II, 

Cambridge 1926 (p. 101). 
4) TANSLEY l.c. 1907, p. 223; POSTHUMUS l.c. 1924, p. 258 . 
• ) G. METTENIUS, Uber den Bau von Angiopleris, Abh. math. phys. CI. K. 

Sachs. Ges. d. Wiss., 6, 1864, p. 501 see p. 525. 
6) D. T. GWYNNE-VAUGHAN, l.c. (f.n. p. 78), p. 708. 

7) SCHOUTE,I.C. 1926, p. 274. 

Manual of pteridology 6 
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TANSLEY proposes the term polycycly 1) for the presence of internal 
systems, whether consisting of concentric cylinders or of scattered strands. 
As the term is very useful for the former case and does not apply very well 
to the scattered strands of the Cyatheae, it will be used here in the limited 
sense of only indicating the presence of concentric vascular structures. 

This polycycly is to be found in several groups of Filicinae, in Eu
as well as in Leptosporangiatae. Evidently it is of a polyphyletic origin and 
the similarity of the phenomena is due to the development along the same 
lines; it is obvious that its importance for the plant, like that of the internal 
system of the Cyatheae, is to be found in the increase of the internal ex
changing surface between vascular tissue and parenchyma, according to 
BOWER'S size factor. 

It occurs in all M arattiaceae 2) and in Psaronius 3); in some Polypo-

') TANSLEY I.c. 1907, p. 193 . 
• ) TANSLEY,I.C. 1907, p. 227; SCHOUTE, I.c. 1926. 
3) Our detailed knowledge of the stelar structure of Psaronius has been founded 

by K. G. STENZEL COber die Staarsteine, Nova Acta 24, 1854, p. 753; Psaronius in: 
"H. VON MEYER, Palaeontographica, Beitrage zur Naturgeschichte der Vorwelt, 
12, H. R. GOEPPERT, Die fossile Flora der Permischen Formation, Cassel 1864j'65", 

p. 46; Die Psaronien, Beobachtungen und Betrachtungen, in: BeitragezurPalaon
tologie und Geologie Osterreich-Ungarns und des Orients, 19, 1906, p. 85); R. 
ZEILLER (Bassin houiller et permien d'Autun en d'Epinac, 2, Flore fossile 1, in: 
Etudes des gites mineraux de la France, 1890, see p. 178); K. RUDOLPH (Psaronien 
und Marattiaceen, Denkschr. k. Akad. d. Wiss. Wien, math. naturw. KI. 78, 1906, 
p. 165). 

HIRMER in his hand-book (op.c. 1927 (f.n. p. 66) see p. 545) gives an elaborate 
and thorough description of the anatomical facts known about Psaronius. In his 
text as well as in his diagrams, however, some misconceptions have crept in which 
may tend to cause confusion. 

The least harmful of these errors is that in Psaronius infarctus a difference is 
assumed between two kinds of dictyosteles, as every first, third, fifth etc. dictyo
stele is supposed to have no relation to the continued leaf-traces which only attach 
to the second, fourth etc. (op.c. p. 559 and fig. 680). 

As Ps. infarctus, described and pictured from one single specimen by ZEILLER 
(op.c. p. 208) and afterwards elucidated from ZEILLER' figures with perfect clearness 
by RUDOLPH (I.c. p. 177, PI. 2, fig. 1), belongs to the best known Psaronii, we are in 
the position to state that Ps. infarctus in no way differs from the ordinary scheme 
and that HIRMER'S fig. 680 should be cancelled. 

More important are two independent errors, expressed in fig. 674, representing 
the bundle course in Ps. Ungeri, after STENZEL'S drawings. HIRMER gives a radial 
section through a cylindrical stem part, and delineates a number of obconical 
dictyosteles, the one within the other. All these dictyosteles are represented as 
abutting free on the stelar surface; in a superficially tangential section through the 
stele we therefore should have met with all dictyosteles. 

From the description given above it must be clear however, that the outer 
bundles of the whole stele, from its formation in the sporeling up to its last stages 
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diaceae (Saccoloma elegans, S. domingense, S. inaequale 1); Dennstaedtia 

in the vegetative cone, form one single mesh-work. This is not only the case in all 

M arattiaceae, and not only must it be so on theoretical grounds, but it has been 
stated directly by ZEILLER for Ps. in/arctus (op.c. p. 183, PI. 15, fig. 2). 

The dictyosteles never are obconical in a cylindrical part of a stem; an obconical 
shape of the dictyosteles, as drawn for instance by METTENIUS for A ngiopteris 
evecta (I.e. PI. 2, fig. 1) only occurs in an 
o bconical part of a stem; in general all 
dictyosteles are parallel to the stem surface, 

as has been fully realized by ZEILLER (op.c. 
p. 178) and by RUDOLPH (I.e. p. 178). 

In the second place the dictyosteles III 

HIRMER'S diagram reach farther down at 
one side than at the other side, all longer 
ends being situated at the same stem side, 
between two leaf orthostichies. For such 

an assumption which presents great dif
ficulties for mental picturization, there is 

no evidence. 
A last point to be mentioned here does 

not concern a diagram but only a state
ment in the text: HIRMER assumes that in 
Psaronii with a spiral phyllotaxis the dicty

osteles together constitute a conical spiral, 
a conical winding-staircase. This again is a 
mistake; in a case of spiral phyllotaxis the 

dictyosteles are parallel to the surface as 
in other cases. In IIi[ arattia with a main 

series phyllotaxis the dictyosteles are quite 
independent, and the same is to be found 
in other iv[ arattiaceae. 

The opinion of HIRMER is based on 
Psaronius Demolei of which ZEILLER gave 
drawings (op.c. PI. 24) of transverse 

FIG. 1. Diagram of basal part of longi
tudinally halved polycyclic stem. 1-7 
= leaf-traces and continued leaf-traces 
of seven leaves, all placed in a single 

orthostichy. 

sections; these drawings do not allow a sufficient analysis of the stelar structure. 
For the sake of clearness it may be advisable to substitute a new diagram of 

a longitudinal section through a stele with internal structure of the kind treated 
here. Our fig. 1 may be taken as a trial; it has been kept as simple as possible so as 
to be applicable not only to all Psaronii but also to all other polycyclic Filicinae. 
It represents a stem part, obconical in its lower and cylindrical in its upper half; at 
the top a half transverse section has been added. The leaves are supposed to be 

arranged in one single orthostichy, a case never realized in nature, and the number 

of dictyosteles is limited to three. The leaf-traces are represented in white, the 

"stem xylem" in black. The description of the general features in the text will 

further sufficiently explain the diagram. 

') POSTHUMUS I.e. 1924 (Ln. p. 75) p. 219. H. KARSTEN, quoted there, has been 

the first to understand the structure of a polycyclic stele (1847). 
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cornuta, D. rubiginosa, D. rufescens 1); Fteris Kunzeana 2); Acrostichttm 
aureum 3), in the latter case combined with the direct entering of some 
trace strands through the leaf-gap into the pith as in the Cyatheae); in the 
Cyatheaceae in Thyrsopteris 4) and finally among the Matoniaceae in Ma
tonia pectinata 5). 

In literature the internal structures nearly always are described as 
running in an acropetal direction. The fact that the regularity of distri
bution of the internal strands is perfect in the outermost dictyostele and 
gradually diminishes towards the innermost dictyostele clearly proves that 
here, as elsewhere, the stimuli inducing the strands must have been basipe
tal; when as is often done the continued leaf-traces are described as repar
atory strands, arising from the inner systems and closing the leaf-gaps in 
the outer systems, this is not in harmony with their actual origin. 

4. S tern x y 1 e man d lea f-t r ace x y 1 e m. As in the case of 
the microphyllous Pteridophytes we have to face the question whether all 
ste1ar xylem masses are to be taken as foliar xylem, as origin~ted under the 
influence of the entering leaf-traces, or whether the original stem xylem 
still plays a role in the xylem formation. 

POSTHUMUS answers this question in the latter sense 6); according to 
him the stelar xylem for the greater part is stem xylem, the leaf-trace 
xylem only being present in the downward continuation of the leaf-traces. 

On a former occasion 7) I advocated the reverse view, that only leaf
trace xylem in the fern stem may be left, especially on account of the 
curious distribution the stem xylem remnants, postulated by POSTHUMUS, 
would be subject to in polycyclic stems. 

So I am led to the following suppositions. In the Ferns the original 
Pteridophyte stele with its external sheaths, its phloem and its central 
solid xylem has been' ;educed into a merely topographical tissue column, 
<),cting as a recipient for leaf-traces, but without any tissue differentiation 
of its own. In this stele the leaf-traces once having entered bend down
wards, so that all traces are arranged on a cylinder surface, indicating the 
stelar form. 

The traces further act like organisers in this organization field, inducing 
the differentiation of protophloem and protoxylem, and also of all other 
vascular tissues next to these strands. 

When a certain amount of xylem is to be formed in a narrow stele, a 

') POSTHUMUS I.e. 1924, p. 224. 
2) POSTHUMUS I.e. 1924, p. 240 .. 
3) POSTHUMUS l.e. 1924, p. 247. 
4) POSTHUMUS l.e. 1924, p. 258. 
0) TANSLEY I.e. 1907, p. 196. 
6) POSTHUMUS I.e. 1924, p. 155. 
7) SCHOUTE I.e. 1926 (tn. p. 75), p. 294. 
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protostele ensues; when the stele is larger, xylem will only be differentiated 
in the neighbourhood of the leaf-traces and a pith will remain in the central 
part (reduction of central xylem part). 

In polycyclic ferns the traces abutting on lower leaf-gaps are continued 
into the pith; here they may only be formed inside the parenchyma tube 
accompanying the dictyostele and therefore are arranged anew on a 
cylinder surface. Here a second vascular cylinder may be formed by their 
inducing power and further cylinders may be formed in the same way. 

IV. 0 rig i n 0 f p rim a r y 0 r g ani z a t ion. The main 
stem of the plant arises exogenously in the embryo; its epidermis and 
cortex are connected to the outer cell layer and to the ground tissue of the 
embryo, its stele is formed in connection with that of the primary root. 

Branches formed by dichotomy always derive their epidermis, cortex 
and stele from the corresponding tissues of the podium, the stele dividing 
in the same way as the whole stem; in lateral branches the tissue systems 
are nearly always of the same origin. It is only in small lateral and in 
adventitious branches that departures from this scheme may be found, 
though this is not general. 

In Rhynia Gwynne-Vaughani the adventitious branches arising under a 
stoma form only their epidermis and cortex from the corresponding tissues 
of the main stem; the stele is formed anew somewhat higher up 1). In the 
bulbils of Lycopodium, where the bud-trace is of about the same size as a 
leaf-trace 2) and in Dryopteris Filix-mas where the connection between the 
bud stele and the leaf-base stele is brought about in very different ways 3), 
we get the impression that the bud stele is formed independently and after
wards is connected to the vascular strands of the parent organ. 

One point remains to be dealt with here, the occurrence of the so-called 
ramular gaps. In equally or unequally dichotomizing stems the stele of both 
shanks may sometimes show a large interruption in its vascular tissues at 
the side turned towards the other shank. This interruption has been termed 
ramular gap by JEFFREY, as a counterpart to the old term "Blattliicke". 

These ramular gaps may be present in microphyllous as well as in mega
phyllous plants, but they may equally be absent in both groups. They have 
been pictured for instance in Lepidodendron 4) and in Osmunda cinna-

') R. KIDSTON and W. H. LANG, On old red sandstone plants showing structure, 
from the Rhynie Chert Bed, Aberdeenshire. r. Rhynia Gwynne- Vaughani, Kidston 
and Lang, Trans. Roy. Soc. Edinburgh, 51, p. 761, see p. 775. 

0) R. WILSON SMITH, Bulbils of Lycopodium lucidulum, Bot. Gaz. 69, 1920, p. 
426. 

3) K. G. STENZEL, Untersuchungen tiber Bau und \Vachsthum der Farne. II, 
Uber Verjtingungserscheinungen bei den Farnen, Nova Acta 28, 1861, p. 3. 

0) W. C. WILLIAMSON, On the organization of the fossil plants of the Coal, 
measures, 3, Lycopodiaceae (continued), Phil. Trans. London, 162, 1873, p. 283" 
see PI. 43, fig. 19. 
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momea 1), but they are lacking in Lycopodium 2), in Todea barbara and, 
in some cases, in Osmunda cinnamomea too 3). A closer investigation of 
these phenomena and if possible of their underlying causes might be of 
great advantage for our knowledge of stelar structures. 

B. Secondary tissue formation. 
The distinction between primary and secondary tissues in most cases is 

quite clean-cut and nobody will have any difficulty in determining whether 
a tissue is primary or secondary. 

In transitional cases it appears that the distinction, however natural it 
may be, is not so easily formulated. On a former occasion 4) I came to the 
conclusion that the best division principle is to be found in the origin of the 
tissue cells before or after the close of the longitudinal growth; on the 
whole I still cling to that view, though recognizing that the diffuse thicken
ing growth of palm stems would require another division principle if we 
want to take it as secondary growth 5). 

In Pteridophytes undeniable secondary tissue formation takes place: 
secondary cork tissue formation in the Lepidophytes, Sphenophyllum, 
Calamites, Botrychioxylon, Botrychium 6) and Helminthostachys 6), and 
formation of secondary phloem and xylem in the same cases 7) with the 
addition of Isoetes. 

Moreover the formation of secondary xylem has been described by 
BOODLE in Psilotum 8) and by CORMACK in Equisetum. With respect to 
Psilotum I might remark that from BOODLE'S decription it is clear that 
the so-called secondary tracheids are only late in their differentiation, but 
that they have been formed simultaneously with the surrounding cellular' 
elements; according to the above definition they are therefore primary. 
In Equisetum the secondary nature of the nodal wood, claimed by COR

MACK, has been rightly refuted by BARRATT 9). 
I. Sec 0 n dar y cor k tis sue for mat ion. The sec

ondary cork tissue formation in Sphenophyllum, Calamites, and where 

') JEFFREY,I.C. 1902, (tn. p. 76), p. 123. 
2) CRAMER,I.C. (tn. p. 71), PI. 31, fig. 1-10; MEyER I.c. 1926 (Ln. p. 71), PI. 12. 

3) JEFFREY,I.C. 1902, p. 124, 125. 

4) J. C. SCHOUTE, Uber Zellteilungsvorgange im Cambium, Verh. Kon. Ak. v. 
Wet. Amsterdam, 2nd sect. 9, 4, 1902, see p. 56. 

6) J. C. SCHOUTE, Uber das Dickenwachstum der Palmen, Ann. d. Buitenzorg 26, 

1912, p. 1, see p. 203. 

6) PH. VAN TIEGHEM, Sur quelques points de l'anatomie des Cryptogames 
vasculaires, Bull. Soc. bot. de France, 30, L883, p. 169, see p. 170. 

7) VAN TIEGHEM, I.c. p. 171. 

8) L. A. BOODLE, On the occurrence of secondary xylem in Psilotunz, Ann. of 
Bot. 18, 1904, O. 505. 

9) K. BARRATT, A contribution to our knowledge' of the vascular system of the 
genus Equisetunz, Ann. of Bot. 34, 1920, p. 201, see p. 217. 



J.C.SCHOUTE,ANATOMY 87 

present in the Filicinae, has hardly any remarkable features: it is formed 
by a phellogen, arising in the epidermis in Botrychium 1), in the outer 
cortex in Botrychioxylon, in the innermost cortex, or afterwards in the 
secondary phloem, in Sphenophyllum and in Calamites. 

It always consists of radially arranged phellem cells, being suberized 
periderm in Botrychium and probably also in the fossils. A formation of 
phelloderm has as far as I know only been described in Botrychium by 
VAN TIEGHEM. 

It is only in the Lepidophytes that the secondary cork tissue shows a 
much higher development, following a course of evolution not known to 
exist in any other recent or extinct plant. 

The phellogen in these plants arose in the outer cortex, often im
mediately under the leaf-cushion zone, or else somewhat deeper in the 
outer cortex 2). Its products consisted either of fibres only, or of fibres 
intermixed with parenchyma, as a consequence of the chambering of 
part of the fibres by transverse walls. 

Whether real periderm occurred at the outside in small quantity is 
unknown; in any case the bulk of the tissue consisted of living cells. And 
as the fibres were more or less thick-walled, sometimes in a way reminiscent 
of collenchyma 3), the tissue no doubt had a mechanical function; by its 
bulk and position it is generally even held to have constituted the chief 
mechanical tissue of the stem. On account of its peculiar differentiation it 
has been termed peridermoid by KUBART 4) ; this rather meaningless term 
might perhaps better be replaced by secondary collenchyma. 

The determination of the exact place of the phellogen in the secondary 
tissue has given much trouble to a number of investigators (WILLIAMSON, 
SOLMS-LAUBACH, BERTRAND, HOVELACQUE, ARBER and THOMAS, SEWARD, 
KISCH 5), for quotations of titles see the last mentioned author). The 
phellogen itself usually being not very clear in the slides, the authors tried 
to determine its position from the occurrence of a zone with thin tangential 
walls and radially short cells, or from the occurrence of zones of least 
resistance, as illustrated by lines of split. 

As a result the common opinion nowadays is that the phellogen was 
situated near the outer periphery of the secondary tissue, in other words 

1) VAN TIEGHEM, l.e. p. 170. 
') M. H. KISCH, The physiological anatomy of the periderm of fossil Lycopo

diales, Ann. of Bot. 27, 1913, p. 281, see p. 287. 

3) KISCH l.c. p. 301, J. WALTON, Scottish lower carboniferous plants: the fossii 

hollow trees of Arran and their branches (Lepidophloios Wunschianus Carruthers), 

Trans. Roy. Soc. Edinburgh 58,1935, p. 313, see p. 327. 
4) B. KUBART, Stigmaria Bgt., Mitth. naturw. Ver. Steiermark, 71, 1934, p. 33, 

see p. 35. 
5) KISCH, l.c. 
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that little phellem was formed to the outside, but a good deal of phelloderm 
to the inside 1); the stigmarian part of the plants only were excepted, by 
having an internal phellogen. 

The thorough survey of the facts as given by KISCH, and several ob
servations by former investigators, make it probable however that this 
opinion must be revised, and it is not impossible that the development in 
all cases was centripetal. It has namely been recognized in several cases 
that the phellogen was not initial-celled but of polygenous origin 2), i.e. 
arose in more than one tangential row of primary cells. This has been clearly 
demonstrated by KISCH 3). 

In later stages the phellogen evidently often followed the same line, in so 
far as it continued to absorb fresh primary cortex cell rows, i.e. was 
often a transition cambium. This has been observed very clearly by 
HOVELACQUE in Lepidodendron selaginoides 4), and is to be seen in 
several drawings in literature as for instance by WILLIAMSON 5) and by 
KISCH 6); it may account for the very irregular inner outline of the sec
ondary tissue which often invaded much further into the cortex on one 
side than on another side next to it 7). For an initial-celled phellogen such 
an irregular boundary might not have been expected. 

When actually the phellogen in most cases was a transition cambium, it 
is quite natural that it often is not clear in the slides, as the rows of dividing 
cells may have stopped their activity before new rows began. The con
troversies in literature about the position of the phellogen may be partly 
due to this circumstance; moreover it seems certain that in many cases 
the adult tissues gave rise to renewed growth and renewed divisions 8). 

') HIRMER introduces the new terms exophelloderm for phellem and endophel
loderm for phelloderm (HIRMER op.c. 1927, p. 216). As phellem and phelloderm 
are already neutral terms indicating the tissues formed to the outside and to the 
inside of the phellogen, irrespective of their differentiation, there seems no reason 
for this introduction. 

2) For the terms polygenous origin and transition cambium see SCHOUTE in 

J. J. BEYER, Die Vermehrung der radialen Reihen im Cambium, Rec. trav. bot. 
neerl.24, 1927, p. 631, see p. 649. 

3) KISCH, I.c. p. 291, fig. 5. 

') M. HOVELACQUE, Recherches sur Ie Lepidodendron selaginoides Sternb., Mem. 

Soc. Linn. de N ormandie, 17, 1892, p. 1, see p. 158. 

6) W. C. WILLIAMSON, A monograph on the morphology and histology of Stig
maria ficoides, The Palaeontographieal Soc., Volume for the year 1886, London 
1887, see PI. 6, fig. 9, 45; PI. 8 fig. 22. 

6) KISCH, I.e. PI. 24, fig. 2, zone e. 

') W. C. WILLIAMSON, On the organization of the fossil plants of the Coal

measures, II, Lycopodiaceae: Lepidodendra and Sigillariae, Phil. Trans. London, 
162, 1873, p. 197, see PI. 30. fig. 41; WILLIAMSON I.e. 1887 (f.n. 5 above), PI. 8, fig. 15. 

8) KISCH, I.e. p. 299. 
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The principal argument for the assumption of a transition phellogen 
however is furnished by the dilatation phenomena in the secondary tissue, 
a topic which has rarely been mentioned in the pertaining papers. Only 
HIRMER remarks 1) that "bei mehr und mehr zunehmenden Stelendurch
messer von innen heraus ein allmahlich unertraglicher Druck gegen die ge
samten fester gebauten Rindenpartien stattfinden [mussteJ, wenn nicht 
tangential-dehnungsfahige Elemente in radialer Anordnung entsprechend 
eingefiigt waren". HIRMER gives an elaborate diagram of the stem of 
Lepidodendron vasculare (= selaginoides) to explain the prevailing con-
ditions. ' 

Against this view of HIRMER I might remark, that a dilatating action by 
the expanding stele could only influence the secondary cork tissue after the 
soft inner cortex had been wholly crushed. Moreover the influence of this 
action would be strongest in the oldest innermost phelloderm parts and 
gradually diminish towards the peripheral phellogen. 

The dilatation phenomena actually observed are quite different; what 
we observe is a strong dilatation of the outer secondary cork tissue zones, 
diminishing and finally disappearing towards the inner edge and giving 
rise in the outer zones to the so-called Dictyoxylon structure, i.e. the for
mation of a network of radially undulating fibre rows, filled up by pa
renchyma. 

This condition has been clearly described and pictured by RENAULT for 
Lepidodendron Rhodumnense 2) and by KISCH for Lepidodendron brevijo
lium 3); in the latter case the dilatation wedges even reached into the 
cortex outside the secondary tissue. It is moreover to be seen perfectly 
clearly in some figures by WILLIAMSON 4). 

In other cases the secondary cork tissue evidently was dilatated as 
a whole by the stele, after the crushing of the inner cortex; the tissue 
dilatation then, though stronger in the outer layers, is clearly visible in the 
internal parts too 5). 

KISCH supposes 6) that the strong dilatation in the outer. zones might be 

') HIRMER op.c. 1927, p. 216. 
') B. RENAULT, Structure comparee de quelques tiges de la flore carbonifere, 

Nouv. Arch. du Mus. d'Hist. Nat. 2nd ser. 2,1879, p. 213, see p. 252 and especially 
Pi. 10, fig. 6, 9-14. 

") KISCH, i.c. p. 308. 
4) WILLIAMSON op.c. 1887 (f.n. p. 88), Pi. 8, fig. 23, 24. 

5) Described for Sigillaria spinulosa in: B. RENAULT, Recherches sur les vege

taux silicifies d' Autun, Etude du Sigillaria spinulosa, par MM. B. RENAULT et 

GRAND'EURY, Mem. pres. par divers savants it l' Acad. d. Sc. de 1'Inst. Nat. de 
France, 22, 9, 1876, see especially the half schematic drawings Pi. 1, fig. 5, Pi. 4, 

fig. 20-22 for the general dilatation, and fig. 23 and its explanation for the gradual 

difference between inner and outer part. 
6) KISCH, i.c. p. 308. 
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explained by the assumption of a formation of small meshes in the inner 
zones by the cambium in its first stages, and of large meshes in the outer 
zones afterwards; all observation of the analogous phenomena in recent 
plants however militates against such a view. 

A secondary zone with a cambium at its outer boundary can never be 
subject to dilatation by its own growth; when it shows dilatation this must 
be due to a pressure from within. In such a case the phenomena must be 
greatest in the inner strata, and must gradually diminish towards the 
outside. 

A cambium inside a hollow cylinder on the other hand, even if the 
cylinder were empty, will give rise to dilatation phenomena by the mutual 
pressure which the turgescent cambium elements exert on each other in a 
tangential direction. The consequences of such a dilatation must be strong
est in the oldest external strata and gradually diminish, finally disappear, 
in the youngest inner strata. 

Of course the conditions may have been different in the different genera 
and species: yet we may be sure that at least in part of them the secondary 
cork tissue was a transition tissue with addition of new parts at its inner 
boundary. 

II. Sec 0 n dar y vas cuI art iss u e. 
a. Nor mal for mat ion. The place of origin of the cambium in 

the Lepidophytes, in SpenophyUum, in Botrychium 1) and in Helmintho
stachys 2) is directly outside the xylem cylinder, in the form of a continuous 
cambium cylinder; in SphenophyUum its origin is described as not being 
simultaneous all around, it first parts being formed outside the concave 
metaxylem flanks 3). 

In Calamites with its separate primary vascular bundles the cambium 
arises in the bundles right outside the xylem; between these fascicular 
cambium arcs interfascicular arcs are formed completing the cambium 
cylinder. 

In all normal cases dealt with here the cambium forms secondary phloem 
to the outside and secondary xylem to the inside. Only the xylem will be 
considered here. 

We may begin with the remark that in all cases with an exarch primary 
xylem the secondary xylem, abutting on the protoxylem, is sharply 
delimited towards the interior (Lepidodendron). But in forms with an 

') E. Russow, Vergleichende Untersuchungen betreffend die Histiologie der 
vegetativen und sporenbildenden Organe und die Entwickelung der Sporen der 
Leitbtindel.Kryptogamen, etc. Mem. Acad. Imp. d. Sc. St. Petersbourg, 7th ser. 
19, I, 1872, see p. 119. 

2) VAN TIEGHEM, I.c. (f.n. p. 86), p. 171. 
") SCOTT, I.c. 1920 (f.n. p. 79), p. 80; HIRMER I.c. 1927, p. 352; VANTIEGHEM 

on the other hand writes that the secondary xylem· first appears outside the 
protoxylem (I.c. p. 173). 
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endarch primary xylem there is no sharp limit at all, the metaxylem in
sensibly merging into the secondary xylem. 

The activity of the cambium may be homogeneous all around, for 
instance in Lepidodendron; the different parts of the cambium however 
may produce different xylem parts as well. 

In Sphenophyllum the cambium outside the protoxylem always forms 
narrow xylem elements, the cambium outside the metaxylem much wider, 
but otherwise similar, elements. 

In Calamites the fascicular and the interfascicular cambium parts behave 
differently. The fascicular cambium in all cases forms rows of tracheids, 
with small medullary rays in between. 

The interfascicular cambium may either only form parenchyma, 
constituting therefore a large medullary ray (Arthropitys bistriata) , or it 
may begin with parenchyma formation on which from both sides, the 
tracheid formation encroaches either gradually, or suddenly after some 
time (both conditions in A. communis). In these cases the short cambium 
elements producing the large medullary ray must have been replaced by 
cambium fibres as SCOTT remarks 1); in the mature condition it is very 
remarkable that the radial seriation is not disturbed. It is not improbable 
that this phenomenon was accompanied by a tangential widening of the 
cambium, perhaps in consequence of the elongation of the cambium 
elements; in this way a dilatation of the large medullary ray, the medullary 
commissure and of the entire medulla was brought about. 

HIRMER at least pictures two transverse section of A. communis of 
different size 2) in which the larger one shows evident signs of dilatation in 
the internal parts of the large medullary rays 3). 

') SCOTT, op. C, 1920, p. 25. 
2) HIRMER op.c. 1927, p. 389. 
3) HIRMER overrates both the frequency and the amount of this dilatation when 

he supposes (op. c. 1927, p. 392) it to be a general feature of A rthropitys and believes 
it to be correlated with a striking increase of the pith cavity. 

In A. bistriata the whole phenomenon evidently failed (see B. RENAULT, Bassin 
Houiller et Per mien d' Autun et d'Epinac, IV, Flore fossile, 2, Paris 1893-'96, in: 
Etudes des gites mineraux de 1a France; see especially PI. 45, fig. 1, 3, PI. 46, fig 
2,3) and in A. communis it may almost have been absent in some cases (ibid. PI 
48, fig, 2, 6); A. gigas on the other hand perhaps shows slight indications by the 

extension of the parenchyma cells perpendicular to the earliest wood (ibid. PI. 50, 

fig. 2). 
The amount of the dilatation no doubt is exaggerated by HIRMER because he 

bases it on a comparison between morphologically incomparable objects: a strong 
branch with a great number of stout primary vascular bundles and 'a large pith 
cavity on one hand, and a weaker branch on the other hand where everything has 

been laid down on a smaller scale. 

Cf. moreover the related phenomena in Astromyelon in § 3, sub B II. 
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In still other cases the interfascicular cambium of Calamites may form 
only libriform fibres with small medullary rays in between (Arthrodendron) 
or finally it may display a combination of conditions, in so far as it forms 
some radial plates of libriform, alternating with radial plates of parenchy
ma, the latter always occupying the central line of the large medullary 
ray (Calamodendron). 

About the construction of the secondary xylem only a few remarks may 
be made. In nearly all cases parenchymatic medullary rays are present 
between the seriated tracheary elements, as in the wood of the Spermo
phytes. In some Lepidodendra these medullary rays may contain spirally 
or reticulatedly thickened elements, being no doubt ray tracheids like 
those of Pinus. 

It is only in Sphenophyllum that medullary rays of the common des
cription may be lacking. Not in all species: in Sph. insigne the medullary 
rays are quite normal. In all other species as far as is known, instead of 
medullary rays there is a wholly different arrangement of the parenchyma 
elements. Here we find small vertical strands of narrow and erect paren
chyma cells, in the angles between four tracheids; these strands are con
nected in some places by small short radial strands of a few procumbent 
cells, not forming continuous rays but discontinued very soon. 

As Sphenophyllum is also remarkable by the fact that the secondary 
tracheids are not only arranged in radial rows but at the same time in 
tangential rows, a renewed investigation seems very desirable. 

The secondary tissue formation in some cases not only occurs in the 
stele, but extends also into the leaf-trace in the cortex; this has been 
observed in Lepidodendron and in Sigillaria, and in the stigmarian rootlets. 
The tissues formed in these cases may even extend to a slight extent into 
the free part of the leaf; they are of the same kind as in the stele. 

b. A b nor mal for mat ion 0 f sec 0 n dar y vas cuI a r 
tis sue. The case of I soetes differs from that of all other Pteridophytes 
in many respects; it has been investigated by several investigators, 
LANG and WEST and TAKEDA 1) being the most recent authors on the 
topic. 

As I soetes represents a plant with a very uncommon mode of growth 
and with special adaptations, the homologization of the different parts 
of its stem to those of other plants presents considerable difficulties. 

The cambium originates in an anomalous position, outside the primary 
phloem and gives rise externally to secondary cortex. To the inside layers 
are formed which are usually called the prismatic tissue, described by 
LANG as consisting of parenchyma with tracheids and sieve tubes, consid
ered by WEST and TAKEDA to be secondary phloem. 

') LANG, I.c. (p. 73); C. WEST and H. TAKEDA, On Isoetes japonica, A. Br., 
Trans. Linn. Soc. London, 2nd ser. 8, Botany, 1915, p. 333, see p. 343. 
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§ 3. Anatomy of the root. - A. Primary organization 1). 
I. E p ide r m i s. The outer cell layer of the root body is not so well 

,differentiated from the cortex cells as is the case in the stem. It neverforms 
a cuticle or stomata. Its root hairs are merely processes of the epidermis 
cells; only in the M arattiaceae and in Psaronitts are the root hairs multi
cellular. 

In the latter genus the densely developed very long hairs of the basal 
part of the roots and of the stem surface give rise to a highly remarkable 
pseudocortex, by being braided into a pseudoparenchyma, as has been 
proved especially by SOLMS-LAUBACH 2). This unique tissue is formed after 
the leaf fall and forms a thick coating of the stem in which the roots are 
imbedded; the more distal parts of the roots do not form this pseudocortex 
and are free 3). 

II. Cor t e x. The cortex may consist of a uniformly developed pa
renchyma, but usually it forms two or three concentric zones differing in 
organization: in many cases an internal cylinder of sclerenchyma is pro
duced (many Polypodiaceae). 

A frequent feature is the development of very large intercellular spaces 
in the inner or in the middle cortex 4); these may even fuse into a single 
cavity surrounding the stele. In I soetes where the root from the beginning 
is somewhat dorsi ventral, the intercellular spaces are biggest on 
the side turned away from the stem furrow. By the fact that, at this 
side and laterally, all intercellular spaces fuse, the stele remains 
attached to the outer cortex only at the furrow side. In Phyllo
glossum the stele in the same way occupies an excentral position, 

') Special treatments of the root being rare for all plant groups, the works of 
VAN TIEGHEM l.c. 1870/71 (Ln. p. 72) and of G. POIRAULT, Recherches anatomiques 
sur les Cryptogames vasculaires, Ann. d. sc. nat., 7th ser. 18,1893, notwithstanding 
their early date may be quoted here; the latter contains an extensive chapter on 
the root (p. 114-158) with full quotation of the older literature. 

2) H. Graf zu SOLMS-LAUBACH, Der tiefschwarze Psaronius Haidingeri von 
:\-Ianebach in Thiiringen, Zeitschr. f. Bot. 3, 1911, p. 721. 

3) In a recently published preliminary communication (B. SAHNI, The roots of 
Psaronius, Intra-cortical or extra-cortical? - A discussion, Current Science 1935, 
p. 555) the author returns to the old view of STENZEL, that this tissue may have 
been secondary cortex, developing pari passu with the roots after the leaves had 
fallen. His arguments as given in the preliminary note are that at the outside of 
the pseudocortex a periderm was developed, and further that in a recent Liliacea 
Asphodelus tenuifolius numerous roots grow down through the cortex of the main 
root, so as to distend the main root very strongly. 

As far as I see at present neither of these facts can invalidate in the least the 

evidence brought forward by SOLMS-LAUBACH. 
4) NAGELI und LEITGEB, l.c. (f.n. p. 72) p. 82. 
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and after METTENIUS is located "der unteren oder inneren Seite der Wur
zel genahert" 1). 

The inner cortex at its inner side always is limited by an endodermis. 
III. S tel e. Between the endodermis and the vascular tissues a pa

renchymatic tissue, the pericambium, is found. 
NAGEL! and LEITGEB 2) and later on VAN TIEGHEM 3) laid considerable 

stress upon the fact that in Equisetum endodermis and pericambium are 
formed very late during the ontogeny by a cell division of one single cell 
layer; according to them Equisetum therefore lacks a pericambium and 
only has a double endodermis, of which the outer layer alone forms the 
Casparian strips. This strained conception is not to be accepted 4). 

The vascular tissue in the stele occurs in the form of longitudinal xylem 
and phloem strands, separated by parenchyma. As in the roots of all 
other plants, the protophloem and protoxylem strands are alternately 
arranged in a single series at the outside of the vascular tissue column, all 
xylem and phloem strands being exarch. 

The xylem strands usually consist of a radial plate, extending more or 
less far into the stele towards the centre. In most cases the xylem strands 
extending to the centre meet with their metaxylem, a single large central 
vessel often being present 5). Less frequently the xylem plates being shorter 
a parenchymatic medulla is developed of a smaller 6) or larger 7) size. In 
Lycopodium the central union of the xylem strands is often less regular, so 
that the transverse section may show a certain likeness to that of a stem 
stele. 

The number of strands is variable: in M arattiaceae there are some 10 
to 20 strands of both kinds, in Lycopodium there may be 10 or more; lower 
numbers however are customary, for instance 2 in the Polypodiaceae. 

In Phylloglossum, Selaginella, I soetes and in some Ophioglossaceae the 
roots only are monarch. Moreover smaller roots in all plants generally have 
lower numbers than big roots. In Lycopodium the last thin roots are 
monarch too. 

IV. 0 rig i n 0 f p rim a r y 0 r g ani z at ion. The root 

1) G. METTENIUS, Uber Phylloglossum, Bot. Ztg 25, 1867, p. 97, see p. 99. 
') NAGEL! und LEITGEB, I.c. p. 84, 109. 

3) PH. VAN TIEGHEM, Traite de botanique, 2nd ed. I, Paris 1891, p. 681. 
4) SCHOUTE, op.c. 1902/3 (f.n. p. 68), see p. 142. 
5) See sor instance the specimen of Equisetum pictured by VAN TIEGHEM I.c. 

1870/'71 (f.n. p. 72), PI. 5, fig. 22. 
6) See sor instance the specimens pictured by VAN TIEGHEM I.c. 1870/,71 on PI. 

5, fig. 18 (Lastmea) and 27 (Botrychium). 

7) See sor instance the specimens pictured by VAN TIEGHEM I.c. 1870/71, PI. 4, 
fig. II (M arattia); a much larger and moreover a fistular pith may be found in 
large specimens of Astromyelon, the root of Calamites, the smaller specimens having 
a solid pith or no pith at all. 
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organization to a large extent is a parallel to that of the stem; the absence 
of leaves however tends to simplify it greatly. As the question whether 
there is a stem xylem and a foliar xylem does not exist here, it is clear that 
the stele as a whole as well as the vascular strands themselves are continued 
acropetally. 

We may ask further how the root tissue systems are first induced. In the 
primary root the stele is always· a continuation of the stem stele. In dichot
omizing roots the stele of the podium bifurcates too; lateral roots· and 
roots borne on stems are formed endogenously, immediately outside the 
vascular tissue in the pericambium or in the innermost cortex. So we get 
the impression that the root stele is always a branch of an existing stem or 
root stele, whereas its epidermis may be formed anew in many cases. 

The individual xylem and phloem strands probably are induced by 
existing strands in a previous stele too, with the exception of course of the 
strands in the primary axis and in wholly adventitious roots; their distri
bution however is governed by the additional rule of their mutual 
alternation, and moreover we may be sure that in any stele the number of 
strands is adapted to the available space. This may be deduced from the 
following set of facts. 

In equally dichotomizing roots of Lycopodium the strands of the podium 
are continued in the shanks; in the saddle of the dichotomy some new 
strands arise, probably by bifurcation of existing strands. In such a way a 
root with 8 xylem strands may give rise to two shanks with 5 strands 
each 1). 

In unequally dichotomizing roots of Lycopodium the course of events 
is described by VAN TIEGHEM as follows 1): in a root with six xylem 
strands two neighbour strands split radially into two: the two components 
adjoining the phloem strand in between and this phloem strand itself 
move outwards, the two xylem strands rearranging so as to become op
posed; the phloem strand bifurcates too and in such a way a diarch stele 
of the lateral root is formed out of the mother stele which remains hexarch. 

Lateral roots in other Pteridophytes in the case of a low number of 
strands have a fixed orientation of these strands towards the mother root; 
in the case of diarchy the xylem strands lie transversely, the phloem 
strands longitudinally, the same orientation therefore as in the lateral 
root of Lycopodium just mentioned. 

Exceptions to this rule are very rare: THOMSON found 2) that in Marat
tia alata the two xylem strands are placed longitudinally, while in An
giopteris evecta and Danaea elliptica the same condition was met with 
in some roots, other roots having an oblique position of the xylem plate. 

') VAN TIEGHEM I.e. 1870/,71, p. 86. 
2) R. B. THOMSON, A seed-plant feature of the root in Marattiaceae, New 

Phytol. 33, 1934, p. 96. 
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These exceptions are the more remarkable as it has been generally 
acknowledged that in this respect there is an essential difference between 
Pteridophytes and Spermophytes, a difference known already to NAGEL! 
and LEITGEB in J868 1) and confirmed by VAN TIEGHEM 2), the Spermo
phytes always having a longitudinal xylem plate in diarch lateral roots. 
About the meaning of these exceptions see THOMSON in the quoted paper. 

In monarch roots the orientation of the single strand has not been 
described for all cases. In Selaginella the roots arising from the rhizophore 
tip turn their xylem strand towards the rhizophore centre 3), and in the 
same way dichotomizing roots, deriving their xylem strand from the 
splitting of the single podium strand, rotate their strands 90° so as to have 
them turned towards each other. 

In Lycopodium the monarch root shanks, when formed by the dichotomy 
of a diarch root, in contrast to Selaginella turn their xylem strands right 
away from each other 4); a monarch root by dichotomizing however 
produces two shanks with facing xylem strands as in Selaginella 5). 

In I soetes the protoxylem strand is turned towards the weaker cortex 
side and towards the stem furrow; with respect to the stem it is therefore 
placed laterally. When the roots dichotomize the xylem strand splits too, 
and by a rotation the two strands in the shanks face each other as in the 
former cases 6). 

In monarch roots of Ophioglossum, if I understand correctly the de
scriptions given in literature 7), the xylem strand is placed laterally. 

The root structure once organized is continued in the root apex. The 
number of xylem and phloem strands however is not invariable in the 
course of the same root: NAGEL! writes (about roots in general, not 
particularly about those of Pteridophytes) that changes in number are 
absent only when the number of strands is a very small one: "Die Ver
anderungen im Langsverlaufe sind urn so haufiger, je complicirter der Bau 
ist .... die Holz-, Bast-, sowie die ganzen Fibrovasalstrange k6nnen sich 
der Zahl nach vermehren oder vermindern, wobei bald eine Vereinigung 
oder Theilung, bald auch ein allmahliges Aufh6ren oder Verschwinden 
beobachtet wird" 8). 

B. Secondary tissue formation. 
I. Sec 0 n dar y cor k tis sue for mat ion. The forma-

') NAGELI und LEITGEB, I.e. 1868, (Ln. p. 72) p. 143. 
2) VAN TIEGHEM I.e. 1870!,71, PI. 3, fig. 5, 6. 
3) NAGEL! und LEITGEB, I.e. 1868, p. 129. 
4) VAN TIEGHEM, I.e. 1870!,71, p. 88. 
5) NAGEL! und LEITGEB, I.e. 1868, p. 121. 

6) NAGEL! und LEITGEB, I.e. 1868, p. 134, PI. 19, fig. 8-10. 
') Russow I.e. (f.n. p. 90), p. 122; VAN TIEGHEM I.e. 1870!,71, p. 108; POIRAULT 

I.e. (f.n. p. 93), p. 142. 
8) N XGEL! I.e. 1858 (Ln. 1 on p. 71), p. 52. 
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tion of secondary cork tissue in Pteridophyte roots is a rather rare phe
nomenon. Only the following cases have come to my knowledge: Calamites 
(Astromyelon); Sphenophylhtm (origin of phellogen in the latter genus in 
the pericambium or the phloem), Botrychium, Helminthostachys, An
giopteris, M arattia (place of origin according to VAN TIEGHEM in these four 
genera the epidermis or the outer cortex layers 1), and also the remarkable 
case of Psaronius described by SAHNI 2), where the place of origin of phel
logen is the outer layers of the pseudocortex. 

In all these cases the tissue formed is evidently a suberized periderm. 
II. Sec 0 n dar y vas cuI art iss u e. The only cases of 

Pteridophytes producing secondary vascular tissues in their roots, seem to 
be Calamites and Sphenophyllum. 

In Sphenophyllum the secondary xylem is constructed in the same way 
as that in the stem, with radial and tangential seriation of the tracheides 
and with the same anomalous parenchyma distribution. 

In Calamites the origin of the cambium has been excellently observed 
and described by RENAULT 3). From his researches it is clear that the 
cambium was formed as in seed plants, outside the exarch primary xylem 
strands and inside the phloem strands. But whereas in seed plants the 
tissues produced by the cambium towards the inside at first chiefly consist 
of wood inside the phloem strands only, so that the corrugated form of the 
cambium cylinder is flattened out, and whereas outside the xylem strands, 
when the formation sets in, usually a large medullary ray is formed, in 
Astromyelon the cambium cylinder, though either being smooth from the 
beginning or being flattened out very soon, formed its first tracheary parts 
right outside the primary xylem strands and no doubt a medullary ray 
inside the phloem strands. 

As the tracheary parts of the xylem gradually broadened, probably by 
the longitudinal sliding growth of the short cambium cells elongating into 
fibres (see § 2 on p. 91), the cambium was widened and the large medul
lary rays were dilated 4). 

This dilatation evidently soon stopped, probably when the large medul
lary rays were so much invaded by the tracheary wood formation as to 
leave only small medullary rays 5). The phenomenon itself however is not 
to be doubted in the younger stages; as proofs we may point out the radiat
ing parenchyma cell arrangement around the inner primary wood flanges 6). 

') VAN TIEGHEM, I.c. 1883 (f.n. p. 86), p. 170. 
') SAHNI, I.c. (Ln. p. 93). p. 556. 
3) RENAULT op. c. 1893/,96 (f.n. p. 91). 
4) RENAULT op.c. PI. 56, fig. 6, reproduced in most text-books. 
0) RENAULT op.c. PI. 53, fig. 2, 5, 6, 7. 
6) RENAULT op.c. PI. 56, fig. 6, just quoted, PI. 57, fig. 1. and for the dilatation 

in the lacunar cortex PI. 57, fig. 6. 

Manual of pteridology 7 
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§ 4. Anatomy of the leaf. - A. The microphyll. 
I. E p ide r m i s. The leaf epidermis in most respects is similar to 

that of the stem. As there, the differentiation of its cells may vary ac
cording to the kind of underlying tissues (Equisetum); the epidermis of 
both leaf surfaces may be very different in some cases 1); in other cases 
both surfaces may be similar. 

The epidermis forms stomata which in conformity with the scanty 
differentiation of the mesophylliayers may be equally frequent on both 
surfaces (Lycopodium inundatum, L. Selago and other spp. 2)). They may 
even be present in such leaf parts where the mesophyll is wanting, in
tercellular spaces being present between the epidermis cells (Selaginella 
leaf margins, very strongly in S. molliceps 3)). In other casesthe~tomata 
may be localized according to the above rule of correlation with the un
derlying tissues: in the terrestrial Isoetes spp. they are formed only over 
the four large air canals, usually on both leaf surfaces 4); in Lepidodendron 
they are restricted to the two furrows on the leaf under surface. 

II. Me sop h y 11. A mesophyll is always present, alleast along the 
midrib; in the marginal parts it may be lacking in rare cases (Selaginella 
spp. 3)). It may consist of a homogeneous tissue (Psilotum) or it may be 
differentiated more or less into different layers; a regular differentiation 
into a palisade and a spongy chlorenchyma is attained in some Selaginella' 
spp. (S. Lyallii, S. concinna 3)), and in Sigillariopsis sulcata 5). 

A development of large intercellular spaces is not rare; in Isoetes four 
large longitudinal air canals are present, chambered into numerous com
partments by transverse septa. In the stigmarian rootlet which according 
to the facts related in Ch. I § 11 will be taken as a transformed leaf, and 
consequently has to be dealt with here, confluent air-spaces are highly 
developed especially on the lateral and abaxial side, so as to cause the 
stele, with a thin surrounding parenchyma coating, to be suspended on 
small trabeculae near the adaxial side of the tubular outer cortex; at the 
rootlet insertion these air-spaces are lacking in a transverse zone of the 
rootlet cushion. At the points of dichotomy of the rootlet the air-spaces 
are evidently also lacking locally, so as to cause the well-known constriction 
of the two shank bases. 

') R.]. HARVEy-GIBSON, Contributions towards a knowledge of the anatomy of 
the genus Selaginella, Spr. III, The leaf, Ann. of Bot. 11, 1897, p. 123, see descrip
tion of S. Martensii, p. 130. 

0) HEGELMAIERLC. 1872 (Ln. p. 67), col. 817-818. 
3) HARVEy-GIBSON, Lc. 1897, p. 151. 
.) A. BRAUN, Uber die Isoetes-Arten der Insel Sardinien, Monatsber. k. pro 

Akad. d. Wiss. Berlin a. d. ]. 1863, Berlin 1864, p. 554, see p. 587 . 
• ) D. H. SCOTT, On the occurrence of Sigillariopsis in the lower coal-measures 

of Britain, Ann. of Bot. 18, 1904, p. 519. 
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As peculiar tissue strands in some microphylls we may mention the 
parichnos and the transfusion tissue. 

The parichnos occurs in the leaves of Lycopodium inundatum and some 
other spp. 1), sometimes only in the sporophYIIS (L. clavatum); further in 
the Lepidophytes, and in the sporophylls of Isoetes Hystrix 1). 

The parichnos may form either a double strand, situated at both sides 
of the leaf and running parallel to the midrib, or a single strand at the 
abaxial side of the midrib; in Lycopodium HILL stated 1) that the single 
strands originate from the fusion of two original lateral strands. 

In the case of recent plants the parichnos consists of a lysigenous cavity, 
lined by mucilage secreting cells. 

Its longitudinal extension may vary; in the foliage leaves where present 
in Lycopodium, the single strand traverses the whole leaf and extends 
over a certain length into the cortex; in the sporophylls of Lycopodium its 
distal extension is limited, as the single strand does not extend much 
beyond the sporangium; in I soetes the double strand is entirely confined 
to the sporophyll base, to the sporangium region; in the Lepidophytes, 
the main part of the parichnos is present as a single strand in the stem 
cortex, from which a double strand extends into the leaf cushion and more 
or less into the leaf base. 

The second peculiar tissue, the transfusion tissue, consists of cellular 
elements with a tracheidal mode of wall thickening, but occurring outside 
the regular xylem. It is met with in the leaves of Lepidodendron and of 
Sigillaria 2) and further in the stigmarian rootlets. Is is paralleled by all 
authors to the transfusion tissue of Conifers; of course it is not known 
whether it shared the remarkable property of the transfusion tissue of 
Conifers, Gnetum and Cycads, of containing a living protoplast in its cells, 
notwithstanding the tracheid-like wall sculpture. 

In Lepidodendron it surrounded the foliar stele by a homogeneous zone 
of several cell layers 3), in Sigillaria it was specially developed at the ab
axial and lateral sides of the stele and evidently consisted of transfusion 
cells, alternating with parenchyma 4). In the stigmarian rootlets the trans
fusion tissue was present in the middle zone of the tubular outer cortex, 
and was connected by delicate strands with the stelar protoxylem 5); as 
WEISS remarks, its presence may be taken as a further argument in favour 
of the view of the homology of stigmarian rootlets and leaves. We might 

') T. G. HILL, On the presence of a parichnos in recent plants, Ann. of Bot. 20, 
1906, p. 267. 

0) R. GRAHAM, An anatomical study of the leaves of the Carboniferous Arbores
cent Lycopods, Ann. of Bot. 49, 1935, p. 587. 

3) RENAULT, op.c. 1893/,96 (f.n. p. 91), pI. 34, fig. 4-8 (L. esnostense) ; SCOTT,Op.C. 

1920 (f.n. p. 79), p. 143 (L. Hickii). 
0) RENAULT, op.c. 1893/,96, Pl. 41 fig. 7,19 (5. spinulosa), 23 (5. Brardi). 
6) F. E. WEISS, The vascular branches of Stigmarian rootlets, Ann. of Bot. 16, 

1902, p. 559; 18, 1904, p. 180. 
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add that the position in both categories of organ is essentially the same, 
as soon as we assume that the intercellular spaces in the stigmarian rootlets 
have been formed between the transfusion tissue and the stele. 

III. S tel e. In some cases a stele in the microphyll may be entirely 
lacking (Asteroxylon; Psilotum partly). In nearly all cases however a stele 
is present, and in simple leaves it almost invariably 1) is a simple stele too; 
in dichotomously divided leaves there are usually as many steles as there 
are leaf lobes, as the stele dichotomizes too (Sphenophyllum); in some cases 
only the stele may be limited to the unbranched leaf part and remain 
simple (Tmesipteris, sporophyll). 

The stele is not always surrounded by a well-marked endodermis and 
pericambium; in Equisetum however these tissues are well developed. 

Usually every stele only contains a single vascular strand; we may 
however have two collateral vascular strands instead, fusing into one 
single strand in the upper part of the leaf (Sigillaria spp.) or in another 
case the vascular strand may be accompanied by two separate lateral xy
lem strands 2). 

The phloem may surround the xylem (Tmesipteris) , but usually it is 
located at the under side; sometimes it only occurs in the basal part of the 
leaf, the apical part containing a xylem strand alone (Lycopodium). 

The xylem strand, which is often quite small, is not always clearly 
differentiated into a proto- and a metaxylem. Accordingly the statements 
in literature about the exarch, endarch or mesarch character of the xylem 
often diverge; probably the distinction is not very important for these 
small bundles. 

IV. Sec 0 n dar y tis sue for mat ion. Secondary tissues 
hardly ever occur in microphylls. Cases of secondary cork tissue formation 
have not come to my notice, and the secondary vascular tissue formation 
in leaf bases in connection with secondary growth in leaf-traces is always 
unimportant. 

B. The megaphyll. 
I. E P ide r m i s. The epidermis of petioles, rachides and large 

veins resembles more or less the stem epidermis; on the leaf blade the 
epidermis is often more specialized than in microphylls, in agreement with 
the greater elaboration of the leaf, for instance by undulating cell 
membranes. 

Moreover the epidermis not only forms stomata (lacking in the Hyme
nophyllaceae) and numerous hair forms, but it may form other special 
elements too, like spicular cells, a kind of sclerotic cells (Vittaria) , nectaries 
(Pteridium aquilinum) and hydathodes (Polypodium vulgare). 

') A polystelic condition in the simple sporophyll stalk of Equisetum is described 

by A. SANTSCHI in Contribution it l'etude anatomique du systeme vasculaire 
d'Equisetum, Mem. Soc. vaudoise Sc. nat. 5,1935, p. 103. 

2) HARVEy-GIBSON l.c. 1897, (f.n. p. 98). p. 152 (Selaginella Lyallii). 
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II. Me sop h y 11. The mesophyll may be lacking in parts of the leaf 
blade (Hymenophyllaceae, Leptopteris, Asplenium myriophyllum 1)), but 
usually it is present in all leaf parts. 

It may show layers of different organization, in the petiole more re
sembling the stem cortex tissues, in the blade often constituting a palisade 
and a spongy chlorenchyma. 

In Angiopteris spp. vein-like structures may be present, the so-called 
venulae recurrentes, being strands of tissue having the structure of the 
leaf-margin and extending from an angle between two leaf teeth inward, 
running between two small true veins. 

Mucilage ducts are present in the mesophyll of M arattiaceae. 
III. S tel e. Owing to the complex character of nearly all Fern leaves 

the stelar structure may become highly complicated. 
Beginning with leaf forms, such as those of the Coenopterideae with 

their most frequently terete pinnae without any lamina, we may remark 
that in such leaves petiole, rachis and pinnae all have one single stele, a 
stele which is nearly always dorsiventral in the pinnae (Stauropteris ex
cepted) but radially symmetrical in petiole and main rachis. The dor
siventral pinna steles have a gutter-shaped xylem strand, the convex side 
being turned towards the abaxial side which at the same time is the physi
ological underside. The protoxylem strands are to be found either at the 
concave xylem margin, or they are immersed in the metaxylem, ac
companied by a parenchyma strand at their adaxial side. 

The union of the pinna-traces to the rachis stele, as POSTHUMUS in 
particular has shown 2), is brought about according to the same principles 
as the union of leaf-traces to the stem stele, the distribution of metaxylem 
and parenchyma notably deing due to the same causes. The peculiar 
spatial relations between the pinnae and the rachis, not being arranged in 
one single plane, find their expression in a peculiar stelar structure in the 
rachis and petiole. 

From these facts I might come to the following theoretical view, in 
harmony with the views expounded above p. 79-85. 

The megaphyll representing a phylogenetically differentiated branch 
system, every branch originally possesses one stele. This branch stele like 
that of the unchanged stem has been reduced into an acropetally formed 
tissue strand without differentiation of its own, but acting as a recipient 
for basipetal stimuli for vascular tissue induction. 

The induction (not the differentiation) of vascular tissue starts from the 
distal ends of all pinnae; according to the spatial distribution of pinnae 
the lowest lateral pinna of the leaf is likely to finish its own branching 
first, so that it may be the first in which induction begins. 

1) POIRAULT I.e. (Ln. p. 93), p. 198. 
2) POSTHUMl,TS I.e. 1924 (Ln. p. 75), p. 170-193. 
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The basipetal inductions give rise to simple protophloem and proto
xylem strands and in their turn act as organizers for the further vascular 
tissues, in the same way as in the stem. 

Turning now to the other ferns with a laminar development, we may 
first consider the simple or compound leaves with an open venation, 
without any commissural veins. For such leaves, of which many instances 
might be enumerated, the above views may be held without any difficulty. 
Petiole, midrib and blade veins are always dorsiventral here, and the 
xylem part of their stele, however complicated in particular cases, can 
always be related to the gutter-shaped strand. An admirable description of 
the stelar structures in pinnae, rachis and petiole has been given by 
THOMAE 1). 

The main complication principles of the xylem distribution are: the 
gutter-like strand may have in curved margins; it may close at the adaxial 
side unto a cylinder; it may show two lateral inward folds; it may be 
perforated by numerous gaps not being trace-gaps, so that in a transverse 
section it seems to be broken up into a number of meristeles; finally in the 
M arattiaceae an internal system is elaborated in the same way as in the 
stem, forming a second cylinder inside which others may be formed, giving 
up to seven concentric cylinders 1). 

In the last place we have to consider the leaves in which a reticulate 
venation has been developed by the formation of numerous commissural 
veins. In these cases the stelar structures in the larger veins, in pinnae, 
rachides and petiole are exactly the same as in leaves with an open 
venation, the commissural veins evidently being a secondary complication. 

The whole complex of facts referred to may easily be brought into line 
with the above views. An important fact brought forward by POSTHUMUS 
is that the mode of union of a pinna-trace to a rachis stele may differ 
considerably, according to the casual spatial relations between trace 
strands and rachis stele strands. If the old view of the origin of the trace 
by branching of the rachis strands were correct, we might have expected, 
as POSTHUMUS remarks 2), a more uniform mode of departure of the traces. 

The inner systems of the Marattiaceae are evidently due to similar 
causes as in the case of the stems: THOMAE describes how the strands of 
the inner cylinders, when followed upwards, at the adaxial side successively 
run towards the next outer cylinder, so that acropetally the inner cylinders 
all disappear 3). This may be read inversely as meaning that in any cylinder 
the newly entering strands first fill up the abaxial and lateral sides of the 
stele, and that when the cylinder is filled up, further strands, not finding a 

') K. THOMAE, Die Blattstiele der Fame, Jahrb. f. wiss. Bot., 17, 1886, p. 99. 
2) POSTHUMUS I.e. 1924, p. 146. 
3) THOMAE I.e. p. 119. 
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place in the same cylinder, run inwards at the adaxial side to start a new 
inner cylinder. 

IV. Sec 0 n dar y tis sue for mat ion. In Botrychium a 
periderm may be present in the petiole bases, in continuation of the stem 
periderm 1). In the same way a periderm and lenticels have been described 
by COSTERUS in A ngiopteris 2) and by POTONIE in M arattia 3). 

Groningen, May 1936. 
Botanical Laboratory of 

the Government University. 

POSTSCRIPT: The above chapters being already in type, the valuable 
text-book by A. ]. EAMES on the morphology and anatomy of Pterido
phytes 4) appears, dealing to a large extent with the same matter as 
treated above. 

I greatly regret not having been able to use the book in the composition 
of my contribution, as I might have greatly profited by it, and would 
certainly have quoted it in many places. 

Yet, as the scope of the present Manual is quite different from that of a 
textbook, the two treatments of the same field differ so much as not to 
make useless the labour of the second in arrival. 

On many points I am happy to state that my conclusions run parallel to 
those drawn by EAMES; in some points however they are diverging. 

Of the latter category I might mention one single topic, the interpreta
tion the I soetes stock base 5). 

EAMES fully realizes the difference between the lobes of Isoetes and the 
stigmarian axes. Taking the latter as a form of specialized stems (for which 
he introduces the term rhizomorph 6)), he follows FITTING in treating the 
stelar arms of I soetes as their homologon. 

Elaborating this view, EAMES concludes that there is a very near relation 
between Pleuromeia and Isoetes, and tries to establish this near relation by 

1) VAN TIEGHEM I.c. 1883 (f.n. p. 86), p. 171. 
2) J. C. COSTERUS, Bet wezen der lenticellen, Thesis Utrecht 1875, see p. 35. 

3) B. POTONIE, Anatomie der Lenticellen der Marattiaceen, J ahrb. K. bot. 

Garten Berlin, 1, 1881, p. 307 . 

• ) A. J. EAMES, Morphology of vascular plants. Lower groups (Psilophytales to 
Filicales), New York and London, 1936. 

6) op. C. p. 355. 
6) op. C. p. 354. As the term rhizomorph might give rise to confusion with rhizo

phore, and especially as the term rhizome may be used equally well, the introduc

tion of the new term does not seem to be necessary. 
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the supposition that in Pleuromeia up to the present only the fossilized 
stelar arms have been observed and that in the living plants these arms, as 
in Isoetes, were buried in a mass of soft cortical tissues which however have 
not been preserved. 

This cannot be granted. The Pleuromeia stem lobes have been found more 
than once in situ, already as early as 1854 by SPIEKER 1), the rootlets 
radiating in the matrix. Moreover SOLMS-LAUBACH observed and described 
the stele of these lobes 2). 

On the arguments given above I must therefore hold to my views on both 
I soetes and Pleuromeia. 

Finally I might make a general remark on the aim and scope of morpho
logical botany, in connection with what has been said by EAMES on that 
topic in his Preface. 

Morphology being fundamentally descriptive, it may be put according to 
EAMES on a broader basis by treating it as a comparative science, in the 
light of evolutionary modification and development. 

So far this will be gladly granted by any biologist. But when EAMES 
writes that the establishment of a natural classification is the goal of most 
morphological study to-day, I want to remark that if so, this is not an ideal 
state of things. 

For morphology (including anatomy) being a science in itself, not an 
auxiliary science, its goal should be found in its own field, not outside it. 

When taxonomy is enabled to reach its aims to a larger extent by the aid 
of morphology, this will surely be a great satisfaction for the morphologist; 
the high aim of morphology itself is however, as far as I can see, to explain 
how a plant, recent or fossil, elaborates or elaborated its structure; to 
determine the laws which are or have been ruling the morphogenetic 
processes in the living protoplasm. 

From this point of view, however imperfectly realized, the above 
chapters have been written. 

Groningen, August 1936. 

') TH. SPIEKER, I.e. (f. n. p. 62). see p. 186. 
0) SOLMS-LAUBACH, I.e. (f. n. p. 34), see p. 228. 



CHAPTER III 

EXPERIMENTAL MORPHOLOGY 

by 

S. WILLIAMS (Glasgow) 

§ I. Introduction and historical account. - Experimental Morpho
logy is a branch of General or Causal Morphology 1) which seeks by means 
of experiment to provide data for a consideration of problems dealing with 
the factors underlying the normal structure and development of plants. The 
question as to whether it can also contribute to the solution of evolutionary 
problems is an open one which will be discussed later. Such experimental 
data must always be taken in conjunction with the results of wide com
parative examination of both the normal development and structure and 
of such deviations from the normal as occur naturally. 

The point of view adopted here is that the individual development to 
the adult structure is "the manifestation of the properties of the specific 
substance under certain conditions" (LANG, loCo cit.). The investigation of 
the nature and mode of operation of these conditions is the main aim of 
experimental morphology; the nature of the specific substance (or the 
"spezifische erbliche Struktur" as KLEES terms it) is at present inaccessible 
to experiment so that in the following account its existence will not always 
be stressed although it must be recognised throughout that it is the factor 
of paramount importance. 

It is difficult to give an historical account of the development of this 
branch of morphology for it has shown no orderly development such as has 
characterised phyletic morphology and pure physiology. The problems 
which experimental morphology seeks to solve were already recognised in 
the period of developmental morphology. HOFMEISTER was the pioneer 
worker in this field as is evidenced in particular by his "Allgemeine Mor
phologie", published in 1868 2). There may be mentioned also the works of 

') For the scope of General Morphology see W. H. LANG, Pres. Address to 
Section K, British Assoc., 1915. 

') For a critical account of HOFMEISTER'S contributions see GOEBEL, Wilhelm 
Hofmeister, English Translation, Ray Society, 1926, Chap. V. 
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LEITGEB, SACHS, KNY, STAHL, PRANTL and KLEBS to which reference will 
be made later. The onset of the phyletic period, some little time after the 
publication of the "Origin of Species", resulted in causal problems being 
relegated to the background and relatively few workers have since been 
attracted to them. The pioneer work of HOFMEISTER was, however, carried 
on and vastly extended by his pupil GOEBEL, who as BOWER 1) says 
"extended the study of form from methods of record and comparison to 
questions of causality." From 1887, when one of the first of his contri
butions to experimental morphology appeared, until his death in 1932, GOE
BEL contributed greatly to the advancement of this branch of Botany. His 
results and conclusions were included in the three editions of his great 
"Organographie der Pflanzen" and special mention may also be made of 
the "Einleitung in die experimentelle Morphologie der Pflanzen" published 
in 1908. LANG has also made important contributions t? the experimental 
morphology of the Pteridophytes, notably with regard to induced deviations 
from the normal life-cycle. His Presidential Address to the Botanical 
Section of the British Association in 1915 is particularly valuable since it 
gives a clear and critical account of the scope of causal morphology and an 
indication of the importance of experiment in this branch of the science. 

The following account is not intended to be a complete resume of the 
experimental work carried out on the Pteridophytes but is intended rather 
to indicate the nature of the problems and the type of result so far attained. 
So far as the development and structure of the plant is concerned the 
various stages in the life-cycle will be considered in sequence. A separate 
section will deal with the bearing of experimental morphology on evo
lutionary problems. 

The Gametophyte 

§ 2. Factors influencing germination. - A considerable amount of 
experimental work has been carried out on the factors influencing the 
germination of pteridophyte spores. Little is known, however, of these 
factors in the case of the Psilotales and homosporous Lycopodiales except 
that they require special conditions including the presence of a suitable 
mycorhizic fungus 2). So far as the Equisetales are concerned, the most 
complete account of germination is that of BUCHTIEN 3). In the presence of 
sufficient moisture and oxygen, germination is most successful in light of 
medium intensity; it is slowed down somewhat both in darkness and direct 
sunlight. 

I) F. O. BOWER, Obituary Notice of Karl Ritter von Goebel, Roy. Soc., 1933. 
2) DARNELL-SMITH (Trans. Roy. Soc. Edin., Vol. 52, 1917) gives an account 

of various culture methods by means of which he was able to obtain the germination 
of the spores of Psilalum. 

3) BUCHTIEN, 0., Bibliotheca Bot., Bd. 11, 1887-89. 
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Little is known concerning the germination of the mycorhizic types of 
Fern prothallus although CAMPBELL 1) was able to obtain the early stages 
of the prothalli of Ophioglossum pendttlum and Botrychium virginianum in 
experimental cultures. The conditions influencing the germination of the 
Leptosporangiate types have, however, been repeatedly examined 2). In 
general, apart from the presence of water and oxygen which is always 
essential, the presence of light is necessary and KLEBS states that Pteridium 
aquilinum is the only fern of the many he examined which gives general 
germination in the dark. Other Ferns give sporadic germination in the dark 
and it seems probable that all may be induced to do so to a greater or less 
extent by the employment of special cultural conditions, e.g. the spores of 
Osmunda regalis will germinate in the dark when grown on agar to which has 
been added 0.5% Knop's solution and 0.01 % grape sugar. The qualitative 
nature of the light is important and KLEBS has shown that, in general, the 
yellow rays stimulate' while the blue rays definitely retard germination. 
There is, however, very considerable variation in different Ferns as regards 
the effect of the various spectral regions on germination and KLEBS'S work 
should be consulted for an account of this. Temperature is also an important 
factor and although there is again considerable variation the majority of 
Ferns conform to the results obtained by KLEBS in Pteris longifolia where 
the minimum temperature for germination is 12° C, the optimum between 
25° C and 30° C and the maximum is 40° C. 

The conditions governing the onset of germination are thus variable and, 
so far, there has been no analysis of the mechanism involved beyond the 
suggestion of KLEBS that the yellow rays stimulate a photochemical 
reaction in which enzymes are concerned. 

§ 3. Factors influencing the Development and Form of the Pro
thallus. - Following germination the development of the gametophyte 
proceeds along diverse paths in the various groups of the Pteridophytes. 
The nature of the factors underlying this further development has been 
investigated in the Equisetales and Filicales but not in the other groups. 

(a) Equisetinae. The development of the gametophyte of Eqttisetum has 
been studied by various writers and particular mention may be made of 
the contributions of STAHL 3), BUCHTIEN (loc. cit.), LUDWIGS 4) and WAL-

') CAMPBELL, D. H., Mosses and Ferns, 1918, p. 234 . 
• ) See G. KLEBS, Sitz. d. Heidelberger Akad. d. Wiss., 1916 and 1917 and 

J. STEPHAN, Jahrb. fiir wiss. Bot., Bd. 70, 1929. Earlier literature is fully quoted here. 
3) E. STAHL, Einfluss der Beleuchtungsrichtung auf die Theilung der Equisetum

Sporen, Ber. d. deutschen bot. Gesells., III Bd., 1885. 
t) K. LUDWIGS, Untersuchungen zur Biologie der Equiseten, Flora, N.F. Bd. 

III, 1911. 
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KER 1). When placed in water the spores swell while retaining their 
spherical form; they then divide into two unequal cells, a larger prothallial 
cell and a smaller lens-shaped rhizoid cell. STAHL investigated the question 
as to whether the position of this first division wall is determined by ex
ternal factors such as ligh t and gravity . For this purpose spores of E. variega
tum were sown on watery gelatine or on moist filter paper in order to fix the 
spores in position. Gravity was shown to have no effect on the direction of 
the division since spores germinated in a vertical position in the dark 
showed the first wall orientated in all possible directions. Light was, how
ever, shown to be the determining factor. Spores subjected to bright 
unilateral illumination showed the division wall constantly placed so that 
the prothallial cell faced towards the light and the rhizoid cell away from it. 
NIENBURG 2) has made a cytological investigation of spores germinated in 
unilateral illumination and has shown that the first effect is the aggre
gation of the chloroplasts on the illuminated side and that this is then follow
ed by the establishment of the nuclear spindle parallel to the rays of light 
and the laying down of the curved wall (Fig. 1, A and B). NIENBURG also 
demonstrated that the operative factor is tre difference in light intensity 
on the two sides of the spore rather than the direction of the light rays. 
This first division takes place in less than twenty-four hours but STAHL 
found that a constant change in the direction of illumination retards the 
rate of division. In one experiment in which the spores were placed on a 
klinostat through the day and cooled to a little above 0° C during the night 
(division would otherwise have proceeded in the absence of light), spores 
were still undivided after five days although a few of them were abnormally 
divided into two equally large cells. BUCHTIEN confirmed this effect of 
bright light on the direction of the first division but also demonstrated that 
weak light does not so operate. The direction of growth of the first rhizoid 
is also to some extent determined by the influence of light. In bright light 
the rhizoid is negatively phototropic but, as various writers have pointed 
out, it is positively phototropic in diffuse light and since this is particularly 
shown when the atmosphere is very moist the possible influence of hydro
tropism cannot be excluded. 

The influence of external conditions on the further development of the 
prothalli was also investigated by BUCHTIEN. The young prothalli are very 
variable in form, the main factors concerned being light intensity and the 
nature of the medium upon which they are grown. Cultures subjected to 
one hour of direct sunlight each day first develop a filament and then 
proceed to the formation of a flat expanse; this is apparently the normal 
and most successful type. Cultures exposed to direct sunlight throughout 

') E. R. WALKER, The Gametophytes of three species of Equisetum, Bot. Gaz., 

Vol. 92,1931. 

') W. NIENBURG, Die Wirkung des Lichtes auf die Keimung der Equisetum
Sporen, Ber. d. deutschen bot. Gesells., XLII Bd., 1924. 
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the day omit the filamentous stage and proceed directly to the formation of 
a cell plate. If grown in a 3% solution of mineral salts the spores divide by 
two walls at right angles to one another and proceed to the formation of a 
bulky cell mass, gorged with starch and often unprovided with rhizoids. In 
weak light, or when the spores are sown thickly, various abnormal develop
ments occur usually involving a continuation of the filamentous stage in 
anomalous forms. The filamentous stage may also be retained by pro thalli 
grown under conditions of poor nutrition, as for instance on sand. 

The mature prothallus is a dorsiventral structure of rather irregular form 
differentiated into a massive basal region poor in chlorophyll and a number 
of distal green lobes. There are few data available as to the factors con
ditioning the dorsiventrality, the experiments of LUDWIGS (loc. cit.) being 
inconclusive. 

The distribution of the sexual organs has been the subject of much 
discussion. It seems clear from the culture experiments of various workers 
that the pro thalli are potentially monoecious but that there is a very close 
relation between nutritional conditions and the type of sexual organ 
produced. BUCHTIEN, LUDWIGS and WALKER are agreed that crowded 
conditions, or growth on substrata poor in mineral salts, lead to the 
production of depauperate male prothalli. On the other hand favourable 
conditions lead to the production of large pro thalli which are either female 
or monoecious. WALKER'S cultures demonstrate that well nourished pro
thalli of E. Kansanum, Telmateja and arvense are normally monoecious but 
that at anyone period only antheridia or archegonia are produced; 
archegonia appear first and are later followed by antheridia, the sequence 
being repeated unless a sporophyte is produced. It seems probable that the 
production of archegonia depletes the prothallus of food supplies and that 
the formation of antheridia follows in consequence of this. Such an interpre
tation is supported by BUCHTIEN'S experiment in which he transferred 
prothalli bearing archegonia from a rich substratum to sand or water and 
obtained the development of antheridia only. It may be noted that the 
reverse operation, i.e. the conversion of male prothalli into larger ones 
bearing archegonia by improving the conditions of growth is, according to 
LUDWIGS, achieved only with difficulty. In nature, the crowded sowings 
consequent on the interlocking action of the e1aters lead, as observation has 
shown, to the production of some small male pro thalli intermingled with 
larger ones bearing archegonia. Fertilisation may occur at this stage but in 
its absence it would seem probable from WALKER'S observations that these 
larger prothalli would then produce successive crops of antheridia and ar
chegonia until such time as an embryo was produced. 

(b) Filicinae. The development and structure of the cordate type of Fern 
prothallus has been the subject of a considerable volume of experimental 
investigation. A brief outline of this may be given under the headings of (1) 
the factors governing the form of the prothallus, (2) the factors govern-
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ing the direction of growth of the prothallus and (3) the factors governing 
the origin and position of the sexual organs. 

1. The form of the prothallus is plastic and is readily influenced by a 
number of factors such as the supply of mineral salts, the intensity and 
spectral constitution of the light and variations in temperature. 

The place of emergence of the young gametophyte from the spore, 
whether the latter is of the tetrahedral or the wedge-shaped type, is largely 
governed by the organisation of the spore wall; the wall is split at the apex 
of the triradiate ridges in the former type and along the ridge representing 
the line of contact of the four spores in the latter, i.e. on the side facing the 
interior of the spore group in each case. The early stages of development 
are very variable but the majority of Fern prothalli pass through a fila
mentous stage. KLEBS (loc. cit.) has shown that the characteristics of this 
stage are influenced by a complex set of factors of which the quantitative 
and qualitative nature of the light are the most important. Working with 
the prothalli of Pteris longijolia, KLEBS found that in very weak light the 
prothallus grows out as an undivided tube (similar to the one shown in 
Fig. 1, G) ; in rather stronger illumination the filament becomes segmented 
by cross walls, the number of such divisions increasing with increasing light 
intensity. Red and yellow light rays retardnuc1ear division and KLEBS 

describes how the nutrition rich spores of Lygodium gave rise to an undivided 
filament 10-12 mm long when germinated in red light. Fig. I, G shows 
a similar undivided filament of Pteris longijolia. The filamentous stage may 
persist for a considerable period under conditions of feeble illumination or 
illumination by red or yellow rays. In some of the Hymenophyllaceae the 
filamentous condition is normal for the mature prothallus but, so far as I 
am aware, there are no experimental data available relating to these types. 
On the other hand, the filamentous stage may be omitted, as is normally 
so in the Osmundaceae and Marattiaceae. In Osmunda regalis, for instance, 
KLEBS found that even in very weak light or in darkness isolated longitudi
nal divisions occur in the filament. 

Normally after the filamentous condition has persisted for a length of 
time varying with the nature of the illumination and temperature, longi
tudinal divisions take place in the distal cells of the filament leading to the 
formation of a cell plate. Fig. I, C-E show prothalli of Pteris longijolia from 
cultures grown in successively more intense illumination. In C, the first 
longitudinal division occurs in the seventh cell of the filament; in D, in 
the fourth cell and in E, in the second cell. The early onset of longitudinal 
division is also stimulated by growth in blue light (Fig. I, F). KLEBS has 
given measurements of the intensities of illumination under which the 
filament passes over to the cell plate condition in a variety of Ferns. This 
intensity varies within very wide limits, Dryopteris Filix-mas, for instance, 
forming cell plates at an intensity of only one tenth of that required by 
Aneimia Phyll£tidis. 
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FIG. I. A, B, sections through germinating spores of Equisetum fixed after 6 and 12 
hours respectively; direction of unilateral illumination indicated by arrow. C-G, 
prothalli of Fteris longifolia; C-E from cultures grown in successively stronger 
illumination; F, grown in blue light; G, grown in red light. (X56). H, Woodsia 
ilvensis, prothallus (p) grown in weak light, showing filamentous development with 
terminal antheridia (a). I, Equisetum palustre and j, E. Schaffneri; pieces of pro
thallus showing regenerative growths (X14). (A, B, after NIENBURG; C-G, after 

KLEBS; H, after SCHLUMBERGER from GOEBEL; I, j, after LUDWIGS.) 
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PRANTL 1) has shown that the development of the prothallus may be 
arrested at the stage of a cell plate without meristem by cultivation on a 
substratum devoid of nitrates but normally the cell plate soon establishes 
a meristem and divisions in the third direction give rise to the archegonial 
cushion. This further development only takes place if the light intensity 
is sufficiently high (KLEBS, GOEBEL and other writers) and the supply of 
nitrogen adequate (PRANTL, loco cit.). 

The normal adult prothallus thus established may be induced to revert 
to earlier stages by altering the growth conditions. For instance. PRANTL 

induced adult prothalli of Osmunda regalis to revert to the condition of a 
cell plate without meristem by transferring them from a full culture so
lution to one from which nitrogen was omitted. A reduction in the intensity 
of illumination or transference to darkness frequently results in the growing 
out of marginal cells in the form of filaments, e.g. in W oodsia ilvensis 
(Fig. I, H). 

The above account deals briefly with only a few of the many data ob
tained by numerous workers relating to the influence of external conditions 
on the development and form of the Fern prothallus. So far as the cordate 
type of prothallus is concerned it appears to be established that each 
growth form, in the presence of an adequate supply of water and oxygen, is 
the result of the interaction of a number of factors of which the most 
significant are the quantitative and qualitative nature of the light, the 
supply of mineral salts and temperature. The nature of the mechanism 
intervening between the stimulating factors and the response is, however, 
entirely unknown. 

2. The direction of growth of the Fern prothallus is determined largely 
by light. The young cell filament is positively phototropic and negatively 
geotropic (PRANTL 2)). When the filament passes over to the cell plate 
stage, or where a cell plate is formed immediately, the flattened surface 
places itself at right angles to the incident rays of light if the latter are of 
medium or high intensity (LEITGEB 3), PRANTL (loc. cit.) , GOEBEL 4) and 
other writers). Hydrotropic and geotropic influences appear to be negligible 
The only known exception to this latter statement is provided by the ear
liest stage in the development of the prothallus of Ceratopteris which is 
described by LEITGEB as having its apical cell orientated under the influence 
of gravity so that alternate segments are placed upwards and downwards 
and thus the prothallial surface stands vertically at first although it soon 

1) K. PRANTL, Beobachtungen liber die Ernahrung der FarnprothaIlien und die 

Vertheilung der Sexualorgane, Bot. Zeit., 39 Bd., 1881. 
2) K. PRANTL, Uber den Einfluss des Lichtes auf die Bilateralitat der Farnpro

thallien, Bot. Zeit., 37 Bd., 1879. 

3) H. LEITGEB, Uber Bilaterialitat der Prothallien, Flora, 1877; Studien liber 
Entwicklung der Farne, Der Sitz. d. k. Akad. d. wiss. Wien, LXXX Bd., 1879 . 

• ) K. GOEBEL, Organ. der Pflanzen, Dritte Auf I., Erster Teil, p. 601. 
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takes up a position at right angles to the incident rays. The adult prothal
Ius in most Ferns is also diaphototropic in light of medium or high in
tensity. 

The rhizoids of the prothallus are negatively phototropic but are not 
influenced by gravity. 

3. The production of the sexual organs and the position of these on the 
prothallus depend on the working of a number of interrelated factors. The 
antheridia are produced very early in the development of the prothallus 
and they may appear almost immediately after the germination of the 
spore, particularly in examples where the spores are rich in food material. 
As pointed out above, the development of the prothallus may be arrested 
at the filamentous stage or at the a-meristic cell plate stage by unfavourable 
conditions of illumination or food supply and such arrested prothalli are 
without exception purely male. The antheridia are not localised as regards 
their position on the prothallus and the influence of external conditions 
only appears in so far as that superficial antheridia are found on the shade 
side of the prothallus. 

Archegonia are only found on relatively older prothalli and their ap
pearance is correlated with the establishment of a meristem and the 
formation of a thickened cushion, developments which, as pointed out 
above, depend on a suitable light intensity and other factors. Nutritional 
factors are obviously important but the question as to whether an increased 
ratio of carbohydrates to mineral salts is effective as a stimulus to fertility 
has not been investigated 1). 

The position of the archegonia is determined by the position of the cushion 
and this is dependent on the direction of the incident light rays. The cushion 
with its rhizoids is always formed on the shaded side of the prothallus and 
consequently the archegonia are also found in this position. This dorsiven
trality of the prothallus can be reversed as LEITGEB, PRANTL and other 
workers have shown by a series of experiments on a large variety of Ferns. 
One or two of LEITGEB'S experiments may be briefly described. Prothalli of 
Ceratopteris floating on culture solution were illuminated from below. 
There was a complete reversal of the dorsiventrality, archegonia and 
rhizoids appearing on the previously dorsal side and the production of 
these structures completely ceasing on the previously ventral surface. In 
another experimen t spores of 111 atteuccia Struthiopteris were sown inside a 
clay cylinder suitably moistened and plugged at the top, the illumination 
being solely from below. The prothalli grew horizontally and in all of them 
the lower surface was developed as the morphological upper surface devoid 
of archegonia and rhizoids. It is clear from the numerous experiments 
which have been described that the bilaterality of the prothallus is 

') Cf. p. 130, where the factors governing the fertility of the sporophyte are 

discussed. 

Manual of pteridology 8 
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determined by the direction of the illumination when the latter is of 
medium or high intensity. LEITGEB failed, however, to induce the formation 
of archegonia on both sides of the prothallus, or alternatively their inhibition 
on both sides, by growing prothalli on a klinostat and thus illuminating 
them equally from all sides; such pro thalli still showed the normal dorsi
ventral structure, possibly, as LEITGEB pointed out, owing to slight 
inequalities of illumination. In very weak illumination isobilateral prothalli 
may arise; PRANTL (loc. cit., 1879) mentions that prothalli of Polypodium 
vulgare growing in weak light produced archegonia on both sides and AT
KINSON 1) found archegonia on both sides of prothalli of Pteris serrulata 
which were crowded and growing almost perpendicularly so that they were 
illuminated from both sides. 

§ 4. Regeneration of the Prothallus. - The p];othalli of the Pterido
phytes, so far as they have been investigated, possess considerable powers 
of regeneration. No data relating to the gametophytes of the Psilotales and 
Lycopodiales are, however, available. 

In Equisetum, LUDWIGS (loc. cit., p. 434) has demonstrated that isolated 
portions of prothallus tissue will give rise to regenerative growths which 
ultimately become detached as self supporting prothalli (Fig. I, I, f). W AL
KER has also noted that when prothalli degenerate any cell or group of 
cells may divide actively and give rise to new lobes. 

In the Filicales the only type of prothallus which has been investigated 
as regards regenerative capacity is the cordate type. The experiments of 
STANGE 2), HElM 3) and GOEBEL 4) all indicate that virtually every cell of 
the cordate type of prothallus is capable of regenerative activity. A few 
examples of the experimental results relating to this may be described. 
GOEBEL states that if a prothallus is cut through longitudinally so as to 
damage the apex and remove a lobe a new growing point is established. The 
activity of the latter leads to the production of a new lobe so that the 
anterior portion of the prothallus again becomes cordate; the posterior 
portion of the damaged prothallus is not, however, restored. In a similar 
experiment, HElM confirmed this result and, for the prothalli of Osmunda 
regalis and Doodia caudata, added the fact that adventitious prothalli were 
produced on the older parts. In another of HElM'S experiments the pro
thalli were cut through transversely; the anterior portion with the apex 
continued its growth in normal fashion while the basal region gave rise to 
numerous adventitious prothalli. Removal of the growing point also led to 
the production of adventitious prothalli, as many as twenty or thirty being 
formed on a single prothallus. Finally it may be mentioned that if prothalli 

'} G. F. ATKINSON, The Biology of Ferns, 1894, p. 13. 
'} STANGE, Ber. iiber die Sitz. d. Gesell. fiir Bot. zu Hamburg, 1886. 
3} C. HElM, Untersuchungen iiber Farnprothallien, Flora, 82 Bd., 1896. 
0) K. GOEBEL, Organography of Plants, Part I, p. 43. 
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are cut into small pieces each of these is capable of producing adventitious 
pro thalli or, if it includes a portion of the apical region, of growing on into 
a normal prothallus. 

The production of adventitiousprothalli thus appears to be correlated 
with a removal of the influences exercised by the apex. Experimental 
removal of the apex leads to their development from any region of the 
prothallus, while in undamaged prothalli they are formed only on the older 
basal regions which presumably are no longer influenced by the growing 
point. 

§ 5. Fertilisation. - Although the physiology of reproduction hardly 
falls to be considered in this chapter a brief account may be given of the 
experiments conducted by various workers on the nature of the attraction 
exerted by Pteridophyte archegonia upon the corresponding sperms 1). A 
convenient method for investigating this was elaborated by PFEFFER. He 
used glass capillaries 0.1-0.15 mm in diameter, 10-15 cm long and sealed 
at one end. These were filled with a 0.1 % aqueous solution of the substance 
to be investigated. The open ends of the capillaries were then dipped into 
water containing the motile sperms and the entrance or non-entrance of the 
latter noted under the microscope. By this method PFEFFER determined 
that the sperms of Ferns and Selaginella are attracted by malic acid. SHI
BATA, by similar means, has shown that the sperms of Isoetes, Equisetum 
and Salvinia are also attracted by malic acid. BRUCHMANN found that the 
sperms of Lycopodium clavatum are attracted by citric acid and some of its 
salts. So far as I am aware, there is no information regarding the nature of 
the attraction in the Ophioglossaceae or in the Psilotales. 

The Sporophyte 

§ 6. Embryology. The factors governing the development of the 
fertilised egg inside the Pteridophyte archegonium have been the subject 
of much discussion but they have not, except in a few instances, been 
subjected to experimental analysis. An interesting account of this subject, 
mainly based an a wide comparative survey of the embryology of the 
various Archegoniate groups, has recently been given by BOWER 2). 
Suggestions are made here regarding the nature of the factors concerned, 
reference being made to the possible influence of external factors such as 
light and gravity, and internal ones such as pressure exerted upon the egg 
by the archegonial wall and the directive influence of the prothallial food 
supply. 

') A convenient summary of these together with a full citation of the literature 
is given by BRUCHMANN, Von der Chemotaxis der Lycopodium.Spermatozoiden, 
Flora, 99 Bd., 1909, p. 193. 

2) F. O. BOWER, Primitive Land Plants, 1935, Chapter XXVI. 
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So far as the Psilotales, Equisetales and Lycopodiales are concerned there 
is a complete absence of experimental data relating to the causes under
lying the various embryological developments exhibited by these groups. 

The embryology of the Ferns has attracted more attention but even here 
experiment has been confined to Marsilia and a few of the higher Lepto
sporangiate types. 

LEITGEB 1) was able to demonstrate the influence of gravity on the 
orientation of the first segmental wall of the embryo of Marsilia. Mega
spores were fixed to wax plates so that they could be orientated at will; 
these were then fertilised by the addition of microspores and thereafter 
microscopic examination was made of the resultant embryos. The first 
segmental wall was constantly found to include the archegonial axis, but, 
except when the latter w.as vertical, gravity influenced the plane of the wall 
so that the embryo was always divided into an upward facing half, giving 
rise to stem and leaf, and a downward facing half giving the foot and root. 
The megaspores normally lie horizontally so that the orientation of this 
first wall under the influence of gravity gives a suitable placing of the 
primary organs of the embryo for the avoidance of awkward curvatures in 
their further development. 

So far as the higher Leptosporangiate Ferns are concerned, HEINRICHER2) 

and LEITGEB (loc. cit., 1879) have shown that the orientation of the basal 
wall, which constantly includes the archegonial axis, and the disposition of 
the primary organs of the embryo are entirely independent of the influence 
of light and gravity, being conditioned entirely by internal factors. For 
instance, embryos arising from archegonia produced on the upper side of 
the prothallus under the influence of illumination from below show the 
normal disposition of parts, as do also embryos produced on prothalli 
rotated on a klinostat. It seems clear that the important factor is the po
sition of the fertilised egg in the venter of the archegonium in relation to the 
apex of the prothallus. A further analysis of the working of this factor has 
110t been attempted. 

§ 7. Factors underlying Variations in External Form. - Very 
little experimental work has been carried out with regard to the factors 
underlying the manifold variations in external form exhibited by the 
pteridophytes. These differences are due fundamentally to differences in 
the "specific substance". There is nevertheless some possibility of exami
ning the nature of the internal and external factors which, by acting upon 
this inherited constitution, influence external form. The problems are 
perhaps most easily formulated in relation to such genera as Selaginella, 

') H. LEITGEB, Zur Embryologie der Fame, Sitz. d. k. Akad. d. wiss. Wien 
LXXVII, 1878. 

2) E. HEINRICHER, Beeinflusst das Licht die Organanlage am Famembryo?, 

l\1itt. a. d. bot. lnst. zu Graz, J ena, 1888. 
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Lycopodium and Equisetum where the differences between the various 
species are readily recognisable as variants upon a clearly defined plan of 
construction, but even here relatively little progress has been made. 

In the genus Selaginella the main difference in form is that between the 
radial type and the much more prevalent type showing dorsiventrality 
accompanied by anisophYlly. The difference in organisation between the S. 
spinulosa type and the dorsiventral type is a profound one and there is no 
indication that experiment can help to explain it. So far as the dorsiventral' 
species are concerned, however, the specific differences are all variations 
on a common plan. The essential unit is a branching together with its angle 
meristems. Differences in tropistic behaviour and morphological develop
ment of these units in different regions of the plant give the varying 
configuration of the different species. There are, as yet, very few data 
relating to the factors underlying these various developments but the 
experiments of various workers have indicated the equipotentiality of 
these units in all parts of the plant. The presence of a system of correlating 
influences may be inferred but this system has not been subjected to 
further analysis. 

The problem presented by the factors underlying the onset of anisophylly 
is, however, more easily attacked. The majority of the anisophyllous 
species show little, if any, plasticity in their response to external factors 
and the anisophylly once established in the ontogeny cannot be altered. 
GOEBEL 1) has established the fact, however, that a few species exhibit a 
relatively high degree of plasticity and this is particularly so in S. san
guinolenta. In this latter species anisophyllous shoots become isophyllous if 
grown in darkness. When grown in the light, the form and arrangement of 
the leaves varies according as to whether the plant is grown in a dry or a 
wet situation; in the former the shoots are isophyllous, in the latter aniso
phyllous to a varying degree. Thus various factors, not fully analysed, 
underlie the anisophyllous condition of this species. The importance of 
light in influencing the onset of anisophylly is also indicated by GOEBEL'S 

experiments with plants of S. caracensis grown from bulbils 2). When grown 
in the dark these are isophyllous but when grown in the light they become 
anisophyllous. The presence of light rather than its direction is the im
portant factor, for plants grown in the light on a klinostat so that they were 
equally illuminated on all sides, still developed the anisophyllous condition. 

Although the influence of external conditions can thus be demonstrated 
in these two species, anisophylly depends in the majority of the forms 
investigated on internal factors. 

It may be mentioned here that in Lycopodium complanatum the aniso
phyllous condition is also dependent on the influence of light and shoots 

') K. GOEBEL, Organ. der Pflanzen, Dritte Auf!., Erster Teil, p. 333. 
2) Ibid.p.618. 
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grown in the dark, as in GOEBEL'S experiments 1), show a radial con
struction. 

Specific differences within the genus Equisetum depend largely on the 
differential development of the shoot and root rudiments present at each 
node of the plant. These differences are mainly inherited characters but 
experiment has shown that most species possess a certain degree of 
plasticity which throws some light on the normal construction. 

The diageotropic rhizome is characterised by the absence of chlorophyll, 
by the growing out of the root rudiments and by the dormancy of the 
majority of the lateral buds. LUDWIGS (loc. cit.) has shown that in E. limo
sum the apex of such a rhizome can be induced to grow on as a typical 
aerial shoot. On the other hand, axillary buds on aerial shoots, which would 
normally grow out as aerial branches, may be induced to form rhizomes. In 
LUDWIG'S experiments with cuttings the majority of the buds at a node 
grew out as aerial shoots but one or more of the buds developed as typical 
rhizomes. It is clear, therefore, that there is no essential difference between 
the -subterranean parts of the axis and those which are aerial. 

The various species show differences in the degree of development of the 
side shoots on their aerial axes. The lateral buds may remain more or less 
dormant, as in E. limosum and hiemale; while in others, e.g. E. arvense, all 
the lateral shoots develop and themselves exhibit further branching. The 
difference between the two types depends on internal factors but it is 
possible to induce the development of branching in the E.limosum type by 
cutting off the apex of the shoot. It may be assumed that the potentialities 
of the aerial axes are the same in all species but that internal correlating 
factors lead to the differential developments which give rise to spec:ific 
distinctions. 

Further specific differences are afforded by the characters of the fertile 
as compared with those of the sterile shoots. The essential morphological 
structure is the same in both and experiment has shown that they possess 
similar potentialities of development even when the realisation of these is 
restricted by the operation of internal factors. For instance the normally 
unbranched and yellow-green fertile shoots of E. arvense and Telmatefa may 
be induced "by culture in a moist chamber to produce green lateral shoots 
and thus approach to the structure of the sterile axes (LUDWIGS, loco cit.). 

So far as I am aware, little experimental work has been carried out on the 
other groups of Pteridophyta. In the Filicales the only data refer to the 
conformation of sporeling leaves. GOEBEL 2) has shown that if sporelings 
whose latest formed leaves have attained to the pinnate condition are 
placed under unfavourable conditions of growth the next formed leaves. 
show a regression in complexity of form and are similar to the primary 
leaves. The conclusion is drawn that the primary leaves are potentially 

1) Ibid. 
')- K. GOEBEL, Organography of Plants, Eng. Edit., Pt. 1, p. 152. 
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similar to adult leaves but that they are arrested at an early stage of their 
development. GOEBEL 1) was also able to induce regression in leaf form in 
Ceratopteris by culturing isolated stem apices. The first leaves produced by 
the isolated tips were of the juvenile type and GOEBEL was able to show 
that the degree of regression was correlated with the age of the plant used 
for the experiment. There was probably, as in the previous experiment, a 
correlation between the amount of nutrition available and the form of leaf 
produced. 

§ 8. Correlation of Parts. - The phenomenon of correlation, that is, 
to use GOEBEL'S definition, "the reciprocaJ influence of organs upon one 
another", is demonstrated in many of the experimental results recorded in 
this chapter and it need not be considered in any detail here. There may 
be instanced as clear examples of this correlation the growing on of axillary 
buds in Botrychium as a result of decapitation or damage to the stem apex. 
the increased formation of root borne buds following damage to the stem 
apex of Ophioglossum and the growing out of lateral branches on the aerial 
axes of Equisetum limosum following the removal of the tip. These and 
many other examples all indicate the existence of a system of correlating 
influences in every plant. So far as the Pteridophytes are concerned nothing 
is known of these influences beyond the observed results of their activity. 
Recent discoveries relating to the activity of plant hormones 2) indicate, 
however, the possibility of analysing, at least in part, the nature of the 
mechanism involved in correlation phenomena. 

§ 9. Factors influencing the Vascular System. - The stress laid on 
vascular construction in discussions of phyletic problems lends a special 
interest to attempts to investigate the factors influencing this. Two closely 
inter-related problems require to be considered, viz. (a) the nature of the 
factors leading to the differentiation of vascular tissue and (b) the nature 
of the factors underlying the distribution of vascular tissue. 

(a) Factors underlying the differentiation of vascular tissue. Various 
suggestions have been made as to the nature of the factors influencing the 
differentiation of vascular tissue 3) and these have been conveniently 
summarised by LANG 4) as follows: 1. functional stimuli, 2. the inductive 
influence of older preformed parts on the developing region and 3. formative 
stimuli of unknown nature proceeding from the developing region. LANG 

') K. GOEBEL, Experimentelle Morphologie, p. 20. 
2) See R. SNOW, Growth-Regulators in Plants, New Phyt., Vol. XXXI, 1932 for 

an account of these. 
") Investigations have been concerned almost exclusively with the differentiation 

of xylem elements, the phloem and other tissues being ignored, possibly on account 
of the difficulty of recognising them in the earlier stages of their development. 

4) W. H. LANG, Pres. Address, Brit. Assoc., Section K, 1915. 
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pointed out, however, that the functional stimuli do not come into play at 
the time of the laying down of the vascular tract, though they may have 
importance for their maintenance later; also that the inductive influence 
of older parts cannot be operative in relation to the vascular system of 
embryos. The importance of formative stimuli of unknown nature pro
ceeding from the developing region was therefore stressed. 

One or two examples of experimental work relating to this question may 
be described. LANG (loc. cit., p. 10) injured or destroyed the apices of young 
plants of Osmunda regalis and as a result branching was induced in some of 
these. In relation to these branchings a vascular connection was established 
backwards with the adaxial face of the sub tending leaf-trace. Comparable 
results to these were obtained in Lycopodium Selago 1) where damage to the 
apex results in the development of adventitious axillary buds (Fig. 2, A). In 
these latter the first vascular tissue to be differentiated is a basal mass of 
tracheidal cells; then follows, in relation to the establishment of a stem 
apex, the formation of the pro cambial strand of the bud. Finally there is a 
backward differentiation of a chain of tracheidal cells to make contact with 
the trace of the subtending leaf. These two examples may be correlated 
with what has been observed in "natural experiments" in Botrychium and 
Helminthostachys. These plants possess dormant axillary buds which are at 
first devoid of vascular tissue and are without influence on the vascular 
strand of the main shoot. Such buds may be stimulated to further develop
ment by damage to the apex of the plant and in the course of this they 
differentiate vascular tissue within themselves and then exert a backward 
influence through the permanent tissue of the cortex, leading to the 
formation of a branch trace which makes contact with the adaxial face of 
the subtending leaf-trace. In Helminthostachys the main stele is also in
fluenced to the extent of forming more xylem both behind and before the 
place of insertion of the branch. 

The production of tracheides in examples of induced apogamy, particu
larly in those examples where isolated sporophytic organs or tissues are 
produced by the prothallus, are of interest in relation to the problem under 
consideration. The fullest account of the occurrence of such tracheides is 
that of LANG 2) and the facts mentioned here are taken from this memoir. 
The appearance of tracheides is constantly associated with the develop
ment of apogamous buds and isolated sporophytic organs such as roots and 
sporangia (Fig. 6, B); they also occur in relation to the indeterminate 
sporophytic structures known as "middle shoots". Finally it may be 
mentioned that tracheides were observed in outgrowths from archegonial 

1) S. WILLIAMS, A Contribution to the Experimental Morphology of Lycopodium 
Selago, Trans. Roy. Soc. Edin., Vol. LVII, 1933. 

') W. H. LANG, On Apogamy and the Development of Sporangia upon Fern 
Prothalli, Phil. Trans. Roy. Soc., Ser. E, Vol. 190, 1898. 
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projections which were mainly gametophytic in nature and even in regions 
of the prothallus showing no modification in external form. 

This development of tracheides in such a variety of circumstances makes 
it difficult to identify the factors underlying their appearance. Apart from 
the last mentioned examples, however, it would appear possible that the 
establishment of a sporophytic apex or of an unorganisated sporophytic 
meristem is the necessary prelude to the development of vascular tissue. It 
is clear, however, that these examples of anomalous tracheide formation 
provide little or no help towards the solution of the problem presented by 
normal vascular differentiation, except, perhaps, support for the view that 
sporophytic meristems produce formative substances inducing the de
velopment of vascular tissue. 

The above described experiments, and particularly those relating to the 
normal sporophyte, point fairly clearly to "the reality of influences pro
ceeding backwards from developing structures", these influences leading 
to the differentiation of vascular tissue. The nature of this influence, or 
formative substance, is, however, entirely unknown. By its action, some 
parenchymatous cells are induced to alter their metabolism so that 
lignification of the wall and the other processes involved in the formation 
of a tracheide are set in train; others are induced to form phloem elements 
while still others remain unaffected as parenchyma. This differential action 
of the formative substance raises a difficult problem to the solution of 
which no approach has yet been made. 

(b) Factors underlying the Distribution of Vascular Tissue. 
The differentiation of vascular strands proceeds along definite tracts and 

it is necessary to consider the nature of the directive factors concerned. One 
of the examples which illustrates the problem most simply is that afforded 
by the vascular arrangements in relation to the axillary buds of Botrychium 
described above. Here there is the establishment of a vascular connection 
through the cortical tissue backwards to the sub tending leaf-trace. There 
may be related to this and similar examples the facts derived from experi
ments carried out on various Angiosperms 1) and particularly those in 
which the formation of vascular bridges following the severance of bundles 
has been studied. With regard to these latter it has been shown that the 
new vascular connections differentiate from the basal ends of severed 
bundles and proceed downwards towards upper severed ends. It is obvious 
that here, as in the experiments on Pteridophytes, there is not merely a 
formative influence at work but that this, or some other factor, is directive 
in its action. Simon has suggested that the directive influence is a water 
gradient, the new vascular tissue forming first in tissues depleted of water 
and proceeding to those with an adequate supply. Such an explanation 

1) See D. THODAY, Some Physiological Aspects of Differentiation, New. Phyt., 
Vol. XXXII, 1933, where recent literature is cited and briefly discussed. 
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might be applied to the formation of vascular connections in the Pterido
phytes mentioned above. Nevertheless, the problem cannot be regarded as 
solved and many more experimental data are required. 

The nature of the factors underlying the varied stelar arrangements 
presented by the Pteridophytes presents an even more difficult problem 
than the relatively simple instances just considered. The normal progression 
in stelar structure which occurs in the ontogeny of the more advanced 
Leptosporangiate Ferns clearly indicates the nature of the problem and the 
difficulties involved. At successive stages the apex lays down a protostele, 
a solenostele and a dictyostele. As LANG has pointed out, these changes are 
determined in the region between the apical meristem and the fully differ
entiated region behind, a region which has been little studied even from 

the purely morphological 
aspect and one which is 
difficult to investigate by 
experiment. The influence 
of the leaf-traces appears 
to be one of the factors 
concerned but it seems 

~ highly probable that a 
C complex system of factors 

is operative in the forma
tive region. 

BOWER 1), on the basis 
of wide comparison, has 
stressed the importance of 
the Size-Factor. This is de
scribed as a "morphoplastic 
factor", connoting "that 
influence which tends to 
secure by modification of 

FIG. 2. A, longitudinal section of decapitated plant Form a due levelling up of 
of Lycopodium Selago; as, axillary adventitious buds. . . 

D 

(x 18). B, C, Deparial ( = Aspidium) M oorei, trans- the proporh~n o~ surface t~ 
verse sectIOns of stem III starved region (B) and nor- bulk as the SIZe lllCreaSes.' 
mal .region (C). (x 6) .. D-F, Selagin.ell.a Lyqlli~; D, SO far as the stele is con-
contmued growth of distal branch laid III a honzon- . . 
tal position; a, apex which grew on as a rhizome; cerned the Important ratIOS 
e.s., erect stem; r, root. (x 8). E, transverse section are those between en do-
of rhizome stele; xylem, black; endodermis, plain d I f d t 1 
line. F, transverse section of erect stem. (E, F, X 22). erma sur ace an sear 

(B, C, after THOMPSON; D-F, after WARDLAW). bulk and between xylic 
surface and xylic bulk. The 

clear effect of increasing size on the form of the stele has been amply de
monstrated by BOWER (loc. cit.) and cannot be further discussed here; nor 

I) F. O. BOWER, Size and Form in Plants, 1930. 
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can the difficulties involved in the analysis of the mechanism of this 
factor be entered into. The only experimental data relating to the incidence 
Df the Size-Factor are provided by starvation experiments. METTENIUS 1) 
has shown for Angiopteris and THOMPSON 3) for Deparia (Aspidium sp.) 
that starvation leads to a diminution in the size of the stem and that 
there is a simplifi- cation of stelar structure in relation to this. In the 
latter example for instance, the normal stele is dictyostelic, the diameter 
of the stele being 2.35 mm, while the stele in the diminished starved region 
is solenostelic with a diameter of 1.16 mm. (Fig. 2, B and C). Such ex
periments indicate the plasticity of the stele and the possibility of further 
experimental investigation of the operation of the Size-Factor. 

Finally a brief reference may be made to the stelar structure of Selagi
nella Lyallii since it gives some indication of the effect of external con
ditions on the form of the stele. The rhizome of this plant possesses a 
solenostele but the upright growing branches are dialystelic (Fig. 2, E and 
F). It has been shown by BRUCHMANN 3) and WARDLAW 4) that if the tip of 
an erect branch is laid down horizontally on the soil the apex grows on as a 
rhizome which becomes solenostelic (Fig. 2, D). The change of position has 
some effect, not further analysed, on the apex and region of differentiation 
behind it so that a complete ring of vascular tissue is formed rather than a 
number of discrete strands. The operation of the Size-Factor in this 
example has been discussed by WARDLAW (loc. cit.). 

It is clear that a large amount of experimental work, properly correlated 
with the results of comparative morphology, will have to be carried out 
before further progress can be made in the recognition and analysis of the 
factors influencing the vascular system. . 

§ 10. Or~ans of Indeterminate Nature. - An interesting field of 
inquiry which lends itself to experimental investigation is that dealing 
with the morphological nature of the various so-called indeterminate 
organs which occur in the Pteridophytes and particularly in the Lycopodia
les. The most interesting of these are the rhizophores of Selaginella, the 
bulbils of Lycopodium spp. and the protocorm developed by the embryos of 
some species of the latter genus. These may be considered in turn. 

The problem presented by the morphological nature of the rhizophore 
has been the subject of repeated discussion ever since the introduction of 
the term "Wurzeltrager" by NAGELI and LEITGEB. The historical aspect of 

1) METTENIUS, Abhandl. Konigl. Sachs. Ges. d. Wiss., VI. 

') J. McL. THOMPSON, The Anatomy and Affinity of Deparia Moorei Hook., 

Trans. Roy. Soc. Edin., Vol. L, 1915. 
3) H. BRUCHMANN, Von den Vegetationsorganen der Selaginella Lyallii Spring, 

Flora, Bd. 99, 1909. 
') C. W. WARDLAW, The Vascular System of Selaginella, Trans. Roy. Soc. Edin., 

Vol. LIV, 1925. 
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this discussion need not be entered into nor can the evidence derived from 
the normal morphology be discussed. The bearing of experimental work 
upon this subject is, however, important and may be briefly reviewed. The 
main interest lies in experiments which demonstrate potentialities of the 
rhizophore for developments other than the normal. It has been shown by 
numerous workers, including BRUCHMAN 1), BEHRENS 2) and WILLIAMS 3), 
that rhizophore rudiments can be induced artificially to grow out as. 
normal leafy shoots. A few such experiments may be described. BRUCH
MANN was able by growing plants of Selaginella Kraussiana in the open air 
from the Summer on till Autumn to induce the production of strobili on 
every shoot tip, thus bringing vegetative development to a close. When 
such plants were brought into more favourable growth conditions, all the 
rhizophore rudiments in the more distal branchings grew out as vegetative 
shoots. In this example the interruption of vegetative growth by the 
formation of cones appears to be the stimulus resulting in the transfor
mation of rhizophore rudiments into shoots. S. grandis shows a similar 
transformation in the distal cone bearing branchings and the presence of 
"middle shoots" is a normal feature of this species. BRUCHMANN has also 
described experiments on sporelings of S. Kraussiana in which he was able 
to induce the transformation of the first formed rhizophores into shoots. 
The sporelings normally produce three basal rhizophores. If the stem apex 
of an embryo is damaged the first rhizophore rudiment becomes converted 
into a shoot (Fig. 3, A), while if the hypocotyls of older sporelings are cut 
across the rudiments of the second and third rhizophores show a similar 
transformation (Fig. 3, B, C). Experiments with S. grandis have demon
strated similar potentialities of the rhizophore rudiments of adult shoots. 
If branchings, not including an apex, are laid down on moist sand, the 
rhizophore rudiments grow out as anisophyllous shoots (Fig. 3, D, E). 

In all these experiments the stimulus which causes the rhizophore rudi
ment to develop as a leafy shoot is the interruption of vegetative growth, 
either as a result of cone formation, or of the cutting off of stem apices. The 
mechanism of this stimulus is not understood but an investigation of the 
activity of hormones in Selaginella might lead to interesting results. It is 
clear that the meristem constantly produced in the branch angles of many 
Selaginella spp., and which normally gives rise to a rhizophore, is at its 
inception indifferent in nature. When removed from the influence of 
vegetative shoot apices it always develops as a shoot. No full argument 
can be entered into as to the bearing of these facts on the problem presented 
by the morphological nature of the rhizophore but it may be briefly stated 

') H. BRUCHMANN, Von den Wurzeltragern der Selaginella Kraussiana A.BL, 
Flora, 95 Bd., 1905. 

2) BEHRENS, J., Ueber Regeneration bei den SelaginelIen, Flora, 84 Bd., 1897. 
3) S. WILLIAMS, An Analysis of the' Vegetative Organs of Selaginella grandis 

Moore, Trans. Roy. Soc. Edin., Vol. LVII, 1931. 
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that they support the view that the rhizophore is an organ of indifferent 
nature, standing, as GOEBEL says, "between root and shoot". 

Another structure about the morphological nature of which there has 
been considerable dis-

c 

cussion is the vegetative 
propagative organ found 
in some species of Lyco
podium, e.g. L. Selago and 
lucidulum, known as the 
bulbi!. This has been re
garded on purely morpho
logical grounds as being a 
transformed sporangium, 
an arrested shank of a 
dichotomy, a lateral 
branch or a modified leaf. 
This last in terpretation is 
supported by the facts 
that the bulbils stand in 
the place of leaves in the 
phyllotactic spiral and 
that their vascular supply 
is similar to the leaf trace 
. . . FIG. 3. A-C, sporelings of Selaginella Kraussiana 
manatomlCalconstructlOn showing transformation of rhizophore rudiments into 
and in its relation to the shoots: wi 1, 2 and 3, rhizophores; h, hypocotyl. 
axial stele. Experiments D, E, Selagi1ulla grandis; isolated branchings showing 

transformatlOn of rhlzophore rudiments Into shoots' 
onL.Selago 1) have shown aI, scar of angle-leaf; s, scar of excised lateral bud: 
that if shoots of young (x 3). F, Lycopodium Selago, longitudinal section of 

I d · d apex of decapitated plant showing leaf rudiments 
? ants. are ecapitate forming regenerative buds. (x 30). G, H, Phyllo-
Immediately below the glossum; G, isolated leaf with adventitious tuber 
apex the young leaf rudi- (x 4); H, transverse section of leaf showing primary 

. d d f cell masses. (X 30). (A-C, after BRUCHMANN; G, H, 
ments are III uce to orm after OSBORN). 

regenerative buds (Fig. 3, 
F). This experimental demonstration of the transformation of a leaf rudi
ment into a bud adds to the likelihood of the correctness of the view 
that the bulbil is really a modified leaf. 

Finally there may be considered that curious organ produced in the 
ontogeny of certain species of Lycopodium, the protocorm. The morpholo- . 
gical interpretation of this structure is extremely difficult and it has been 
regarded either as a primitive organ preceding in evolutionary origin true 
roots or as a mere biological adaptation of no great morphological signific-

1) S. WILLIAMS, A Contribution to the Experimental Morphology of Lycopodium 
Selago, Trans. Roy. Soc. Edin., Vol. LVII, 1933. 
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ance 1). Additional data for the consideration of this problem have been 
provided by experimental work on Phylloglossum 2), Lycopodium Selago 3) 
and by "natural experiments" observed by HOLLOWAY 4) in L. ramulosttm. 
All these experiments concern the formation of adventitious buds on roots, 
stems orleaves of the plants named. Such buds arise from the proliferation 
of epidermal, or occasionally sub-epidermal, cells and there is formed in the 
early stages of their development a "primary cell mass", composed of 
parenchyma which in most of the examples (but not in L. Selago) produces 
rhizoids (Fig. 3, H and Fig. 4, D, E). Protophylls are then frequently 
developed by the cell mass and finally the stem apex of the adventitious 
bud is differentiated. HOLLOWAY pointed out with reference to L. ramttlo
sum that the parenchymatous swellings produced in the formation of these 
buds are similar in all essentials to the protocorms of sexually produced 
plants. OSBORN has also stated that the primary cell mass which precedes 
the development of adventitious tubers on detached leaves of Phylloglos
sum is exactly comparable to the protocorm of Lycopodium spp. in 
developmental history and in function. This correspondence also holds, 
though perhaps not so closely, for the primary cell masses produced in the 
regenerative activity of L. Selago. 

The experimental results thus indicate that the homosporous Lycopods 
tend to show the development of a large parenchymatous mass, frequently 
bearing rhizoids and protophylls, before they proceed further with the 
differentiation of the organs of adventitious buds; this mass is comparable 
in structure and function to the ptotocorm of sexually produced sporelings. 
It is not intended to enter into any discussion of the significance of the 
protocorm. Such parenchymatous swellings, whether produced by the 
normal embryo of some species or by adventitious buds, are clearly of 
considerable biological importance as primary storage and absorptive or
gans. The biological importance of the proto corm does not, however, 
necessarily militate against the idea that it is a primitive structure of 
importance in a consideration of the evolutionary origin of plant organs. 

§ 11. Regeneration. - All that is attempted here is a brief survey of 
selected examples of regeneration phenomena recorded in the various 
groups of the Pteridophytes. No attempt will be made to apply these data 
to the general problems of regeneration such as the nature of the factors 

') See F. O. BOWER, Primitive Land Plants, p. 272 et seq., and W. H. LANG, On 
Old Red Sandstone Plants, Trans. Roy. Soc. Edin., Vol. LII, p. 620 and p. 845 for 
recent discussions of this question . 

.• ) T. G. B. OSBORN, Some Observations on the Tuber of Phylloglossum, Ann. 
Bot., Vol. XXXIII, 1919. 

3) S. WILLIAMS, loco cit . 
• ) HOLLOWAY, J. E. Studies in the New Zealand Species of the Genus Lycopo. 

dium, Trans. New Zeal. Inst., Vol. XLIX, 1916. 
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influencing the character and position of the regenerative growths, the 
problems relating to the polarity of the plant, and the nature of the 
factors underlying correlation phenomena. A consideration of these would 
be too lengthy and would necessarily involve a consideration of groups 
other than the Pteridophytes. 

1. Psilotinae . No examples of regeneration are recorded in this group. 
2. Lycopodiinae. 
(a) Lycopodium Selago. Experiments with bulbils and young plants 

grown from these show that regenerative growths may be induced to form 
on isolated bulbil leaves, on the stem and on partially isolated foliage 
leaves. In the examples 
of regeneration from 
leaves epidermal prolifer
ations occur near the base 
of the adaxial surface 
and these eventually be
come differentiated as 
buds. Regenerative de
velopments were obtained 
on the stem by decapi
tating at various levels 
behind the apex. When 
decapitation was effected 
immediately below the 
apex leaf rudiments were 
involved in the formation 
of the adventitious buds 
(Fig. 3, F and Fig. 4, A) 
but decapitation at lower 
levels resulted in epi
dermal, and sometimes 
cortical, proliferations 
which formed cell masses, 
sometimes bearing proto
phylls, before proceeding 
to the differentiation of 
the stem apex (Fig. 4, 
B-F). The significance of 
these facts has been dis
cussed above in the section 
on indeterminate organs. 

(b) L. inundatum. GOE

BEL states that isolated 

FIG. 4. Development of adventitious buds by plants 
of Lycopodium Selago grown from bulbils. A, re
generative shoot (rs) developed from leaf rudi
ment; s , scar of steIl} apex. (x 7). B, formation 
of bud in axil of leaf below a transverse incision; 
ab, bud. (x I!) . C, decapitated plant showing two 
adventitious buds of epidermal origin (ab). (x 7). 
D, E, stages in development of primary cell mass 
(x 250). F, adventitious bud in longitudinal 
section; a, apex; ps, procambial strand; r, first 

root. ( x 60). 

first leaves of sporelings are capable of producing adventitious buds. 
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(c) Phylloglossum. OSBORN (loc. cit.) has described the regeneration of 
new tubers on detached leaves. When such leaves are laid down on moist 
soil, one or several epidermal cells near the proximal end on the abaxial 
surface proliferate to form a primary cell mass (Fig. 3, H). From a growing 
point differentiated on this cell mass a tuber develops which resembles that 
formed by the normal plant (Fig. 3, G). The results obtained were applied 
to the problems presented by the tuber and the protocorm. OSBORN con
cluded that the primary cell mass is homologous to the protocorm and that 
the tuber is an entirely different structure of great biological value to the 
plant but having little ,morphological significance. 

(d) Selaginella 1). Many experiments have been carried out with reference 
to the regenerative ability of the various organs of Selaginella. Many of 
these have been concerned with the potentialities of the angle meristems 
which normally produce rhizophores. As pointed out in the section dealing 
with the nature of the rhizophore, these angle meristems and also young 
rhizophores developed from them are capable of being transformed into 
shoots, so that any length of stem which includes a branching where both 
rudiments have not formed mature rhizophores is capable of giving rise to a 
regenerative shoot. Regeneration of the shoot may also be accomplished by 
the "growing through" of isolated cones (Fig. 5, C, D). Regeneration of the 
root system may also be induced. If a rhizophore bearing roots or root 
rudiments is decapitated callus formation and the production of new roots 
ensues. It is not usually possible, however, to induce the formation of roots 
other than in relation to rhizophores but BRUCHMANN was able to induce 
root formation at the base of short lengths of stem of S. Kraussiana which 
did not include a branching. 

(e) Isoetes 2). SOLMS-LAUBACH was able to induce the formation of 
adventitious buds in Isoetes lacustre and I. Duriei. The tuberous stocks 
were cut in half longitudinally and the apical regions removed. After 
periods varying from six to twelve months adventitious buds appeared in a 
relatively small number of examples. The morphological relations were 
complicated and the exact origin of the new growing points was not 
established. Active proliferation of cortical tissues was also observed. The 
facts relating to the adventitious buds were applied by Souls-LAUBACH to 
the problem presented by various abnormal specimens found under natural 
conditions. 

3. Equisetinae 3). - The development of true adventitious structures has 
not been recorded in Equisetum. LUDWIGS endeavoured to induce regener
ation from isolated internodes of a number of species but entirely without 
success. On the other hand, the normal construction of the nodes, pos-

1) See S. WILLIAMS, (loc. cit., 1931), where the literature is cited. 

') SOLMS-LAUDACH, I soetes lacustris, seine Verzweigung usw., Bot. Zeit., 1902, 
p. 179. 

') K. LUDWIGS, loco cit. 
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sessing as they do the rudiments of buds and roots, makes it theoretically 
possible for any node under favourable conditions to regenerate a complete 
plant with roots, rhizomes and aerial stems. The experiments of LUDWIGS 
showed that it is difficult to induce this development in some species but in 
others, e.g. E. Scha//neri, limosum and arvense, such a result is easily 
achieved. Similar experiments have been carried out by PRAEGER 1). 

4. Filicinae. - (a) Ophioglossum 2). Buds are normally formed close to 
the apex of a few roots of each plant but more prolific bud formation may 
be induced by cutting off the stem apex. Isolated root tips, or any other 
portion of a root, are capable of producing regenerative buds. 

(b) M arattiaceae 3). GOEBEL states that the stipules remain fresh and 
succulent after the fronds have fallen and adventitious buds may be 
produced by them. 

(c) Polyp odium spp. 4). Regeneration of the leaf tip has been recorded by 
GOEBEL. The tip of the frond was slit longitudinally and branching ensued. 
Pinnae developed on the side facing the slit on the newly formed regions 
but no regeneration occurred on the older part of the cut surface. FIGDOR 
obtained similar results with the fronds of Phyilitis Scolopendrium 5). 

(d) Cystopteris spp. 6). HEINRICHER obtained the development of adven
titious buds on isolated basal parts of the fronds of Cystopteris montana, 
/ragilis, alpina and bulbi/era. Such buds appear in varying numbers on the 
adaxial surface of the petiole and PALISA 7) later demonstrated that they 
arise from the proliferation of epidermal cells whose position is not pre
determined. HEINRICHER has also demonstrated that the isolated lower 
leaves of bulbils will give rise to adventitious buds. 

(e) Diplazium esculentum and Platycerium spp. 8). The tips of.isolated 
roots of these Ferns are capable of direct transformation into buds. 

(I) Sporelings, and particularly their leaves, are easily induced to pro
duce adventitious regenerative structures. GOEBEL 9) was able to obtain 
the development of adventitious buds on the isolated primary leaves of a 
number of Ferns and in Ceratopteris he was able in addition to obtain 

') R. L. PRAEGER, Propagation from Aerial Shoots in Equisetum, J ourn. of Bot., 
Vol. LXXII, 1934. 

2) K. GOEBEL, Organ. der Pflanzen, 3 Aufl., 2 Teil, p. 1221. 
3) K. GOEBl':L, Organ. of Plants, Eng. Edit., Pt. I, p. 46. 
') K. GOEBEL, Einleitung in die experimentelle Morphologie, p. 215. 
5) FIGDOR, Uber Regeneration der Blattspreite bei Scolopendrium, Ber. d. deut

schen bot. Gesell., Bd. XXIV, 1906. 
0) E. HEINRICHER, Nachtrager zu meiner Studie tiber die Regenerationsfahigkeit 

der Cystopteris-Arten, Ber. d. deutsch. bot. Gesell. Bd. 18, 1900. 
7) J. PALISA, Regenerationsknospen etc., Ber. d. deutsch. bot. GeselL, Bd. 18, 

1900. 
8) GOEBEL, K., Organ. of Plants, Eng. Edit., Pt. II, p. 227. 
0) K. GOEBEL, Einleitung etc., p. 197 et seq. 

Manual of pteridology 9 
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similar buds on the stem. In this last example the stem apex was removed 
and this resulted in the formation of an adventitious bud which carried on 
the growth of the axis. 

§ 12. Factors underlying the Production of Sporangia. - The 
factors underlying the incidence of fertility have been investigated to some 
small extent in the Ferns but not in the other groups of pteridophytes. 
GOEBEL has put forward the view that the production of sporangia depends 
upon nutritional factors and in particular on the accumulation of a large 
supply of carbohydrates and the raising to a high level of the ratio between 
organic and inorganic substances in the plant. The following experiments 
and "natural experiments" are put forward in favour of this view 1). Ex
periments with M atteuccia Struthiopteris and Onoclea sensibilis gave the fol
lowing result. When the sterile leaves were removed from the annual crown 
at a time when the sporophylls were still at the earliest stage of development 
the latter developed as sterile foliage leaves or as structures showing inter
mediate characters between these and the sporophylls (Fig. 5, E). GOEBEL 

c 

£ 

.8 

suggests that the removal 
of the sterile fronds leads 
to the sporophyU rudi
ments being provided with 
more inorganic and less 
organic foodstuffs than 
they would receive under 
normal conditions. Such a 
lowering of the ratio be
tween organic and inor
ganic materials would lead 
on GOEBEL'S view to an 
interference with the onset 
of fertility . GOEBEL has 
also noted that plants of 

FIG . 5. ~, B, Equise~um Telmateja, cone.s"growing Asplenium Ruta-muraria 
through as vegetative shoots; s , tranSItIon forms .. . 
b etween sporangiophores and foliage leaves. (x 3). growmg m a habItat poor 
C, D , SelagineUa grandis, proliferating cones. (X 3). in mineral supplies but 
E, M atteuccia Struthiopteris, frond showing characters . . 
intermediate between those of a sporophyll and a provIdmg very favourable 
sterile foliage leaf. (A , Band E , after GOEBEL) . conditions for photosyn-

thesis produce sporangia 
very early in their ontogeny. A comparable example is provided by the 
adventititous buds of Asplenium spp. which also become fertile at an early 
stage. In this example the cause of the early onset of fertility may be the 
fact that such buds receive abundant organic supplies from the parent plant. 

'\ K. GOEBEL, Einleitung in die experimentelle Morphologie, p. 9 and p. 65. 
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The importance of the supply of organic foodstuffs is thus clear but more 
precise experimental work is required. The adventitious buds last mention
ed would appear to supply favourable experimental material. 

The production of sporangia on prothalli (Fig. 6, A, B) has been regarded 
by GOEBEL as an extreme example of "Fruhreife" but nothing is known 
concerning the factors underlying this curIous phenomenon. 

§ 13. Experiments bearing on the Morphology of Sporophylls 
and Sporangiophores. - Conclusions as to the morphological nature of 
sporophylls must be based in the main on the results of wide comparison 
but experiments provide useful supplementary data. So far as the Lyco
podiales are concerned the only available experimental data relate to the 
"growing through" of the cones of Selaginella spp. which has been induced 
by various workers including BRUCHMANN, BEHRENS and WILLIAMS. When 
detached cones are laid down on moist soil, or when the ends of fertile 
shoots are pinned down without removal from the plant, the apex of the 
cone grows on to produce an anisophyllous shoot whose structure is similar 
to that of the vegetative part of the plant (Fig. 5, C, D). Abortive sporangia 
are found at the junction of the cone and the new shoot. The experiment 
shows that there is no fundamental difference between the sporophylls and 
the foliage leaves. 

The only experimental work on the Ferns is that of GOEBEL on Onoclea 
spp. mentioned above. These experiments show that if the foliage leaves 
are removed the rudiments of the sporophylls are capable of developing 
into vegetative fronds. The homology of the vegetative and fertile fronds is 
thus demonstrated. 

The morphology of the sporangiophores found in some of the microphyl
lous types has been the subject of much discussion but little experimental 
work has been carried out in relation to this problem. So far as I am aware, 
the only recorded experiments are those of GOEBEL 1) and LUDWIGS (loc. 
cit.). The former was able to induce young cones borne on side shoots of 
Equisetum Telmatefa to become "vergrunte" and grow on as vegetative 
shoots (Fig. 5, A, B). These artificially induced deviations from the normal 
exhibit all stages of transition between sporangiophores and foliage leaves 
and GOEBEL concludes tha t these structures are homologous. BOWER 2) 
points out, however, that the fossil evidence is against this view but a full 
discussion of the morphology of the cone of the Equisetinae cannot be 
entered into here since any conclusions must be based on a wide compara
tive treatment of living and fossil forms as well as on such few experimental 
data as are available. 

') K. GOEBEL, Organ. der Pflanzen, 3 Aufl., 2 Teil, p. 1240. 
2) F. O. BOWER, Primitive Land Plants, p. 191 et seq. 
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§ 14. Deviations from the Normal Life-cycle. - The factors under
lying the rhythm of the normal life-cycle are as yet entirely obscure and it 
may at once be admitted that the experimental work outlined above, 
illuminating as it does something of the causal morphology of isolated 
stages in the life-history, provides no data for a solution of this major 
problem. It might have been expected that a study of deviations from the 
normal life-history would be helpful in relation to this but, as LANG points 
out: "So far, however, though numerous cases of these deviations from the 
normal development have been studied, they have only added to our 
knowledge of alternative processes of development that can be described 
but as little explained as the normal development." In spite of the truth of 
this general statement the experimental work which has been carried out in 
relation to the study of apogamy and apospory has yielded interesting 
results, some of which may be summarised here. All the available data 
relate to the Ferns, the other groups of pteridophytes not having been 
subjected to experimental investigation. 

(a) Apogamy. - In some species and varieties of Ferns apogamy is 
apparently obligatory, being due to the inherited constitution of the plant. 
On the other hand there have been described many instances of apogamous 
development which occur in Ferns whose pro thalli are capable of bearing 
sexually produced embryos. Such instances may be spoken of as induced 
apogamy although the nature of the factors underlying their appearance 
are as yet but little understood. The experiments of LANG 1) indicated that 
the prevention of fertilisation by avoiding watering the prothaUi from 
above is the most significant factor leading to apogamous developments. 
Under these conditions various apogamous growths were obtained including 
the production of apogamous buds, of isolated sporophytic organs and 
appendages such as roots, sporangia (Fig. 6, A, B), and ramenta, and of 
isolated sporophytic tissues such as tracheides. Culture experiments carried 
out by other workers also indicate that the failure of normal fertilisation is a 
factor predisposing prothalli to the production of apogamous growths. The 
literature relating to this has been summarised by BROWN 2). Other con
ditions have been suggested as stimulating apogamous development such 
as culture in bright light, culture at higher temperatures than the normal 3) 
the lowering of the vitality of the prothalli by fungal and algal attack and 

1) W. H. LANG, On Apogamy and the Development of Sporangia upon Fern 

Prothalli, Phil. Trans Roy. Soc. London, Ser. B., Vol. 190, 1898. 

2) E. D. W. BROWN, Apogamy in Phegopteris polypodioides, Bull. Torrey Bot. 

Clu b, Vol. 50, 1923. 

3) The value of the experiments of NATHANSOIIN (Ueber Parthenogenesis bei 

Marsilia, Ber. d. bot. Gesell., Bd. 18, 1900), indicating that the tendency of spores 

to form apogamous embr~os is increased by growing them at a higher temperature 
than the normal, is largely vitiated by the cytological facts as disclosed by STRAS
BURGER. 
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the failure to produce functional sexual organs under various unfavourable 
conditions of nutrition. For instance, in BROWN'S experiments with Phe
gopteris polypodioides and other Ferns the prothalli were grown on liquid 
media. In full culture solutions normal sporophytes were formed; in 
modified solutions from which one or more of the essential mineral elements 
were omitted, the sexual organs either failed to develop or were non
functional and in re
lation to this apoga
mous developments 
ensued. 

I t is therefore fairly 
clear that the failure 
of normal fertilisation 
is an important factor 
influencing the inci
dence of apogamy but 
no further analysis of 
the mechanism in
volved has been at
tempted. The pre
vention of fertilisation 
does not, however, 
always lead to the ap
pearance of apogamy. 
In many Ferns old un
fertilised prothalli 
merely show an in
crease in size, the pro
duction of adven
titious prothalli and 
peculiar developments 
of the sexual organs. 
There may be in
stanced the experi
ments of MOTTIER 1) 
in which prothalli of 
M atteucia Struthiopte-

A 

FIG. 6. Prothalli of Phyllitis Scolopendrium var. 
A, longitudinal section of a prothallus with two 
sporangial groups (sp) developed in succession. 
(X 60). B, sporangia and tracheides (ty). (x 300). 

(After LANG). 

ris and Osmuna'a regalis were grown under conditions preventing fertil
isation for a period of eight years. The prothaIli formed large "clones" 
approximating in size to plants of Marclzantia and continued to produce 
sexual organs, archegonia in favourable and antheridia in unfavourable 
growth periods. No apogamous developments were, however, observed. It 

') D. l\I. MOTTIER, Development of Sex Organs of Fern Prothallia under Pro

longed Cultivation, Bot. Gaz., Vol. 92, 1931. 
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is clear therefore that in addition to the presence of external factors favour
ing apogamous developments there must also be internal factors concerned, 
possibly in the nature of an inherent susceptibility due to an anomalous 
nuclear composition. 

The position of apogamous growths upon the prothallus is very varied. 
In examples of direct apogamy the apogamous bud normally arises from 
the cushion and LEITGEB 1) has shown experimentally that in the majority 
of examples the apogamous shoot stands in the position of an archegonium 
and is likewise influenced as regards its position by the effect of light. Some 
of LEITGEB'S results may be briefly described. Experiments on the prothalli 
of Pteris cretica and Polystichum falcatum, where apogamy is obligatory, 
showed that the apogamous shoot always arises on the shade side of the 
prothallus. If a prothallus with an apogamous shoot already developed on 
the ventral side is illuminated from below there does not usually follow the 
production of a second shoot on the now shaded upper surface since the 
production of the first shoot has a similar effect to the formation of a 
sexually produced embryo in inhibiting the further apical growth of the 
prothallus. If, however, the reversal of illumination is carried out when the 
first apogamous shoot is at a very early stage of development then the 
further development of the shoot is arrested and a second shoot appears on 
the now shaded upper surface 2). Only very rarely did LEITGEB succeed in 
inducing the development of shoots on both sides of the prothallus but a 
few examples were obtained when the first shoot had reached a middle 
grade of development at the time when the reversal of illumination was 
effected. LEITGEB also carried out experiments designed to induce the 
distribution of the primary organs of a shoot on the two prothallial surfaces, 
and was able in Pteris cretica to produce examples where the apogamous 
shoot had its stem apex and the first and second leaves in the normal po
sition on the ventral surface but with the first root growing out from the 
dorsal surface. The facts are not clear but it seems probable that the 
origin of the root was still normally related to the other shoot parts on the 
ventral surface and that the illumination from below had resulted in the 
root exhibiting negative phototropism and breaking through to the dorsal 
surface. 

It is thus clear that light is an important factor in determining the 
position of apogamous shoots in these examples of direct apogamy. Their 
relationship to the establishment of the prothallial meristem and the 
formation of a cushion appears to be strictly comparable to that exhibited 
by the archegonia on a normal prothallus. The examples of induced 

1) H. LEITGEB, Die Sprossbildung an apogamen Farn,prothallien, Ber. d. deutsch. 

bot. Gesells., Bd. III, 1885. 
2) This sequence of events may give the false impression that the organs of one 

shoot are distributed on the two sides of the prothallus, as in examples described 
by DE BARY. 
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apogamy in which isolated sporophytic organs and tissues are produced 
present, however, great difficulty in any attempt to analyse the factors 
influencing the place of their origin and, in the absence of further data, no 
useful purpose would be achieved by further discussion. 

(b) Apospory. - Repeated attempts to induce apospory from the leaves 
of adult Ferns have so far been unsuccessful and BOWER states that 
"There appears to be a marked disability in the adult leaf for bridging over 
the limit between the generations in any other way than by spores." On the 
other hand, various workers have found it possible to induce aposporous 
developments from the 
leaves of sporelings. 

An extensive series of 
experiments was carried 
out by GOEBEL 1) in which 
detached juvenile leaves 
of various Ferns were laid 
down on moist soil. Vari
ous regenerative growths 
were obtained, including 
sporophytic buds, apospo
rously produced prothalli 
and structures designated 
by GOEBEL as "Mittelbil
dungen". The develop
ment of aposporous pro- A 

thalli from primary leaves 
of Pteris longifolia is shown A 
in fig. 7, D and E; similar 
prothalli were obtained 
in the case of other Ferns. 
The production of "Mit

.... -pl" 

o 

.;; 

(:0~ 

!If F 

telbildungen" was ob- FIG. 7. A, prothallus?f Phyllitis Scolopendrium var.; 
served in Alsophila Van sp, group of sporangIa; ab, apogamous bud. (x 6). 

" . . E, C, aposporous growths from leaves of bud of 
Geertn (FIg. 7, F) and m Osmunda regalis; pr, prothallus. (E, x 4; C, x 6). 
Ceratopteris thalictroides D, E, primary leaves of Fteris longifolia; D, prothalli 

. growing from petiole; E, origin of prothalli from epi. 
(FIg.7, G) .Thesestructures dermis. F, primary leaf of Alsophila Van Geertii, ";Vlit
show partly gametophytic tel bildungen" growing out from tip of leaf; Spa, 
characters, such as the stomata. F, "Mittelbildung" from primary leaf of 

. . CeratopteYls; Sp, stoma; A, anthendla. (A-C, after 
presenceofanthendlaand LANG; D-G, after GOEBEL). 

rhizoids and the absence 
of intercellular spaces, and partly sporophytic characters such as the 

1) K. GOEBEL, Exper.-morph. :VIitteilungen, Sitz. d. math.-phys. Klasse d. Kg!. 

Bayer. Akad. d. Wiss., Miinchen 1907. 
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presence of stomata and, in some examples, the development of vascular 
tissue. 

In the above described experiments of GOEBEL the development of 
adventitious growths is clearly correlated with the isolation of the juvenile 
leaves from the plant. LANG 1) has, however, succeeded in inducing the 
formation of aposporous prothalli from juvenile leaves of Osmunda regalis 
still attached to the parent plant. Fig. 7, E, C indicate the nature of the 
aposporous developments, which, along with other deviations from the 
normal, occurred on the buds developed by a plant whose apex had been 
damaged. Fig. 7. C shows one of these buds bearing two leaves, the right 
hand one of which consists of a cylindrical dark green stalk expanding 
upwards and terminating in a prothallus bearing sexual organs. Fig. 7, E 
shows a leaf from another bud where only one of the two lobes has become 
prothalloid. Such aposporous prothalli will, if laid down on soil, develop 
normally and produce sporophytes which show no tendency to aposporous 
developmen t. 

As pointed out in the first paragraph of this section, such induced 
deviations from the normal merely add "to our knowledge of alternative 
processes of development" and have, as yet, contributed little to the 
solution of the general problem presented by the normal sequence of the 
life-cycle. They may indeed be regarded as mere abnormalities devoid of 
any significant bearing on this problem 2). Nevertheless, the study of the 
factors underlying the production of isolated sporophytic organs on pro
thalli may reasonably be expected to throw some light on the factors 
underlying the production of these structures in their normal position. 
GOEBEL has also pointed out that the variable nature of the regenerative 
growths from detached juvenile leaves offers the possibility of analysing 
the factors leading to the development of sporophytic shoots on the one 
hand and pro thalli on the other No experimental work along these lines has 
yet been carried out but GOEBEL suggests that the conditions under which 
the leaf has been grown prior to its detachment may be an important 
factor. 

Evolutionary Problems 

§ 15. The Mechanism of Evolution. - The only contribution which 
experiment can make to the investigation of the mechanism of evolution 
lies in the province of genetics, which is in fact a special branch of ex
perimental morphology. As this subject is dealt with elsewhere in this book, 
it will not be further mentioned here. 

') W. H. LANG, On Some Deviations from the Normal Morphology of the Shoot 
in Osmunda regalis, Mem. and Proc. Manchester Lit. and Phil. Soc., 1924. 

2) See F. O. BOWER, Primitive Land Plants, p. 495. 
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§ 16. The Course of Evolution. - The question as to whether experi
ment can provide data useful for a consideration of evolutionary problems 
is an open one. It has frequently been stated that "experiment cannot 
reconstruct history" but this statement would appear to be true only in a 
limited sense. It is possible, as has been shown above, to induce many 
deviations from the normal structure of the plant. Anyone of these 
deviations may in point of fact represent a normal feature of some previous 
evolutionary stage of the plant and, if it does, then experiment will have 
reconstructed history in respect of that feature. The difficulty lies, however 
in deciding which of the deviations. if any, does represent an earlier phase 
in the development of the plant under consideration. If, however, palaeo
botanical data and the results of comparative morphology are taken in 
conjunction with the data derived from experiment, than it may be found 
that the latter will form a useful contribution to a probable solution of 
evolutionary problems. 

(a) Phyletic Problems. It has to be admitted that experiment has so far 
provided very few data of service in the consideration of phyletic problems. 
A few examples which will illustrate the possibilities and limitations of such 
experimental contributions may be considered. 

As described above (p. 120) LANG was able to induce the development of 
axillary branches in young plants of Osmunda regalis. Such a deviation 
from the normal morphological construction appears to strengthen the 
conclusions reached by KmSTON and GWYNNE-VAUGHAN as to the deri
vation of the Osmundaceae from a Zygopterid source. 

Experiment has also contributed to an understanding of the incidence of 
isophylly and anisophylly in the genus Selaginella and such data are useful 
in any consideration of the interrelationships of the various species. 

Such examples are however few and their significance always open to 
doubt and it must be admitted that experiment seems likely to be of very 
limited service in the study of phylogenetic problems. 

(b) The Evolution 0/ the Gametophyte. Although, as shown above, there is 
a considerable volume of experimental evidence as to the factors under
lying the form of the cordate type of Fern prothallus, this evidence throws 
little, if any, light on the evolutionary relationships of the various types of 
Pteridophyte prothallus. It is, for instance, known that under certain 
conditions a filamentous form of prothallus may be induced and maintain
ed but such knowledge gives no indication of the phyletic relationship 
between the filamentous type of prothallus, e.g. that of the Hymenophyl
laceae, and the cordate type. Nor is any experimental evidence available to 
indicate the origin of the subterranean types seen in the Ophioglossaceae 
and the homosporous Lycopodiales 1). 

1) . The observations of LAND (Bot. Gaz., Vol. 75, 1923) on prothalli of A ngiopteris 
which had been buried by fall~ of friable s·oil are interesting in relation to this 
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(c) The Differentiation of the Sporophyte Plant Body. The most recent and 
comprehensive attempt at a reconstruction of the historical development 
of the differentiated sporophyte from an undifferentiated source is that 
made by BOWER (loc. cit.) on the basis of a wide comparative survey and, 
in particular, on a consideration of the Psilophytales. The question arises 
as to whether experiment can contribute anything to the solution of such 
a problem. There may be mentioned the experiments of LANG on Osmunda 
regalis in which the development of cylindrical rudimentary structures was 
induced. LANG points out in relation to these that they may represent to a 
certain extent "the indeterminate and almost thalloid structures that 
underlie the differentiation of stem and leaf, however this came about." 
The formation of indeterminate structures possibly of comparable nature 
and significance, was induced by WILLIAMS in Lycopodium Selago. 

Facts bearing on the above problem are also provided by experiments 
in which the replacement of leaves by shoots has been induced, e.g. those of 
LANG on Osmunda regalis. Such experimental results stress the funda
mental equivalence of leaf and shoot, a fact of considerable importance in 
the discussion of the origin of the differentiated plant body. 

Nevertheless, it is clear that the contribution of experimental morphology 
to the solution of this problem is not likely to be a decisive one and ex
periment, even if extended over a much wider range than has hitherto been 
the case, is likely to provide merely a check on the conclusions based on the 
classical comparative method. 

(d) The Origin of Heterospory. It has been suggested on the basis of 
evidence derived from the fossil Equisetales that the heterosporous habit 
arose as a consequence of the abortion of a certain number of the spores and 
the consequent better nutrition of the remainder; "this process, going on 
more freely in some sporangia than in others, may ultimately have 
rendered possible tpe excessive development of those spores that survived, 
at the expense of the others, and may thus have led to the development of 
specialised megaspores." (SCOTT, Fossil Botany, 2nd Edit., p. 58). 

Experiment has shown that nutritional factors are actually concerned in 
the manifestation of heterospory. GOEBEL has stated that if the photo
synthetic activities of plants of Selaginella are retarded by growing them 
under conditions of feeble illumination the cones produce only micro
sporangia. The influence of nutrition on the heterospory of M arsilia has been 
investigated by SHATTUCK!). It was found possible to kill all the megaspores 

question. They showed a cylindrical development of the cushion and the wings were 

inconspicuous; an endophytic fungus was present. Such observations suggest a 
possible mode of origin for the subterranean, cylindrical type of prothallus and 

BOWER (Prim. Land Plants, p. 439) mentions the possibility of experimental work 
in relation to this problem. 

') SHATTUCK, C. H. The Origin of Heterospory in Marsilia, Bot. Gaz., Vol. 49, 
1910, p. 19. 
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and a varying number of the micros pores in the sporocarps by suddenly 
lowering the temperature by means of a cold water spray. The plants were 
then placed under favourable growth conditions and the sporocarps allower 
to mature. Examination showed that in sporocarps in which the mega
spores and not less than half the microspores had aborted, some of the 
remaining microspores, presumably as a result of the increased supply of 
food materials, showed increases in size up to sixteen times the normal. 
The largest of these approached in size and some other features the 
structure of normal megaspores. 

The influence of nutrition on the incidence of heterospory appears there
fore to be established and the experimental results may be regarded as 
supporting the view already expressed on the basis of palaeobotanical 
evidence. 

§ 17. Conclusion. - The above survey will have indicated the relative 
paucity of experimental data available for a consideration of the morpho
logical problems presented by the Pteridophytes. It would appear that 
further advance must await on the critical re-examination of some of the 
results already obtained and the extension of experiment over a much 
wider range of forms. 

The possible lines of attack are various. One of these is the extension of 
observation along lines similar to those of the experiments described in 
this chapter. Many of these experiments require, as GOEBEL has said, only 
"a plant, a pot of soil and a question". From them would come an accumu
lation of data relating to induced deviations from the normal life-cycle, 
regeneration phenomena, correlations of organs and tissues, the formation 
of vascular tissue, the onset oHertility whether in the gametophyte or the 
sporophyte, and many other questions. Such data would undoubtedly 
possess great intrinsic interest and would probably contribute, when taken 
in conjunction with the evidence derived from wide comparison, to the 
solution of the major problems of morphology. 

It is, however, urgently necessary that experiment should be extended to 
the physico-chemical aspects of the problems. That such advance is possibJe 
is evidenced by the discoveries of WE};T and other workers of growth
regulators, root forming substances and other plant hormones 1). These 
raise the hope that the further analysis of correlation phenomena and other 
morphological problems may be rendered possible in the pteridophytes 
and other phyla. 

Experiments along the line of morphological inquiry together with those 
dealing with the physico-chemical aspects may ultimately approach to a 
satisfactory analysis of the nature of the factors, both internal and external 

') See R. SNOW, loco cit., for a useful review of this work. See also P. BOYSEN 

JENSEN, Growth Hormones in Plants, 1936 and \VILLIAMS, S., Nature 139: 966. 
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which underlie the normal life-cycle and structure. Such an analysis will, 
however, leave unsolved the problem as to how the protoplasm responds 
to the influence of these factors. From the physiological side it has been 
pointed out that attempts at purely physico-chemical explanations are 
"apt to involve over-simplification of the problem" 1) and in view of our 
ignorance concerning the nature and activities of living protoplasm it is 
clear that such explanations are imposssible at the present time. Studies in 
the metabolism of different tissue elements and in what WEBER 2) has 
recently termed "protoplasmatische Pflanzenanatomie" give an indication 
of possible advance in this direction. 

Finally there may be mentioned the related and even more difficult 
problem presented by the nature of the "spezifische erbliche Struktur". 
The significance of the contributions from genetical and cytological 
investigations in relation to this problem cannot be discussed here but 
research in these special branches of experimental morphology is obviously 
of fundamental importance and offers indeed the only direct line of attack 
at the present time. 

') D. THO DAY, loc. cit., p. 284. 
') F. WEBER, Protoplasmatische Pflanzenanatomie, Protoplasm a, Vol. 8, 1929. 



CHAPTER IV 

ASSOCIATIONS WITH FUNGI AND OTHER LOWER PLANTS 

by 

MARY J. F. GREGOR (Edinburgh) 

§ 1. Introduction. - The lower forms of plant life that occur in 
association with living Pteridophyta may be roughly classified as epiphytes, 
symbionts or parasites. These groups cannot, however, be regarded as 
clear-cut and isolated, for transitional forms do exist. In the first-mention
ed group the association is frequently a matter of chance, and many other 
substrata would serve the epiphyte equally well. Nevertheless the host 
may be injured or even killed by the epiphyte if the latter is present in 
sufficient numbers. In the case of symbionts the association is often 
obligatory, though there are instances of facultative as opposed to obligate 
symbiosis; sometimes the symbiosis approaches very closely to parasitism. 
Among the parasites are some which are mainly epiphytic in habit and 
merely penetrate the epidermal cells here and there by means of haustoria. 
Some are only parasitic for part of their life and continue to grow sapro
phytically after the death of the host, while others are obligate parasites. 

By far the majority of the lower plants that enter into intimate associ
ation with Pteridophyta belong to the Fungi. Many of these cause diseases 
while others have established a symbiotic relationship as mycorhiza; the 
latter are discussed in detail in the following chapter. Our knowledge of the 
pathogenic fungi dates from the beginning of the nineteenth century, when 
PERSOON, FRIES, FUCKEL and other mycologists described some of the 
fungi occurring on Pteridophyta. In general, however, these early investi
gators were more- concerned with the fungus than with its relationship to 
its host, and they frequently failed to differentiate between saprophytic 
and parasitic species. Even now this difficulty may sometimes be en
countered, but the increased use of experimental methods has resulted in a 
greater emphasis on the biological relationships between fungus and host. 

In addition to diseases caused by fungi there are a few attributed to 
Myxomycetes and bacteria, while virus diseases have also been recorded on 
a number of ferns. A state of symbiosis exists between the water fern 
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Azolla and the blue-green alga Anabaena. Innumerable epiphytes repre
senting all classes of lower plants may, under suitable conditions, grow 
upon Pteridophyta. 

§ 2. The fossil record. - Before passing on to a detailed discussion of 
the various associations occurring at the present day, it may be of interest 
to consider whether any such relationships existed during earlier geological 
epochs. Considering the delicate nature of most fungi, algae and bacteria it 
is not surprising that the records of fossil forms, though numerous, are 
in many cases not very satisfactory. Nevertheless it is clear that fungi 
certainly existed during the Carboniferous period or even earlier, while 
evidence of bacteria extends back to pre-Cambrian times. Many of these 
forms have actually been found in or on fossil Pteridophytes. At this point, 
however, we come up against a serious difficulty, for it is well-nigh 
impossible to determine whether they were true parasites, symbionts or 
merely saprophytes. 

Mycelium has been found in petrified tissues, sometimes associated with 
injury to the cell walls. Often such hyphae show no diagnostic features, but 
occasionally indications of reproductive organs, transverse septa or clamp 
connections may give some guide to their affinities. Many of the records of 
fossil fungi refer to leaf-spot fungi, and a number of these have been 
described on the foliage of fossil ferns. Once again the situation is compli
cated, for fungi, insect injuries and even normal leaf glands may easily be 
confused in a fossilised condition, and undoubtedly some errors have arisen 
from this cause. Even when the spot is unmistakably fungal in origin it is 
often impossible to identify or describe the structural details of the causal 
organism. But the fact remains that this type of fungus injury must have 
been common in past ages even as it is to-day. 

The humid conditions of the Carboniferous period would seem to offer an 
ideal opportunity for the development of epiphytes, yet many observers 
have commented on the remarkably clear cortical patterns of the Palaeo
zoic plant remains which apparently indicate that such associations did not 
exist in the coal swamps. 

Since space does not permit of the enumeration of examples here, the 
reader is referred to A. MESCHINELLI'S "Fungorum Fossilium omnium 
Iconographia" 1902, which is a list of fossil fungi recorded up to the year 
1900. Interesting discussions and references to other literature will be 
found in A. C. SEWARD'S "Fossil Plants", Vol. 1, pp. 207-222, 1898, and in 
R. L. MOODIE'S "Paleopathology", Chapter III, by E. W. BERRY, 1923. 

§ 3. Diseases of the Gametophyte. - The prothallia of the Pterido
phyta live in such intimate connection with the soil and under such moist 
conditions that they very readily fall victims to the damping-off fungi. 
Cephalothecium roseum CDA., which is usually a saprophyte, was recently 
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found in a greenhouse in Indiana causing severe damping-off of prothallia 
of Pteris longifolia. Pythium Debaryanum HESSE, a species which is now 
taken to include both P. Equiseti SADEBECK and P. autumnale SADEBECK, 
has been recorded by SADEBECK 1) as a parasite on the prothallia of Equi
setum arvense, E. palustre and E. limosum. DE BARY 2) described P. inter
medium DE BARY attacking prothallia of Equisetum, Todea and Ceratopteris, 
and he also successfully inoculated prothallia of Todea africana with P. meg
alacanthum DE BARY and P. Debaryanum. 

Of far greater biological interest than the above-mentioned omnivorous 
Pythium species is Completoria complens LOHDE, a parasite in the prothallia 
of Gymnogramme, Ceratopteris, Pteris cretica, Polystichum falcatum etc. It 
belongs to the family Entomophthoraceae, most of whose members are 
parasitic upon insects, and it has been studied in detail by LEITGEB 3) and 
ATKINSON 4). Infected prothallia develop yellowish spots which later turn 
brown, then black; ultimately the prothallia die. The vegetative body of 
the fungus consists at first of a botryose cluster of oval or twisted hyphae 
lying within a single host cell, which may be completely filled by it. When 
mature, slender threads grow out from some of the peripheral branches, 
penetrate neighbouring cells and there form new botryose clusters into 
which the protoplasm of the parent body flows. Groups of thick-walled 
resting spores are sometimes formed in the centres of the hyphal clusters. 
Conidia, too, are produced on delicate branches which grow out on to the 
surface of the prothallium; they are thrown off with considerable force and 
give rise to new infections. 

§ 4. Diseases of the Sporophyte. -- a) F iIi c ina e. -- Glasshouse 
diseases. When ferns are cultivated in greenhouses the moist atmosphere 
provides ideal conditions for the development and spread of certain types 
of fungous disease. Such diseases do not normally attack the ferns in their 
natural habitats and they can usually be checked by improving the 
ventilation of the houses. A good example is a case known personally to the 
writer where Cladosporium herb arum (PERS.) LK. caused an outbreak of 
disease among Pteris cretica in midwinter. The fronds became discoloured 
and soon developed a greenish mould of conidia on both surfaces. Some 
plants died, but as the season advanced and more light and air entered 
the houses, the disease gradually disappeared. A somewhat similar epi
demic on the same host was described by ROSTRUP 5), but here the causal 

1) SADEBECK, R., Verhandl. bot. Verein d. Provo Brandenburg, XVI, 116, 
1874 and Tagebl. Versamm. deutsch. Naturf. u. Arzte in Breslau, XLIX, 100, 1876. 

2) DE BARY, A., Bot. Zeit., XXXIX, 528 & 553, 1881. 
3) LEITGEB, H., Sitzungsb. K. Akad. Wiss. Wien, LXXXIV, 288-324, 188l. 
4) ATKINSON, G_ F_, Bot. Gaz., XIX, 467, 1894 and Cornell Univ. Agr. Exp. 

Sta. Bull., 94, 252, 1895. 
5) ROSTRUP, E., Gartn. Tidsskr., 231, 1898. 
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fungus was Coniosporium lilicinttm ROSTR. and hundreds of plants suc
cumbed to the attack. Botrytis longibrachiata OUD. has been recorded as a 
greenhouse parasite of various ferns in Germany 1). B. cinerea, too, is 
harmful in countries as far apart as Alaska and Germany, while M oniliopsis 
Aderholdi RUHLAND may cause heavy damage to ferns. WHITE 2) studied a 
disease of Cibotium Schiedei caused by Pestalozzia Cibotii WHITE. Under 
greenhouse conditions this fungus kills frondlets or even entire fronds of the 
fern. SORAUER 3) has described a very curious slime disease of Cyathea 
medullaris grown under glass. Open cankers developed at the bases of the 
petioles, and cut surfaces oozed slime while the vascular bundles turned 
black. The fronds withered and finally the whole plant died. It is possible 
that the intumescences were caused by excess atmospheric moisture, but a 
N ectria sp. was isolated in culture. No conclusion was reached as to the 
cause of the various pathological phenomena. 

Rusts. The diseases which attack ferns growing in the open under natural 
conditions are, however, of much greater interest. Among these the fern 
rusts have received the greatest share of attention and the reader is referred 
to the following works for details of the numerous individual species; 
P. & H. SYDOW, Monographia Uredinearum, Vol. III, 1915. J. H. FAULL, 
Taxonomy and geographical distribution of the genus Milesia, Contr. Ar
nold Arb., No.2, 1932. J. C. ARTHUR, Manual of the rusts in United States 
and Canada, 1934. The aecidia and spermogonia, where these are known, 
occur on various species of Abies and may cause serious damage, especially 
to seedlings and young trees. The uredo- and teleuto-sori develop on ferns, 
giving rise to brown or black areas on the fronds which may be so extensive 
as to cause considerable injury. The most important genera are Uredinop
sis, Milesina (Milesia) and Hyalopsora. In the first-named genus the 
whitish uredo-sori are enclosed in a delicate peridium, and septate teleuto
spores are formed in a sub-epidermal layer or scattered in the mesophyll of 
the frond. Amphispores, which serve as a resting stage, are produced 
towards the end of the season by most, if not all, of the species. U. Osmun
dae attacks various species of Osmunda while the other species are restricted 
to the Polypodiaceae. In Milesina the uredo-sori are very similar to those 
of Uredinopsis but the multicellular teleutospores develop within the 
epidermal cells, usually one in each cell though sometimes several (Fig. 1). 
By growth and septation they eventually fill the cell, taking the same form 
and outline. A considerable number of species are known, widely distribut
ed throughout the world. ARTHUR 4) has described Milesia (Milesina) 
australis on Lygodium polymorphum, also Puccinia Lygodii (HARIOT) ARTH. 

') ADERHOLD, R., Centralbl. f. Bakt., 2. Abt., VI, 625-626, 1900. 
') WHITE, R. P., Mycologia, XXVII, 342-346, 1935. 
3) SORAUER, P., Ber. Deutsch. Bot. Ges., XXX, 42-48, 1912 . 
• ) ARTHUR, J. C., Bull. Torrey Bot. Club, LT, 53 & 55, 1924. 
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on the same host. SYDOW 1), too, described Milesina Lygodii SYD. on Lygo
dium sp. The first and third species were based on uredo-stages only, while 
the second had both uredo- and teleuto-spores. FAULL 2) states that all the 
collections assigned to these three species show great similarity in the uredo
stage and that further study is required before their taxonomic position 
can be definitely decided. He therefore excludes them from his discussion 
of the genus Milesia (Milesina) which, he states, only attacks ferns of the 
family Polypodiaceae. Hyalopsora can be distinguished from Uredinopsis 
and Milesina by its yellow, pulverulent uredospores. These are of two 
kinds, differing in thickness of wall and certain other characters, but all 
gradations between the two may be found: they possibly represent an 
active and a resting condition. The septate teleutospores are formed inside 
the epidermal cells. These rusts infect various genera of the Polypodiaceae. 

In addition to those mentioned above SYDOW 3) has described two other 
genera of fern rusts, Desmella and Calidion. The sori of the former consist of 

FIG. 1. Milesina Kriegeriana MAGN. on Dryopteris 
spinulosa. Longitudinal section showing uredo
sorus and teleutospores in epidermal cells. X 210. 

(Adapted from drawings by P. MAGNUS). 

bunches of spore-bearing hyphae emerging through the stomata. Both 
uredo- and teleuto-spores are known but no aecidia or spermogonia. In 
Calidion only the uredo-stage is known, but this is distinguished from all 
other fern rusts by the conspicuous, thick-walled, coloured paraphyses 
surrounding the uredo-sorus. Four species of Desmella and one of Calidion 
are described, on various genera of Polypodiaceae and Schizaeaceae. 

Ferns as hosts of crop plant parasites. It is commonly assumed that 
diseases of ferns, with the exception of the rusts that attack Abies, are of 
little or no economic significance. This is probably true in the majority of 
cases, but there are several records of dangerous parasites of cultivated 
crops occurring also on ferns; in this way the latter may assume some 
importance as perpetuators of the disease. Corticium koleroga (eKE.) v.H. 
has been found on Polypodium lineare and Cyclophorus acrostichoides (NiPho
bolus fissus) in Mysore 4).This fungus causes a serious disease of coffee, and 
reciprocal cross-inoculations with isolations from the two ferns and from 

1) SYDOW, H., Mycologia, XVII, 255, 1925. 
2) FAULL, J. H., l.c., p. 122. 
') SYDOW, H. & P., Ann. Myc., XVI, 241 & 242,1918. 
4) VENKATARAYAN, S. V., Journ. Mysore Agr. Exp. Union, VII, 23-28, 1925. 

Manual of pteridology 10 
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diseased coffee plants gave positive results. Omphalia jlavida MAUBL. et 
RANG. is another virulent coffee parasite which attacks many other plants, 
including ferns. Pteris longifolia has been shown by inoculation to be a host of 
Sclerotium Rolfsii SACC., a fungus which infects many different crops in warm 
countries. Corticium Solani BOURD. et GALZ. causes a disease of strawberries 
in North America and is also frequently found on Pteridium aquilinum var. 
pubescens in infected areas 1). Bracken, again, is listed in Transvaal as a 
host of Pythium aphanidermatum (EDS.) FITZ. 2), a species that attacks 
tobacco, sugar-cane, tomatoes and other valuable crop plants. STEINMANN3) 

has recorded a thread blight of the M arasmius group on N ephrolepis hirsu
tula in Java. A similar fungus occurred also on tea, coffee, pepper and 
other economic plants and was capable of causing serious damage. In the 
absence of fructifications, however, it was impossible to be absolutely 
certain that the parasites on the different hosts were all identical. 

Experiments on bracken control by parasitic fungi. In certain parts of the 
world ferns of the genus Pteridium have become so abundant as to con
stitute a menace to agriculture and forestry. Attempts have been made to 
check the weed by various means, and the possibility of biological control 
by the dissemination of parasitic fungi was one of the methods considered. 
In this connection an interesting disease of Pteridium aquilinum was 
investigated by GREGOR 4). Dryopteris Filix-mas may also be attacked by 
the disease and infection experiments demonstrated the susceptibility of 
D. spinulosa, Polystichum aculeatum var.lobatum, Asplenium Trichomanes, 
Polyp odium vttlgare, Blechnum Spicant, Cystopteris fragilis and Phyllitis 
Scolopendrium. The causalfungus is a rather unusual species of Corticium, C. 
anceps (BRES. et SYD.) GREGOR. It does not exactly cause malformation 
of the fronds, but since badly affected portions become very brittle and 
readily break off, diseased fronds commonly have an irregular and lop
sided appearance (Fig. 2). Infection takes place on the lower surface 
of either pinnae or rachis, most usually by means of infection cushions, 
though individual hyphae may enter through stomata. The internal 
mycelium kills the affected portions of the frond while the superficial 
hyphae cover the lower surface with a white felt-like mat on which the 
basidia are borne. In the later stages sclerotia develop freely on this 
superficial mycelium. The disease is markedly affected by environmental 
conditions, particularly atmospheric moisture, and for that reason is not 
likely to be of any value for eradication of bracken in a variable climate 
such as that of Britain. 

In New Zealand the rhizomes of Pteridium esculentum are sometimes 

1) ZELLER, s. M., Oregon Agric. Exp. Sta. Bull., 295, 1932. 
2) WAGER, V. A., S. African] ourn. of Sci., XXX, 247-249, 1933. 
3) STEINMANN, A., Arch. voor Cacao Nederl. Indie, Dee! 2,44-47, 1928. 
0) GREGOR, M. ]. F., Phytopath. Zeitschr., VIII, 401-419, 1935. 
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attacked and killed by a species of Fusarium. CUNNINGHAM 1) isolated this 
fungus and carried out infection experiments with it. In the majority of 
cases negative results were obtained, but in one set of experiments five out 
of seventeen inoculated plants died and the Fusarium was reisolated from 
the dead rhizomes. The next year, however, no trace of the disease could be 
found in the infected area, so this attempt at biological control of bracken 
was also abandoned. 

FIG. 2. Lower surface of frond of Pteridium aquilinum 
severely attacked by Corticium anceps. 

Galls and malformations. Among the most interesting fern diseases, from 
the point of view of the pteridologist, are those which result in galls or 
malformations. GIESENHAGEN 2) has described two particularly striking 
examples on tropical ferns. Taphrina Laurencia GIEs. induces the for-

') CUNNINGHAM, G. B., New Zealand Dept. Agric. Bull., 132,4, 1927. 

') GIESENHAGEN, K., Flora, LXXVI, 130-156, 1892. 
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mation of adventitious buds on the lower surface of fronds of Pteris quad
riaurita, P. asp ericaulis , P. Blumeana, P. nemoralis and Polystichum 
aristatum. The buds develop into small, abnormal fronds which form a 
dense bushy outgrowth resembling a witch's broom The anatomy of 
these abnormal fronds is very simple, and no stomata or sori occur on 
them. The asci of the parasite develop in their epidermal cells and later 
break through the outer walls to lie exposed on the surface. Taphrina 
Cornu cervi GIEs. causes a somewhat simpler type of outgrowth on the 
fronds of Polystichum aristatum and P. carvijolium. In this case no adven
titious buds have been observed, but on both surfaces of the frond appear 
short cylindrical, simple or branched, structures about 1 cm. in length 
which contain a small vascular strand in direct connection with the vascular 
system of the frond. The asci of the parasite develop, in this case, beneath 
the cuticle of the epidermal cells of the outgrowths, and when mature they 
break through this and are fully exposed. GIESENHAGEN found that many 
of the galls on P. aristatum became infected with Urobasidium rostratum 
GIEs., but this fungus was in no way responsible for the outgrowths. 

There are a number of other species of Taphrina upon ferns, some of 
which give rise to discoloured swellings on the fronds while others merely 
cause leaf-spots of varying degrees of severity. A full list of these is given 
in SORAUER'S "Handbuch der Pflanzenkrankheiten", 5th edition, Vol. II, 
p. 465 & 466. 

Synchytrium Phegopteridis JUEL and S. Athyrii LAGERH. are responsible 
for small galls on fronds and petioles of Phegopteris polypodioides and 
Athyrium Filix-jemina respectively. The galls are due to the enormous 
enlargement of the epidermal cells containing the parasites. 

Cryptomyces Pteridis (REB.) REHM and its conidial stage Gloeosporium 
Pteridis (KALCHB.) BUBAK et KABAT cause a 'leaf roll' disease of Pteridium 
aquilinum 1). Infection takes place at an early stage through the stomata and 
the fungus develops most freely in the lower surface of the frond, checking 
the growth of that region. This results in a peculiar curling of the pinnae 
which at the same time become thickened and exhibit a yellowish-green 
discolouration. Diseased plants are somewhat stunted in growth. Brown 
conidial fructifications and later black apothecia develop abundantly on 
the lower surface, just below the stomata. The function of these stomata is 
disturbed, which does not seriously affect plants in moist shady positions, 
but those growing in exposed places readily succumb to heat or drought. 

Pinnules of Osmunda regalis may be attacked by a smut fungus, Ustilago 
Osmundae PECK 2) which brings about a curious deformation. The affected 
parts turn brown or black, and are contracted into tufts. The brand spores 
of the fungus develop inside the diseased pinnules and sometimes burst 

') KILLIAN, K., Zeitschr. f. Bot., X, 49-126, 1918. 
2) PECK, C. R., Bot. Gaz., VI, 276, 1881. 
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out along the vein but more commonly over the whole surface. Another 
very interesting smut, Entyloma Nephrolepidis RAC., has been found by 
RACIBORSKI 1) on N ephrolepis biserrata (N. acuta) in Java. The mycelium in
vades the meristematic portions of the plants, with the result that abnormal 
fronds develop. These are smaller, wider and thicker than the normal ones, 
paler in colour and remain sterile. The hyphae live within the cells of these 
fronds and there form the colourless brand spores. Later, hyphae grow 
out on to the lower surface of the frond and cut off oval conidia. The 
conidiophores continue to grow, and old fronds are usually covered on the 
under side with a dense white mat of mycelium up to 80 fl in thickness. 
While discussing smuts on ferns, mention should also be made of E. Aspidii 
(BRES.) V. HOHNEL and its conidial stage Entylomella Aspidii (BRES.) 
V. HOHNEL. This fungus occurs on Dryopteris spinulosa, but no malforma
tion results from the attack. The infected areas dry up and entire fronds 
may be kiIIed. 

RACIBORSKI 2) has described another curious disease from Java on 
young fronds of Acrostichum (=Hymenolepis) spicatum. The spores of the 
parasite, Platygloea Hymenolepidis RAC., germinate on the fronds and the 
germ tubes each penetrate an epidermal cell. After repeated branching 
within the cell they emerge again as bundles of slime-coated hyphae on 
which basidia develop. Mesophyll cells are rarely invaded by mycelium but 
they show a marked hypertrophy. Infection of the epidermis, however, is 
usually so heavy that both surfaces of the fronds become thickly coated 
with gleaming white slime. The fronds are bent and twisted and sub
sequently some of them rot, though others appear to outgrow the disease. 

Herpobasidium Struthiopteridis (ROSTR.) LIND gives rise to malformation 
of the fronds of Matleuccia Struthiopteris, but the fungus has not been 
studied in any detail. Another species, however, H. filicinum (ROSTR.) 
LIND, has been investigated fully by JACKSON 3). It occurs in Europe on 
Dryopteris Filix-mas, Phegopteris Dryopteris, P. polypodioides, Cystopteris 
montana and Dryopteris pulchella, and is also known in Canada and the 
United States. The mycelium is systemic and perennial, presumably over
wintering in the rhizomes. It gives rise to small brownish areas on the 
young fronds, from the lower surface of which hyphae grow out, forming 
a conspicuous white mould-like growth bearing basidia. The method of 
infection is not known. No hypertrophy is caused by this species. 

Leaf-spot diseases. There are a very large number of fungi that cause 
leaf-spot diseases of ferns or, in some cases, a die-back of the tips of the 
fronds. Many of these belong to well-known genera such as Gloeosporium, 
Septoria etc. and are of no great interest or importance. On the other hand, 
associated with this type of disease there are some very unusual fungi 

') RACIBORSKI, M., Parasitische Algen und Pilze Java's, III, 8, 1900. 
') RACIBORSKI, ~1., Bull. Acad. Cracovie, T, 356, 1909. 
3) JACKSON, H. S. Mycologia, XXVII, 553-572, 1935. 
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which have been made the subject of detailed investigations. Valdensia 
heterodox a PEYR. is, from a mycological point of view, one of the most 
curious of these. It was first described by PEYRONEL 1) on Vaccinium 
M yrtillus in Italy, but has since been recorded on plants from many different 
families, including one fern, Atlzyrium Filix-femina. The hyphae within the 
tissues are very large, up to 14 fL in diameter. Beneath the epidermis arise 
round fungal cells; each of these develops a short process which pierces the 
epidermis, often through the stomata, and swells into a second cell from 
which four radiating septate arms arise. In the centre, between these arms, 
the cell becomes covered with small outgrowths coated with mucus. When 
mature it is forcibly projected into the air by means of the arms, and blown 
on to another leaf where it adheres by the sticky central cushion. Germin
ation occurs rapidly from any cell in the presence of moisture. PEYRONEL 
regards these interesting organs as bulbils and states that no spores have 
been observed, nevertheless he thinks that the fungus most probably 
belongs to the Ascomycetes. 

STEVENS and DALBEY 2) have described a serious leaf-spot disease of 
Cyathea arborea in Porto Rico. Small black spots are produced, often in 
such profusion as to cover more than half the leaf area. They are due to 
concentration of coarse dark mycelium in the epidermal cells and the 
subsequent development of superficial pycnidia and perithecia. The 
parasite shows affinities with both the Dothideales and the Phacidiales, 
but inclines more towards the latter. The authors have proposed a new 
genus for this fungus which they name Griggsia Cyathea. It bears a certain 
resemblance to Rhagadolobium Hemiteliae P.HENN. et LIND. 3 ) which 
forms thin black stromata on the lower surface of the fronds of Alsophila 
samoensis in Samoa. This genus was originally included in the Phacidiaceae 
but THEISSEN and SYDOW 4) consider that it should rather belong to the 
Dothideales. The mycelium develops freely in the mesophyll and lower 
epidermis, fills the air spaces below the stomata then grows out through the 
latter to form the stroma and asci. The stroma is thus anchored to the frond 
at numerous points corresponding to the position of the stomata, never
theless it readily falls away leaving a pale-coloured area with scattered 
black dots which represent the stomata blocked with dark mycelium. 

RACIBORSKI 5) has described a number of new fungi causing leaf-spot 
diseases of ferns in Java. Among these may be mentioned Hymenoscypha 
A splenii RAC. on Diplazium pallidum, M orenoella N ephrodii RAC. on Dryop
teris canescens, ( = N ephrodium heterophyllum) P armularia discoidea RAC. on 

') PEYRONEL, B., Staz. Sperim. Agrar. Italiane, LVI, 521-538, 1923. 
2) STEVENS, F. L. and DALBEY, N., Bot. Gaz., LXVIII, 222-225, 1919. 
3) HENNINGS, P., Eng!. bot. J ahrb., XXIII, 287, 1896. 
') THEISSEN, F. and SYDOW, H., Ann. Myc., XIII, 240, 1915. 
5) RACIBORSKI, M., Parasitische Algen und Pilze J ava's, II & III, 1900. 
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Polyp odium longissimum and I rydyonia /ilicis RAC. on Blechnum orientale. 
Certain of them have since been discussed by THEISSEN and SYDOW (l.c.) 
who were able to add some further details concerning their structure, 
development and taxonomic position. This valuable monograph of the 
Dothideales includes a number of other species on ferns but unfortu
nately, in the majority of cases, no indication is given as to whether 
the fungi are parasitic or saprophytic. 

FARIS 1) studied a wither-tip disease of Nephrolepis exaltqta caused by 
Glomerella N ephrolepis FARIS, whose conidial stage was shown to be a 
species of Colletotrichum. AGGERY 2) recently published a very detailed 
paper on some new diseases of ferns, which included descriptions of 
Homostegia Polypodii AGG. on Polypodium vulgare and P. vulgare var. ser
ratum, and Sphaerella subostiolica AGG. on the same hosts and also on P. 
cambricum. The genus Sphaerella includes several other fern parasites, 
namely S. Polypodii RABH. on Polypodium vulgare, Dryopteris Filix-mas, 
Asplenium Trichomanes and Pteridium aquilinum, S. callis tea SYD. on 
Osmunda regalis, S. Botrychii ROSTR. on Botrychium ternatum, and S. 
Filicum (DESM.) FUCK. on Dryopteris Filix-mas, D. spinulosa and Asplen
ium Adiantum-nigrum. 

It is, however, among the Fungi Imperfecti that the largest number of 
species causing leaf-spots are to be found, and the following list may give 
some idea of the variety of genera concerned: Phoma Botrychii J ACZ. on 
Botrychium matricariae, Phyllosticta PlatyceriiT ASSI on Platycerium bi/urca
tum (= alcicorne) , Vermicztlaria Scolopendrii PASS. on PhylEtis Scolopen
drium, Ascochyta Pteridis BRES. on Pteridium aquilinum, Camarosporium 
Asplenii SIEM. on Asplenium septentrionale, Septaria Scolopendrii SACCo on 
Phyllitis Scolopendrium, S. mirabilis PK. on Onoclea sensibilis, S. A splenii E. 
et E. on Athyrium angusti/olium, Melasmia imitans PECK on Pteridium 
aquilinum, Gloeosporium Nicolai AGG. on Phyllitis Scolopendrium and G. 
Polypodii AGG. on Polypodium vulgare, P. vulgare var. serratum and Polysti
chum aculeatum 2), G. Osmundae E. et E. on O~munda cinnamonea, G. Pteridis 
KLCHR., G. necans E.'et E. and G.leptospermum PECK on Pteridiumaquilinum, 
G. Phegopteridis FRANK on Phegopteris Dryopteris, Pestalozzia funerea DESM. 
var. typica SACCo on Pteridium aquilinum, Cylindrocladium Pteridis WOLF 
on Polystichum adiantiforme, Dryopteris normalis and Nephrolepis exal
tata 3), Ramularia Scolopendrii FAUTR. on Phyllitis Scolopendrium, R. Bot
rychii LINDROTH on Botrychium Lunaria, Cercosporella Filicis-feminae 
(BRES.) HOHNEL on Athyrium Filix-/emina, Macrosporium Scolopendrii 
eKE on Phyllitis Scolopendrium, Alternaria Polypodii MAJOR on Poly
podium Sp.4), Cercospora Asplenii JAAP on Asplenium Trichomanes and 

') FARIS, J. A., Mycologia, XV, 89-95, 1923. 
2) AGGERY, B., Bull. Soc. d'Hist. Nat. Toulouse, LXVIII, 5-201, 1935. 
3) WOLF, F. A., J ourn. Elisha Mitchell Sci. Soc., XLII, 55-62, 1926. 
4) MAJOR, T. G., Quebec Soc. Protection Plants Ann. Rept., 14,59-61, 1922. 
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Brachysporium Crepini (WEST.) SACCo on Ophioglossum vulgatum 1). Sclero
tium deciduum DAVIS has been recorded as a parasite on M atteuccia Struthi
opteris, but no details were given as to the symptoms produced on the host 
plant. Finally we might add here Leptostroma filicinum FRIES which torms 
spots on the petioles of various ferns. This list does not pretend to be 
complete, and there are many species omitted which may perhaps attack 
living plants but about whose parasitism no definite information could be 
found. 

Diseases of sori and spores. There are two interesting fungi that attack 
the sori of certain species of Polypodium. Sorica maxima (B. et C.) GIEs. is a 
Pyrenomycete which has been discussed in detail by GIESENHAGEN 2). It is 
recorded on P. crassifolium and P. punctatum from tropical America. The 
mycelium forms a dense layer closely adpressed to the surface of the 
placenta and enveloping the bases of the sporangial stalks. From this grow 
out long thin stromata which swell slightly near the tip to form a perithec
ium containing asci with round brown spores. Small hyaline conidia are 
cut off from specialised hyphae borne on the surface of the stroma. Round 
pycnidia are also formed on similar though much shorter stromata. The 
fructifications of the fungus can be seen with the naked eye as fine black 
threads, up to 2 mm. in length, radiating from the reddish brown sori. The 
effect upon the host depends upon the stage of development of the sorus at 
the time of infection. In very young sori the superficial cells of the placenta 
are killed and no sporangia are produced. The fungus forms a dense mat 
but does not appear to reach its full development under such circum
stances. If the sorus is somewhat older, sporangia are still suppressed but 
now a few fructifications of the parasite appear. All gradations can be 
seen between such cases and those where the placenta has suffered no 
apparent injury and sporangia and stromata occur abundantly side by 
side. COUCH 3) has described another parasite, Septobasidium Polypodii, on 
Polypodium sp. in Jamaica. This fungus at first grows only on the sori, 
covering the developing sporangia and their stalks with hyphae. Penetration 
of the pro-sporangial cells occurs but in spite of this a good many sporangia 
mature. Later the mycelium spreads over the lower surface of the fertile 
fronds, enveloping them in a white mat of mycelium which, however, does 
not enter the epidermal cells but remains entirely superficial. VON 
SCHENK 4) recorded a parasite, Chytridium subangulo~um A. BRAUN, 
attacking spores of Dryopteris parasitica (=Asp. violascens) which had been 
laid· out to germinate. The fungus formed spherical sporangia on the surface 
of the spores. 

') MAGNUS, P., Hedw., XLII, 222-225, 1903, and XLIV, 16-18, 1904. 
2) GIESEN HAGEN, K., Ber. Deutsch. Bot. Ges., XXII, 191-196 & 355-358, 1904. 
') COUCH, J. N., Journ. Elisha Mitchell Sci. Soc., XLIV, 255, 1929. 
4) SCHENK, J. A. VON, Uber das Vorkommen contractiler Zellen im Pflanzen

reiche, p. 8, 1858. 
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Diseases attributed to Myxomycetes. SMITH 1) has described and illustrat
ed a disease of Phyllitis Scolopendrium which he said was caused by a 
parasitic Myxomycete, Didymium effusum LINK. His account was based 
on a single specimen sent from Cornwall. The frond was curiously forked 
and distorted and more or less covered on both sides with the little greyish
white sporangia which occurred on sori as well as on the vegetative parts of 
the frond. No mention was made of any pathological symptoms apart from 
the malformation. This Myxomycete is common as a saprophyte and 
SMITH himself points out that it is unlikely to attack perfectly healthy 
ferns. It seems, therefore, doubtful whether the Myxomycete was really 
responsible for the symptoms observed. 

The plasmodia of certain Myxomycetes, for example Spumaria alba DC. 
and Physarum gyrosum ROST., are said to be harmful to fern fronds under 
moist conditions. They should probably, however, be regarded as epiphytes 
rather than as parasites, for there is no record of any penetration of the 
host tissues. Nevertheless, if present in large quantity, they do cause dis
ease by cutting off supplies of moisture, light and air from the underlying 
fronds. J AROCKI 2) has listed the following species as parasites on ferns: 
Craterium minutum FR., Leocarpus fragilis ROST., Diachaea leucopoda ROST. 
and Didymium difforme DUBY all on Pteridium aquilinum, also Stemonitis 
flavogenita JAHN on Phegopteris Dryopteris. The above remarks on the 
relationship between Myxomycete and fern probably apply also to these 
records. 

Bacterial diseases. There is a well-known disease of ferns which has always 
been attributed to Nematodes. Brown discoloured areas appear on the 
fronds, the exact form varying considerably according to the species 
attacked, but the spots are often sharply delimited by the veins of the 
frond. A recent paper by AGGERY 3) maintains that this disease is caused by 
bacteria which are introduced into the tissues by the Nematodes. Infection 
experiments with cultures of these bacteria showed that they produced all 
the typical macroscopic and microscopic symptoms without the aid of the 
Nematodes. The worms enter the fronds through the stomata in order to 
lay their eggs in the intercellular spaces; they bring with them' bacteria 
which normally live as saprophytes in the soil. Four different types of 
bacteria were observed but were not identified, there appears therefore to 
be no one specific organism which is the sole cause of the disease. 

Another bacterial disease has been described by the same author on 
Polypodium vulgare, P. vulgare var. serra tum and P. cambricum. The 
earliest symptom is the appearance of yellowish spots on the fronds. These 
gradually turn brown, commencing at the centre. Often the midrib be-

') SMITH, W. G., Gard. Chron., II, 72~74, 1882. 
2) JAROCKI, J., Acta Soc. Bot. Polon., II, 183~199, 1924. 
3) AGGERY, B., Bull. Soc. d'Hist. Nat. Toulouse, LXVIII, 5~201, 1935. 
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comes infected which results in the death of the distal portion of the frond. 
Bacteria are abundant in the diseased tissues. They attack chloroplasts and 
nuclei, ultimately destroying these. The infected cells and intercellular 
spaces become filled with a brown gummy substance. In severe cases the 
bacteria pass down the petiole to the rhizome, and fronds developed sub
sequently are dwarfed and malformed as well as being affected with the 
yellow spots. A rod-shaped bacterium was isolated which produced typical 
symptoms when artificially inoculated into healthy ferns. The bacteria 
enter the frond by the stomata or through wounds and insect punctures. A 
fungus, Sphaerulina Polypodii AGG., often developed on the dead spots but 
this organism was shown to be purely saprophytic. 

Virus diseases. Although no decision has yet been reached by pathologists 
as to the parasitic nature of virus diseases, it may be of interest to conclude 
this section with a brief reference to certain records of virus infection in 
ferns. BINO 1) recently published a list of Japanese plants susceptible to 
"mosaic and mosaic-like diseases" which included ten species of the Poly
podiaceae, namely Asplenium incisum, A. Wrightii, Athyrium coreanum, 
Dryopteris erythrosora, D. sophoroides, Coniogramme japonica, Nephrolepis 
cordi/olia, Pteridium aquilinum vaL japonicum, Pteris longipinnula and 
W oodwardia radicans var. orientalis. There was a brief introductory note on 
the economic aspects of mosaic diseases but no mention of experimental 
work. It seems possible, therefore, that he was only dealing with some of 
the many types of non-infectious variegation known to occur in ferns. A 
second paper by the same author 2) described and illustrated certain 
malformations of ferns said to be due to virus infection. Unfortunately the 
present writer has been unable to obtain either the paper, which is written 
in Japanese, or a summary of it, thus it is impossible to give details of this 
record. 

b) E qui set ina e. - Comparatively few parasitic fungi have been 
recorded on Equisetum, the only living genus of this class. SCHAFFNER 3) 
has published an account of the ravages of a Discomycete, Stamnaria amer
icana MASS. et MORG., on E. praealtum in Ohio. Large lesions appeared on 
the lower internodes and finally became so extensive that the shoots were 
killed. The orange apothecia developed in more or less longitudinal rows and 
bore a superficial resemblance to the pustules of a rust. S. Equiseti (HOFFM.) 
SACCo is also known as a parasite on E. arvense and E. hiemale. Among the 
Fungi Imperfecti Gloeosporium Equiseti ELL. et Ev. occurs on E. arvense, 
E. hie male, E. laevigatum, E. limosum and E. sylvaticum, while G. Krieger
ianum BRES. attacks E. arvense. Fusarium Equiseti (CDA.) SACC., F. aven
aceum (FR.) SACCo and F. bulbigenum eKE. et MASS. all invade the under-

1) HlNO, r., Bull. Miyazaki Coli. Agric. and For., Y, 97-111, 1933. 
') HINO, I., Journ. Japanese Bot., X, 377-380, 1934, No.6. 

3) SCHAFFNER, J. H., Amer. Fern Journ., XXI, 75. 1931. 
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ground parts of Equisetum spp. and also cause diseases of various important 
economic plants. Popp 1) described Fusarium graminearum (F. roseum = 

Gibberella Saubinetii) attacking and killing Equisetum; this fungus is a 
dangerous parasite of cereals. 

JAROCKI 2) has recorded a Myxomycete, Craterium minutum FR., as a 
parasite on E. sylvaticum, but in all probability the organism was only an 
epiphyte, though possibly causing injury by purely mechanical means. 

c) Lye 0 pod i ina e. - Myiocopron Lycopodii ROSTR. causes a 
disease of Lycopodium complanatum and L. chamaecyparissus in Denmark. 
The minute black perithecia of the fungus break out all over the affected 
plants. Leptosphaeria marcy ens is (PECK) SACCo attacks living plants of L. 
Selago and L. annotinum, subsequently forming perithecia in the dead 
leaves and stems. Leptosphaeria Crepini (WEST.) DE NOT. has also been 
described as a parasite on L. annotinum and L. clavatum, blackening the 
sporophylls by the abundance of its perithecia. A number of other fungi 
have been recorded on various species of Lycopodium but no definite 
statements were made regarding their parasitism. 

Isoetes is the host of four very interesting parasites. A smut, U stilago 
I soetis ROSTR., was described by ROSTRUP 3) on I. lacustre from Denmark. 
The light brown, spherical spores develop in the bases of the leaves. Rhizo
phidium Sphaerotheca ZOPF 4) attacks and kills microspores of I. lacustre 
and I. echinospora lying in water. This fungus belongs to the Chytridiales. 
A delicate branched mycelium or haustorium is formed within the spore 
and a sporangium on the surface. As many as twelve parasites may occur 
on one Isoetes spore, and they bring about changes in the spore content, 
converting it into large oil drops which are used by the fungus. The 
sporangia give rise to minute uniciliate swarm spores which bring about 
fresh infections. No resting spores are formed by this species. ZOPF also 
observed another parasite which formed from 2 to 4 thick-walled resting 
spores inside the I soetes spores. He did not pame the organism but stated 
that it showed certain affinities with the Monadaceae, a family of Flagel
lates. Ligniera Isoetis was described by PALM 5) from Sweden in 1918. It is 
a member of the Plasmodiophoraceae, a group of organisms allied to if not 
included in the Myxomycetes. The parasite lives in the leaves of Isoetes 
lacustre, producing irregular brown spots on them. The colour is due to 
accumulations of spore-balls within the parenchyma cells. Each ball is 
hollow and almost completely fills its host cell, conforming to the shape of 
this. They are eventually set free by the decay of the invaded leaves. The 
method of germination and infection was not described, but a study of 

') POPP, M., Oldenburg Landw. BI., XXV, 400, 193\. 
2) J AROCK!, J., I.e. 
3) ROSTRUP, E., Bot. Tidsskr., XXVI, 306, 1905 . 
• ) ZOPF, Abhandl. Naturf. Ges. Halle, XVII, 92, 1888. 
0) PALM, B., Svensk Bot. Tidskr., XII, 228-232, 1918. 
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early phases of the disease revealed the presence of small amoebae in the 
cells. These grew at the expense of the cell contents, forming a plasmodium 
which in turn gave rise to the dark-coloured spore-balls. 

Selaginella is sometimes attacked by Pythium Debaryanum which causes 
'damping off' under greenhouse conditions. Synchytrium Selaginellae SOR
OK. has been recorded on Selaginella sp., and Taphrina Selaginellae P.R. on 
S. M enziesii. OLSON 1) has described a curious fungus, Acrospermum ur
ceolatum OLSON, parasitic on S. rupestris. The small dark fructifications 
develop on the upper surface of both sporophylls and foliage leaves, either 
singly or in groups. They are vase-shaped with a wide apical aperture, and 
it is difficult to decide whether they should be regarded as apothecia or 
perithecia. The mycelium does not penetrate far into the tissues of the host. 
Melanotaenium Selaginellae RENN. et NYM. 2) is a smut that grows in the 
stems and bases of the leaves of Selaginella in Java. The spores are at first 
brown, later black, and covered with warty outgrowths. They only germin
ate after being set free by the decay of the host plant. Another smut, 
Entyloma polysporium (PK.) FARL., was recorded by SINGH 3) on S. chryso
caulos in India. Irregular brown or black patches developed on stems and 
leaves due to the presence of dark-coloured, thick-walled spores in the tis
sues. These occurred throughout the mesophyll of the leaf but only in the 
more superficial layers of the stem. Owing to an inade.quate supply of 
material the full life-history of the fungus could not be investigated. 

§ 5. Symbiosis and Epiphytism. - If one excludes mycorhiza, which 
are being discussed in the following chapter, the only remaining case of 
symbiosis is the well-known association of the water fern Azolla with the 
blue-green alga, Anabaena Azollae. Most of our information on the morphol
ogical aspect of this association is derived from the detailed account of the 
fern by STRASBURGER 4). The growing point of the stem is sharply curved 
and in the resulting hollow on. the dorsal surface lie some filaments of the 
alga. From here they pass into the cavities that develop in the upper seg
ments of the leaves. Some of the epidermal cells lining these cavities bear 
curious hairs consisting of a stalk and a swollen club-shaped terminal 
portion. Similar hairs, either simple or branched, are also found among the 
algal filaments on the dorsal surface of the growing point. Some filaments 
of the alga penetrate beneath the indusium of the developing sporangia and 
there change to a resting condition. When the embryo begins to form these 
resting cells divide and give rise once more to characteristic filaments 
which become ensconced on the stem apex of the embryo. STRASBURGER 
found the alga present in every plant he examined of all the species of 

') OLSON, M. E., Bot. Gaz., XXIII, 367-372, 1897. 
2) HENNINGS, P., Monsunia, I, 2, 1900. 
3) SINGH, T. C. N., New Phytol., XXIX, 294-296, 1930. 
4) STRASBURGER, E., Uber Azalla, 1873. 
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Azolla, and since the fern showed no symptom of disease he decided that 
it must be a case of symbiosis. That view was generally accepted, and it has 
been suggested that the alga is capable of assimilating atmospheric 
nitrogen while the swollen hairs of the fern absorb some of the resulting 
nitrogenous products. The alga, on the other hand, benefits by the pro
tection derived from the fern and perhaps also receives some supply of 
carbohydrates from it. All this, however, was pure hypothesis until OES 1) 
experimented by growing Azolla on a nitrogen-free nutrient solution and 
found that the fern could indeed thrive under such conditions. Later 
UMBERGER 2) made an important contribution to our knowledge of this 
association by cultivating plants of Azolla freed from the alga. He found 
that growth and vegetative reproduction proceeded as usual and that the 
plants could scarcely be distinguished macroscopically from "normal" 
ones containing the alga. He therefore concluded that under the ordinary 
conditions of cultivation the fern is not dependent on the alga. After a few 
months, however, the alga-free ferns developed some curious abnormalities 
in the swollen hairs lining the now-empty leaf cavities. Sometimes several 
club-shaped cells appeared one above the other on the stalk cell, while 
occasionally the swollen apical cell never formed at all. But after prolonged 
cultivation without the alga these abnormal hairs disappeared. There was, 
nevertheless, a gradual increase in the length of the normal hairs, the 
terminal cells of which became densely filled with some albuminous 
material. Marked accumulations of starch were also observed in the leaves. 
Following up the line of investigation suggested by OES, LIMBERGER 
cultivated "normal" and alga-free ferns both on Knop's solution and on a 
nitrogen-free nutrient solution. On Knop's solution both types of fern grew 
well and reproduced vegetatively, but on the nitrogen-free solution the 
alga-free Azolla gradually died out while the "normal" ferns flourished. 
Thus proof was furnished that the algal association is obligatory for the 
fern when it is growing on a medium which is deficient in nitrogen but is 
not a necessity if an adequate supply of combined nitrogen is available. 
The association of the two organisms may therefore be regarded as a 
conditional symbiosis. 

As pointed out in the introduction to this chapter, representatives of all 
classes of lower plants may be found growing epiphytically upon Pterido
phytes. This type of association is much commoner in moist tropical 
climates than in the temperate regions, and it is sometimes difficult to 
distinguish between epiphytism and parasitism since the former may on 
occasion also result in direct injury to the tissues of the host plant. More 
commonly, however, the injurious effect, if present at all, is general rather 

') OES, A., Zeitschr. f. Bot., V, 145, 1913. 
2) LIMBERGER, A., Akad. Wissensch. Wien, Math.·naturw. Kl., CXXXIV, 

1-5, 1925. 
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than localised and is due to restriction of light and gaseous exchange. Some 
epiphytes are confined to particular hosts or groups of hosts and it is possi
ble that they may have a chemical as well as a mechanical relation to their 
supporting plant. Many others, however, grow equally well on a wide 
range of plants or even on dead wood and stones. 

To this latter group belong the innumerable algae that are found as 
epiphytes upon ferns. Sometimes the prothallia are overrun to such an 
extent that their development is checked, they remain sterile and are 
ultimately killed. MAURIZIO 1) has given an interesting account of the 
nature and extent of the injury to ferns caused by heavy infestation with 
epiphytic algae. Fronds with a thin epidermis are more seriously affected 
than those with thick-walled epidermal cells. Frequently only the upper 
surface is invaded but under favourable conditions the algae may extend 
also to the lower surface and block the stomata. Sometimes they even 
burst open the guard cells by purely mechanical pressure and enter the air 
space below, but they cannot be regarded as in any way parasitic. 

The Myxomycetes which have already been discussed in the section on dis
eases (p. 153) should probably be regarded as epiphytes rather than as para
sites, but it was thought preferable to treat them under the heading of dis
eases since they had been recorded as parasites by the various authors 
quoted. 

There are many epiphytic fungi, some of which represent conditions 
intermediate between true epiphytism and parasitism. FISHER 2) has de
scribed a sooty mould of the tree fern Dicksonia caused by an epiphytic 
fungus, Teichospora salicina (MONT.) GAU. It forms a dense black film on 
the fronds and produces an abundance of perithecia and pycnidia, but 
remains entirely superficial. Another interesting epiphytic fungus has been 
described by SYDOW 3) from Venezuela. It formed tiny white flecks on the 
lower surface of some fronds of Diplazi~tm expansum whose upper surfaces 
were covered with epiphytic algae, mosses and lichens. The fungus formed 
white membranaceous stromata on which were borne the asci. SYDOW 
created a new genus and species for this peculiar form which he named 
Nipholepis filicina. He stated that it bore some resemblance to Myxotheca 
hypocreoides FERD. et WINGE, a species which has, however, been studied 
in detail by THAXTER 4) and found to be a lichen; it occurs on Trichomanes 
pinna tum and various other ferns and flowering plants in Trinidad, and is 
now known as Arthonia candida var. hypocreoides (FERD. et WINGE) V AINIO. 

Lichens, mosses and liverworts may all occur as epiphytes on Pterido
phyta, but no useful purpose would be served by considering them more fully 
in this connection, since the association is not in any wayan intimate one. 

') MAURIZIO, A., Flora, LXXXVI, 113-142, 1899. 

2) FISHER, E. E., Proc. Roy. Soc. Vict., XLVII (N.S.), 387-388, 1935. 
3) SYDOW, B., Ann. Myc., XXXIII, 93, 1935. 

4) THAXTER, R., Mycologia, XIX, 160, 1927. 



CHAPTER V 

lVlYCORHIZA 

von 

H. BURGEFF (Wurzburg) 

§ 1. Einleitung. - Fame sind im allgemeinen Bewohner feuchten und 
humosen Substrats und tragen selbst in starkstem Masse zur Humificierung 
des Bodens bei; sei es dass sie mit ihren feinverzweigten Wurzeln Mineral
baden auflockem und durchlassig mach en und absterbend als Humus zu
ruckbleiben, sei es dass sie sich als Epiphyten in der Traufe der Baume als 
Humussammler ausgebildet haben, die ihn mit den mannigfaltigsten Orga
nen festzuhalten und als Nahrung zu verwenden wissen. 

Humose Substrate zeigen sauere Reaction; Fame sind im allgemeinen 
acidophile Pflanzen. In saueren Boden herrschen Pilzmycelien vor; sie 
mineralisieren die absterbende organische Substanz und machen sie wieder 
fUr die grune Pflanze aufnahmefahig. Sie leben in der Rohhumuszone; der 
eigentliche unter Sauerstoffabschluss gebildete echte Humus wird von 
ihnen kaum angegriffen, wenn nicht von neuem Sauerstoffzutritt und 
Abbau dieses fossilen Materials erfolgt. 

Die Wurzeln aller Fame leben somit in engstem Contakt mit den Pilz
mycelien und haben sich mit ihnen auseinanderzusetzen. Beziehungen, die 
seit J ahrmillionen bestehen, haben feste Form angenommen; sie sind uber 
die Stufe des Parasitismus hinausgewachsen zur Symbiose in weitester Fas
sung des Begriffs. Die nurparasitischen Verhaltnisse sind im vorigen 
Kapitel ausfUhrlich behandelt. 

Scheiden wir den eigentlichen oder kteinotrophen und den symbioti
schen Parasitismus aus, so bleiben Formen der Symbiose aller Grade zwi
schen den unterirdischen Teilen, Wurzeln und Rhizomen der Fame mit 
Pilzmycelien ubrig, Vereinigungen, die wir gewohnt sind als Mycorhiza 
zu bezeichnen. 

Nach der Auffassung der meisten heutigen Botaniker schliesst der Aus
druck Mycorhiza Fane aller Art von Wurzel- oder Rhizomverpilzung ein. 
Ein N utzen fUr die griine Pflanze wird aus dem Bestehen einer solchen Ver
bin dung nicht von vomherein vorausgesetzt. Es gibt aber viele FaIle, wo die 
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Verpilzung der Pflanze Vorteil bedeutet und ebensoviele, wo sie nicht weg
zudenken und als obligate Symbiose Voraussetzung fUr die Existenz der 
Pflanze wird, indem sie sie periodisch unabhangig von der Photosynthese 
macht und ihr ein Leben als Saprophyt gestattet. 

AIle Stu fen kommen bei den Farnen vor. Schon bei Farnpflanzen der 
Steinkohle finden wir die charakteristischen Mycelien in den ZeIlen der 
Wurzelrinde und die nach deren Resorption entstandenen klumpigen 
Excrete. (WEISS 1), OSBORNE 2)). 

Wie E. STAHL 3) feststellte sind manche Stamme wie die Equisetales und 
die Hydropteridales pilzfrei. Spatere Untersucher haben das bestatigt. Bei 
anderen nimmt die Mycorhiza niedere Form der Ausgestaltung an und ent
spricht einer weit verbreiteten Form der Samenpflanzen und der Bryophy
ten; so bei den leptosporangiaten Farnen und den heterosporen Lycopo
diales. 

Nur bei 3 systematischen Gruppen hat sie hOhere Ausgestaltung bei auf
fallender Leistung erfahren: Unter den Eusporangiaten schliessen sich die 
Marattiales noch eng an die Filicinae leptosporangiatae an, zwar obligat 
verpilzt, aber ohne deutliche Abhangigkeit von der Verpilzung. Anders die 
Ophioglossales, welche in samtlichen Formen saprophytisch-mycotrophe 
Prothallien fUhren; ebenso wie die Psilotales. Die merkwtirdigste Ausge
staltung hat die Mycorhiza bei den isosporen Lycopodiales genommen. 
Ihre Sporophyten sind meist autotroph, ihre Gametophyten zeigen aber 
verschiedene Grade fortschreitender Compliciertheit der Mycorhiza, die bei 
vielen zum Holosaprophytismus fUhrt. 

Die g esc h i c h t 1 i c h e E n t w i c k 1 u n g unserer Kenntnisse 
tiber die Farnmycorhiza lasst sich nicht ohne Zusammenhang mit der Ge
schichte der Mycorhiza selbst schildern. M. C. RAYNER hat in ihrem Buch 
"Mycorhiza" (London 1927) diese Entwicklung eingehend behandelt, viel 
eingehender als es mir der hier zur Verftigung stehende Raum gestattet. 
Zudem ist die Aufklarung der mycorhizalen Verhaltnisse bei den Farnen in 
engstem Zusammenhang mit der entwicklungsgeschichtlichen Erforschung 
der verschiedenen Pteridophytenstamme erfolgt und nur gelegentlich Ob
ject besonderer Studien gewesen. So hat sie auch stets in der Aufdeckung 
anatomischer und cytologischer Befunde bestanden, auf grund deren man 
tiber die Beziehungen physiologischer Art zwischen den Symbiont en die 
verschiedensten Vermutungen, meist sehr allgemeiner Art, aussprach. 
Wahrend bei den Samenpflanzen, bei Orchideen, Ericaceen, Pirolaceen und 
Monotropaceen, auch bei der Baummycorhiza schone Ergebnisse experi-

') WEISS, F. E., A mycorhiza from the lower coal-measures, Ann. of Bot. 18, 
255-266 (1904). 

2) OSBORNE, T. G. B., The lateral roots of A myelon mdicans Will. and their 
mycorhiza. Ann. of Bot. 23, 603-611 (1909). 

3) STAHL, E., Der Sinn der Mycorhizenbildung, Jahrb. f. wiss. Bot. 34 (1900). 
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menteJl physiologischer Untersuchung vorliegen, steckt die Analyse der 
Farnmycorhiza noch in den allerersten Anfangen. Das hangt damit zu
sammen, dass es bisher niemals gelungen ist die Pilzsymbionten der Farne 
in freier Kultur zu erhalten und die Synthese der Symbiose in Reinkultur 
durchzufiihren. 

Die Art d e r P i 1 z s y m b ion ten ist hieran schuld. 
AIle Farne fiihren die Phycomycoide M ycorhiza. Die Pilzmycelien sind viel

kernig, querwandlos, bilden blasige "Vesikel", eine Form der Verpilzung, 
die auch bei Samenpflanzen sehr verschiedener Familien der Gymnosper
men und Angiospermen beobachtet ist, J ANSE 1), GALLAUD 2), PEYRONEL 3), 
JONES 4) u.a. 

Der zytologische Bau der Mycorhiza, insbesondere die Form der Organe 
des Austausches geben heute - unter Verwendung der Analogienmit Fal
len bei den Samenpflanzen - die Moglichkeit der Klassificierung. 

Vier Typen bestehen bei den Farnen: Thamniscophage, tolypothamnisco
phage, ptyophage und chylophage Mycorhiza. 

Die von den Orchideen, den Pirolaceen und Ericaceen bekannte tolypo
phage Form kommt bei den Farnen nicht vor. 

§ 2. Thamniscophage 5) Mycorhiza. - Es handelt sich bei diesem 
Typus urn einen ausserordentlich weit verbreiteten, dem gewisse primitive 
Merkmale eigen sind. JANSE'S Beobachtungen an einer Selaginella-Art des 
javanischen Urwaldes mogen hier als Beispiel dienen und in die Frage nach 
der Beurteilung der Mycorhiza einfiihren 1): 

Querwandlose Pilzhyphen dringen aus dem umgebenden Erdboden in 
die ausseren Zellen der Wurzelrinde ein, gelangen sich verzweigend in die 
tiefer liegenden Zellschichten und treten hier in die Intercellularraume 
iiber, den en sie hauptsachlich der Lange nach verlaufen. Bier entstehen 
zahlreiche terminale Anschwellungen oder "Vesikel", die Reservestoffe 
speichern (Fig. 1 a, b). Zweige der interzellularen Hyphen dringen nun nach 
Art von Baustorien in das Innere der angrenzenden ZelIen, wo sie sich fein 
verasteln. An diesen Asten entstehen dann die sogenannten "Sporangio
len", angenahert kugelige oder unregelmassig gestaltete Korper mit war
ziger Oberflache, die nach J ANSE auf kugelige Inhaltsmassen ("spherules") 

') JANSE, J. M., Les endophytes radieaux de quelques plantes javanaises, Ann. 

Jard. Bot. Buitenzorg 14,53-212, pl. V-XV (1897). 

2) GALLAUD, J., Etudes sur les myeorhizes endotrophes Rev. gen. Bot. 17, (1905). 
3) PEYRONEL, B., Prime rieherehe sulle mieorize endotrifiehe e sulla mieroflora 

radieieola normale delle Fanerogame. Rivista di Biol. 5, 463-485 (1923), I.e. 6, 
17-53 (1924) . 

• ) JONES, F. R., A mycorhizal fungus in the roots of Legumes and some other 

plants. Journ. of Agric. Res. 29, 459-470 (1924). 

') Anmerkung: .&C('t)'1[~xo; = kleiner Strauch = arbusculus. 
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FIG. 1. - a, Selaginella spec. Infektion und Verpilzung der Wurzelrinde (nach 
JANSE). - b, Selaginella spec. Terminale und intercalare Vesikel an intercellula
ren Hyphen der inneren Wurzelrinde (nach JANSE). - c, Selaginella spec. "Sporan
giolen in drei Entwicklungsstadien (1-3) (nach JANSE). - d. Alliumsphaerocephal
um, zwei Zellen mit zwei Arbuskeln, das eine im Beginn der Einschmelzung (nach 
GALLAUD). - e-k, Psilotum triquetrum. Fortlaufende Stadien der Zustandsander-

ung in den Zellkernen der Verdauungszellen (nach SHIBATA). 
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zurlickzufiihren ist. (Fig. 1 c). Die Spherulae sollen feine granulae ("granu
les") enthalten, die frei werden und die Zelle mit einer granulierten Masse 
und Oeltropfchen erfiillen. 

Die Natur der "Sporangiolen" hat JANSE nicht erkHirt, doch schliesst 
er die ~loglichkeit aus, dass es sich urn irgendwelche Fortpflanzungsorgane 
des Pilzes handeln konne. 

j. GALLAUD 1) untersucht zahlreiche Pflanzen, so Lebermoose, Mono
und Dikotylen und findet wieder querwandlose oder - arme Pilze mit zu
sammengesetzten oder einfachen Haustorien, fUr welche er den generellen 
Ausdruck Arbuskeln ("arbuscules") pragt. An ihnen entstehen die "Spo
rangiolen" JANsE's teils terminal ("arbuscules simples") (Fig. 1d), teils 
lateral ("arbuscules composes)". 

GALLAUD deutet die Sporangiolen als Reste verdauten Pilzmaterials, 
die sich je nach ihrem Gehalt an organischen Stoffen verschieden 
Hirben. 

Bei meinem Referat liber Symbiose im Handworterbuch der Naturwis
senschaften IX, S. 812 (1934) rechnete ich JANSE'S und GALLAUD'S "Spo
rangiolenmycorhiza" zu dem 1932 2) aufgestellten Typus der Ptyophagen 
Mycorhiza, allerdings unter Hinweis auf gewisse Ubergange zur tolypopha
gen Form. Nachdem ich nun die Farnmycorhiza nachuntersucht habe, 
komme ich zu dem Ergebnis, dass dies nicht moglich ist. Bei der ptyopha
gen Mycorhiza werden junge noch wachsende, meist unverzweigte Hyphen 
zum Platzen und zum Plasmaerguss gezwungen. Das Plasma wird von der 
Zelle resorbiert, die Reste werden durch Celluloseauflagerung aus der Zelle 
ausgeschieden. Manchmal werden ausgestossene Plasmaballen auch nach 
kurzem selbstandigem Leben und eigener Wandbildung verdaut (Ptyogene 
Vesikel). 

Bei den meisten der von GALLAUD untersuchten Pflanzen und ebenso bei 
vielen Farnen findet dagegen eine Agglutination der ganzen Haustorien 
oder Arbuskeln statt, also eine Einschmelzung von alteren ausgewachsenen 
Hyphenverbanden (gelegentlich auch von Vesikeln), die der tolypophagen 
Mycorhiza viel naher steht und hier als Thamniscophage Mycorhiza be
zeichnet werden solI. 

a) Primitive Formen 
In der Einleitung zu diesem Kapitel ist bereits der Fall der von j ANSE 3) 

beschriebenen Selaginella geschildert. Auch BRUCHMANN 4) hat bei der 
europaischen Selaginella spinulosa Verpilzung der Wurzeln festgestellt. 

') GALLAUD, l.c., S. 161 
2) BURGEFF, R., Saprophytismus und Symbiose, Studien an tropischen Orchi

deen, J ena (1932). 
3) J ANSE, l.c., S. 161 
4) BRUCHMANN, R., Untersuchungen tiber Selaginella spinulosa. Gotha: Perthes 

( 1897). 
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Andere Arten schienen pilzfrei - wenigstens in Kultur (Selaginella LyaUii 
SPRING nach BRUCH MANN 1). 

Pilze ahnlicher Art sind nachgewiesen bei griinen Prothallien von Glei
cheniaceen und Osmundaceen (CAMPBELL 2)) Genauere Untersuchungen 
liegen nicht vor. 

Wahrscheinlich hierher gehorig ist auch die merkwiirdige Verpilzung 
der rhizoidtragenden Kugelzellen an dem Fadenprothallium der Schizaea 
pusilla (BRITTON & TAYLOR 3)). 

Einer besonderen Behandlung bedarf die obligate Mycorhiza der Marat
tiaceen, die eigener Zuge nicht entbehrt. 

b) Mar a t t i ace e n my cor h i z a 
Russow 4) findet in den Zellen der Wurzelrinde von Marattiaceenwur

zeIn "grumose" Massen, von den en er nach Beobachtungen an Ophioglos
sum glaubt, dass sie durch Pilzhyphen verursacht werden. KUHN 5) be
obachtet die Entstehung der Excretklumpen aus Vesikeln und umgeben
den Hyphen. Seine Isolierungsversuche des Pilzes in Rosinensaft-Hange
tropfen auf dem Objecttrager geben Mycel mit verschiedenerlei Conidien
formen. Auch CAMPBELL 2), und CHARLES 6) beschaftigen sich mit diesen 
Objecten. 

Eine sehr eingehende vorziigliche Bearbeitung der Maratticeenmyco
rhiza stammt von C. WEST 7). Der Autor findet samtliche Gattungen und 
Arten mit seltenen Ausnahmen einzelner Pflanzen verpilzt, so Angiopteris, 
Marattia, Kaul/ussia, Archangiopteris und Danaea. 

Das querwandlose kraftige ungleichmassig dicke Myce1 des Pilzes dringt 
ohne Scheidenbildung in die Zellen der Epidermis und der ausseren Wurzel
rinde ein und verzweigt sich sparlich in diesen Zellschichten. In den tiefe
ren Schichten wird es interzellular und entsendet, den Intercellularen ent
lang wachsend, zahlreiche Haustorien in die angrenzenden Zellen. Die Haust
orialhyphen verzweigen sich ungemein stark und werden in dieser Weise 

') BRUCHMANN, R., Von den Vegetationsorganen der SelagineUa LyaUii Spring. 
Flora 99, 436-464 (1909). 

') CAMPBELL, D. R., Symbiosis in Fern-Prothallia. The Amer. ~at. 42, 154-165 
(1908). 

3) BRITTON, E. G., and TAYLOR, A., Life history of Schizaea pusilla. Bull. Torrey 
Bot. Cl. 28, 1-19 (1901). 

0) Russow, J., Vergleichende Untersuchungen der Leitbundel-Kryptogamen. 
)lem. Akad. Imp. Sc. de St. petersbourg 19, (1872). 

6) KUHN, V. R., Untersuchungen uber die Anatomie der Marattiaceen und 
andere GeHisskryptogemen. Flora 72, 457-504 (1899). 

6) CHARLES, G. M., The anatomie of the sporeling of M amttia alata. Bot. Gaz. 
51, 81 (1911). 

') WEST, C., On Stigeosporium Marattiacearum and the mycorhiza of the 
.1Jarattiaceae. Ann. of Bot. 31, 77-99 (1917). 
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FIG. 2. - a, Lycopodium Selago, Spore zu Beginn der Keimung. - b, 5 zelliges 
EmpHi.ngnisstadium. - d, Stadium mit entwickelter Mycorhiza. - e, Haarfuss
ferzenzelle. - c, L. clavatum, Erste Infektion des Sporenkeimlings (nach BRUCH
MANN). - t. Ophioglossum pendulum, zwei l\lonate alter Keimling, aus 4 Zellen be
stehend, die basale Zelle durch eine Pilzhyphe inficiert, die bereits eine "Deform
ation" erleidet (nach CAMPBELL). - g-i, Stigeosporium maratliacearum WEST. 
"Ruhesporen" aus den Geweben der Pflanzen (nach \VEST). - k, Galeola hydra, 
Structur der Rohrenttipfel. - m, Gastrodia callosa Rohrentiipfel auf Zellwanden 

und Pilzhyphen (nach BURGEFF). 
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zu Arbuskeln. Die Arbuskeln verlieren ihre Form und gehen in granulare, 
structurlose, klumpige, stark lichtbrechende Massen ("Sporangiolen") 
tiber, die bereits mit blossem Auge in den Schnitten sichtbar sind. Sie 
tarben sich mit Jodli:isung gelb und bleiben in S04H2 und KOH unveran
dert. Schleimkanale und Gerbstoffzellen werden nicht yom Pilz beriihrt. 
Ausserdem bildet der Pilz die iiblichen Vesikel als "temporary reserve or
gans", die spater entleert werden, und "resting spores": kugelige dick
wandige, mit dreifacher Membran versehene i:ilerfiillte Gebilde (Fig. 2g_i) , die 
an Oogonien erinnern, mangels der Antheridien aber nicht mit solchen 
identisch sein ki:innen. WEST vermutet, dass sie nach dem Absterben der 
Wurzel den Pilz regenerieren. Isolierungsversuche sind vergeblich. \V. halt 
den Pilz fUr nahe verwandt mit der Gattung Phytophthora und beschreibt 
ihn zum Unterschied von dieser ais conidienfreie neue Gattung und Art 
Stigeosporium M arattiacearum. 

Die Mycorhiza von Danaea weicht nicht unbetrachtlich abo Sie ent
wickelt sich hier in den ausseren Schichten der Wurzeirinde, die von den 
inneren durch eine sclerenchymatische Scheide getrennt sind. Das Mycel 
zeigt gleichmassigeren Durchmesser und ist intracellular (da Intercellula
ren augenscheinlich fehIen). Ebenso fehien die "resting spores". Die Zell
kerne sollen sich nicht yom Hypheninhalt abheben. West vermutet 
das Vorhandensein eines von dem Stigeosporium abweichenden Sym
bionten. 

Urn einen eigenen Standpunkt zu gewinnen, habe ich die Marattiaceen
mycorhiza an Marattia alata und Angiopteris evecta nachuntersucht. Da
naea-Pflanzen standen mir leider nicht zur Verfiigung. 

Der intercellulare Verlauf der Hyphen in der Innenrinde, - die Zell
schichten der Aussenrinde haben keine Interzellularen - ist sehr demon
strativ, besonders dadurch, dass die inficierten an die Intercellularen gren
zenden Zellen an den Tiipfeln nach innen gerichtete Celluloseemergenzen 
aufsetzen, die ais Reaction auf eindringende Reizstoffe des Pilzes gedeutet 
werden miissen ("Ri:ihrentiipfel" vgl. BURGEFF 1), S. 178). Die in die Zellen 
eindringenden Haustorialhyphen sind sehr zahlreich in j eder Zelle, ihre Ver
zweigung zu Arbuskeln ist wenig deutlich (in den WEsT-schen Figuren 
auch nicht nachzuweisen). Schon nach den erst en Verzweigungen zu Ar
buskeln scheint Einschmelzung von Hyphen vorzukommen. Klare Bilder 
von Arbuskein fehlen. Neben am or ph en Massen, die sich mit "Glycogenjod 
nach A. MEYER" griinlich, mit Chlorzinkjod an Microtomschnitten blau
lich farben (Amyloid) und nur sparliche Hyphenreste enthalten, finden sich 
bedeutende Massen "lebenden Plasmas" mit ungemein zahlreichen Mito
chondrien vermischt. Die ganzen Vorgange der Resorption des Pilzmate
rials weichen von den tiblichen Bildern ab, und bediirfen noch genauerer 
Untersuchung. Fig. 3 oben mag hier eine Vorstellung der Marattia alata-

') BURGEFF, H., Saprophytismus und Symbiose, Jena 1932. 
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Mycorhiza geben. Die intracellularen Vesikel werden nicht zerst6rt, son
dem zu "resting spores". Der Materialgewinn der Pflanze bleibt problema
tisch. 

c. Die hoc hen t wi c k e 1 t e For m d e r 0 phi 0 g los sac e e n 
MILDE 1) beobachtete in den Wurzelrindenzellen von Botrychium "teig

ahnliche" Massen, Russow 2) fand daneben Pilzhyphen. ATKINSON 3) un
tersucht ein Dutzend Arten von Botrychium und OPhioglossum und findet 
alle Arten verpilzt. GREVILLIUS 4) beobachtet die Mycorhiza bei allen un
tersuchten scandinavischen, europaischen und tropischen Botrychium
arten und macht genaue Angaben iiber die Ausdehnung der Wurzelinfect
ion bei den einzelnen Arten. Isolierte Pilznester hinter dem Meristem k6n
nen sich weiter hint en zum Pilzmantel schliessen. "Hyphenknauel" in den 
Zellen sind mit den "interzellularen" Langshyphen durch Stielhyphen ver
bunden. Die Knauel sollen der Resorption durch die Pflanze verfallen. 
JANSE 0897) beobachtet gut die Infection von Oph. pendulum; wenig 
gliicklich ist die Darstellung der Sporangiolenbildung. LANG (1902) be
schreibt die Verpilzung der Prothallien von Oph. pendulum und Helmin
thostachys zeylanica und findet in j ungen Prothallienteilen Vesikel, in 
alten "small shriveled bodies". BRUCHMANN (1904) beobachtet bei Ophio
glossum vulgatum die Infection der Zellen, das Verschwinden der Starke, 
die "Entartung" der Hyphen, das Zuriickbleiben von "Klumpen". Der Pilz 
solI Humusstoffe in Baustoffe fUr die Pflanze verwandeln. Seine Untersu
chung von Botrychium (1906) bringt iiber die Mycorhiza nichts wesentlich 
neues. CAMPBELL 5) beobachtet in sehr bedeutenden Studien Keimung und 
Infection der Sporen von Oph. pendulum und Oph. moluccanum und be
schreibt an erwachsenen Prothallien von Oph. pendulum die Zellinfection, 
den Abbau der Starke, die Ausbildung verschiedener Arten von Vesikeln, 
auch charakteristische Unterschiede bei dem Prothallium von Botrychium 
virginianum, von dem er Zellen mit unregelmassigen Mycel neben "diges
tiv" Zellen abbildet. BON IKE L. 6) gibt als erster Zeichnungen des Ver
dauungsvorgangs. Leider war mir der russische Text der Arbeit nicht zu
ganglich. 

Nach eingehendem Studium der vorher aufgezahlten Literatur ist es mir 

1) MILDE (1869) cit. in GREVILLIUS (1895) siehe unten. 
2) Russow, l.c. S. 164. 
3) ATKINSON, G. F., Symbiosis in the roots of Ophioglossaceae. Proc. Am. Ass. f. 

the Advanc. of Sc. 254/55 (1894). 
4) GREVILLIUS, A. Y., Uber Mycorhizen bei der Gattung Botrychium nebst 

einigen Bemerkungen tiber das Auftreten von Wurzelsprossen bei B. virginianum 
Swartz. Flora 80, 445-453 (1895). 

6) CAMPBELL, l.c. S. 164. 
6) BONIKE, L., Sur les mycorhizes endotrophes des Orchidees, Pirolacees et 

Ophioglossaceae. Trav. de Nat. a rUn. Imp. de Kharkow 43, 1-32 (1909). 



FIG. 3. -- Oben, ;Uarattia alata, Radialer Schnitt durch die Vvurzelrinde; unten am 
Rand ZeIIen des innersten starkereichen Speichergewebes, nach oben drei ZeII
schichten mit in Agglutination befindlichen Arbuskeln. In den Zel1en auf der rechten 
Seite zwei intraceIIulare, in der ;\1itte ein interceIIulares VesikeI. Die intraceIIularen 
werden zu dickwandigen "Ruhesporen". Tanninbeize-Eisenfarbung (524 : 1). -
Unten, Opkioglossum pendulum, Oben l\Iitte: "Vorgeschobene" PilzwirtzeIIe; in die 
angrenzenden VerdauungszeIIen nach links unten und rechts verlaufen Hyphen, die 
Sternarbuskel tragen. Ein Teil dieser Arbuskeln ist bereits in dunkel gefarbte 

Excretkorper verwandelt. Haematoxylin-Eisenalaun - Safranin (524 : 1). 
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nicht moglich gewesen, manche Widerspriiche und Ungenauigkeiten in den 
Angaben und Zeichnungen der Autoren zu kHiren. Nun hatte ich aber das 
Gliick in Java nicht nur reichlich Pflanzen von OPhioglosstt1n pendulum 
und O. moluccanum, sondern "auf Campbells Pfaden", d.h. in einem As
plenium nidus-Nest bei Tjibodas auch die Prothallien des O. pendulum auf
zufinden. Die Untersuchung erfolgte an Microtomschnitten nach den bei 
ptyophager Orchideenmycorhiza 1932 geschilderten Methoden. Es ergab 
sich folgendes: 

1m Sporophyten von Of1hiogl. pendulum sind nur die diinnen Wurzeln 
regelmassig verpilzt. Die Infection beschrankt sich auf die aussere interzellu
larenlose Wurzelrinde, derentwegen die durch die Epidermis eindringenden 
querwandlosen vielkernigen Hyphen intracellular verlaufen. Bei der 
Durchbohrung der Wande treten keinerlei Reactionen der Zelle durch 
Abscheidung von Cellulosescheiden ein, auch sind keine Appressorien 
sichtbar. Die Zellwand wird yom Pilz gelOst. 

Zellen der vierten, der fiinften und der sechsten Schicht konnen als Pilz
wirtzellen fungieren. Zellen der fiinften oder sechsten Schicht als Pilzver
dauungszellen. Wird eine Zelle der vierten Schicht besiedelt, so wachsen 
samtliche Hyphen in dieser Zelle angedriickt an den an die fiinfte Zell
schicht angrenzenden Zellwanden. Sie schein en interzellular, sind aber wie 
diinne Wurzelquerschnitte ausweisen intracellular und augenscheinlich 
durch von der Verdauungszelle zudiffundierende Stoffe zum Appressions
wachtsum gezwungen. Fungiert eine Zelle der fiinften Zellschicht als Pilz 
wirtzelle, so werden neben denen der 6ten auch die nicht infizierten der 
Sten Schicht zu Pilzverdauungszellen. Fig. 3 unten gibt ein Bild einer 
solchen vorgeschobenen Pilzwirtzelle. Differenziert sich in seltenen Fallen 
eine Zelle der 6ten Schicht zur Pilzwirtzelle so wird das Bild der ganzen 
Mycorhiza invers. Appressionswachstum der Hyphen erfolgt jetzt an den 
nach aussen gerichteten Wanden. 

Die Infection cler Verdauungszellen ist h6chst merkwiirdig; eine kraftige 
aus der Pilzwirtzelle eindringende Hyphe wird zu einem diinnwandigen 
viele blasige Aussackungen treibenden Haustorium, das ich Sternarbuskel 
nennen will. (Fig. 4 links oben). Die Starkewird nun langsamabgebaut. Der 
Abbau fiihrt jedoch nicht immer zu volligem Schwund der Starke. Vielfach 
lassen sich sehr kleine Starkekorner in den Amyloplasten der Verdauungs
zellen noch nachweisen. Der Sternarbuskel fiillt schliesslich mit seinen 
Aussackungen den Querdurchmesser der Zelle aus. Man beobachtet an weiter 
fortgeschrittenen Stadien ein Knittern der Wande, die immer mehr zusam
menschrumpfen. Der Inhalt zeigt noch gefarbte Kerne und dunk Ie Schollen 
anderer Substanz (Fig. 4 links unten). Die zerknitterte Wand wird immer 
mehr zusammengeballt und liefert einen unregelmassig rundlichen, noch mit 
der Z uleitungshyphe ver bundenen, scharf berandeten, star k licht brechenden 
Excretkorper, die "Sporangiole" JANSE'S. (Fig. 3 unten, 4 links oben). Die 
Zelle wird nun nach und nach bei immer wiederholt em Einbruch neuer 
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• 

FIG. 4. - L. oben, Ophioglossum pendulum, Junger Sternarbuskel umgeben von 
Amyloplasten, deren zusammengesetzte Starke noch nicht abgebaut wurde, da
neben geschwarzter aus einen Arbuskel enstandener Excretkorper. Tannin Eisen
praparat (1154 : 1) . - L. unten, Daselbe; Sternarbuskel in derVerdauung mit an
liegendem Zellkern. Hamatoxylin-Eisenalaun-Safranin (1154 : 1) . - R. oben, Psi
lotum triquetrum Ausschnitt aus Fig. 6 R. oben: Arbuskeln bei starkstmoglicher 
Vergrosserung. Die zarten Einzelhyphen sind im Schnitt sichtbar. Tannin-Eisen 
(1154 : 1).- R. unten, Lycopodium complanatum, Pilzknauel aus dem Rindengewebe 
des Prothalliums mit den auf die Hyphen aufgesetzten Rohrenttipfeln (1154: 1). 
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Hyphen und wiederholter Coagulation neuerSternarbuskeln mit denExcret
korpern angefiillt. In Fig. 3 unten sind in jeder Verdauungszelle die haema
toxylingeschwarzten Excretkorper neben intakten Sternarbuskeln zu sehen. 
Junge Excretkorper Hirben sich mit Glycogenjod und J odjodkali dunkel gelb 
und entfarben sich bei hoherer Temperatur. Beim Erkalten kehrt die Farbe 
zuriick. In alten Wurzeln unterbleiben die Reactionen. Trotzdemscheint es 
sich nicht allein urn Glycogen zu handeln. Das in den Ophioglossumwurzeln 
aller untersuchten Arten massenhaft vorhandene fette Oel gibt dieselben 
Reactionen mit Jod. Es lasst sich durch Farbung mit Sudan III leicht 
nachweisen. Eine ahnliche Substanz tritt auchin dicken Tropfen in Hyphen 
der .Pilzwirtzellen auf 1). Mit Aether aus frischen Wurzeln von Ohp. vulga
tum extrahiert, ist das Oel in Menge zu erhalten, von gelber Farbe, loslich 
zu gelber Losung in absolutem Aethylalkohol, un los I i chin abs. Me
thylalkohol aber rasch verseifbar mit KOH + NH3. Ein Erwerb dieses 
Oelsdurch die Pilzverdauung scheint nicht ausgeschlossen. Die Frage be
darf genauerer Untersuchung als sie jetzt im Winterzustand der Pflanzen 
moglich ist. Alte Excretkorper farben sich mit gewohnlicher Jodjodkalium
losung blaulich, nach Auswaschen des iiberschiissigen J ods blau. Die Reak
tion ist auf die geschrumpften Wande des Sternarbuskels zuriickzufiihren, 
die zum Unterschied von den gewohnlichen Hyphen in ihren Chitinwan
den Amyloid enthalten. Die stark lichtbrechende wahrscheinlich aus Plas
ma bestehende Umhiillung der Exkretkorper verschwindet bei Behandlung 
mit Javellescher Lauge, es bleiben die rein en Pilzmembranen iibrig. Die 
Excretkorper werden also nicht mit Cellulose umhiillt wie die Excret
klumpen der tolypophagen Mycrorhiza. 

Das vollsaprophytische Prothallium von 0Phiogloss1tm pendulum ist sehr 
klein. Von LANG 2) und CAMPBELL 3) ist es genau beschrieben. CAMPBELL 
hat auch die Sporenkeimung geschildert. 1m Alter von 2 Monaten wird die 
bas ale Zelle des vierzelligen Stadiums inficiert (Fig. 2f). "The branching 
mycelium of the mycorhiza was closely applied to the surface of the cell, 
and a haustorium was sent down through the cell wall into the basal cell." 
Das Bodenmycel entspricht hier dem Mycel der Pilzwirtzelle und zeigt Ap
pressionswachstum; die Basalzelle wird gleich zur anlockenden V er
dauungszelle. "In the cell infected with the fungus, the contents show the 
peculiar aggregated appearance characteristic of the infected cells of the 
older Prothallium." An der Verdauung des erst en Haustoriums ist nach 
CAMPBELL'S Wort en wohl nicht zu zweifeln. 

Das erwachsene Prothallium ist verzweigt. Der Pilz ist intracellular in 

I) BRUCHMANN findet nicht nur die verpilzten Prothalliumzellen des Botrychium 
Lunariasondernaueh die "Ausstiilpungen" der Pilzhyphen mit fettem Oel erfiillt. 

0) LANG, W. R., On the prothalli of 0Phioglossum pendulum and Helminthos
tachys zeylanica. Ann. of Bot. 16: 2-56 (1902). 

3) CAMPBELL, D. R., Studies on the Ophioglossaceae. Ann. Jard. Bot. Buiten
zorg 21: 138-194 (1907) desgl. 1908 l.e. S. 164. 



FIG. 5. - Oben , Ophioglossum pendulum, Ui.ngsschnitt durch das Prothallium. 
Rechts oben: Pilzhyphe durch die kurze Rhizoidzelle eingedrungen, in den ausseren 
Zellen :Mycel, in den inneren Sternarbuskel in allen Stadien der Verdauung. Hae
matoxylin-Eisenalaun-Eosin (524 : 1). - Unten, Zellen aus dem central en Teil 
der Prothalliums. Dickwandige grosskernige Hyphen durchbohren die \Vande der 
lebenden Zellen und erzeugen an Seitenzweigen Sternarbuskel, die der Verdauung 

verfallen. Farbung und Vergrosserung wie vorher. 
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den ganzen basalen Partien verbreitet; jung inficierte Zellen befinden sich 
hinter den wachsenden Meristemen der Prothalliumzweige. N euinfectionen 
finden von aussen durch die kurzen Haare statt (LANG 1902). Die cytologi
schen Verhaltnisse der Mycorhiza sind nach der Schilderung der Autoren 
nicht eindeutig. Ich bringe das folgende nach eigenen Beobachtungen: 

Die Zellen des Gametophyten haben etwa den halben Durchmesser der 
Wurzelrindenzellen des Sporophyten; das bedingt ein etwas geandertes 
Verhalten des Pilzes. Die Infection erfolgt durch die Haarzelle, die Hyphe 
verzweigt sich in der subepidermalen Schicht (Fig. 5 oben), deren Zellen zu 
Pilzwirtzellen werden. In den tiefer liegendenZellen beobachtet man alle Sta
dien der Verdauung hier wesentlich kleiner ausfallender Sternarbuskeln, da
neben typische Pilzwirtzellen. Weiter nach innen hort die sauberliche Diffe
renzierung in Pilzwirt- und Verdauungszellen auf. Immer dickere derbwan
dige grosskernige Hyphen wachsen nach allen Richtungen durch die Zellen 
unter starker Zerstorung der Zellwande (Fig. 5 unten) und bilden, anschei
nend jeweils in N achbarzellen hinein, ihre Haustorien oder Sternarbuskeln, 
die in der gleichen Art wie in den Zellen des Sporophyten verdaut und zu 
etwas weniger regelmassig gestalteten Excretkorpern werden. Die derbwan
dig en Hyphen unterliegen keiner Schadigung seitens der Pflanze. Auchdie 
vielfach ohne Scheidenbildung durchbohrten Zellen besitzen gesunde, 
schwach hyperchromatische, nur wenig vergrosserte Zellkerne. Abweichend 
von der Sporophytenmycorhiza ist also im wesentlichen nur der Verlust 
der Differenzierung in Pilzwirt- und Verdauungszellen in den centralen 
Teilen des Prothalliums. Die bei der Sporophytenmycorhiza fehlenden von 
den Zellen nicht angegriffenen, derbwandigen Riesenhyphen ubernehmen 
hier augenscheinlich die Zuleitung des Materials im dichteren Gewebe des 
Prothalliums. Was sie aus dem umgebenden Erdboden herbeischaffen ver
taUt der Pflanze auf dem Weg der Thamniscophagie. 

Nach langerem vegetativen Wachstum beginnt das Prothallium mit der 
Anlage der Geschlechtsorgane. Sie und ihre Nachbarzellen werden yom 
Pilzmycel nicht beruhrt. Bei Helminthostachys besteht nach LANG (1902) 
eine ausgesprochen vegetative Phase,auf die nach einer Streckung die 
Anlage der 6 und <j2 Organe an getrennten Prothallien erfolgt. Die Verpil
zungsart scheint von der der Ophioglossum-Prothallien nicht verschieden. 
Fur die von BRUCHMANN 1) untersuchten Prothallium von Oph. vulgatum 
und Botrychium Lunaria ergeben sich aus den BRUCHMANNschen Beschrei
bungen der Endophyten keine wesentliche Abweichungen. 

Die gesamten Ophioglossaceen haben augenscheinlich den gleichen Ver
pilzungstypus. Unterschiede bestehen in der Dicke der vegetativen Hyphen, 
in der Art des Appressionswachstums in den Pilzwirtzellen, das ich in den 

') BRucHMANN, H., Uber das Prothallium und die Keimpflanze von Ophioglos
sum vulgatum L. Bot. Ztg. 62, 227-248 (1904) ders. Uber das Prothallium und die 

Sporenpflanze von Botrychium lunaria. Flora 95, 203-230 (1906). 
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Wurzeln von O. vulgatum viel ausgesprochener fand als bei O. pendulttm 
und molttccanum. Die Hyphen liegen hier v611ig flachgedruckt der Wand der 
Verdauungszellen an. Die Art der Ausbreitung des M ycels in der Wurzelrinde 
wechselt nach GREVILLIUS 1), der die meisten Arten untersuchte, bedeutend. 
Bis zu 7 Schichten k6nnen inficiert sein (Botrychittm lanceolatum). Bei an
deren Arten nimmt die Dicke der Pilzschicht auf 5-4-3-2 Schichten abo 
Bei B. attstrale finden sich nur unzusammenhangende Pilznester. 

§ 3. Die tolypothamniscophage 2) Mycorhiza der Psilotales.
Bei Psilotumwurde die Verpilzung von SOLMs-LAuBACH 3) entdeckt, auch 
die Infection der Brutknospen durch den Pilz beobachtet und abgebildet. 
Kurz damit beschaftigt haben sich noch lANSE 4) und BERNATZKY 5). Der 
letztere glaubte sich mit der Isolierung der Endophyten in freier Kultur 
erfolgreich, hat aber sicher einen falschen Pilz in Kultur gehabt. 

SHIBATA 6) hat dann eine eingehende Untersuchung vorgenommen, von 
deren Ergebnissen meine eigenen Befunde in einzelnen Punkten abweichen. 

Der Bau der Pflanze ist von SOLMs-LAuBAcH (1884) geschildert worden. 
Sie besitzt ein stark verzweigtes unterirdisches Rhizom, des sen mit zweizel
ligen Rhizoiden besetzte Aste sich verzweigend abwarts wachsen, wahrend 
andere aus der oberen Zone an das Licht tretend zu aufrechten Assimila
tionssprossen werden. Die unterirdischen Rhizomteile sind in einiger Ent
fernung vom Meristem verpilzt, die dunnen Abzweigungen starker als die 
Hauptachsen. Der ~ilz dringt mit querwandlosen Hyphen durch die Haare 
in die Rhizomrinde ein und inficiert einen Teil der Zellen in 6-7 Schichten 
der Aussenrinde. In den inficierten Zellen verschwindet die Starke aus den 
Amyloplasten. Zuerst erscheinen in der Zelle wenige Windungen allmah
lig perlschnurartig anschwellender, dicker Hyphen, von denen dunn ere 
und verzweigte Aste abgehen, die das Innere der Zelle nach und nach anftil
len (Fig. 6 links oben). Andere Zellen werden von Anfang an durch dUnnere 
Hyphen besiedelt. SHIBATA sah diesen Unterschied und spricht von "Pilz
wirtzellen" und "Verdauungszellen". Da, wie auch er beobachtet, der Pilz 
in allen Zellen schliesslich verdaut wird, glaube ich die Unterscheidung 
nicht gerechtfertigt. Vor allem in den dunnhyphigen Zellen bildet der Pilz 
haufig grosse blasige plasma- und reservestoffreiche Vesikel. Der Pilz-

') GREVILLIUS, I.e. S. 167. 
2) 't'o).tJ7t1) Knauel, .!J-ot[LVLqW<; = arbuseulus. 

S) SOLMS.LAUBACH, R., Der Aufbau des Stoekes von Psilotum triquetrum und 

dessen Entwieklung aus der Brutknospe. Ann. Jard. Bot. Buitenzorg 4, 139-194 
(1884). 

4) JANSE, I.e. S. 161. 

5) BERNATZKY, J., Beitrage zur Kenntnis der endotrophen Mycorhizen. Ter· 
meszetrajzi Ftizetek 22,88-110 (1899). 

6) SHIBATA, K., Cytologische Studien tiber die endotrophen Myeorhizen. 
Jahrb. f. wiss. Bot. 37, 641-684 (1902). 



FIG. 6. - L. aben, Psilotum triquetrum. Rhizomrindenzelle mit graben, perlschnur
fiirmig angeschwallenen Hyphen, die dlinne verzweigte Aste in d. Innere der Zelle 
senden. Tannin-Eisenfarbung (393 : 1). - R. aben, Psilotum triquetrum. Arbuskel
bildung an den Hyphen. Tannin-Eisen (393 : 1). - L. unten, Psilotum triquetrum. 
Hyphen und eins der Vesikel im Beginn der Verdauung. Sehr stark farbbar. Tannin
Eisen (393 : 1) . - R. unten, Psilotum triquetrum. Excretkiirper ader .. Klumpen" 

an Hyphenresten hangend, dane ben der ZelIkern. Tannin-Eisen. 
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knauel in der Zelle kann nun verhaltnissmassig locker bleiben oder auch 
sehr dicht werden, in jedem Fall treten am Ende seitliche Hyphenaste auf, 
weIche zu kurzen Arbuskeln werden. (Fig. 6 rechtsoben und4rechtsoben). 

Sie sind SHIBATA entgangen 1) und auch recht schwer und nur mit der 
starksten Optik gut zu beobachten. An ihnen beginnt die jetzt einsetzende 
Verdauung, die zuerst die Arbuskeln, dann die Hyphen und zuletzt die 
Vesikel einschmilzt. (Fig. 6 links unten). Es bleibt ein fester, an den Resten 
ehemals zuleitender Hyphen aufgehangter, gelblich gefarbter, stark licht
brechender Excretkorper iibrig. (Fig. 6 rechts unten). 

Mit der Verdauung einher geht eine charakteristische Veranderung des 
Zustandes der Zellkerne. (vgl. Fig. 1 e-k). Schon in den pilzerfiillten Zellen 
haben sie sich bedeutend vergrossert. Vor der Verdauung werden sie 
amoeboid. Das Chromatin vermehrt seine Masse und wird zu scholligen, 
durch feine Faden verbundenen Gebilden. Auch die Nucleolen vergrossern 
sich und treten an die Peri ph erie des Kerns. Nach beendigter Verdauung 
nimmt der Kern wieder normale Form und Grosse an. Die Veranderungen 
sind wohl der Ausdruck besonderer Activitat gewisser Kernfunctionen, die 
mit der Verdauung des Pilzmaterials in Verbindung stehen, sie kommen in 
noch drastischerer Weise bei der tolypophagen Mycorhiza der Orchideen 
VOL 

Wiederholte Verdauung wie sie bei Orchideen die Regel ist, beobachtet 
man in einzelnen Zellen auch bei Psilotum. Die Zelle wird dann nach der 
erst en Phagocytose neu yom Pilz besiedeIt und eine zweite Verdauung legt 
einen neuen Mantel von Pilzmaterial urn den schon vorhandenen Excret
korper 2). 

Die Hyphen im Psilotumrhizom sind reich an fettem Oel, das der Pflanze 
bei der Phagocytose anheimfallt. Glycogen konnte ich indessen nicht nach
weisen. Die Pilzmembran besteht aus Chitin (SHIBATA), trotzdem enthalten 

') Diese Behauptung kann ich nicht aufrecht erhalten. 
An Psilalum-Pflanzen, die auf einem Topf von Hura crepilans aufgegangen wa

ren, fand ich eine sehr regelmassige Verpilzung der Rhizoms. Der Pilz ist in allen 
Merkmalen bis auf die Arbuskelbildung identisch, er hat die gleichen perlschnur

f6rmigen peripheren Hyphen mit ihren dunnen Abzweigungen und die gleichen 
Vesikel. Er wird in ebensolcher Weise verdaut. Nur die Arbuskelbildung fehlt. 

Zwischen beiden Pilzen muss mindestens der Gattungscharakter gewahrt sein. Den 

Namen der tolypothamniscophagen Mycorhiza m6chte ich trotz dieser Beobacht

ung fur Psilalum beibehalten. 

2) Bilder wie SHIBATA's Fig. 33 und 34 sind nicht anders zu deuten. Sie haben 

SHIBATA den Anlass gegeben, einen unmittelbaren localen Einfluss des Kerns auf die 

Verdauung und Klumpenbildung anzunehmen der m.A. nach nicht besteht. 

(SHIBATA ist hier durch eine entsprechende Beobachtung von MAGNUS an Neattia 
beeinflusst worden, vgl. BURGEFF 1936, S. 14) '). 

3) BURGEFF, H., Samenkeimung- der Orchideen und Entwicklung ihrer Keim

pflanzen mit einem Anhang uber praktische Orchideenanzucht. J ena (1936). 
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die verdauten Klumpen Amyloid und farben sich mit Jodjodkali grunlich, 
nach Behandlung mit Javellescher Lauge blau. SHIBATAkonnte mit Schwei
zers Reagens das Amyloid herauslOsen und sieht in ihm eine von der Pflan
ze ausgeschiedene Kittsubstanz. Ich halte es auch fUr moglich, dass ein bei 
der Verdauung veranderter Bestandteil der Pilzmembran vorliegt. Die mi
crochemische Seite der Psilotum-Mycorhiza erinnert damit stark an die der 
Ophioglossaceen, der sie auch durch die neu aufgefundenen Arbuskeln nach 
der morphologischen Seite ahnelt. 

Die Prothallien von Psilotum und Tmesipteris sind von LAWSON 1), das 
von Tmesipteris auch von HOLLOWAY 2) aufgefunden und beschrieben wor
den. Habituell erinnern sie stark an die von Ophioglossum pendulum. Als 
Holosaprophyten sind sie viel regelmassiger inficiert als die hemisapro
phytischen Sporophyten. Die Form der Mycorhiza scheint in keinem Punkt 
von der fUr das Psilotumrhizom geschilderten abzuweichen. Die Infection 
geht auch hier durch die Haare. Alte Zellen der Prothallien sollen abster
ben. LAWSON macht den Pilz verantwortlich fUr die unbekannte Sporen
keimung. 

Ich habe seit 1909 zahllose Versuche der Isolierung des Psilotum-Pilzes 
unternommen; in den letzten Jahren unter Verwendung der neuen Wuchs
stoff- und Vitamintechnik. Seit 1935 gelingt es mir regelmassig den Pilz 
aus sterilen Rhizomausschnitten mit einzelnen Hyphen herauswachsen zu 
lassen. Sein Wachstum ist ganz ausserordentlich langsam. Schliesslich stel
len die Hyphen das Wachstum ein. Einer Ubertragung auf neuen Nahrbo
den nach Trennung von dem zugehorigen Gewebestuck des Psilotum
Rhizomes folgte stets der Tod der Hyphe. An der Identitat der auswach
senden querwandlosen perlschurformig angeschwollenen Hyphen mit dem 
Psilotum-Endophyten besteht kein Zweifel. Sehr ahnliche, wenn nicht 
identische Hyphen erhielt ich aus Marattia alata-Wurzeln. Es ist immer
hin zu hoffen, dass die Kultur schliesslich gelingt und neue Wege zur Ana
lyse und Synthese der Farnmycorhiza eroffnet. 

Die My cor h i z a de r L y cop 0 die n pro t hall i e n bleibt 
noch zu besprechen. Man hat ihr seit TREUB'S und BRUCHMANN'S klass
ischen Untersuchungen stets das allergrosste Interesse entgegengebracht, 
zumal der Stoffaustausch bei diesen abweichenden Formen der Verpilzung 
in volliges Dunkel gehullt war. Verdauungsvorgange waren nicht beobach
tet. TREUB rechnete trotzdem mit der Moglichkeit der Ubertragung von 
Glycogen und Oel aus dem Pilzmycel in die Pflanze, die deren saprophyti
schen Wuchs gewahrleisten konnten. BRUCHMANN lehnte diese Hypothese 

') LAWSON, A. A., The prothallus of Tmesipteris tannensis. Trans Roy. Soc. 
Edinburgh 51, 775-794 (1916); The Gametophyte Generation in the Psilotaceae 
I.c. 52, 93-113 (1921) . 

• ) HOLLOWAY, J. E., The prothallus and young plant of Tmesipteris. Trans. New 
Zealand Inst. 50, 1 (1901). 
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ab, spraeh der Pflanze die gesamte (nur bei L. Selago von Pilz unterstiitzte) 
Aufnahmefahigkeit fUr organisehe Bodenstoffe zu und sah die Pilzfunction 
lediglieh in einer das Material umformenden. Die von dem Prothallium auf
genommenen "Humus" -Stoffe sollten gewissermassen dureh die tiefen pe
ripheren Pilzsehiehten filtriert und verandert und in eine fUr die Pflanze 
assimilierbare Form gebraeht werden. 

Schon 1909 hatte ieh mit Prothallien, die ieh der Freundliehkeit Berm 
BRUCHMANN'S verdankte, Pilzisolierungsversuehe angestellt, die erfolglos 
blieben. Teh habe sie nieht wiederholt, da es mir an Material fehlte. BRUCH
MANN'S Kunst des Findens dieser verborgenen Sehatze ist mit ihm ins Grab 
gesunken. Erst in Java auf dem Gipfel des Pangrango (3000 m) gelang mir 
ein Fund von zwei Prothallien des Lycopodium clavatum-divaricatum 
mit jungen Embryonen. Diese und eine Reihe mir von Herm Collegen P. 
CLAUSSEN (Marburg) liebenswiirdiger Weise zur Verfiigung gestellten Mi
crotomschnitte von Lye. clavatum, complanatum und eine Schnittserie 
von L. Selago ermi.iglichten mir eine eigene Untersuchung, an die ieh mit 
gri.isster Spannung heranging. Was sie ergab, und wieweit es mir gelang das 
Austauschproblem zu klaren, dariiber mi.igen die beiden folgenden Kapitel 
beriehten: 

§ 4. Die ptyophage Mycorhiza der Lycopodien des Phlegmaria
Typus. - Wie schon friiher gesagt erfolgt der Materialaustausch zwischen 
Pilz und Pflanze bei der ptyophagen Myeorhiza unter der Erseheinung der 
Plasmoptyse. Einige der von JANSE besehriebenen Myeorhizatypen gehi.i
ren hierher. Kraftige junge Hyphen dringen in besondere Verdauungszel
len ein. Die Hyphenspitze platzt und die entstehenden Plasmaergiisse wer
den von der Pflanze verdaut, wobei Reste als Exeretki.irper zuriiekblei
ben 1). JANSE nennt die Ptyosomen gleich den aus eingesehmolzenen Ar
buskeln der tamniscophagen Mycorhiza entstandenen Exeretki.irpem 
"Sporangiolen". PETRI 2) findet die richtige Erklarung; er bezeiehnet die 
dureh Hyphenbrueh in Freiheit gesetzten resp. in die Zelle ergossenen 
Plasmamassen als "prosporoidi". 

1eh selbst 3) habe an tropisehen Orehideensaprophyten der Gastro
diinae hoeheomplicierte Formen solcher Sporangiolen untersueht und 
dann diesen nieht auf die phyeomycoide Myeorhiza beschrankten Ty
pus als Ftyophage Mycorhiza (7t1'UE~V speien, cpOCyE~v essen), die "Spor-

') Excretkorperlose Ubernahme des PilzinhaIts ist nur durch FRANKE), bei 
M onotropa hypopitys aufgefunden worden. 

2) PETRI, L., Ricerche suI significata morfologico e fisiologico dei prosporoidi 
(sporangioli di Janse) neHe micorize endotrofiche. Nuov. Giorn. Bot. Ital. n. ser. 

10, 541 (1903). 
3) BURGEFF, H., I.e. S. 166 . 
• ) FRANKE, H. L., Beitrage zur Kenntnis der Mycorhiza von Monotropa 

hypopitys L. Flora N.F. 29, 1-52 (1934). 
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angiolen" oder "prosporoidi" zur Vermeidung der wenig gliicklichen an 
Fortpflanzungsorgane erinnernden Namen als Ptyosomen bezeichnet. 

Bei den isosporen Lycopodiaceen sindmit zwei Ausnahmen (L. inundatum 
und L. cernuum) nur die Gametophyten 1) inficiert. Halb-und ganzsapro
phytische Typen kommen vor. Unter den letzteren fallen als beso.nderer 
Typus die sehr zarten gestreckten cylindrischen Prothallien des Lycopod
ium Phlegmaria, Billardieri-gracile und L. Selago aus dem Rahmen. Trotz 
vorziiglicher Beschreibung des Baus und der Mycorhiza dieses Typus durch 
die bedeutenden Autoren TREUB 2), BRUCHMANN 3) 4) und HOLLOW A Y 5) 
hatte ich die grundlegende Entscheidung der Stoff-Ubertragungsfrage 
nicht ohne eigene Untersuchung an Lyc. Selago entscheiden konnen. Ich 
stelle diese am best en untersuchte Art in den V ordergrund. 

Die Sporenkeimung ist von BRUCHMANN (1910) 
beobachtet. Die Spore keimt selbstandig und er
zeugt ein 5-zelliges Stadium, das in diesem Zu
stand etwa 1 Jahr lang auf die Infection durch 
den Pilz wart en kann. Inficiert wird die mit 
einer rudimentaren Rhizoidzelle versehene Ba
salzelle (Fig. 2b) worauf sich das Prothallium 
rasch vergrossert. (2d) Bereits in den Nachbar
zellen der Basalzelle entstehen die "Sporangio
len". In den Knauel- oder Pilzwirtzellen ver
schwinden die Inhaltsstoffe, dafiir treten in den 
Sporangiolen- oder Pilzverdauungszellen Starke Fig. 7 _ Lycopodium Sela. 
und Fetttropfen auf. Der Pilz wachst hinter go, Pilzwirt- und Verdau· 
dem Meristem her ohne dies zu beriihren und ungszelle. In letztere ist eine 
. f" d b I' "b f'" T '1 d Hyphe eingedrungen und 
III lClert en asa en ru en ormlgen el es hat drei Ptyosomen erzeugt. 
Prothalliums. Neben ihnen der Zellkern. 

Wie ich feststellen konnte, sind die "Sporangiolen" echte Ptyosomen, die 
sich aber wegen der sehr geringen Grosse schwer erkennen lassen. An einer 
in die Zelle eingedrungen Hyphe platzt die Spitze und erzeugt einen Plas-

1) Nur bei L. salakense sollen sie pilzfrei sein. 
2) TREUB, M., Etudes sur les Lycopodiacees. Ann. ] ard. Bot. Buitenzorg 5, 

87-133 (1886). 
3) BRUCH~IANN, H., Uber die Prothallien und die Keimpflanzen mehrerer euro

paischen Lycopodien. Gotha (1898). 
4) ders., Die Keimung der Sporen und die Entwicklung der Prothallien von 

Lycopodium clavatum L., L. annotinum L. und L. Selago L. Flora N.F. 1, 220-267 
(1910) . 

5) HOLLOWAY, J. E., A comparative study of the anatomy of six New Zealand 
species of Lycopodium. Trans. New Zeal. Inst. 42, 356 (1909); Studies in the New 
Zealand species of the genus Lycopodium part IV. The structure of the prothallus 
in five species, l.c. 52, 193 (1920). 

6) BURGEFF (1932), l.c. S. 166. 



180 H. BURGEFF, MYCORHIZA 

maerguss (Fig. 7) der grossere Vacuolen aufweist, die im Leben mit 
Fett, Glycogen oder Zellsaft angefiillt sein durften. Basalwarts wachsen 
an der Hyphe Seitenhyphen aus, die dasselbe Schick sal erleiden. So erkHirt 
sich die scheinbar traubenformige Anordnung dieser Gebilde. An Microtom
schnitten, die ich aus einem BRUCHMANNschen Originalpraeparat, das in 
Formalin eingelegt war, herstellte, gaben die Ptyosomen noch eine unge
mein starke Farbung mit Glycogenjod, die beim Erwarmen schwand und 
beim Erkalten zuruckkehrte. Das ist verwunderlich, da Formaldehyd 
Glycogen nicht fallt. Die Erklarung gab die Behandlung einer Schnitt
serie mit Javellescher Lauge. Der Inhalt der Ptyosomen war darnach 
restlos verschwunden, es blieb eine sich mit Chlorzinkj od blauende Cellulose
wand zuruck, an der hie und da noch ein Stuck der Traghyphe eben falls 
geblaut daransass. Die Plasmaergusse werden also wie bei der ptyophagen 
Mycorhiza der Orchideen von der Zelle mit Cellulose umkleidet, ebenso 
wie die zufiihrenden Hyphen (vgl. BURGEFF 1932, 175/176). Die Hyphen 
der Pilzwirtzellen zeigen keine Cellulosereaction. Das Glycogen wird ver
mutlich durch die tupfellosen Cellulosewande der Ptyosomen zuruckge
halten. 

1m terminalen dunneren dorsiventralen Teil des fructificierenden Pro
thalliums besiedelt der Pilz die den Geschlechtsorganen abgewandte Seite. 
Hier sind die subepidermalen Zellen meist als Pilzwirtzellen die inneren 
als Phagocyten ausgebildet. 

Eine sehr auffallige Funktion haben die Rhizoidzellen. BRUCHMANN 
(1910) und HABERLANDTl) haben sie eingehend untersucht. Von dem 
Fussteil jeden Rhizoids wird durch eine Wand der der Basis des Prothalliums 
zugekehrte Teil abgeschnitten. (Fig. 2e). Die entstandene "Haarfussfersen
zelle" wird nach aussen mit einer starken Celluloseverdickung versehen, die 
unterhalb des Rhizoids ein halbkugeliges oder linsenformiges vorspringen
des Membranpolster tragt. BRUCHMANN nennt die Zelle "Animier" - oder 
"Provocations" - oder "Pilzexpeditionszelle", HABERLANDT einfacher: 
"Durchlasszelle". Die Function der plasmareichen Zelle besteht darin, den 
Pilz von innen anzulocken und zum Austritt in den Boden zu veranlassen. 
Bei dem Durchgang der Hyphen verschleimt der innere Teil des Membran
polsters. Nach dem Durchgang umwachst das Pilzmycel die Schleim
schicht des Rhizoids, sodass sich die Bodensubstanzen li:isenden Functionen 
von Pilz und Pflanze hier unterstutzen. Das Rhizoid bleibt also zum Unter
schied von denen der Lycopodienprothallien der anderen Typen yom Pilz
durchgang verschont, was auf selbstandige Leitung von Material in Haar 
und Hyphen zu deuten scheint. Erst durch die Ptyophagie in den Zellen 
werden die yom Pilz gewonnenen StoHe der Pflanze zuganglich. 

Sehr ahnlich wie bei Lycopodium Selago liegen die Dinge bei L. Phleg-

l) HABERLANDT, G., Die Pilzdurchlasszellen des Prothalliums von Lycopodium 
Selago. Beitr. z. Allg. Bot. 1, 293-300 (1918). 
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maria. Auch hier sind nach TREUB 1) Fusszellen entwickelt, durch die der 
Pilz nach aussen tritt und das Rhizoid mit lockerem Mycel umwachst. Die 
Haarzelle steht aber v61lig auf der mit Mycel erfiillten Fusszelle. Ptyopha
gie am Mycel der Prothalliumzellen kann nach TREUBS Beschreibung und 
Zeichnung nicht sicher festgestellt werden, doch deutet die starke amoeb
oide Veranderung der Kerne in den Pilzzellen auf Verdauungsvorgange. 

Beziiglich des Stoffwechsels zwischen Pilz und Pflanze hat TREUB eine 
Reihe wichtiger Beobachtungen gemacht. Die Leitfahigkeit des Pilzmycels 
muss sehr gross sein, denn die Pilzknaule benachbarter Zellen sind nur 
durch eine einzige Hyphe verbunden. Microchemische Reactionen, die 
TREUB in gewandter Weise anwendet, zeigen den hohen Gehalt des gesam
ten Pilzmycels an Glycogen. Er sagt: "L'endophyte se trouve exactement 
dans ces cellules du prothalle ou l'huile abonde. Le champignon se nourrit
il en partie de cette huile, la retirant au prothalle et la transformant en 
glycogene dans ses filaments? Ou bien l'huile du prothalle provient-elle en 
partie du glycogene elabore par Ie champignon et cede a son hate? J e ne 
suis pas a meme de decider ce point litigieux." - - Ich glaube dass das 
Prothallium seine gesamten organischen Stoffe vom Pilz erhalt, und falls 
sich bei L. Phlegmaria die Ptyophagie bestatigt neb end e m G I y
cogen auch Oel. 

Auch Lycopodium Billardieri v. gracile geh6rt nach HOLLOWAY'S Be
schreibung zum Phlegmaria-Typus. Localinfectionen durch die Haare 
werden an den Zweig en beobachtet, ahnlich wie sie auch TREUB an den 
gestielten Bulbillen bei L. phlegmaria festgestellt hat. 1m Innern des Pro
thalliums findet HOLLOWAY zwei Sort en von Zellen, solche mit Knaueln 
und solche, in denen die Knauel verschwinden und "clusters of spores" 
zuriickbleiben, die wohl mit Ptyosomen identisch sind. Einige Besonder
heiten seien noch erwahnt, so das Fehlen von Oel und Starke in den Zellen, 
das Fehlen von Vesikeln und das Intercellularwerden des Pilzesin den iiber 
der Basalzone gelegenen Geweben des Prothalliums, dazu die Umscheidung 
derin die Rhizoiden austretenden Hyphen. Es ergiebt sich kein einheitliches 
Bild. Nachuntersuchung erscheint bei dieser Art eben so am Platze, wie 
bei L. Phlegmaria. 

§ 5. Die chylophage 2) Mycorhiza der Lycopodien. - a) T y pus 
des L y cop 0 diu m com p I a nat u m. - BRUCHMANN 3) hat das 
Prothallium von Lycopodium complanatum bereits seines eigenartigen Baues 
wegen als Sondertypus charakterisiert. Das riibenfOrmige Gebilde (Fig. 8 
u. r. und 9 r.) tragt auf dem Scheitel die Geschlechtsorgane. Das Gewebe des 

1) TREUB. I.e. S. 179. 
') xu)..Qr, = Saft. 
3) BRUCH MANN, I.e. S. 179. 
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Scheitels ist von dem vegetativen rilbenformigen Teil durch ein intercalares 
Meristem (M) getrennt, das die vegetativen Teile nach unten, die reproduk
tiven nach oben erneuert. Hier interessieren die ersteren, die sich aus einem 
centralen Gewebe und einer Mantelschicht zusammensetzen. Die Mantel
schicht besteht unter der mit Rhizoiden besetzten Epidermis aus einer bis zu 
8 Ze11en starken Rindenschicht (R), die nach innen an eine einfache Schicht 
sehr lang werdender radial gestreckter Pa11isadenzellen (P) anstosst. Das 
Prothallium wird von der Basis aus inficiert. Der Pilz wachst hinter dem Me
ristem her. Austritt von Pilzhyphen erfolgt durch die Haare in acropetaler 
Reihenfolge (A). Die Rindenze11en enthalten regelmassig gebaute My
celknauel, die aus nahezu unverzweigten aufgewickelten Hyphen beste
hen, und nach Art von Taustapeln in den einzelnen Zellen liegen. Die 
Knauel sind - was schon TREUB an anderen Arten beobachtete - nur 
durch einzelne Hyphen verbunden. Gelegentlich finden sich Vesikel in den 
Zellen. Von diesem Mycel der Aussenrinde, das sehr nahe an das Meristem 
heranreicht, wachsen Hyphenstrange aus und dringen z w i s c hen die 
noch sehr jugendlichen Pa11isadenzellen ein. Ihr Wachstum findet aber mit 
der Abgrenzung der Pa11isaden an das weitlumige Centralgewebe sein Ende. 

Die Zellen des Pallisadengewebes filhren reichlich grosse urn den Ze11kern 
gelagerte starkegefilllte Amyloplasten, deren Starkeinhalt wahrend der 
Infection der Interce11ularen etwas abzunehmen scheint, sich aber hinter 
dieser Zone wieder herstellt und erst in der Basis alterer Prothallien ab
nimmt. Auch die Rindenze11en enthalten Starke, die nach der hier intracel
lularen Pilzinfection nur teilweise verschwindet (im Gegensatz zu BRUCH
MANNS Beobachtungen). Auch das Centralgewebe ist starkereich. Fett
artige Reservestoffe waren an den Microtomschnitten Herrn CLAUSSENS 
natlirlich nicht mehr nachzuweisen. 

Das merkwilrdigste am ganzen Bild der Mycorhiza ist nun folgendes. 
Samtliche Hyphen mit Ausschluss der in den basalen Prothalliumteilen 
scheinen in gesundem Zustand zu sein. Von e i n e r P i I z v e r
d a u u n g z e i g t sic h k e i n e S pur. N ach BRUCHMANN sol1 der 
Pilz die von den Rhizoiden des Protha11iums aufgenommenen Humusstoffe 
umwandeln und der Pflanze vermitteln, die ja ringsum von Pilzgewebe
mantel umschlossen ist. 

Hier versagt jede Erklarung nach den alten Vorstellungen. Es besteht 
auch keine Analogie mit irgend einer anderen Mycorhizaform, ausser der 
der Baummycorhiza; diese vermittelt ohne Zweifel dem Baum allerlei 
Stoffe, worunter Salze, Kalium Phosphorsaure und besonders Stickstoff 
eine Rolle spielen. Saprophytismus, d.h. Kohlenhydraterwerb wird aber in 
keinem Fall bei der Mycorhiza der Holzgewachse beobachtet. 

Der BRucHMANNschen Hypothese der selbstandigen Aufnahme der or
ganischen Stoffe aus dem Boden fehlt nach neueren V orstellungen die Bas
is. Solche Stoffe sin a im Boden bei der Concurrenz unter den Microorga
nismen nicht verfilgbar, sie konnen nur von diesen seIber, d.h. vom Pilz 
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geliefert werden (vgl. HOLLANDER in BURGEFF 1936, S. 261 und BUR
GEFF l.c. S. 176. Hie r b 1 e i b t n u r die M 0 g 1 i c h k e i t, d ass 
d e r P i 1 z a u sse i n e n V e r bin dun g e n mit d e m B 0-

den m y c ell 0 s 1 i c h eSt 0 f fed ire k tin die Z e 11 e hi n
e ina b s c h e ide t 0 d erg u t tie r t. 

1932 gelang mir zuerst der Nachweis der Guttation an Pilzhyphen in der 
Pflanzenzelle. Hyphen in den Rindenzellen der saprophytischen Orchidee 
Gastrodia callosa scheiden Stoffe in die Zelle abo Die Zelle reagiert mit einer 
Ablagerung von Wandstoffen auf die guttierende Stelle. Der Ausfluss des 
Guttationssekrets verhindert das Festwerden der Wandstoffe in der Achse 
der Hydathode; es entsteht eine rohrenformige Scheide oder ein "Rohren
tti.pfel" der hier nicht einer Zellwand sondern (Fig. 2k) einer Pilzhyphe 
aufgesetzt ist. (Fig. 2m). Diese Rohrentupfel farben sich mit Haematoxylin 
ungemein stark und enthalten ausser Cellulose korkahnliche Auf- oder 
Einlagerungen. 

G en a u en t s pre c hen de G e b i 1 d e lassen sich nun an den 
Hyphen der Aussenrindenzellen und auch - wenn auch weniger typisch
an dem interzellularen Mycel der Pallisaden
schicht des L. complanatum nachweisen. Sie 
fallen sogar ganz ausserordentlich stark auf und 
geben - nur bei L. complanatum vorkommend 
- dieser Mycorrhiza die besondere Note (Fig. 4 
rechts unten). Freilich sind die Bildungen sehr 
klein und entsprechen den geringen Hyphen
durchmesser von etwa 1,2 fL. Betrachtet man 
die kegelforrnigen Gebilde von oben, so sieht man 
eine centrale Aufhellung, die wohl dem nicht fest 
gewordenen Porus des Tupfels entspricht. Chlor
zinkjod ergibt nach vorheriger Behandlung mit 
Javellescher Lauge eine wenn auch schwache, 
doch deutliche Blauung der kegelformigen oder 
knopfformigen Gebilde. 1m Pallisadengewebe 
sind die Wandstoffauflagen weniger specifisch 
ausgebildet, mehr flachen- oder rippenformig. 
Das intracellulare Mycel entwickelt sich vom 
Meristem aus mit gesunden gut differenzierten, 
besonders in den Vesikeln sichtbaren Zellkernen. Fig. 8 - Lyeopodium-Pro
Gleich hinter der erst en aus nur wenigen Zell- thallien: Links Lye. elava-

. b h d Z b' d' h tum var. divarieatum \V ALL. SchIchten este en en one egmnen Ie ae- R b L 1 tu R' 
• . 0 en, ye. e ava m, . 

matoxylingeschwarzten Auflagerungen. DIe Ve- unten Lye. eomplanatum 
sikel bleiben hier ohne weitere Entwicklung, (die letzten nach BRUCH-

wahrend sie im abgestorbenen Basalgewebe alter MANN). 

erwachsener Prothallien zu sehr gross en dickwandigen Gebilden heran
wachsen k6nnen. Augenscheinlich sind in dem Pallisadengewebe die 
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intercellularen Pilzhyphen stark geschadigt, was mit der starken Stoffab
gabe der Hyphen zusammenhangen mag, die den Pallisaden die Speiche
erungsfunction ermoglicht. Das Pallisadengewebe ware also das eigent
liche Absorptionsgewebe der Pflanze. 

Uber die Art der vom Pilz abgegebenen loslichen Stoffe lasst sich nach 
den fertigen Schnitten nichts aussagen. Eine EnWirbung mit nachheriger 
Behandlung mit dem J odreagenz auf Glycogen (A. MEYER) ergab keine 
charakteristische Farbung (wie sie etwa beim Prothallium von L. clavatum 
deutlich auftritt). Genauere Untersuchung ist nur an lebendem Material 
moglich. 

Es scheint mir soviel festzustehen, dass Lycopodium complanatum einen 
vollig abweichenden Mycorhizatypus darstellt, bei dem die in den periphe
ren Geweben gelagerten lebenden Pilzhyphen losliche Stoffe in die Pflan
zenzellen oder in Intercellularraume guttieren. Nachdem ein eigentlicher 
Verdauungsvorgang nicht nachweisbar ist, schlage i<;:h hierfiir die Be
zeichnung einer C h Y lop hag e n M y cor h i z a VOL 

Zum Typus des Lycopodium complanatum gehort dem Bau nach ein von 
LANG (1894) beschriebenes neben Psilotum aufgefundenes Lycopodium
Prothallium unbestimmter Art. 

b) T Y pus des L y cop 0 diu m c 1 a vat u m u n d L. ann 0-

tin u m. - Lycopodium clavatum ist in seinen Gametophyten eingehend 
beschrieben von BRUCHMANN (1898) und LANG 1). Die Entwicklung und 
Sporenkeimung beobachtete BRUCHMANN 1910 2). Die Infection durch den 
Pilz erfolgt im neunzelligen Stadium des Keimlings. (Fig. 2c) Wieder ist es 
die iiber der Rhizoidzelle gelegene Basalzelle in welche die erste Hyphe 
eindringt und in der sie zu einem Knauel heranwachst. Von hier aus werden 
die anschliessenden peripheren Zellen besiedelt. An alteren Prothallien 
werden dann die Epidermiszellen nicht mehr vom Pilz beriihrt. Die Form 
des Prothalliums ist zuerst die eines riibenformigen Korpers, spater die 
eines a bgeflachten Kreisels, dessen starkes Randwachstum zuletzt zu vielen 
Einfaltungen des Randes fiihrt, der die auf der breiten mittleren Flache im 
reproductiven Gewebe liegenden Geschlechtsorgane umgiebt. Oberhalb des 
Randes zwischen vegetativem und reproductivem Gewebe liegt wieder das 
intercalare Meristem. Von diesem aus entwicklen sich eine bis 9 Zellen starke 
Rinde, dann eine einzellige aus radial gestreckten Zellen bestehende Pallisa
denschicht und eine nach innen anschliessende aus isodiametrischen Zellen 
gebildete Speicherschicht. 

Die Rindenzellen sind mit Mycelknaueln angefiillt, die auch hier wieder 
in schiffstau-ahnlichen Rollen beisammenliegen und etwa 25 bis 30 Win
dungen einer einzelnen Hyphe enthalten; ahnliche Knauel finden sich hier 
auch in der Pallisadenschicht. Aus ihr fiihren aber je mehrere Hyphen in 

1) LANG, W. R., The prothallus of Lycopodium clavatum L. Ann. of Bot. 13, 
279-317 (1899). 

2) BRUCHMANN, I.e. S. 179,4. 
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den jeweils iiber der Pallisadenzelle gelegenen Zwickel der Speicherge
webezellen und werden hier intercellular. Sie bilden glatte Hyphenzopfe, 
die die Zellen jedoch nur in den Interzellularen selbst beriihren und die be
riihrenden Wande nicht auseinanderdrangen. Nach aussen hat das Mycel 
Verbindung mit dem Bodenmycel durch die Rhizoiden mittleren Alters. 

FIG. 9. - Links, Lycopodium clavatum v. divaricatum. Schematische Zeichnung der Verteilung 
des Pilzmycels in einem radialen Langschnitt der Halfte einer Prothalliumfalte. Nur Mvcel 
und Starkeinhalt der Zellen sind angedeutet. Der "Glycogenbogen" ist dunkler gezeich~et. 
Die Hyphen ausserhalb dieses Bogens sind abgestorben. R. Rindenknauel, P Pallissadenknauel, 
S Interzellulares Mycel der Speicherschicht. M Meristemzone mit Starke. A Auswandernde 
Hyphen. Rechts, Lycopodium complanatum. Schematische Zeichnung der Rindenschichten. 
R Rindenschichten, P Pallisadenschicht, A Auswandernde Hyphen. 

Ich konnte an meinem Material von L. clava tum v. divaricatum von Java 
nicht sicher feststellen ob die Bodenverbindungen des Mycels Infedions
oder Emissionshyphen sind. Fiir die Auffassung der Function der Myco
rhiza ist das gleich, da Pilzhyphen in beiden Richtungen als Leitorgane wir
ken konnen. Fig. 9 (links) gibt eine schematische Skizze des Pilzkorpers 
auf der einen linken Halfte eines Schnitts durch eine nach der Seite gerichte
ten Membranfalte eines grossen Prothalliums, das einen bereits griinen Spo
rophyten trug, aber noch in vollem Wuchs war. Die Skizze ist nach einem 
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dunn en Handschnitt, der in A. MEYER'S Glycogenreagenz lag, hergestellt. 
Reservestoffe finden sich nur urn das Meristem (M) herum und im anliegen
den Speichergewebe(S) in Form von Starke. Glycogen, kenntlich an der inten
siv rotlichbraunen Farbung ist in samtlichen intra-wie intercellularen My
celien des oberen dunkeler gezeichneten Bogens enthalten, dessen Gewebe 
sich ausfaltend spater zu den peripheren Teilen des Prothalliums werden. 
Aus dem ganzen Bild der Mycorhiza ebenso aus der Beobachtung zahlrei
cher nach allen Richtungen durch Stucke des Prothalliums hergestellter 
Microtomschnitte folgt, dass nur jener obere mit J od Glycogenfarbung ge
ben de Mycelbogen lebendes Mycel enthalt. Die in nachster Meristemnahe 
inficierten Zellen und die Hyphen der Interzellularen des starkereichen ju
gendlichen Teils der Speicherschicht stehen uber den "Bogen" in Verbin
dung mit den aus den beiden Rhizoiden (bei A) austretenden Hyphen, 
also mit dem Bodenmycel. Da die glatt en dunnhyphigen Knauel kaum ver
zweigte Hyphen aufweisen und die Verbindungen zwischen den einzelnen 
Zellen meist durch nur eine Hyphe aufrecht erhalten werden ergeben sich 
betrachtliche Mycellangen, die sich aus der Zahl der Windungen des 
Knauels in ihrer Grossenordnung schatzen lassen. Nimmt man die Win
dungslange einer mittleren Zelle mit etwa 120 fL an und rechnet 25 Win
d)1ngen im Durchschnitt, so erhalt man fUr die Lange eines Knauels den 
hohen Betrag von 3 mm fUr den ganzen Verlauf der Hyphen mit 17 hinter
einandergeordneten Knaueln 51 mm Hyphenlange fUr die Verbindung des 
Pilzes mit dem Boden. 

Die etwa einen mm lange Wegstrecke wird also fUr den Pilz durch die 
Knauelbildung zu einer urn das zweiundfUnfzigfache verlangerten. Wenn 
durch vorhandene Verzweigungen der aus dem Boden eingedrungenen 
Hyphen die wahrscheinlich vorkommen, dieser Wert auch urn einen ganz 
wesentlichen Teil verringert werden mag, so bleiben doch recht lange Hy
phenschlauche, die sich in den meristemnahen Geweben ausbreiten un d 
dan n d u r chi h r d ire k t h i n t e r d em Mer i s tern e i n
set zen des A b s t e r ben i sol i e r tin den auf Fig. 9 L. mit 
einem X bezeichneten G ewe ben de r P f 1 a n z e z u r u c k b 1 e i
ben. Man sieht zuerst in den Zellen der Pallisadenschicht dass die Hyphen 
ihr pralles Aussehen verlieren, also in Zellen, die noch nicht ihre normale 
Grosse gewonnen haben. Durch das Absterben werden die intercellularen 
Hyphen isoliert und verlieren gleichfalls ihr Aussehen und ihre Reaction auf 
Glycogen. Auch die Knauel im Rindenge- webe sterben ab, so dass sich der 
lebende Korper des Pilzes auf das Areal des "Glycogenbogens" beschrankt. 

Die Ursachen des Absterbens lassen sich nicht deuten. Es konnte sich 
urn eine chemische Einwirkung der Pflanzenzellen auf das Mycel handeln. 
Bei dem Fehlen aller Verdauungserscheinungen bei anderen Typen der 
Lycopodiaceenmycorhiza ist es aber vielleicht wahrscheinlicher, dass die 
Pilzverbindungen zwischen den"Pilzknaueln der einzelnen Zellen teilweise 
durch das Wachstum der Zellen zerissen werden. Die hier zugrunde liegen-
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de Auffassung nimmt an, dass der Pilz von der Pflanze nur mit einem Teil 
seines Bedarfs an Kohlenhydraten oder anderen Stoffen ernahrt wird, in 
der Hauptsache sein Material aus dem Boden mitbringt, angelockt von 
irgend welchen Reizstoffen. Mit dem Abreissen der knauelverbindenden 
Hyphen verfallt das gesamte Material der Pflanze. 

In den alteren Teilen der Speicherschicht liegen die Hyphenz6pfe in den 
Intercellularen in einer schleimartigen mit Safranin farbbaren Masse ein
gebettet. Die Wande der anschliessenden Zellen beginnen sich basalwarts 
immer mehr mit Haematoxylin zu schwarzen. 

Ob es sich urn einen allmahligen Korkabschluss der Intercellularen han
delt ist fraglich. Wichtig erscheint dagegen das rasche Verschwinden der 
Glycogenreaction hinter der Zone des Absterbens der Hyphen. Die Schwie
rigkeit der Erklarung des Glycogendurchgangs durch die Pflanzenmem
bran, auf die TREUB hinweist, scheint zu bestehen. Enzyme k6nnen jedoch 
dabei eine Rolle spielen. 

R6hrentupfel und Emergenzen auf den sehr dunn en Pilzhyphen lassen 
sich bei Lycopodium clavatum nicht nachweisen. Naturlich kann eine di
reckte Ernahrung der Pflanze durch Pilzguttation durch deren Fehlen 
nicht ausgeschlossen werden. 

Das Gesamtbild, das sich bei L. clavatum ergibt, ist jedenfalls ein vollig 
anderes als das von L. complanatum. Active Mycorhiza, die man hier viel
leicht eine "necrophage" nennen konnte wenn man nicht den Ausdruck der 
chylophagen beibehalten will, besteht nur unmittelbar hinter dem Meris
tern, a 1 so am Ran d e des Pro t h a 11 i urns. Da jede f6rdernde 
Verpilzung eine gewisse Gewebemasse voraussetzt, die ihr unterliegt, wird 
hier das ungemein starke Randwachstum der Prothallien des Clavatum
Typus verstandlich (fig. 8). Die Massenentwicklung des Randes ist Voraus
setzung fur eine genugende Masse verpilzten Gewebes. 

Lycopodium complanatum mit seiner schlanken Rubenform (Fig. 8 
rechts) bedarf mit seinem lebend guttierenden Mycel dieser Masse nicht; 
noch weniger das ptyophage L. Selago, das sich mit der bei vielen Sapro
phyten vorkommenden Cylinderform begnugt. 

Eine endgultige KBirung der Dinge konnen meine Beobachtungen in 
keiner Weise bedeuten. Hierzu braucht es lebendes Material, das erlaubt, 
den Hyphenzustand genauer festzustellen, den Fettstoffwechsel aufzukla
ren nach glycogenspaltenden Enzymen zu suchen und manche andere Spe
cialuntersuchung vorzunehmen, unter welchen die Isolierung und Beobach
tung des Pilzes naturlich die wichtigste ware. Die Kenntnis seiner Art des 
Wachstums, seiner Fahigkeiten der Stoffleitung waren V or bedingungen fUr 
die Ausarbeitung oben angefUhrter Arbeitshypothesen bei allen Lycopo
dienprothallien. 

Lycopodium clavatum fand ich von seiner tropischen Varietat divarica
tum nicht verschieden; nur ist die Faltenbildung des Prothalliumrandes 
bei ihm noch starker. 
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c) T Y pus des L y cop 0 diu min u n d a tum un d c e r
n u u m. - Die Keimung der Sporen bei Lycopodium inundatum hat schon 
DE BARY 1) beobachtet, spater hat GOEBEL 2) die Entwicklung der jungen 
Keimpflanzen geschildert. Die erst en Stadien waren grun und frei von der 
Verpilzung. Erwachsene Prothallien die seit FRANKENHAUSER (1858) be
kannt geworden waren, hat GOEBEL entwicklungsgeschichtlich untersucht. 
Sie bestehen aus einem basalen rubenformigen oder knolligen Tei!, der mit 
Rhizoiden am Boden gefestigt ist. Eine Mycorhiza tritt regelmassig auf. 
Epidermis und Subepidermis enthalten Pilzknauel, die durch einzelne 
Hyphen verbunden sind. Von ihnen aus werden die Intercellularen des ba
salen und centralen Gewebes yom Pilz besiedelt, der die Zellen stark aus
einanderdrangt und local verschieben kann. Die Zellen dieses Speicherge
webes fUhren fettes Oel, aber keine Starke. Sporophyten, Keimpflanzen 
wie erwachsene, konnen in besonderem intercellularenreichen "Polsterge
webe" (BRUCHMANN und GOEBEL) intercellulare Verpilzung zeigen,doch 
bleibt diese auf besondere Teile der Stammchen beschrankt. 

Ganz analog verhalt sich das von TREUB 3) untersuchte L. cernuum aus 
Java; kaum verschieden sind Lycopodium laterale und ramulosum sowie 
cernuum aus Neuseeland (HOLLOWAY 4)). Verpilzt ist bei diesen Formen die 
Epidermis und zwar intracellular, die darunterliegenden Schichten der 
basalen, bei cernuum rhizoidarmen Knolle fUhren intercellulare Verpilzung, 
bei welcher die Hyphen die Zellen "runden". Bei L. ramulosum treten im 
Basalgewebe auch intracellulare starkwandige Vesikel auf. 

Von einer beobachteten Degeneration der Mycelien in oder zwischen den 
Zellen ist nirgends bei den Autoren die Rede. GOEBEL aussert sich sehr vor
sichtig uber die Function des Pilzes. TREUB halt ihn fUr einen Commen
sualen und fuhrt die Rhizoidarmut auf die Infection der Epidermis zuruck. 
HOLLOWAY halt den Pilz fUr einen Symbionten. Er beobachtet locale Infec
tionen und bildet das Austreten von umscheideten Hyphen aus den Rhi
zoidbasen abo 

Nach Analogie mit den vorhergeschilderten Typen, nach dem Fehlen von 
Excretkorpern aller Art, glaube ich nicht fehlzugehen wenn ich den inun
datum-cernuum-Typus bei der chylophagen Mycorhiza einreihe. Das Feh
len der Pallisadenschicht ist das einzige charakteristische Merkmal im ana
tomischen Bau, das diesen Typus etwa yom clavatum-Typus unterscheidet. 
Die Mycorhiza scheint vereinfacht, sie gewahrt auch nur eine Beihilfe zur 

1) BARY, A. DE, Sur la germination des Lyeopodees, Ann. Se. Nat. Bot. 4, 30 
(1858). 

2) GOEBEL, K., Uber die Prothallien und Keimpflanzen von Lycopodium inun
datum. Bot. Zeitung 45, 161-168, 177-188 (1887). 

3) TREUB, M., Etudes sur les Lyeopodiaeees, Ann. J ard. Bot., Buitenzorg 4, 
107-128 (1884). 

4) HOLLOWAY, I.e. S. 179. 
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Entwicklung der ja griinen und hochstens hemisaprophytischen Prothal
lien. 

Auch der junge Sporophyt von L. cernuum ist nach TREUB (1890) inter
cellular verpilzt und zwar 5011 derselbe Pilz hier in etwas abweichender 
Form die Pflanze besiedeln. Das Central-Gewebe der embryonalen Knolle 
besteht aus unregelmassig sternformigen Zellen, die weite Intercellularen 
besitzen. Hier breitet sich der Pilz aus, wobei die von ihm umsponnenen 
Zellen zwar keine Reservestoffe speichern aber lange am Leben bleiben. 
Gelegentlich kommt es in den Zellen zu einer Bildung dickwandiger "Spo
ren", die TREUB abbildet. Die peripheren Gewebe der Knollchen fiihren 
Starke. Auch an der erwachsenen Pflanze kommen Knollchen vor, die auf 
eine entsprechende Art verpilzt sind (J ANSE 1897). Der Pilz dringt hier 
schon bei der Infection durch die Intercellularen der Epidermis in das In
nere, wo er sich stark verzweigt und aIle Intercellularen anhillt. Material 
dieser Knollchen brachte ich aus Java mit und konnte es genauer unter
suchen. 

Die kraftigen und stark farbbaren Infectionshyphen finden sich schon 
nahe hinter dem Meristem; sie verzweigen sich in diinnere Aste, ihr Durch
messer sinkt von 8 auf 6 auf 4 [.L herab. Auch ihre Farbbarkeit nimmt abo 
N ach und nach hillen sie in dichten Massen die weiten Intercellularen des 
Sternparenchyms des Knollchens und gewinnen wieder starkere Farbbar
keit. Etwas weiter basalwarts sieht man zuerst die feineren, dann die gro
beren Hyphen collabieren. S c h 1 i e 5 5 lie his t die g a n z e Pi 1 z
masse a b g est 0 r ben und hiIlt - jetzt mit starkster Farbbarkeit 
- die Intercellularen in der ganzen Knollchenbasis an. Die Zellen des 
Knollchens bleiben am Leben, haben gesunde, Zellkerne und inhaltslose 
Plasten. Starke tritt nicht auf. Ob das Pilzmaterial verdaut wird, oder der 
Autolyse verfaIlt, lasst sich nicht entscheiden. Inhaltsstoffe der Hyphen 
sind nicht nachzuweisen,doch enthalten die dick en Hyphenwande der 
collabierten Masse Stoffe, die sich intensiv mit allen Jodlosungen farben. 
Fiigt man Wasser hinzu, so geht ihre braune Farbe in eine rotlich-violette 
iiber, die Wande der Knollchenzellen farben sich blau, sie enthalten Amyl
oid. Glycogen lasst sich in den Pilzhyphen nicht nachweisen. Der in der Hy
phenmasse farbbare Stoff zeigt keinerlei Eiweissreactionen, ist bestandig 
gegen Schwefelsaure, Kalilauge, H 20 2, wird aber von Javellescher Lauge 
sofort zerstort. Nach Behandlung mit dieser farben sich die Hyphenwande 
mit Jod gelb. Die Stoffiibertragungsfrage kann also an dem Alkoholmate
rial nicht geklart werden. Es besteht aber kaum ein Zweifel, dass man den 
Fall an die Seite des Lycopodium-clavatum Falles stellen kann. Der Ver
fall der intercellularen Hyphen ist hier noch viel demonstrativer, es han
delt sich wahrscheinlich urn eine necro-chylophage Mycorhiza, iiber deren 
Beziehung zur Verpilzung der Prothallien keine Aussagen gemacht werden 
konnen. 

Die kraftigen Pilzhyphen, die hier auftreten, sind vollig verschieden von 
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denen der Lycopodien-Prothallien, deren Durchmesser den Wert von 
1-1.5 (J. kaum uberschreitet. Abweichend sind sie auch durch ihre Wand
starke und Verzweigung. 

§ 6. RUckblick. - Versucht man sich nach unseren heutigen Kennt
nissen von den Beziehungen der Fame zu den Pilzen ein Bild zu machen 
und das am meisten wesentliche herauszustellen, so muss vor allem folgen
des in die Augen fallen. 

Fame sind Pflanzen uralten Stammes, die vor Millionen von Jahren in 
viel bedeutenderer Zahl und in viel reicherer Formentwicklung die Erde 
besiedelt haben. So mussen auch ihre Beziehungen zu Pilzen seit langem 
bestehen, es miissen auch diese Pilze zu altertiimlichem Typus ge
horen. 

So sind die Endophyten der Fame querwandlose oder -arme nicht fusio
nierende Mycelien, polyenergid wie viele Algen; ihre besonderen Organe le
diglich Absorptionshyphenbiischel (Arbuskeln) und als Reproductions
organe blasige Auftreibungen, die als ephemere Reservestoffspeicher die
nen oder zu "Ruhesporen" mit mehrfacher stark verdickter Wand werden 
konnen. Geschlechtsorgane sind nie beobachtet, doch kommen in den 
Vesikeln gelegentIich anscheinend einkemige sporenahnliche Gebilde vor, 
die ihnen den Charakter von Sporangien geben konnen. 

Die Leistung der Pilze in der phycomycoiden Mycorhiza ist eine geringe. 
Das Pilzwachstum ist ein sehr langsames. Die Prothallien der Ophioglossa
ceen und der Lycopodiaceen sind auch im warmen Klima sehr schlechte 
Wachser und producieren eine sehr geringe Vegetationsmasse. 

Ein Vergleich mit Orchideen- und Monotropaceen-Sapropyten ist hier am 
Platz. Diese sind mit augenscheinlich erdgeschichtIich jiingeren und sehr 
leistungsfahigen Hymenomyceten, oder doch diesen nahestehendenlmper
fectenmycelien (Rhizoctonia) associiert und producieren vor allem in den 
Tropen recht beachtliche Vegetationsmassen, die bei holzzerstorenden 
Pilzen der Gastrodiinae und Vanillinae ihre Symbiont en zu ausgesprochen 
grossen Gewachsen, bei Galeola bis zur 40 m hohen Liane heranwachsen 
lassen. Andere Gruppen wie die Burmanniaceen, Triuridaceen, gewisse Gen
tianaceen und Polygalaceen bleiben freilich Kleingewachse - aber diese 
fiihren ebenfalls die phycomycoide Mycorhiza, wenn auch in einer anschei
nen leistungsfahigeren Form. Der Vergleich der phycomycoiden mit der 
"hymenomycoiden" Mycorhiza zeigt somit die erstere als die weitaus pri
mitivere Form. 

Erstaunlich ist die grosse Mannigfaltigkeit in der Function der Mycorhi
za, die ungemein verschiedene Ausbildung bei den Ophioglossales, den Psi
lotales, den Lycopodiales, welche letzere mit ihren drei oder vier Typen 
ganz verschiedener Form des Erwerbs von Pilzmaterial eine ganz uner
wartet reiche functionelle Differenzierung zeigen. 

Wer mag hier verantwortlich sein, der Pilz oder die Pflanze. Die Frage 
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ware vielleicht 16sbar, wenn sich herausstellt, dass bei verschiedenen My
corhizatypen ahnliche oder gleiche Pilzarten gefunden werden. Bedeutsam 
schein mir bereits, dass aus sterilen Wurze1ausschnitten von Maraltia 
und Psilotttm genau entsprechende Hyphen in meinen Kulturen zum Aus
wachsen kamen. Man k6nnte versucht sein nach den zahlreichen Beobach
tungen und Vermutungen der Autoren eine Entscheidung tiber Gleichart
igkeit und Verschiedenartigkeit der Endophyten verschiedener Gruppen 
zu treffen. Bei der Unsicherheit aller dieser Vermutungen - sie sind neu
ster Zeit von VAN DER PIJL 1) zusammengestellt - erscheint ein solcher 
Versuch aussichtlos. Ob Phycomyceten oder chitinbildende Oomyceten, 
ob Endogonaceen, Phythophtoraceen, Blastocladiaceen oder Saprolegnia
ceen vorliegen, wird erst die Isolierung und Reinkultur aufzeigen 
k6nnen. 

') PIlL, L. VAN DER, Die Mycorrhiza von Burmannia und Epirrhizanthes und die 

Fortpflanzung ihres Endophyten. Rec. des Trav. Bot. N6erlandais. 31, 741~779 

(1934). 



CHAPTER VI 

ZOOCECIDIA 

by 

W. M. DOCTERS VAN LEEUWEN (Leersum) 

The Pteridophytes possess the faculty of forming galls under the in
fluence of mites and insects, just as well as the Anthophytes. Therefore one 
would expect relatively more galls on this ancient group of plants than on 
the Phanerogams. The contrary is true. Relatively few galls are known of 
the Pteridophytes, and these are mainly caused under the influence of 
animals belonging to the phylogenetic ally older groups: 1. by gall-mites, 
2. by Diptera, and 3. by Thysanoptera. Of the latter it is the more primitive 
Terebrantia which cause galls on ferns. On the Gymnosperms too, the 
tripses cause galls, but just as with the Phanerogams it is not only the 
Terebrantia, but also the Tubuli/era. 

With the Pteridophyta most galls are found on the younger group of the 
Polypodiaceae, which is very rich in species; very few galls occur on the 
phylogenetically older groups, such as Marattiaceae, Equisetaceae, and 
Lycopodiaceae. The faculty of forming galls has come to its full develop
ment with the younger plant groups, viz. with the Phanerogams, and this 
particularly so with the Dicotyledonae. Confer KARNY (1926, p. 38). Tracing 
the system backwards, one perceives that the number of galls is very small 
with the lower plants: Algae, Fungi, Musci, and Hepaticae. 

In Europe and round the Mediterranean galls have been collected in 
sufficient number to justify a comparison in figures. HOUARD (1908, 1909, 
and 1913) describes 7494 zoocecidia of Anthophytes, and only 26 of Pteri
dophytes (21,of which of Polypodiaceae, 1 on a Selaginella, and 4 on Equise
tum), i.e. not yet 0.4%. Of the Netherlands Indies 1534 zoocecidia have 
been described (d. DOCTERS VAN LEEUWEN, 1926),35 of which occurred on 
Pteridophytes, i.e. 2.3%. The greater wealth of these plants in the tropics 
consequently is attended with a greater richness in galls. At any rate, 
these figures show that by comparison the number of galls on Pteridophy
tes is only small. 

Most galls occur on the leaves, less so on the stalks, and, as far as I am 
aware, galls on roots have not yet been described. 
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The leaf-galls are partly rollings of the leaf-edge, which sometimes are 
able to take up the entire half of the leaf-blade, partly they are swellings 
of the leaf-blade. These may either be protuberances, equally strongly 
formed on both sides of the leaf, or be developed on one side only. The galls 
on the stalks may be spindle-shaped when the gall-causer lives in the 
centre, or lopsidedly developed, or globular excrescences, which are fixed 
on the stalk by a thin stem. 

The gall-causers are still little-known, especially of the territories outside 
Europe. Representatives of the following groups of animals are gall
causers. 

1. Eriophyidae or gall-mites. These are known in all parts of the world. 
Only a few species are described, viz. Eriophyes pterides MOLL (a dubious 
species), and Eriophyes pauropus NAL., which has been described for the 
first time by NALEPA (1908, p. 530) as occurring in Samoa, but which 
afterwards appeared to be common in many parts of the tropics of the Old 
World. This gall-mite causes galls on numerous species of Nephrolepis (d. 
DOCTERS VAN LEEUWEN, 1921, p. 83). Gall-mites form roUings of the leaf
margin or excrescences on the leaf-blade. Eriophyes pauropus NAL. causes 
galls also from the sori. On Angiopteris evecta HOFFM. a gall-mite causes a 
kind of erineum of a callus nature on the underside of the leaves. 

2. Thysanoptera. Galls caused by these animals are only known as 
occurring in the Netherlands Indies. They all consist of rollings of the leaf
margin, and are formed on Asplenium nidus L., Pleopeltis super/acialis 
BEDD., and Pleopeltis pteropus MOORE. The latter gall is caused by Physo
thrips pteridicola KARNY. 

3. Cecidomyidae or gall-midges. A great part of the galls is caused by 
these insects. Of Europe a few species of these gall-midges have been 
described, but of other parts of the world all of them are still to be examin
ed. Usually the galls develop on the leaves, and form swellings of the leaf
blade, which develop equally strongly on both sides, or grow out on one 
side only. A unilocular stalk-gall is known as occurring on Selaginella penta
gona SPRING., which has been studied by STRASBURGER (1873, p. 105). 

4. Muscidae or flies. A gall caused by a fly, Chortophila signata BRUSCHK., 
on various European ferns, which consists of a rolling and accumulation of 
small leaves at the end of the leaf-tops. 

5. Coccidae or scale-insects. A coccid causes a gall on the stalks of Psilo
tum nudum GRISEB. It consists of an accumulation in the form of a witches' 
broom of small twigs, in anatomy resembling the rhizome. This gall is only 
known as occurring in Java. 

6. Hymenoptera. On Pteridium aquilinum KUHN a stalk-gall has been 
found, which is described as caused by a Cynipid, but of which nothing else 
is known. A procecidium is formed on the leaves of the same fern by a saw
flie: Selandria stamineipes KL. 

On the following groups of Pteridophyta galls have been found. 

Manual of Pteridology 13 
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1. Selaginellaceae. A stem-gall, mentioned above, is known as occurring 
on a representative of this family. Besides, during the expedition, made in 
1926, to the Central Mountain Territory of North New Guinea, an other 
gall has been found, consisting of a transformed bud. The cavity was 
inhabited by a larva of a gall-midge. 

2. Psilotaceae. On Psilotum nudum GRISEB. the above mentioned stalk
gall. 

3. Equisetaceae. A few galls are known as occurring in Europe on repre
sentatives of the genus Equisetum, probably caused by Diptera and Coleo
ptera. 

4. Marattiaceae. On Angiopteris evecta HOFFM. the above mentioned 
mite-gall is known as occurring in Java. 

5. Hymenophyllaceae. A few galls are known as occurring in South Ame
rica, and in Java. Besides, I myself found a stem-gall on a Hymenophyllum 
in the Central Mountain Territory of North New Guinea in 1926, which has 
not yet been described. 

6. Polypodiaceae. The greatest number of galls is known as occurring on 
this family which is very rich in species. These galls occur in all parts of the 
world, and belong to the highest developed galls of the Pteridophytes. 

Only very few data are at our disposal about the biology of the gall
causers, that of the galls, and their anatomy. Almost the entire field is still 
open for investigation. GIESENHAGEN (1909, p. 327) described the anatomy 
of two dipterocecidia on representatives of the family of the Hymenophyl
laceae in Brazil, viz. Hymenophyllum lineare Sw. and H. ciliatum Sw. The 
former is a leaf-gall, the latter a stem-gall. The leaf-gall arises by the 
folding of the two leaf halves, while the wall swells. This wall consists of a 
thin-walled parenchym, and part of the cells gets more or less the aspect of 
stone-cells. The stem-gall is a top-gall, more or less globular, with a very 
pilose surface. The wall consists of a multicellular parenchym, the cells of 
which are thin-walled. 

More is known about the gall, caused by a gall-mite: Eriophyes pauropus 
NAL. on various species of N ephrolepis. The development and the anatomy 
of the gall has been described by DOCTERS VAN LEEuwE~ (1910, p. 142), 
and examined more extensively by GIESENHAGEN (1919, p. 66). For the 
first investigation galls were at our disposal which were only developed on 
the leaf-margin. GIESEN HAGEN found on the materials which were at his 
disposal also galls on the actual leaf-blade. Afterwards we found such galls 
on numerous species of N ephrolepis, and even galls which had developed 
from the sori, (d. DOCTERS VAN LEEUWEN, 1921, p. 85). 

In case of strong infection, the entire leaf may be transformed into a 
gall. The principal matter appears to be the formation of emergences 
and branched hairlets, which is usually attended with the formation of a 
hollow swelling, a narrow opening giving access to the outer world. The 
wall of these galls consists of thin-walled parenchym-cells, which grow 
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larger as they are situated more inwards, and which may grow out to 
giant-cells in the innermost layer. In these cells large quantities of amylum 
are deposited. The cells forming the inner wall of the gall-chamber are thin
walled, and do not contain amylum, but a dense, granular protoplasm, and 
a very large nucleus. The gall-chamber is divided unto smaller cavities by 
excrescences of the gall-wall. Many cells of the inner wall grow out into 
multicellular, branched, brown hairlets. According to GIESENHAGEN, the 
gall arises by a wound of one or more leaf-cells, made in the young leaves 
by the gall-mite. Round these wounded cells a wound-cambium arises, from 
which the wall and its covering of excrescences and hairlets develop. 
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CHAPTER VII 

CYTOLOGY 

by 

LENETTE ROGERS ATKINSON (Amherst, Mass.) 

§ 1. Historical sketch. - The field of cytology, as treated in this 
chapter, comprises a study of the cytoplasm and its inclusions, both living 
and non-living, exclusive of the nucleus. Until recently, close inspection of 
these elements of the cell in the Pteridophytes at least, was neglected, their 
phenomena being greatly overshadowed by the more striking ones ex
hibited by the nucleus. Nor has this fern group been popular in cytological 
study, for it does not lend itself well to observation. Its widely differing 
members are not universally distributed and its tissues are not easily 
prepared for investigation. Impregnation by the fixatives is difficult, 
probably largely because of the presence of a heavy cuticle, in the gameto
phyte tissue especially. Good sections, once obtained, are, in handling, 
easily washed off the mount and must be treated in some special way to 
prevent this. Vital observation cannot be carried to any extent, for, either 
the organs are too deeply embedded to be seen without sectioning, or the 
chloroplasts mask the other elements in the cell. The literature is, therefore, 
fragmentary but the pieces can be put together to give an account not too 
inadequate, in spite of the gaps still present in our knowledge. 

The spermatoids, by reason of their motility, were objects early investi
gated. SAVI (1834) 1) saw them in Salvinia, NAGEL! (1844) 2) in the Filicales 
and (1846)3) in Pilularia, METTENIUS (1850)4) in I soetes, THURET (185 I )5) in 

1) R. SAVI, Continuazione delle ricerche sulla fecondazione della Salvinia 
naians. Nuov. Giorn. d. lett. Pisa 28. 1834. 

2) NAGEL!, Bewegliche Spiralfaden an Farnen. Zeitschr. f. wiss. Bot. 1,168-188. 
1844. 

3) NAGEL!, Ueber die Fortpflanzung der Rhizocarpeen. Zeitschr. f. wiss. Bot.!. 
1846. 

4) G. METTENIUS, Zur Fortpflanzung der Gefasskryptogamen. Beit. z. Bot. 1, 
1850. 

6) M. G. THURET, Notes sur les Antheridies des Cryptogames. Ann. Sc. Nat. Bot. 
Ser. 3.16.1851. 
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Equisetum and HOFMEISTER (1851) 1) in Selaginella. Among the subse
quent discussions concerning the component parts of the spermatozoid, the 
sources of its nucleus, cilia and vesicle, or speculations as to the presence of 
centrosomes and their origin, the remarkably accurate descriptions of the 
male gamete by BELAJEFF (1885-1899) 2) stand out in high relief. In Isoe
tes, Selaginella, Equisetum and various members of the Filicinae, he 
observed the transformation of the reticulate nucleus of the mother cell 
(spermatid) 3) into the seemingly homogeneous spiral band, enclosed in the 
cytoplasm of that cell. He stated that the mature spermatozoid is composed 
of a spiral nucleus surrounded by a thin plasmatic envelop which becomes 
an appendage at the posterior end (vesicle of later authors). At the anterior 
end it is bounded on one side by the delicate tip of the nucleus and on the 
other by an intensely staining thread which takes the same stain as the 
cytoplasm, a reaction confirmed by various workers, among them JACKSON 
andRICKETT( 1928) 4).This thread was traced by BELAJEFF to a rounded body 
(blepharoplast of later authors) in the cytoplasm of each spermatid cell, 
where, by elongation and expansion, it comes to lie about the nucleus of the 
spermatozoid. Both SHAW (1898) 5) and BELAJEFF (1898) 2) were able to 
find this body in the grandmother cell of the spermatozoid (spermatng 
mother cell) where it undergoes division, the daughter granules migratidle 
to opposite sides of the nucleus. During mitosis they lie near the spindie 
poles and after cell division is completed, each becomes transformed in the 
manner previously described by BELAJEFF. YAMANOUCHI (1908) 6) observ
ed these granules in Dryopteris parasitic a and described their elongation in the 
spermatid cell first to a wedge-shaped body, then to a band, mQre or less 

') W. HOFMEISTER, Vergleichende Untersuchungen. Leipzig. 1851. 
2) WL. BELAJEFF, Antheridien und Spermatozoid en der heterosporen Lycopo

diaceen. Bot. Zeit. 43, 793-802, 808-819. 1885. - Uber Bau und Entwicklung der 
Spermatozoid en bei den Gefasskryptogamen. Ber. d. Deut. Bot. Ges. 7, 122-125, 
1889. - Uber den Nebenkern in spermatogenen Zellen und die Spermatogenese bei 
den Farnkrautcrn. Ber. d. Deut. Bot. Ges. 15,337-339. 1897. - Uber die Sperma
to genese bei den Schachtelhalmen. Ber. d. Deut. Bot. Ges. 15, 339-342. 1897. -
Uber die Aehnlichkeit einiger Erscheinungen in der Spermatogenese bei Tieren 
und Pflanzen. Ber. d. Deut. Bot. Ges. 15,342-345. 1897. - Uber die Cilienbildner 
in den spermatogenen Zellen. Ber. d. Deut. Bot. Ges. 16, 140-143. 1898. - Uber 
die Centrosome in den spermatogenen Zellen. Ber. d. Deut. Bot. Ges. 17, 199-205 

1899. 
3) The cell which by metamorphosis becomes the spermatozoid . 

• ) JACKSON and RICKETT, Staining reactions of Fern Gametes. Science 68 (1752), 

89-90. 1928 . 
• ) W. R. SHAW, Uber die Blepharoplasten bei Onoclea und M arsilia. Ber. d. Deut. 

Bot. Ges. 16, 177-184. 1898. 

6) SH. YAMANOUCHI, Spermatogenesis, oogenesis and fertilization in Nephro
dium. Bot. Gaz. 45, 145-175. 1908. (Nephrodium molle = Dryopteris parasitical. 
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closely associated with the nucleus 1). This manner of development was 
confirmed by RANKIN (1934) 1) 2). YASUI (1911) 3) found a granule in the 
cytoplasm of Salvinia natans and described its elongation to a thread 
attached to the nucleus. 

SHAW (1898) 4) described a variation of this process in M arsilia 5). In 
this plant there are only four spermatogenous mitoses and, during the 
second of these, SHAW observed a small granule in the cytoplasm of the 
cell. It divides to form two but they disappear during the third mitosis. He 
called this body a blepharoplastoid, for, as it disintegrates, a new one 
appears near each spindle. At the completion of cell division, this granule 
divides in turn and each daughter granule migrates to occupy a polar 
position during the final mitosis. Thus one of these bodies is received by 
each spermatid cell. SHAW called them blepharoplasts. Each soon frag
ments into granules which form an elongating thread in close union with 
the nucleus. SHARP (1914) 6) confirmed this report, showing however, a 
strong achromatic figure about the dividing blepharoplasts. 

More recently ALLEN (1911) 7) found in the spermatid of Adiantum, 
comma-shaped or irregular, blepharoplasts, lying in the cytoplasm between 
the reticulate nucleus and the cell wall. Cell and nucleus grow and the ble
pharoplast elongates to a narrow band, running half-way around the 
nucleus but not in contact with it. Projecting beyond the nucleus anteriorly, 
it remains in this relation even in the mature spematozoid. Nucleus and 
blepharoplast migrate to one side of the cell and assume a spiral shape. 
This is accompanied by a condensation of the chromatin into an apparently 
homogeneous mass and a shrinkage of the cytoplasm to form a close-fitting 
sheath, the bulk of which, lying back of the middle spiral, shows a series of 
vacuoles. 

Until 1930, the term blepharoplast was variously used to indicate the 
deeply-staining band described above, or the granule from which it arose, 
or even for the entire cilia-bearing, anterior portion of the male gamete. 
Then MUHLDORF 8), after a long study of the mature spermatozoid, carried 

') See figs. 9-30 (after YAMANOUCHI, ALLEN, RANKIN and YUASA). 
0) D. E. RANKIN, The life history of Polypodium polypodioides. Journ. Elisha 

Mitchell Sci. Soc. 49, 303-328. 1934. 
3) YASUI. On the life history of Salvinia natans. Ann. Bot. 25, 469-483. 1911. 
0) W. R. SHAW, Dber die Blepharoplasten bei Onoclea und Marsilia. Ber. d. Deut. 

Bot. Ges. 16, 177-184. 1898. 
0) See figs. 40~52 (after SHAW and SHARP). 
6) L. W. SHARP, Spermatogenesis in Marsilia. Bot. Gaz. 58, 419-431. 1914. 
7) R. F. ALLEN, Studies in spermatogenesis and apogamy in ferns. Trans. Wis. 

Acad. Sci. Arts and Letters. 17, 1-56. 1911. 
8) A. MUHLDORF, Berichtigungen und Erganzungen unserer Kenntnisse iiber die 

Morphologie und Histologie pflanzlicher Spermien. Biologia Generalis 6, 457-482. 
1930. 
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his terminology for the Bryophytes over to the Pteridophytes. In an at
tempt to simplify terms and avoid confusion, he divided the body of the 
spermatozoid into three parts, without regard to origin, namely, the 
nucleus, the "plasma-part" ("PlasmastUck") and the motor apparatus 
("Bewegungsorgan"), consisting of cilia-bearing band, or "stalk" of the 
motor apparatus ("Stamm des Bewegungsorgan"), and the cilia. 

The "plasma-part" in the Hepaticae is a constituent of the spermatozoid 
at the moment of fertilization, but in the Pteridophytes it is transient in 
nature, taking the form of a vesicle hanging at the posterior end of the 
spermatozoid and dropping off before the archegonium is entered. DRA
CINSCHI (1930 1), 1932) 2), adopting this terminology, was forced to modi
fy it when, in her investigation of the Selaginella spermatozoid, she 
found present both the Hepatic and the fern type of "plasma-part". She, 
therefore, called the vesicle the "plasma-remainder" and named four con
stituent parts of the body for the mature gamete, namely, the nucleus, the 
"plasma-part", the vesicle ("Plasmarest") and the motor apparatus 
composed of "stalk" and cilia. 

A second cell constituent which for a long time has held the attention of 
botanists is the plastid. It is very conspicuous and its role in photosynthesis 
gives it great importance. SCHIMPER (1883, 1885) 3), investigating the de 
novo origin of plastids, observed certain transition stages among the 
"active chlorophyll grains" of spores of Osmunda, root tips of Azolla and 
chromatophores of fertile stalks of Equisetum. He concluded that the same 
plastid may exhibit various phases, e.g., a leucoplast, becoming a chloro
plast, then returning to its first state, or a chloroplast becoming aleucoplast 
and then a chromoplast. 

HABERLANDT (1888) 4), attracted by the diversity in form of the chloro
plasts of Selaginella gave a description of their development. In a funnel
shaped, assimulating cell of the vegetative leaves, there is a green, trough
shaped body, thick where it lies at the bottom of the cell and thinner at 
the margins. This is the chloroplast. Its contour is irregular and the nucleus 
lies in close connection with it at the bottom of the trough. In some half 
a dozen species, this solitary chloroplast shows a constriction between two, 
or more, lobes. The lobes move apart but remain connected by a thin plas-

') M. DRACINSCHI, Uber das reife Spermium der Filicales und von Pi 1 ulari a 
globulifera L. Ber. d. Deut. Bot. Ges. 48, 295-311. 1930. 

2) M. DRACINSCHI, Uber die reifen Spermatozoiden bei den Pteridophyten. Bul. 
Fac. de Stiinte din Cernauti 6,63-134. 1932. 

3) A. F. W. SCHIMPER, Uber die Entwickelung der Chlorophyllkorner und Farb. 
korper. Bot. Zeit. 41, 105-112, 121-131, 137-146. 1883. (Azolla, Osmunda regalis). 
- Untersuchungen iiber die Chlorophyllkorner und die ihnen homologen Gebilde. 
Jahrb. f. wiss. Bot. 16, 1-247. 1885. (Equisetum arvense, p. 108). 

e) G. HABERLANDT, Die Chlorophyllkorper der Selaginellen. Flora 46 (71), 
291-308.1888. (5. Martensii, S. caesia, S. grandis, S. cuspidata). 
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matic bridge. Both fixed and fresh material of the stem parenchyma 
revealed in each cell of the meristem, one single chloroplast somewhat 
larger than the nucleus and clinging to it. A dumb-bell-shaped object arises 
by constriction between whose halves the plasmatic bridge soon becomes 
colorless.The resulting bodies may divide again and again as the parenchyma 
tissue differentiates, but each division is incomplete in the sense that the 
plasmatic connection does not break. In the older cells chains may reach 
a length of 0.15 mm., and consist of as many as 30 spindle-shaped members 
with plasmatic bridges of variable length. This chain HABERLANDT con
sidered as one chloroplast, an opinion substantiated by the observed 
contraction, under adverse conditions, of the plasmatic connections, even 
to the extent of bringing the separated members again into close contact. 
Each guard cell of a stoma possesses, when young, two somewhat elongated 
chloroplasts connected by a filament. In the older guard cells, the chloro
plasts are usually four-membered. HABERLANDT also pointed out that 
starch is formed in the absence of pyrenoids as in the Phanerogams and 
the other Pteridophytes and that it is present in the form of inclusions 
in the chloroplast. 

By 1907 it was rather generally accepted that the chloroplast consisted 
of a colorless ground substance, protein in nature, through which the 
chlorophyll was in some way distributed. PRIESTLY and IRVING 1), cut at 1!.l 
frozen Selaginella plastids measuring about 0.02 mm. and found the sections 
to be in the form of uninterrupted rings, and had no doubt that the chloro
phyll is restricted to the outer layer. ZIRKLE (1926) 2) described the 
plastids of Adiantum as hollow spheroids. His conclusions however have met 
with some criticism. We look, therefore, to future investigation for a 
more adequate knowledge as to the structure of the chloroplast in the 
Pteridophyte group 3). 

During the years from 1910-1920 investigations of another nature were 
going on, stimulated by the discovery in plant cells (MEVES, 1904) 4) of 
granular and rod-shaped bodies which were called chondriosomes or mita
chondria 5). Exhaustive searches led to the detection of these bodies in many 

') J. H. PRIESTLY and A. IRVING, The structure of the chloroplast considered in 

relation to its function. Ann. Bot. 21, 407-413. 1907. (Selaginella Mal'tensii, S. 
Kl'aussiana) . 

2) C. ZIRKLE, The structure of the chloroplast in certain higher plants. Amer. 

Journ. Bot. 13,301-320,321-341. 1926. 

3) HEITZ (1936) thinks that the chlorophyll is distributed in discs placed parallel 
to the surface of the flattened lenticular chloroplasts. The striations hitherto 

considered as pathological may be merely the discs seen in side view. Ber. d. Deut. 
Bot. Ges. 54, 362-368. 

4) FR. MEVES, Uber das Vorkommen von Mitochondrien bezw. chondromiten in 
Pflanzenzellen. Ber. d. Deut. Bot. Ges. 22, 284-286. 1904. 

6) Elongated threads are often called chondrioconts and chains of granules chon
driomites. The entire mitochondrial content of a cell constitutes the chondri orne. 
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types of cells. Observations were made principally among the Phanero
gams, Algae and Fungi, where the material is particularly favorable for 
in vivo study. The mitochondria were characterized as capable of division, 
able to pass from one form to another, staining more or less rapidly, not with 
th'e usual vital stains, but with Dahlia violet, methyl violet SB or Janus 
green. These bodies are dissolved or greatly altered by acetic acid or 
alcohol, thus making necessary special treatment in fixation. The so-called 
mitochondrial methods were introduced into botanical research, of which 
REGAUD'S combination of formol and bichromate of potassium is a great 
favorite, especially among European botanists. 

Theories and hypotheses had been developed during this period and an 
attempt to extend them to all groups of the plant kingdom led to investi
gations of the Pteridophytes. Because of this tendency to look to them 
for further substantiation of concepts originating elsewhere, it is thought 
advisable to review briefly the theories concerned. 

PENSA, LEWITSKY, MEVES and ALVARADO and at first GUILLIERMOND1)2), 
having observed the apparent transformation in cells of granules and 
rod-shaped bodies into chloroplasts, were led to believe that the elements 
of the chondriome are all alike, some of them remaining as mitochondria 
whose role is unknown, others being transformed, as the cells differentiate, 
into plastids, specialized for photosynthesis. 

RUDOLPH, SAPEHIN, SCHERRER and MOTTlER3), however, following the 
chloroplasts through all the stages in the life history of certain Cryptogams, 
and observing these chloroplasts persisting side by side with mitochondria, 
held to the old theory of the individuallity of the plastids. They declared 
that one had to do here with distinct genetical lines for the plastids and the 
mitochondria, explaining that in the Phanerogams there is apt to be con
fusion, as the two lines show similar forms in the embryonic cells. 

') These papers are cited not because they were the first to appear on the subject, 
but rather because the theory of the author is stated therein. 

2) A. PENSA, Osservazioni di morfologia e biologia cellulare nei vegetali (mito
chondri, cloroplasti). Arch. f. Zellforsch. 8, 612-662. 1912. - G. LEWITSKY, Uber 
die Chondriosomes in pflanzlichen Zellen. Ber. d. Deut. Bot. Ges. 28, 538-546. 
1910. - FR. MEVES, Die Chloroplastenbildung bei den hoheren Pflanzen und die 
Allinante von A. MEYER. Ber. d. Deut. Bot. Ges. 34, 333-345. 1916. See also Arch. 
f. mikr. Anat. 89.1916. - S. ALVARADO, Die Entstehung der Plastid en aus Chon
driosomen in den Paraphysen von Mnium cuspidatum. Ber. d. Deut. Bot. Ges. 41, 

85-96. 1923. 
3) K. RUDOLPH, Chondriosomen und Chromatophoren. Ber. d. Deut. Bot. Ges. 

30,605-629. 1912. - A. A. SAPEHIN, Untersuchungen tiber die Individualitat der 
Plastide. Ber. d. Deut. Bot. Ges. 31,14-16,321-324.1913. Also, Arch. f. Zellforsch. 
13,319-398.1915. - A. SCHERRER, Die Chromatophoren und Chondriosomen von 
Anthoceros. Ber. d. Deut. Bot. Ges. 31. 1913. - D. MOTTIER, Chondriosomes and 
the primordia of chloroplasts. Ann. Bot. 32,19-114.1918. 
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There followed further investigation by GUILLIERMOND 1) on the Phanero
gams and Fungi, and by his students EMBERGER 1) and MANGENOT 2) on the 
ferns and Algae,respectively, which led to the conception of the duality of the 
chondriome. There are, according to these botanists and their supporters, 
two classes of bodies in plants, resembling the animalchondriome (Fig.141), 
which present common morphological and his to-chemical properties but 
which differ functionally. The one, composed of active chondriosomes or 
plastids which are colorless in embryonic cells but are capable of producing 
pigment, playa role in photosynthesis and may undergo appreciable 
modifications, due to the products elaborated. The second class, those 
inactive in photosynthesis are called ordinary chondriosomes and their 
role remains obscure. The chondriosomes are considered as independent 
and permanent parts of the cell, just as are the nucleus, vacuoles and 
cytoplasm. These with the wall, lipoid granules and other inclusions con
stitute the elements of a plant cell. 

Variations in this classification and differences in nomenclature have 
appeared. P. A. DANGEARD 3) described for the plant cell a plastidome, 
composed of plastids, a vacuo me composed of vacuoles and a spheromp 
in which seems to be included the ordinary mitochondria of GUILLIERMOND 

and certain globules which he at first called microsomes. BOWEN 4) pro
posing in a work left uncompleted, to go to the problem with no pre
conceived notions of facts or nomenclature, agreed on the presence of a 
plastidome and vacuome in the plant cell, but was impelled by caution 
to call the ordinary chondriosomes of GUILLIERMOND, thepseudochondriome 
as he could not prove them comparable to the animal chondriome. He 
found also disc-like bodies in Equisetum cells which he called "osmiophilic 
platelets" and which he thought were elements as yet undiscovered. It 
seems more probable that they represent a chondriome altered by the 
fixative as stated by GUILLIERMOND 5) who has clearly demonstrated the 

') See pp. 204-205. 
2) G. MANGENOT, Sur l'evolution des chromatophores et Ie chondriome chez 

les Floridees. C. R. Acad. Sci. 170 (26), 1595-1598. 1920. _. See also, C. R. Acad. 
Sci. 170. 63-65. 1920. 

3) P. A. DANGEARD, La structure de la cellule vegetale dans ses rapports avec la 
theorie du chondriome. C. R. Acad. Sci. 173, 120-123. 1931. - Sur la reproduction 
sexuelle chez Ie Marchantia polymorph a dans ses rapports avec la structure cellu
lare. C. R. Acad. Sci. 178,267-271. 1924. - See also, C. R. Acad. Sci. 170,301-306, 
709-714.1920. and, C. R. Acad. Sci. 171,69-74.1921. 

4) R. H. BOWEN, Studies in the structures of plant protoplasm. II The plastiome 
and pseudochondriome. Zeitschr. f. Zellforsch. u. mikros. Anat. 9, 1-65. 1929. -
See also, ibid. 6, 689-725. 1928 (Equisetum arvense). - Bull. Tor. Bot. Club 53, 
179-196.1927. (E. arvense). - Ann. Bot. 53, 309-327.1929 (E. arvense). 

0) A. GUILLIERMOND, Apropos des recherches recentes de M. BOWEN sur l'appa
rei I de Goigi. C. R. BioI. 98, 368-371. 1928. Ibid. 101,567-572. 1929. - See also, 
S. R. BOSE, Ann. Bot. 45,303-314.1931. 
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inconstancy of osmic acid in impregnation. BOWEN himself, said that it is 
impossible to predict what will be blackened by osmic methods 1). 

In opposition to the above hypotheses is that of the school of A. MA YER2) , 
which is supported by SHARp3), that the chondriosomes are merely visible 
products of protoplasmic activity or temporary physical states of the col
loidal substances composing the protoplasm. In substantiation of this we 
are shown figures made artificially with emulsions by L6wSCHI:\' 4) and 
WALKER 5) which resemble more or less closely these chondriosomal forms. 

Whatever may be the name by which the forms described above are known 
or whatever functions and origins may be attributed to them, the fact 
remains that they are almost universally demonstrable under certain 
given conditions when they take a prominent and conspicuous place among 
the constituents of the plant cell. 

There is some literature to be found concerning the spindle figure 6) but 
its nature and origin during somatic and reduction divisions, its role in 
the cell and relation to the phragmoplast and new cell wall, are still matters 
needing further investigation. A similar state of affairs exists in regard 
to investigation of the plasmodesmen 7). 

1) R. H. BOWEN, The use of osmic· impregnation methods in plant cytology. Bull. 

Tor. Bot. Club 56, 33-52.1929. 
2) A. MAYER, Bemerkungen zu G. Lewitsky, Uber die Chondriosomen in pflanzli. 

chen Zellen. Ber. d. Deut. Bot. Ges. 29, 158-160. 1911. - Ibid. 34, 168-173. 1916. 
3) L. W. SHARP, Introduction to Cytology. McGraw-Hill. New York. 1934. p. 92. 
4) L6wSCHIN, "Myelinformen" und Chondriosomen. Ber. d. Deut. Bot. Ges. 31, 

203-209. 1913. 
5) C. E. WALKER, Artefacts as a guide to the chemistry of the cell. Roy. Soc. 

Proc. London (BioI. Sci.) Ser. B. 103,397-403. 1928. - See also, C. E. WALKER and 

M. ALLEN, ibid. 101,468-482. 1927. 
6) W. J. V. OSTERHOUT, Uber Entstehung der karyokinetischen Spindel bei Equi

setum. Jahrb. f. wiss. Bot. 30, 159-168. 1897. - R. W. SMITH, The achromatic 
spindle in the spore mother cells of Osmunda regalis. Bot. Gaz. 30, 361-377. 1900. -
P. DENKE, Sporenentwicklung bei Selaginella. Beih. Bot. Zentralbl. 12, 182-199. 
1902. (5. pallescens, S. M artensii). - J. E. GRAUSTEIN, Evidences of hybridism in 
Selaginella. Bot. Gaz. 90,46-74. 1930. p. 52 (six exotic sp. of Selaginella and S. apus, 
S. rupestris). - Y. GIHEI, Einige Beobachtungen liber die Zellteilung in den Ar
chesporen und Sporenmutterzellen von Psilotum triquetrum Sw., mit besonderer 
Rlicksicht auf die Zellplattenbildung. Bot. mag. (Tokio) 34, 117-129. 1920. - V. 
JUNGERS, Mitochondries, chromosomes et fuseau dans les sporocytes d' Equisetum 

limosum La Cellule 43, 323-340. 1934. - W. A. BECKER and J. H. SIEMASZO, 

Uber das Verhalten der Cytoplasmaeinschllisse der Equisetum-sporen wahrend 
der Zellteilung. La Cellule 45,29-42. 1936. (E. arvense, E. limosum). 

') P. TERLETZKI, Anatomie der Vegetationsorgane von Struthiopteris germanica 
und Pteris aquilina. Jahrb. f. wiss. Bot. 15,452-501. 1884. - A. MEYER, Das Irr

thiimliche der Angaben liber das Vorkommen dicker Plasmaverbindungen zwischen 
den Parenchymazellen einiger Filicinen und Angiospermen. Ber. d. Deut. Bot. Ges. 
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§ 2. The Filicinae. - The gam e top h y t e. - In the mature 
spore of the Osmundaceae (Fig. 1) there is present a centrally-placed nucleus, 
vacuoles which are large and numerous and a chondriome consisting of 
many large chloroplasts and ordinary mitochondria in the form of granules 
and rods. KIRBY (1928) 1) finds that the spores are of two types, those with 
a high number, 80-100, of lens-shaped plastids arranged outwards from 
the nucleus in radiating lines, and those with as few as 14-30 which are 
peripheral in position. These chloroplasts contain 6-9 starch grains, except 
in the case of O. gracilis where there is no starch. 

In the spores not containing chlorophyll, the chondriome consists of 
granules and the short rods. Some of these rods are larger than others and 
are probably the elements which later develop chlorophyll just before the 
membranes of the germinating spore break. 

In living prothallia the cells are packed with large green lenticular 
plastids (Fig. 2) measuring about 5 fl., 2) which make observations of the 
other elements of the cell difficult. Both ZIRKLE 3) and RANKIN 4) describe 
these chloroplasts as hollow, flattened spheroids whose outer stroma sur-

') K. s. N. KIRBY, The development of the chloroplasts in the spores of Osmun
da. J ourn. Roy. Micros. Soc. 48 (3), 10-34. 1928 (0. palustris aurea, o. regalis, O. 

gracilis) . 
') M. MOEBIUS, Uber die Grosse der Chloroplasten. Ber. d. Deut. Bot. Ges. 38, 

224-232. 1920 (Cyclophorus adnascens, Dryopteris Filix-mas, Platycerium divergens, 
P. iridioides). - See also Chap. VIII, p. 279, this Manual. 

3) P. 200, note 2 (Adiantum) . 
• ) P. 198, note 2 (Polypodium polypodioidesl. 



206 L.R.ATKINSON,CYTOLOGY 

rounds a central vacuole containing 2-3 minute starch grains. Fixed ma
terial reveals rod-shaped and granular mitochondria, often clinging to 
the chloroplast, and a large vacuole (Fig. 2) filled with phenol compounds 
which show tannoid reactions. 

During the formation of trichomes, such as the glandular hairs of Dryop
teris, and on the outgrowth of rhizoids from prothallial cells, there is a 
degeneration of the plastids (Fig. 3) described by GRATZy-WARDENGG 1). 

S per mat 0 g e n e sis. 
The cells of the lower epidermis which give rise to the antheridia in the 

Filicinae 2) are first distinguishable from the other epidermal cells by their 
denser cytoplasm and slightly smaller chloroplasts (Fig. 4). As the cells 
round out and divide to form the young antheridium, there is a gradual 
absorption of starch, the chloroplasts decrease in size, become spindle
shaped and stain more deeply (Fig. 5). The mitochondrial rods and gran
ules about them seem to increase. The wall cells of the antheridium con
tain a sparse cytoplasm, small green plastids, mitochondria in the form of 

FIG. 1-30. (Filicinae). - Fig. 1. Young spore of Todea barbara enclosing vacuoles, 
mitochondria and plastids (P). (After py.) - Fig. 2. Prothallial call of Polypodiace
ous type containing mature plastids (P) and precipitated phenol products (C) in a 
large vacuole. (After EMBERGER.) - Fig. 3. Stages in degeneration of chloroplasts 
in a prothallium of Dryopteris Fitix-mas. (After GRATZY-WARDENGG.) - Fig. 4-7. 
Antheridial cells of Adiantum capillus- Veneris. (After EMBERGER.); 4. Antheridial 
initial and fragment of adjacent cell showing relative sizes of plastids; 5. Later 
stage than fig. 4. showing spindle-shaped plastids (P); 6. Cell of antheridial wall 
enclosing vacuoles (CP), ordinary mitochondria (M) and small plastids (P); 
7. Spermatogenous cell with mitochondria (M), chondrioconts derived from 
former plastids, and vacuoles. - Fig. 8. Spematid of Polypodium polypodioides 
enclosing mitochondria and plastids. CHAMPy-KULL fix., ALTMANN'S stain. (After 
RANKIN.) - Fig. 9-10. Spermatid mother cell of Dryopteris dentata with a gran
ule (blepharoplast) at each pole. Flemming's fix. (After YAMANOUCHI). -
FIG. II. Spermatid of Polypodium polypodioides with mitochondria in the cytoplasm 
and blepharoplast body near the nuclear membrane .. CHAMPy-KuLL fix. (After 
RANKIN.) - Fig. 12-14 Spermatid cells of Dryopteris dentata enclosing an elongated 
blepharoplast. FLEMMING'S fix. (After YAMANOUCHI.); 12. Rounded blepharoplast 
body in cytoplasm; 13. Surface view of wedge-shaped blepharoplast; 14. Cross 
section of stage shown in fig. 13. - Fig. 15. Blepharoplast half-way around slightly 
elongated nucleus in spermatid of Polyp odium polypodioides. Granular mitochon
dria in the cytoplasm. CHAMPy-KuLL fix. (After RANKIN.) - Fig. 16-17. Further 
elongation of the blepharoplast in spermatid of Dryopteris dentata. (After YAMA
NOUCHI.); 16. Surface view; 17. Cross section of stage of fig. 16. - Fig. 18-20. 
Spermatid cells of Adi~ntum capillus- Veneris. FLEMMING'S fix. (After R. F. AL
LEN); 18. View perpendicular to those of figs. 19, 20 showing blepharoplast band 
(B) very close to nucleus in the contracted cytoplasm of the cell. - Fig. 21-23. 
Stages in elongation of the blepharoplast body in the spermatid of Notogramma 
iaponica. (After YUASA.); 21. Elongated blepharoplast showing dark-staining 
thread and lighter staining band; 22. Blepharoplast attached to the nucleus; 
23. Blepharoplast and nucleus coalesced. - Fig. 24-25. Lateral and anterior view, 
respectively, of metamorphosing spermatid of Adiantum capillus- Veneris. (After 

') E. GRATZY-WARDENGG, Degeneration von Chloroplast en an Farnprothallien. 
Protoplasm a 14, 52-63. 1932. (Dryopteris Filix-mas, M atteuccia Struthiopteris) . 

• ) EMBERGER. 
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ALLEN.) - Fig. 26. Coiled posterior end (a) and anterior end (b) of spermatid of 
Dryopteris dentata FLEMMING'S fix. (After YAMANOUCHI.) The blepharoplast extends 
beyond the nucleus at the anterior end. - Fig. 27- 28. Migration of the mitochon
dria toward the nucleus in the spermatid of Polypodium polypodioides, a stage 
parallel to that of fig. 26, a. REGAUD'S fix. (After RANKIN.) - Fig. 29. Nearly 
mature spermatozoid within spermatid of Dryopteris dentata. FLEMMING'S fix. (After 
YAMANOUCHI.) - Fig. 30. Same stage as fig. 29 but showing mitochondrial granules 
along the inner surface of the nucleus of Polyp odium polypodioides. REGAUD'S fix. 
(After RANKIN.) 
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rods and granules and vacuoles full of phenol compounds (Fig. 6). The 
spermatogenous cells lose their chlorophyll but the plastids may be seen 
in some forms up to the time of the formation of the spermatid (Figs. 7, 8). 
The cytoplasm appears dense in fixed material and besides a large nucleus, 
there is present a rich chondriome consisting of short rods, granules and 
long rather thick chondrioconts (Fig. 7). These chondrioconts EMBERGER 
does not hesitate to designate as the former chloroplasts. The vacuoles 
seem to decrease in size and gradually lose their contents. 

In material fixed with FLEMMING'S fixative 1) and stained with HEIDEN
HAIN'S haematoxylin, there can be seen in the spermatid mother cell, two 
granules on opposite sides of the resting nucleus. These occupy polar po
sitions during the ensuing division (Figs. 9, 10) and one is seen in each 
spermatid, situated in the cytoplasm between the nucleus and the cell 
wall (Fig. 12). The CHAMPy-KuLL method of fixation followed by ALT
MANN'S stain, reveals these bodies during the metaphase of the division 
giving rise to the spermatid 1). After REGAUD'S fixative, they are appar
ently not stained 1). This granule in the spermatid cell enlarges in a 
manner variously described 2). YUASA (1934 3) using a chrom-acetic fixative 
or R. F. ALLEN'S modification of FLEMMING'S fluid, is able to distinguish 
two regions in this enlarging body, a deeply-staining margin and a lighter 
remaining portion (Fig. 21). The entire body extends itself (Fig. 22) and 
gradually becomes coalescent with the nucleus (Fig. 23). The lighter area 
becomes the cilia-bearing portion in the mature spermatozoid, while the 
deeper-staining margin is thought to become the border-brim 4) (the 
deeply-staining band of BELAJEFF). 

DRACINSCHI5) finds that it is possible to establish the chondriosomenature 
of this border brim ("Randsaum") and says that in the spermatid cell 
treated with ALTMANN'S stain and differentiated with methyl green, the 
already thread-shaped chondriosome becomes red along with the smaller 
plastids. Both RANKIN 1) and EM BERGER, on the other hand, describe the 
migration of the mitachondria to the nucleus (Fig. 27, 28) where they 
eventually form a double row of granules along its inner surface (Fig. 30). 

') RANKIN, note 2, p. 198; ALLEN, note 7, p. 198; YAMANOUCHI, note 6, p. 197 
and the author's own unpublished observations on Lygodium palmatum. 

2) As well as the wedge-shaped, or round, or comma-shaped bodies described by 

Y AMANOUCHI, RANKIN and ALLEN, the author has observed relatively large 
granular, oval or vesiculate bodies each with threads extending from it in opposite 

directions parallel to the surface of the nucleus. 

3) A. YUASA, Studies in the cytology of the Pteridophyta. V. Spermatoteleosis 
in N otogramma (Coniogramme) japonica Presl and Pteris multi/ida Poiret with spe
cial reference to the development of border-brim, lateral bar and cilia-bearing 

band. Journ. Fac. Sci. Sec. III, 4 (4), 389-397. 1934 . 
• ) YUASA, Studies in Cytology of Pteridophytes I. 
5) DRACINSCHI, notes 1, 2, p. 199. 
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DRACINSCHI also finds granules in or on the plasmatic membrane surround
ing the nucleus when CAJAL'S silver impregnation method has been 
employed. They are arranged in a single row (Fig. 38) or in groups (Figs. 
35, 137) but their nature has not been determined. 

We are, therefore, confronted with incomplete and conflicting evidence in 
this matter. Are we to conclude that the chondriome of the spermatid cell 
is distributed in the spermatozoid in three places, first along the surface 
of the body in the form of the border brim, secondly over the inner 
surface of the nucleus as variously arranged granules, and thirdly in the 
vesicle in the form of starch-forming plastids? And if the deep-staining 
band in the spermatozoid, and therefore the granule from which it arose, 
be of a chondriosomal nature, then how shall we explain their presence 
in material fixed with FLElVIMIXG'S fluid or their absence after REGAUD's I)? 

The spermatozoids differ in size, in the amount of coiling and in the 
number and attachment of the cilia2)3) (Fig. 33). In the Polypodiaceae 3)4) 
the male gametes are discharged from the antheridium coiled within a 
membrane which is invisible unless stained 3). They free themselves sud
denly and then they appear conical in shape (Fig. 31), for the body, con
sisting of from 2.5-3 spirals rests on a vesicle ("Plasmarest"). This vesicle 
is composed of a homogeneous grou\ld substance in which can be detected 
fat globules, 4-6 oval or round plastids containing starch, and small gran
ules staining with neutral red which represent the vacuome 5). As the 
spermatozoid rotates along an irregularly spiral path, the vesicle slips 
backwards and is finally discarded. The spermatozoid elongates (Fig. 32), 
becomes coiled into 4-5 spirals, is very flexible and is is now ready to enter 
the neck of the archegonium. It consists of a nucleus and a motor apparatus. 
The nucleus 6) extends the whole length of the spermatozoid, beginning as 
a narrow thread which becomes broader until it occupies the entire width 
of the body and then ends in a blunt point. It is surrounded by a plasmatic 
sheath which runs out to a thread at the posterior end, but exhibits granules 
along the inside length of the nucleus (Fig. 35). The stalk of the motor 
apparatus (cilia-bearing band) occupies the greater part of the anterior 
end of the spermatozoid, running back to a point at a region midway along 
the body. It is resistant to maceration and shows only two visible struc-

') Page 201, line 6. 
2) YUASA. 

3) DRACINSCHI. 

0) MUHLDORF, Page 198, note 8. 
S) WENT could not see the vacuoles in the male gamete but suggested that they 

had possibly escaped notice because of their smallness: - F. A. F. C. WENT, Die 
Vermehrung der normal en Vacuolen durch Teilung. Jahrb. f. wiss. Bot. 19,296-
356. 1888. (Salvinia natans, Polypodium paradiseae, Alsophila australis, Cyathea 

medullaris) . 
6) Chap. VIII, p. 242; p. 264, this manual. 

Manual of pteridology 14 
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tures,a dark-staining thread (p. 20B)at one edge and 40-50 granules scattered 
over its outer surface 1). The granules are the basal structures for the cilia 
and their number corresponds to that of the cilia. Each cilium runs out 
to a slender end-piece. 

The mature spermatozoids of Pilularia 2) (Fig. 34) are ovoid in shape. 
The spiral body makes about two and a half turns about a relatively large 
vesicle. The vesicle contains fat globules of varying sizes and 10-16 plas
tids containing starch (Fig. 36). The starch grains are often found in de
composition. There is no localization of stain as in the ferns to indicate 
the vacuome, but the great amount of slime surrounding the sperma
tozoid makes the results of this test uncertain. The body of the gamete is 
composed of a nucleus and the motor apparatus. The border-brim extends 
the whole length of the body and at the anterior end projects like a hook 
(Fig. 37) beyond the nucleus and cilia-bearing band. The 40-50 cilia are 

FIG. 31-52 (Filicinae). - Fig. 31. A recently liberated Polypodiaceous spermatozoid. 
(After MUHLDORF.) - Fig. 32. Mature spermatozoid without the vesicle. Thelypteris 
palustris. (After DRACINSCHI.) - Fig. 33. Diagram of spermatozoids of Pterido
phytes, showing relative lengths of body and cilia, position of border-brim ("Rand
saum") and nucleus and arrangement of basal granules in the cilia-bearing band 
("Stamm"); - a, Selaginella; b, Isoetes; c, Filicinae; d, Pilularia globulifera; 
e, Salvinia natans. (Modified from DRACINSCHI.) - Fig. 34. Mature spermatozoid 
of Pilularia before the shedding of vesicle. (After DRACINSCHI.) - Fig. 35. Fragment 
of the nucleus of a spermatozoid of Dryopteris showing granules of unknown origin. 
(After DRACINSCHI.) - Fig. 36 Plastids with starch from the vesicle of a spermatozoid 
of Pilulariaglobulifera. (After DRACINSCHI.) - Fig. 37. Upper portion of the sperma
tozoid of Pilulariaglobulifera, showing the hook-shaped border-brim ("Randsaum"), 
the linear .series of basal granules from which the cilia arise and anterior point of 
nucleus. (After DRACINSCHI.) - Fig. 38. Granules of unknown nature along nuclear 
surface of spermatozoid of Pilularia globulifera. (After DRACINSCHI.) - Fig. 39. 
Spermatozoid of Salvinia natans coiled about its vesicle. (After DRACINSCHI.) -
Fig. 40-52. Spermatogenesis in M arsilia. - Fig. 40. Anaphase of the first spermato
genous mitosis of M. quadrifolia with no granules appearing at the poles. (After 
SHARP.) - Fig. 41. Second spermatogenous mitosis of M. quadrijolia showing 
polar granules and surrounding cytoplasmic radiations. (After SHARP.) - Fig. 42. 
Prophases of third spermatogenous mitosis of M. vestita showing already-divided 
granules ("blepharoplastoids") in the cytoplasm. (After SHAW.) - Fig. 43. Meta
phase of the third spermatogenous mitosis of M. quadrifolia showing granules at 
the poles. (After SHAW.) - Fig. 44. Anaphase of the third spermatogenous mito
sis of M. quadrifolia showing the granules of the second mitosis disorganizing at the 
side of the spindle and the granules of the third mitosis at the poles. (After SHARP.) 
Fig. 45. Resting stage of the spermatid mother cell of M. vestita showing a divided 
granule in the cytoplasm. (After SHAW.) - Fig. 46. Metaphase of fourth spermato
genous mitosis of M. quadrifolia with an irregular body (blepharoplast) at each 
pole. (After SHARP.) - Fig. 47. Late telophase of a spermatid mother cell in M. 
vestita showing blepharoplasts in polar positions. (After SHAW.) - Fig. 48. Frag
mented blepharoplasts in spermatid cells of M. vestita. (After SHAW.) - Fig. 49. 
Elongated blepharoplast lying near the nucleus in the spermatid cell of M. vestita. 
A mass of starch is seen at the right of the nucleus. (After SHAW.) - Fig. 50. 
Lateral view of a spermatid cell of M. quadrifolia showing the blepharoplast 

') See also A. YUASA, Feulgen's nucleal-staining applied to Pteridophyta. Proc. 

Imp. Acad. 22, 226-268. 1936. for negative reaction of border-brim, lateral bar, 
cilia- bearing band and cilia. 

') DRACINSCHI, p. 199, note 1. 



31 

/',. 
;<'"~ .; . 
"'i'S)rl< . 

3~ 

4 3 

L.R.ATKINSON,CYTOLOGY 

R5 

I 

.~ 

.~ ..... -HESt 
(RSJ 

..•..• 1( 

.pA 

(r ' 44 ' .: ~ 
~S 

® 
¥6 

b 

211 

c 

e 

39 

¥7 

extending beyond the anterior end of the nucleus . (After SHARP.) - Fig. 51. A 
three-dimensional drawing of the spermatid of M. vestita whose nucleus and the 
dark-staining thread associated with the nucleus, is coiled about the cytoplasmic 
portion of the cell. (After SHAW.) - Fig. 52. The body of the spermatozoid of M. 
vestita after the vesicle has been shed. (After SHAW.) A, starch; BK, basal granule, 
point of origin of cilium; FK, fat globule; HESt, posterior end of "stalk" of motor 
apparatus; K, nucleus; KB, beginning of nucleus; P, plastid; P A, plasmatic 
sheath; RS, border-brim ("Randsaum"); St, "stalk" of motor apparatus. 
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more delicate than those of the ferns and can be traced to basal granules 
arranged in one row on the cilia-bearing band. The granules in the vicinity 
of the nucleus are arranged in a single row (Fig. 38). 

The mature spermatozoid of Salvinia 1) is extruded within a membrane. 
When freed it is similar in shape to that of Pilularia (Fig. 39). It is coiled 
scarcely twice about a large vesicle containing fat globules, 6-\0 plastids 
and numerous vacuoles which stain intensely with neutral red. The body 
of the spermatozoid consists of nucleus and motor apparatus. The nucleus 
does not extend to the anterior end but tapers to a point 16[J. behind it. Gran
ules can be stained which lie on the inner side of the plasmatic membrane 
surrounding the nucleus. The stalk of the motor apparatus is bordered on 
one side by the border-brim and shows along its surface a single row of 
basal granules, 25-30 in number, each giving rise to a relatively long cilium. 

o 0 g e n e sis and fer til i z a t ion. 
In the formation of the egg EMBERGER describes a return to the granular 

chondriome in a cytoplasm containing numerous small vacuoles (Figs. 

FIG. 53-75 (Filicinae). - Fig. 53. A young archegonium of Dtyoptens dentata 
in which the ventral cell is dividing. (After YAMANOUCHI.) - Fig. 54. Detail of 
dividing ventral cell of fig. 53 showing "thread structure of unknown origin" 
described by YAMANOUCHI. Modified FLEMMING'S fix. (After YAMANOUCHI.) -
Fig. 55. Immature egg of Polypodiaceae containing, besides ordinary mitochondria 
and chondrioconts, small vacuoles (V) with precipitated contents. REGAUD'S fix. 
(After EMBERGER.) - Fig. 56. Granular chondriome in mature egg cell of Polypod
iaceae. REGAUD'S fix. (After EMBERGER.) -Fig. 57. Coiled spermatozoid nucleus 
in cytoplasm of egg of Lygodium palmatum. (After ROGERS.) - Fig. 58. Egg cell of 
L. palmatum shortly after one spermatozoid has entered the cytoplasm; functional 
spermatozoid resting on the nucleus of the egg while its cilia are in the periphery 
of the cytoplasm; supernumery spermatozoids crowded together at the surface of 
the egg cell. Arrow indicates direction of the neck of the archegonium. (After 
ROGERS.) - Fig. 59. Cilia found at periphery of cytoplasm after one spermatozoid 
has penetrated the egg nucleus. L. palmatum (After ROGERS.) - Fig. 60. Polyspermy 
in L. palmatum. One spermatozoid nucleus within the egg nucleus, cilia and a 
second spermatozoid in the vacuolate cytoplasm; supernumary spermatozoids at 
surface of the egg cytoplasm. (After ROGERS.) - Fig. 61. Four-celled embryo of 
Adiantum capillus- Veneris with its large vacuoles. Plastids, chondriocon ts, granular 
and rod-shaped mitochondria are seen in the cytoplasm. REGAUD'S fix. (After 
EMBERGER.) - Fig. 62. Detail of the chondriome of an apical cell of the root of 
Athyrium Filix-femina; granular and rod-shaped mitochondria (M) and some 
vesiculate elements (P). REGAUD'S fix. (After EMBERGER.) - Fig. 63. Detail of 
chondriome of the cortical parenchyma of the root of Athyrium Filix-femina; 
ordinary mitochondria (M), plastids (P). REGAUD'S fix. (After EMBERGER.) -
Fig. 64. Cells of the cortical parenchyma of the root of Athyrium Filix-femina; 
ordinary mitochondria (M), amyloplasts (Aa). REGAUD'S fix. (AfterEMBERGER.)
Fig. 65-67. Stages in the elongation of the mitochondrial elements in cells of the 
central cylinder from the root of Athyrium Filix-femina. REGAUD'S fix. (After 
EMBERGER.)- Fig. 68. Oblique section of the apical cell in the stem of Pteridium aqui
linum with the elements of the chondriome and the vacuoles clearly defined in the 
cytoplasm. REGAUD'S fix. (After EMBERGER.) - Fig. 69. Cells of young cortical paren
chyma of the stem of Pteridium aquilinum enclosing granular and rod-shaped mito
chondria (M), vacuoles (V) and a few plastids (P). REGAUD'S fix. (After EMBERGER.) 
- Fig. 70. Detail of plastids in fig. 71. - Fig. 71. Older cortical parenchyma cells of 

1) See note 2. page 210. 
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Pteridittm aqttilinttm enclosing ordinary mitochondria (Al), vacuoles (V) and plastids 
(P) the last being larger than those in fig. 69. (After E~lBERGER.) - Fig. 72. Stelar 
parenchyma of stem of Pleridittm aqttilinttm showing mitochondria (M) and plastids 
(P). (After E)IBERGER.) - Fig. 73. Epidermal cell from a leaf of Phyllitis Scolopen
drittm enclosing a large central vacuole (Vet CP), small mitochondria in the form of 
granules and rods (2\1), large starch-forming plastids (Pa) and nucleus (N). RE
GAUD'S fix. (After ElI-lBERGER - Fig. 74. Ordinary mitochondria and developing 
plastids in an immature stomatal apparatus of the leaf of Phyllitis Scolopen
drittm. (After El\oIBERGER.) - Fig. 75. Vacuolar system in the vascular meristem 
of a young leaf of Athyrittm Filix-femina. (After ElIolBERGER.). 
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55, 56). In this connection one might mention the thread stucture of 
unknown origin which YAMANOUCHI found in the cytoplasm of the dividing 
central cell (Figs. 53, 54). The canal cells also undergo this granulation 
of the chondriome and then disintegrate as the egg reaches maturity. In 
the cells of the neck of the archegonium and those of the pro thallium 
forming the venter can be seen vacuoles and chloroplasts, the latter sur
rounded by ordinairy mitachondria. The egg cell at the time of fertilization 
is well distended 1), not concave as so often described (Fig. 56, 58). It is, 
however, impossible to follow the course of the spermatozoid in living 
material because of the large number of chloroplasts in the neck cells and 
the embedded position of the venter. In fixed archegonia of Lygodium 1) 
the spermatozoids can be found at various stages in the penetration into 
the cytoplasm of the egg. They are coiled (Fig. 57) and surrounded by a 
hyaline area interpreted as the cytoplasmic sheath. The supernumerary 
spermatozoids remain crowded together at the surface of the egg cell 
(Figs. 58, 60). In a preparation fixed an hour after flooding, the coiled 
spermatozoid was found touching the egg nucleus (Fig. 58). The cytoplasm 
at the base of the egg is now conspicuously vacuolate. No cilia are observed 
attached to the spermatozoid, but in the cytoplasm on the side toward 
the neck of the archegonium are found definite hair-like structures (Figs. 
58-60) more or less concentrically arranged in semi-circles 2). They are 
strikingly diagrammatic, often persisting for some time after the sperm
atozoid nucleus has penetrated that of the egg. One is inclined to inter
pret them as cilia thrown off as the spermatozoid makes its way toward 
the egg. After penetration, the spermatozoid nucleus undergoes a slow 
process of expansion in the nucleus of the egg, until the two constituents 
become indistinguishable. Vacuolization of the cytoplasm progresses, 
especially at the periphery of the cell and EMBERGER finds that the plastids 
again develop and manufacture starch. Ordinary mitochondria are con
tinually present. 

The cells of the prothallium about the fertilized egg lose their starch 
and return to the chondriocont form. GRATZy-WARDENGG 3) observed a 
degeneration of the chloroplasts in the pro thallium which can be followed 
successively from cell to cell as the sporophyte grows. First the plastids 
lose their pigment, then decrease in size and sometimes agglutinate, 
becoming speckled and vacuolate (Fig. 3), a change in viscosity 

1) L. ROGERS (ATKINSON), Development of the archegone and studies in 

fertilization in Lygodium palmatum. La Cellule 37, 327-352. 1926. Fertilization is 

also described by CAMPBELL. Ann. Bot. 2, 233-264. 1888 (Pilularia); by SHAW, 

p. 198, note 4; by Y AMANOUCHl, p. 197, note 6. - Also Chap. VIII § 7. 

2) See also SHAW'S fig. 3. The fertilization of Onoclea. Ann. Bot. 12, 262-285. 
1898 (0. sensibilis, Malteuccia Struthiopteris). 

3) P. 206, note 1. 
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often being accompanied by amoeboid activity. The final result is a 
"chondriocont-like leucoplast", whose return to the state of a chloroplast 
can be brought about in most cases by the removal of the sporophyte. 

Polyspermy occurs, at least in Lygodittm (Fig. 60). 
The s po r 0 p h Y t e. - The four-celled embryo contains large 

vacuoles and a chondriome which consists of short rods, granules and 
somewhat heavily-stained, starch-bearing elements, the young plastids. 
These elements are about the nucleus (Fig. 61). The wedge-shaped intitial 
cell of the leaf of Gymnogramme sulphurea at the momentwhen that organ 
first pierces the archegonial envelope, contains a weakly-staining cyto
plasm with large vacuoles 1). In the neighboring cells there are small 
vacuoles present, enclosing precipitates which stain heavily with haema
toxylin. The mitochondria are few in number and in the shape of granules 
and short rods, but in the superficial cells they develop rapidy into starch
bearing chloroplasts. 

In the independant sporophyte, the apical cell of the root is large, its 
cytoplasm containing numerous vacuoles without visible content and a 
chondriome made up of granules and rods (Fig. 62). Some of the rods are 
vesicular in shape indicating the presence of starch 2). 3). The segments 
nearest the apical cell show essentially the same characteristics. Toward 
the root cap the vacuoles in the cells are filled with phenol compounds 
which make observation difficult but ordinary mitochondria as well as 
longer starch-containing rods can be observed. These begin to disintegrate 
in the older cells of the root cap and eventually disappear with the cyto
plasm. In the meristematic tissue behind the apical cell, there is a con
siderable elongation of the mitochondria (Fig. 64) and under high magnifi
cation starch inclusions may be observed. In the external region of the 
cortex there are large amyloplasts, so packed with starch that it appears 
to be in chains (Fig. 63). These are accompanied by ordinary mitochondria. 
The vacuoles are small. They are round or elongated and, swelling rapidly, 
form the typical large vacuole filled with phenol products. In the central 
cylinder, progressing from the apex of the root to the older cells there 
is a gradual lengthening of the chondrioconts accompanied by a loss in 
staining capacity (Figs. 65, 66). These chondrioconts form a confused 
bundle of fliaments about the nucleus (Fig. 66), an element here and there 
showing a grain of starch. Existing side by side with them are granular 
mitochondria and short or thin rods. Even in the members of the peri cycle 
the elongation is considerable. The vacuoles of the central cylinder develop 

1) A. VLADESCO. Recherches morphologiques et experimentales sur l'embryoge
nie et l'organogenie des fougeres leptosporangiees. Dissertation. Paris 1934. 

') EMBERGER. 

3) MOTTlER, p. 201, note 3 (Adiantum pedatum). 
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slowly. They are pseudomitochondrial 1) in form at first but eventually 
increase in size and fill with phenol compounds (Figs. 66, 67). 

In the stem of the Filicinae 2) the apical cell is large and its vacuoles 3) 
have no visible contents (Fig. 68). The chondriome consists of short rods 
and granules packed about the nucleus, some among them containing 
starch while others of similar form do not. As the cells of the cortical 
parenchyma differentiate there is, in general, an elongation of the ordinary 
mitachondria to chondrioconts (Fig. 69). In the older parenchyma cells 
these become gradually less chromatic until only the plastids are dis
tinguishable (Fig. 70, 71). The stelar parenchyma is made up of long cells 
which when young contain vacuoles without visible contents and a chon
driome consisting of rods, granules and lightly elongated chondrioconts, 
with or without starch (Fig. 72). In the pro cambial strands the starch 
is absorbed and the plastids, as well as the ordinary mitochondria, undergo 
elongation. 

The young leaf cells have large nuclei, small elongated or round vacuoles, 
containing phenol compounds, and granular and rod-shaped mitochondria 
in which all the elements seem to be of the same value. Soon some of them 
elongate and manufacture starch and as the protoplasm becomes more 
vacuolate, some of the mitochondria appear markedly thicker and plastid
like, as in the root parenchyma. The small ordinary mitochondria remain 
as earlier described and the large chondriosomes fragment to form plastids. 
Inactive chondrioconts are rare. In the epidermal cells of the differentiated 
leaf there are granules and rods present as well as large lenticular plastids 

FIG. 76-95 (Filicinae). - Fig. 76. Central cell of a young sporangium of Dryopteris 
dentata enclosing mitochondria in the form of short rods and granules. Formol
chormic-and-osmic-acid fix. (After SEN]ANINOVA.) - Fig. 77. Portion of tapetal 
layer and enclosed spore mother cells in a sporangium of Asplenium Ruta-muraria; 
chondriome of the tapetum containing somewhat elongated elements but that of 
the spore mother cells is granular. REGAUD'S fix. (After EMBERGER.) - Fig. 78. 
Spore mother cell of Todea barbara just before reduction division; a few chondrio
conts persist about the nucleus. Sublimate-formol fix. of MANGENOT. (After PY.) 
- Fig. 79. Tapetal cell at the stage of the spore mother cell. Todea barbara. (After 
PY.) - Fig. 80. Section of a sporangium of Asplenium Ruta-muraria at the spore 
mother cell stage. REGAUD'S fix. (After El>IBERGER.) - Fig. 81. Diakinesis in Tode 1-

barbara of the first division in the spore mother cell showing the mitochondria 
scattered indiscriminately in the cytoplasm. Sublimate-formol of MANGENOT. 
(After PY.) - Fig. 82. Same stage as that for fig. 81; mitochondria arranged in 
groups in the cytoplasm of Dryopteris dentata. Formol-chromic-and-osmic-acid fix. 
(After SEN] ANINOVA.) - Fig. 83-86. Reduction divisions in Dryopteris den/ata. 
Formol-chromic-and-osmic-acid fix. (After SEN] ANINOVA); 83. End offirstreduction 
division; invasion of the equatorial region of the cell by the mitochondria; 84. The 

') EMBERGER uses this term to designate the filamentous form developing from 

the early spherical elements. See classical description of the vacuole by the DAN

GEARDS. - C. R. Acad. Sci. 169, 1005-1011. 1919. and C. R. Acad. Sci. 170,474-
478. 1920. 

') EMBERGER. 

3) WENT described the vacuole in the apical cell of the stem in the species listed 
on p. 209, note 5. 
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mitochondrial band separates the spindles of the second reduction division; 
85. Young tetrad showing splitting of the mitochondrial plate; 86. Division of the 
mitochondrial body into four nearly equal parts by the new cell walls of the tetrad . 
Fig. 87-90. Stages comparable to those of figs. 83-86, in the spore mother cells of 
Dryopteris dentata following fixation with FLEMMING'S fluid. (After YAMANOUCHI.) 
- Fig. 91. First reduction division in the spore mother cell of M arsilia quadrifolia; 
starch mass moving to an equatorial position. FLEMMING'S fix. (After :MARQUETTE.) 
Fig. 92. Same stage as that of fig. 84 and of fig. 88; starch masses separating the two 
spindles of the second reduction division. M. quadrifolia. (After MARQUETTE.) -
Fig. 93. Young tetrad surrounded by tapetal tissue showing granular chondriome. 
REGAUD'S fix. (After EMBERGER.) - Fig. 94. Young spore of Dryopleris dentala; 
certain mitochondrial elements have enlarged. (After SEN] ANI NOVA.) - Fig. 95. 
Small plastids and rod·shaped and granular mitochondria in a young spore of a 
tetrad. Todea barbara. (After PY.) 
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containing starch (Fig. 73). The parenchyma cells show large and numerous 
plastids which decrease in size toward the interior of the leaf. The cytoplasm 
is sparse and the vacuoles, usually only one in each cell, contain phenol 
products. The stomatal apparatus of the epidermis contains at first a 
homogeneous chondriome in which small plastids gradually become 
differentiated (Fig. 74). They soon take the form of typical chloroplasts 
and mask the mitochondria in the mature guard cells. The plastids in the 
under epidermis are small. In the stele there is an elongation of the mito
chondrial elements as in the root and the vacuoles are distinctly fila
mentous in form (Fig. 75). 

The hairs of the water leaves of Salvinia present a pnenomenon of 
degeneration described in both living and fixed material by CHOLODN] 1). 
In the young cells the typical, bright-green plastids are biscuit-shaped 
and very large, measuring 7(1. by 20(1., containing starch grains whose size 
is comparable to that of the starch grains in the air leaves, but in older 
cells there are found only colorless bodies of small dimensions (0.5(1. by 10(1.) 
whose contours are irregular. In a hair consisting, for example, of seven 
cells, this change from large to small plastids does not go on throughout 
at the same rate. The chloroplasts at the tip gradually decrease in size and 
lose their starch, those at the base at first become larger and greener, then 
suddenly, they too, lose starch, become colorless and shrivel. The chloro
plasts are accompanied by the other elements of the chondriome in the 
shape of granules and rods. 

The sporangium of the Filicinae 2) 3) 4), arises from an 'epidermal cell 
in which there is an absorption of the phenol compounds in the vacuoles 
and a reduction to a size which is maintained during the subsequent develop
ment of the organ. The large chloroplasts of the initial cell lose their starch, 
become fusiform and divide actively. The ordinary mitochondria are 
present as rods and small granules. As the tissues of the sporangium 
differentiate small plastids are seen in the cells of the stalk and mechanical 
layer. In the tapetal cells there are numerous vacuoles containing phenol 
compounds, granular and rod-shaped mitochondria and chondrioconts. 
In the central cells, the plastids lose their chlorophlyll and all forms may 
be observed from lenticular chloroplasts to chondrioconts but they are not 
as numerous as the ordinary mitochondria (Fig. 76). In the spore mother 
cell there is a large nucleus in a dense cytoplasm containing small 
vacuoles, granular mitochondria, rods and beautiful chondrioconts 

1) N. CHOLODNJ, Uber die Metamorphose der Plastiden in den Haaren der Was· 

serbltttter von Salvinia natans. Ber. d. Deut. Bot. Ges. 41, 70-79.1923. 
2) EMBERGER. 

3) G. Py, Recherches cytologiques sur l'assise nouriciere des microspores et les 
microspores des pi antes vasculaires. Dissertation. Paris 1932. (Todea barbara). 

4) M. SENJANINOVA, Chondriokinese bei Nephrodium molle. Zeit. f. Zellforsch u. 
:\Iikros. Anat. 6, 493-508. 1928. 
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which seem to surround the nucleus (Figs. 77, 78, 80). During the 
heterotypic prophases as the cell increases in size 1) there is a segmen
tation of the chondriome and only rare chondrioconts are seen (Fig. 82). 
Some of these are thicker and more deeply-staining than the others and 
probably represent the plastids. The vacuoles are well distributed in the 
cell. At metophase, PY (Fig. 81) does not observe the polarization of the 
chondriome described by SENJANINOVA (Fig. 82). The mitochondrial 
elements remain granular throughout the reduction divisions in the spore 
mother cells but in the plurinuclear tapetum surrounding them which 
contains many chondrioconts, rods and granules and numerous vacuoles, 
there is a development of plastids which begin to manufacture starch (Figs. 
79, 80). The chondriome of the young spores (Fig. 93) is granular. As they 
mature and the tapetum disappears there appear chondrioconts and then 
plastids among the mitochondria of the ordinary form (Figs. 94,95). The 
vacuoles may be rather large and are found to contain phenol compounds. 

SENJANINOVA describes for Dryopteris (Figs. 82-86) the formation of 
a compact mitochondrial mantle which in behavior is very like that 
described for Equisetum by LEWITSKY 2). At the metaphase of the spore 
mother cell, the mitochondria surround the nucleus either as a compact 
mass or in groups (Fig. 82) but during the telophases, the entire chon
driome accumulates at the equator (Fig. 83-85) where it forms a zone 
which, although it contains vacuoles, is still more dense than the surround
ing cytoplasm. The plate soon shows a cleavage at its center. When after 
the homoeotypic division the new wall is laid down between the pair of 
sister nuclei, this wall reaches from the outer membrane of the spore 
mother cell on the one hand and to the above-described mitochondrial 
plate on the other and when all the walls are complete each spore receives 
approximately a quarter of the mitochondria of the spore mother cell 
(Fig. 86). One is struck by the close resemblance of the figures of SENJA
NINOVA 3) to those of YAMANOUCHI 4) who described for Dryopteris a 
granular zone which formed at the equator during the reduction divi
sions (Figs. 87-90). This is also reminiscent of MARQUETTES observations 5) 
on Marsilia where in the spore mother cell he saw an aggregation of starch 
grains in close contact with the nucleus. These occupy a position at one 

') R. DE LITARDIERE, Variations de volume du noyau et de la cellule chez quel
ques Fougeres durant la prophase Mterotypique. C. R. Acad. Sci. 156, 562-564. 
1913. (Polystichum aculeatum, Dryopteris Filix-mas, Asplenium Trichomanes, A. 
A diantum-nigrum). 

2) P.231,note3. 
3) P. 218, note 4. 
4) SR. YAMANOUCRI, Sporogenesis in Nephrodium. Bot. Gaz. 35,1-30.1908. (N. 

moUe). 
6) W. MARQUETTE, Concerning the organization of the spore mother-cells of 

Marsilia quadri/olia. Trans. Wis. Acad. Sci., Arts and Letters. 16,81-106.1908. 
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side of the spindle at the beginning of division but at the end of the first 
division move in between the disappearing spindle fibres where they 
remain until the nuclei of the second divison are reconstructed (Figs. 91 
92). During the cell division to form the spores, the starch is so distributed 
that each spore receives an equal quantity. 

§ 3. Lycopodiinae. - The gam e top h Y t e. - The gameto
phyte of this group has been investigated in its morphological rather 
than in its cytological aspects. 

S per mat 0 g e n e sis. - Cytological accounts of the developing 
spermatozoid are not available but DRACINSCHI 1) has given a description 
of the mature gamete. In Isaetes. (Fig. 96) the free-swimming cell co~sists 
of motor apparatus, nucleus and two vesicles which are soon lost. These 
vesicles first appear as two discs but soon after the release of the sperma
tozoid they absorb water to such an extent that they double their original 
diameter. Each contains fat and vacuo me elements but shows no positive 
reaction for starch. The nucleus, pointed at each end, is enclosed in a 
spongy plasmatic structure and does not extend to the most anterior tip 

FIG. 96-112. (Lycopodiinae). - Fig. 96. Mature spermatozoid of Isoetes lacustre. 
(After DRACINSCHI) -a, detail of cilia. - Fig. 97. Spermatozoid of Selaginella coiled 
about the vesicle. (After DRACINSCHI.) - Fig. 9S. Spermatozoid of Selaginella after 
the vesicle has been liberated. (After DRACINSCHI.) - Fig. 99. Spermatozoid of 
Selaginella involvens at the moment of extrusion from the antheridium. (After 
YUASA.) - Fig. 100. Detail of anterior portion of the spermatozoid of Selaginella 
involvens showing the common point of attachment ofthe cilia, a, b. (After YUASA.)
Fig. 101. Mature spermatozoid of Selaginella involvens enclosing granules (b) in the 
posterior portion of the body; a) sharp posterior tip (After YUASA.) - Fig. 102. 
Chloroplasts in a cell at the apical region in the stem of Lycopodium. (After EMBER
GER.) - Fig. 103. Elongated elements of the chondriome in a cell of the stelar tisue of 
Lycopodium. (After EMBERGER.) - Fig. 104. Young spore mother cell of Lycopodium 
showing the somewhat elongated chondrioconts. (After EMBERGER.) - Fig. 105. 
Chondrioconts in a spore mother cell of Lycopodium. (After EMBERGER.) - Fig. 106. 
Living cells of the apical region of the stem containing each a long filament. Selaginel
la Kraussiana. (After EMBERGER.) - Fig. 107. Cells in the living cortical parenchyma 
of the stem of S. Kraussiana showing different types of chloroplasts. (After EM
BERGER.) - Fig. lOS. Chloroplast chain in a living cell of the cortical parenchyma 
of the stem. S. Kraussiana. (After EMBERGER.) - Fig. 109. Two chloroplasts from 
living pericycle cells of S. Martensii. (After EMBERGER.) - Fig. 110. A tooth from a 
living cell of the leaf of S. Martensii. (After EMBERGER.) - Fig. 111. Guard cells 
from a living leaf of S. Martensii. (After EMBERGER.) - Fig. 112. a) Healthy 
chloroplast from a cell on the under side of a variegated leaf of S. M artensii. (After 
SCHWARZ.); b) Beginning of degeneration of the chloroplasts in a variegated leaf of 
S. M artensii. (After SCHWARZ.) - Fig. 113. A state of nearly complete degeneration 
of the chloroplasts in a leaf cell of S. Martensii. (After SCHWARZ.) - Fig. 114. 
Stomatal apparatus in leaf of S. M artensii; healthy chloroplast in the guard cell at 
the left, degenerating chloroplasts in the cell at the right. (After SCHWARZ.) -
Fig. 115. Cell of the central cylinder of the stem of Selaginella showing elongated 
chondriome; P, plastids; M, ordinary mitochondria. (After EMBERGER.) - Fig.116. 
Young sporangium of Selaginella. (After EMBERGER.) - Fig. 117. Portion of the 
apical region of a median section through the mature macrospore of S. rupestris; 
protoplasm containing much protein matter. (After LYON.) - Fig. 118. Late diaster 

') P. 199, note 1. (Isoetes lacustre, I. japonica). 
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in a young leaf cell of I soetes lacustre showing polar positions of starch grains. 
(After MARQUETTE.) - Fig. 119. Young leaf cell of I. melanopoda enclosing a plastid 
at one side of the nucleus. (After MA.) - Fig. 120. Young leaf cell of I. melanopoda 
with two daughter plastids on opposite sides of the nucleus. (After MA.) - Fig. 121. 
Young leaf cell in I. melanopoda; metaphase with two plastids occupying polar 
positions in the cell. (After MA.) - Fig. 122. Four p1astids in a cell from the upper 
part of the leaf of I. melanopoda. (After MA.) 
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of the antherozoid. The "stalk" 1) of the motor apparatus is homogene
ous and transparent, traversed on its outer margin by the border-brim, 
which extends almost to the nucleus on one side and back far below it on 
the opposite side (Fig. 33). Like that of the Filicinae and Equisetum it is to 
be regarded as a chondriosome. The cilia, about 25 in number, arise from 
basal granules situated on the "stalk," four of them grouped together at the 
anterior end and the rest extending backward along the "stalk" in a 
single row. 

In Selaginella the liberated spermatozoid consists of motor apparatus, 
plasma-part, nucleus and vesicle (Fig. 97). When first released the body 
surrounds the lens-shaped vesicle in a single coil. Then the vesicle absorbs 
water, becomes spherical and is soon set free. It consists of clear, seemingly 
homogeneous, fluid cytoplasm, containing fat substances demonstrable 
with Sudan III and starch grains, probably in plastids. The rod-shaped 
nucleus is 2.5[L long and is embedded in easily visible cytoplasm (Fig. 98) 
the "plasma-part". This is the only genus in the Pteridophytes for which 
this part has been described. The "stalk" of the motor apparatus occupies 
the anterior end of the spermatozoid, does not macerate easily and gives 
rise to one cilium at the tip, to another longer one at a point somewhat 
below. Each of these is traced to a basal granule. YUASA 2)did not observe 
the basal granule at the point of origin of the second cilium and maintains 
that the two cilia arise at the same point, but that one adheres to the 
body of the gamete for a certain distance (Figs. 100, 101). The plasma-part 
is only a little wider than the stalk and attached directly to it. It is divided 
into two portions by the nucleus, the anterior containing two granules, the 
posterior containing 4-5, some of which, perhaps all, are chondriosomes 
(Figs, 98, 99, 101). The resemblance to the Chara and Hepaticae sperma
tozoid 3) is very striking. 

The s p 0 r 0 p h y t e. - In the viscous cytoplasm of the small 
living meristematic cells at the tip of the vegetative stem of Lycopodium 4) 
may be seen a large nucleus and several rod-shaped or round chloroplasts. 
In older cells they become large and full of starch and may be as many as 
15-20 in a cell. The vacuoles stain brown with I-KI. In fixed material, one 
can observe that the chloroplasts develop in the parenchyma, divide and 
form starch, while in the stele they regress to become fine filaments, in the 
course of which they lose their starch (Fig. 103). In the root a similar course 
of development may be followed. 

The young leaf, forming early in the bud, exhibits the same cytology 
as those cells from which it has come. The meristem cells at the base of an 
older leaf contain somewhat elongated chloroplasts which are larger than 

') P. 199. 
0) YUASA (Selaginella involvens.). 
3) MUHLDORF, p. 198, note 8. 
4) EMBERGER. 
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those of the stem. Near the stele, the plastids are filamentous but at the 
tip of the leaf they assume their mature form and become pigmented. 

Except that the sporangium in Lycopodiwm1) arises from cells containing 
small plastids and not from colorless cells as in Selaginella, one might 
superimpose the two stories of development. The primordia of the future 
sporangium do not differ in cellular content from those leaf cells giving 
rise to them, but as the sporogenous cells develop, the chlorophyll in them 
disappears and during the entire process of sporogenesis, no chlorophyll 
can be seen. It is a well known fact that the spores of Lycopodium do not 
give a reaction for starch. In the stalk and dehiscence layer the plastids 
continue to grow, remaining as rods more or less elongated in the stalk but 
becoming round at the summit of the sporangium. Here they reach their 
maximum development at the time the spore mother cells form and then 
they become absorbed during the maturation of the sporangium. The 
tapetal cells contain well-developed plastids but in the sporogenous cells 
there are only chondrioconts to be seen in living material. Fixed prepa
rations reveal the second class of mitochondria in the form 'of filaments, 
rods and granules. They are especially visible in the peripheral cells of the 
stalk of the young sporangium. The vacuoles do not present striking par
ticulars but in certain cells their contents may turn yellow brown with 
I-KI in the manner of glycogen 1). 011 globules are everywhere abundant. 
The spores of Lycopodium in living material do not appear green but 
SAPEHIN 2) reported the presence in the spores of fat globules which reduce 
osmium. The non-photosynthetic chondriome has the classic form and 
chlorophyll appears at germination. 

In vivo observations of the exceedingly small meristem cells of the stem 
tip in Selaginclla are difficult by reason of the metabolic products which 
mask even the rather large nucleus and the fine undulous filament 1) 3) 
whose index of refraction is only slightly greater than that of the cyto
plasm. This filament (Fig. 106) changes position in the cytoplasmic cur
rents, is sensitive to osmic acid and presents the fixing and staining 
characteristics of a chondriosome. In older cells it takes on pigment and 
prepares for a division which is so seldom completed that chains of chloro
phyll bodies are formed (Figs. 107, 108) as described by HABERLANDT 4). 
Fixed preparations confirm this and bring out the second line of mitochon
dria in the form of numerous granules, rods and rare chondrioconts. In 
fixed material of the apical cells of S. Kraussiana, EMBERGER found a 
chondriome in which it was impossible to distinguish the filament seen in 
living material except for its proximity to the nucleus. The vacuoles of 

') EMBERGER. 

2) 1915. P. 201, note 3. 
3) P. A. DANGEARD, Plastidome, vacuome et spherome dans Selaginella Kraus

siana. C. R. Acad. Sci. 170,301-306. 1.920. 
0) P. 199, note 4. 
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these young cells are small and round, filled with reserves which stain a 
dirty green with haematoxylin following REGAUD'S fixative. In older cells 
they enlarge but have not been observed to pass through the pseudomi
tochondrial stage observed in the Phanerogams1). Fa tty globules are present 
in all cells. 

In the young vascular tissue the rather rigid plastids are accompanied 
by rods, granules and numerous filamentous, more or less elongated, 
chondrioconts (Fig. 115). In the central cylinder all mitochondrial elements 
elongate, the plastids lose their pigment and in the future vessels, the 
entire chondriome is absorbed. In the pericycle the chloroplasts elongate 
and present diverse and beautiful forms. In the cortical parenchyma the 
chlorophyll bodies are usually in chains and are accompanied by chon
drioconts, rods and granules of the usual type. 

The cytology of the root 2) of the Lycopodiinae is said to be similar to 
that of the stem. 

The leaf inherits the constitution of the tissue from which it was derived. 
In the young Jiving organ, each cell presents a large nucleus and a single 
pale green plastid near or over it. This plastid divides to form two but 
rarely more, while in those cells nearest the point of insertion of the leaf, 
there is less chlorophyll, the plastids being replaced by filaments of little 
or no color. These filaments are homologous to the chondrioc0nts of the 
apical cells. Approaching the tip of the undifferentiated leaf tissue 2) 3) the 
filamentous plastid thickens, rounds up and becomes lenticular or dumb
bell shaped. These may break apart and in the cells at the tip of the leaf 
the chloroplasts may appear round but they do not long remain so, for 
by a series of incompleted divisions there is formed an infinite variety of 
extraordinary forms as described by HABERLANDT3). ETh-IBERGER describes 
a second method whereby the chains are formed. A long filament becomes 
nodulate (Fig. 109) its aspect varying with the nature of the cell enclosing 
it. The young teeth possess plastids, round in some species, in the form of 
chains in others (Fig. 110) but as the teeth develop, the assimilation appa
ratus disorganizes, the starch is absorbed and the plastids lose their 
pigment. In fixed material of the teeth cells which grow near the insertion 
of the leaf, there is shown a return to a chondriome of rods and grains. 
In differentiated leaves the epidermal cells of the two leaf surfaces do 
not exhibit similar chloroplasts for those which receive the sun's rays have 
fewer chains and contain more chlorophyll. The guard cells are as described 
by HABERLANDT (Fig. Ill). 

In the leaves of green house plants of Selaginella kept at cold temper-

') GUILLIERMOND, A. MANGE NOT, PLANTEFOL, Traite de Cytologie vegetale. 1933. 
p. 297-307 and fig. 157. 

2) EIIIBERGER. 

3) HABERLANDT, p. 199, note 4. 
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atures, SCHWARZ 1) finds a degeneration of the chloroplasts which results 
in the appearance on the leaves of white areas, more or less large. Each 
cell of the leaf receives a normal plastid (Fig. 112 a), but in some regions 
they lose their pigment and become granular (Fig. 112 b). Then their 
contours seem to dissolve and in the end the chloroplast disappears (Fig. 
113). Even sister cells may behave differently (Fig. 114), characteristic 
plastids being visible in one of them, degenerated plastids in the other. 
A similar process is described in the ligule. 

In the ligule at an early stage there can be seen in living material of 
Selaginella a crescent-shaped, flexuous body adhering to the nucleus. 
It is similar to that found in the apical region of the stem. In material 
treated with REGAUD'S fluid, this body, or plastid, is accompanied by 
numerous mitochondria of the ordinary form. The filament can not be 
seen in living cells of the organ at a later stage, but in fixed material its 
degeneration can be followed. The plastid becomes thin and loses its 
affinity for stains. There is a fragmentation of all the elements of the 
chondriome during which the ordinary mitochondria are first affected. 
Eventually all the elements become vesiculate and disappear. 

The vacuoles of this group are small and round in young cells but become 
very large in the adult stages without passing through the filamentous 
form descFibed for the other ferns 2). Fat granules are almost always 
present and are carried more rapidly than the mitochondria in the cyto
plasmic currents. 

One should not leave the subject of the leaf without mentioning, for 
what it is worth, a certain tendency toward polarity manifested by the 
plastids of Isoetes. MARQUETTE 3) and MA 4) describe a single plastid in 
very young leaves (Fig. 119) lying in close contact with the nucleus. 
This plastid may divide, its two halves moving to opposite sides of the 
nucleus (Figs. 118, 120, 121). This may be in response to some sort of 
polarity in the cell. On the other hand, the plastids may take these polar 
positions because they can not very well be anywhere else by reason of the 
vacuolate condition of the cell, or because of the large area occupied at 
the equator of the cell by the spindle. 

In cells where there are four (Fig. 122) or more chloroplasts, they ob
viously can not occupy polar positions, nor can they in leaves of plants 
growing in full light where the number of plastids may be as high as 30 
per cell. 

') w. SCHWARZ, Dber die Ursachen und das Zustandkommen der Panaschierung 
bei einer Form der Selaginella M artensii. Protoplasm a 10, 427-451. 1930. 

2) P. 215, 216. 
3) W. MARQUETTE, Manifestations of polarity in plant cells which are apparently 

without centrosomes. Beih. z. Bot. Centralbl. 21, 281-303. 1907 (I. lacustre). 
0) R. M. MA, The chloroplasts of Isoetes melanopoda. Amer. J oum. Bot. 15, 

277-284. 1928. 

Manual of pteridology 15 
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FITTING 1), however, after studying living material of 19 species of 
Isoetes and 9 of Selaginella, reported that in the macrospore mother ceil 
a mantle of starch grains forms about the nucleus. It was observed to 
elongate, divide into two parts, each of which migrates to opposite sides 
of the cell and there divides again. The amount of starch increases for a 
time but disappears before the spore is mature. 

In the sporangium of Selaginella pigment is found only in the external 
layers of the young organs. In the primordial tissue, DANGEARD 2) dis
tinguished 1-2 long plastids about the nucleus. In the young sporangium 
El\1BERGER finds them more delicate than those in the stem at the same 
level and, except for their position about the nucleus, indistinguishable 
from other members of the chondriome (Fig. 116). The history from this 
point is identical with that for Lycopodium 3). In the spore mother cells, 
the plastids enlarge somewhat and become distinguishable from the other 
chondriosomes. In the pedicel the chloroplasts remain small, in the dehis
cence layer they grow at first and then are absorbed at the maturation 
of the layer. They are present in the nutritive layer but remain thin. One 
or two are transmitted to the spores and are visible in living cells but they 
do not become green until the moment of germination. The spores contain 
little or no starch but a large number of oil drops and small bodies which 
are probably protein bodies 4) (Fig. 117). 

§ 4. Equisetinae. - The gam e top h Y t e. - The spores of 
Equisetum are round with a centrally-placed nucleus surrounded by oval 
chloroplasts and mitochondria in the form of rods and gran Illes which are 
difficult to differentiate (Fig. 123). The large central vacuole of the 
young spore has been replaced by smaller ones, localized at the periphery of 
the spore. ]OYET-LAVERGNE (1926-'34) 5) finds two categories based on 
the physico-chemical reactions of the spores. Spores A stain more heavily 
with neutral stains and their leu co-derivatives than spores B, bleach more 
markedly, reduce more strongly osmic acid and are richer in glutathion. By 
analogy with similar reactions in the nucellus and pollen of Phanerogams, 
this author would ascribe a female tendency to spores A and a male tendency 

') H. FITTING, Bau und Entwicklungsgeschichte der Makrosporen van Isoetes 
und Selaginella und ihre Bedeutung fUr die Kenntniss des Wachsthums pflanzlicher 
Zellmembranen. Bot. Zeit. 58, 107-165. 1900. 

2) P. 223, note 3. 
3) P.223. 

') F. LYON, The spore coats of Selaginella. Bot. Gaz. 40, 285-295. 1905. (5. 
rupestris, S. apus, S. Emmelliana). 

0) PH. ]OYET.LAVERGNE, La sexualisation cytoplasmique et les caracteres 
physico.chimiques de la sexualite. Protoplasma 3, 357-390. 1928. (Contains also 
bibliography of earlier papers). - Le changement de sexe et la sexualisation cyto. 
plasmique. Ibid. 11,320-348. 1930. - See also K. GOEBEL, Organographie Pt. II. 
1930. p. 1075 where 'an inner unlikeness of the spores' is discussed. 
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to spores B, formulating laws concerning this inferred sexualization of 
the cytoplasm. This work has met with some criticism based on observed 
reversal in sex brought about by changes in physiological factors 1). 

The first division wall separating the rhizoid cell from the prothallial 
cell, orientated in a direction perpendicular to the light rays falling on it 
engenders a polarity of the plastids (NIENBURG 1924) 2) so that those plastids 
lying with their longitudinal axes directed toward the centrally placed 
nucleus (Fig. 124), migrate gradually toward the lighted side of the spores. 
When there are only a few straggling chloroplasts left, the nucleus takes 
up its position on the side away from the light (Figs. 125-127) and pro
ceeds to division 3). 

The prothallial cells contain 45-60 plastids which more or less resemble 
each other. REINHARD (1933) 4) observing their division in vivo finds that 
there is a six hours lapse of time from the first indication of the dumb
bellshaped division-form to the completion of the process. Often chains 
of four or more plastids persist, similar to but always shorter than, those 
of Selaginella 5). 

Spermatogenesis. - We must go back to 1912 (SHARP) 6) for 
the fullest account of the formation of the male gamete of Equisetu,m. This 
history has been confirmed by SETHI (1928) 7) whose interest, however, is 
morphological rather than cytological. In the sporogenous cells of the 
embedded antheridium, there is a gradual regression of plastids (Fig. 132), 
although they may still be observed as late as the spermatid mother cell 
stage (Fig. 135). In the spermatid mother cell there appears near the 
nucleus, a minute granule of unknown origin. (Fig. 128). It stains intensely 
with haematoxylin and shows faint cytoplasmic radiations. It divides, 
the halves grow larger, migrate to opposite sides of the nucleus and remain 

') E. SCHRATZ, Untersuchungen tiber die Geschlechterverteilung bei Equisetum 
arvense. BioI. ZentralbI. 48, 617-639. 1928. - See also abstracts of lOYET-LAVER
GNE papers by NEEDHAM and NEEDHAM in Protoplasma 3, 259. 1928. - Ibid. 4, 
174. 1928. 

2) W. NIE:-<iBURG, Die Wirkung des Lichts auf die Keimung der Equisetum-spore. 
Ber. d. Deut. Bot. Ges. 42, 95-99. 1924. See also, STAHL, Ber. d. Deut. Bot. Ges. 3. 
1885. 

S) W. A. BECKER and T. H. SIEMASZO (1926) substantiate this, noting that the 
plastids never invade the region of the phragmoplast. Granules staining with Dahlia 
violet, showing no displacement during mitosis, do not invade that region either, 
but can be found on its outer surface. La Cellule 45, 29-42. (E. arvense, E. limo
sum). 

') H. REINHARD, Uber die Teilung der Chloroplasten. Protoplasm a 19, 541-564. 

1933. (Equisetum arvense). 
0) P.224. 
6) L. \V. SHARP, Spermatogenesis in Equisetum. Bot. Gaz. 54, 89-109. 1912. 
') YL L. SETHI, Contributions to the life history of Equisetum debile. Ann. Bot. 

42, 729-737. 1928. 
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at the poles during division (Figs. 129-132). During the anaphases the 
granule becomes less chromatic and might be neglected unless greatly 
overstained, when it appears as a body of considerable size. In the sper
matid cell it is seen again, appearing as an uneven ring of granules (Fig. 
133) which fragments, becomes arranged in a row (Figs. 134, 135) and in 
the mature spermatozoid becomes the darkly staining thread so clearly 
seen at the anterior end (Figs. 136, 138). 

An antheridium may contain as many as 512 spermatozoids1) which are 
discharged singly or in pairs in a membrane from which they soon free 
themselves. The mature spermatozoid (Fig. 138) consists of a nucleus, a 
motor apparatus and a vesicle which at first is hardly visible but by ab
sorption of water rapidly increases to a considerable size. This vesicle 
contains 3-10 vacuoles staining with neutral red and 20-30 starch grains 
arranged in plastids in groups of two or three. The nucleus begins as a 
thread about 8(J. behind the "stalk" and gradually comes to occupy the entire 
band. Over its membrane can be stained the refractive granules which 
have already been mentioned for other groups 2) but whose nature has 
not been determined (Fig. 137). 

FIG. 123-148 (Equisetinae). - Fig. 123. Portion of mature spore of Equisetum ar
vense containing large plastids and ordinary mitochondria. (After PY.) - Fig. 124. 
Radially arranged chloroplasts about a centrally-placed nucleus in a spore of Equi
setum (After NIENBURG.) - Fig. 125. Migration of chloroplasts toward lighted side 
of an Equisetum spore at the time of germination. (After NIENBURG.) - Fig. 126. 
First division in an Equisetum spore. (After NIENBURG.) - Fig. 127. First wall in 
Equisetum spore cutting off a rhizoid cell with few plastids and a prothallial cell 
with many plastids. (After NIENBURG.) - Fig. 128-136. Spermatogenesis in Equi
setum (After SHARP.); 128 Spermatid mother cell with a dark-staining body in the 
cytoplasm; 129. Division of the body in the cytoplasm ofthe spermatid mother cell; 
130. Separation of these bodies of fig. 129; 131. Metaphase of the division to form 
the spermatid; bodies of fig. 130 lying at the poles; 132. Spermatid cells in whose 
cytoplasm are seen ring-shaped bodies, the blepharoplasts, and degenerating 
plastids; 133, 134. Fragmentation of the blepharoplast in the spermatid cell; 
135. Blepharoplast granules arranged in a series in the spermatid cell; plastids in 
the cytoplasm; 136. Spermatid cell in which the nucleus and the blepharoplast 
have become spirally coiled. - Fig. 137. Portion of nuclear surface of the sperma
tozoid of Equisetum Telmateja. (After DRACINSCHI.) - Fig. 138. Mature spermato
zoid of E. Telmateja; RS, border-brim ("Randsaum"); BK, basal granule, attach
ment point of cilium; KB, beginning of nucleus; REST, posterior end of the "stalk" 
of the motor apparatus; K, nucleus; F, fat globules; P, plastid; (After DRACIN
SCHI.) - Fig. 139. Detail of the chondriome of a cell near the tip of the root in E. 
limosum; P, plastids, M, ordinary mitochondria. (After EMBERGER.) - 140. Detail 
of the chondriome from a cell of the cortical parenchyma of E. arvense; P, plastids 
M, ordinary mitochondria. (After EMBERGER.) - Fig. 141. a) Cells of the vegeta
tive tip of the aerial stem of E. arvense whose chrondriome is more or less homo
geneous. (After EMBERGER.) -b) Cells from the liver of a chicken, figured for 
comparison of the chondriome with that shown in fig. 141a. (AfterEMBERGER.)
- Fig. 142. Vegetative tip of the stem of E. arvense in which it is impossible to 
distinguish plastids from mitochondria. (After EMBERGER.) - Fig. 143. Large lenti
cular plastids and small spherical pseudochondriosomes in a cell from the inner 
layer of a leaf of E. arvense. Plastids cluster in the polar region of the dividing cell. 

') DRACINSCHI, p. 199, note 2. 
0) P. 210. 
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CHAMPY fix. (After BOWEN.) - Fig. 144. Portion of a figure given by E~!BERGER 
of a young sporangium of E. limosum, in which the plastids are not easily 
distinguishable. - Fig. 145 Portion of a figure given by EMBERGER of the sporo
genous cells of E. limosum, in which the chondriome is homogeneous. - Fig. 
146. Detail of homogeneous chondriome of fig. 145. (After EMBERGER.) - Fig. 
147. Fragment of the cytoplasm of the tapetal layer of E. arvense enclosing 
very large plastids and smaller mitochondrial granules and rods. (After PY.) -
Fig. 148. Spore mother cell of E. arvense with its homogeneous chondriome. (After 
PY.). 
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The s p 0 r 0 p h Y t e. - The apical cell of the root of Equisetum is 
vacuolate 1) with a relatively small nucleus and a chondriome consisting 
of smaller granular mitochondria and somewhat elongated chondriconts 
which by reason of their occasional starch inclusions may be considered 
small plastids (Fig. 139). These two categories are very difficult to separate 
since they stain alike. As differentiation of the tissue begins, there is an 
elongation of most of the mitochondrial elements of the cortical paren
chyma, some of them becoming vesicular and retaining a dark stain, the 
rest of them remaining thin, losing their staining capacity (Fig. 140), and 
probably representing the ordinary mitochondria of the cell. The vesiculate 
elements enlarge in the outer regions of the cortex and become typical 
periform or dumb-bell shaped plastids with starch in each. Transition 
stages of these bodies may often be seen in a single cell. In these cells the 
long chondrioconts seem to have disappeared, possibly by segmentation 
but rod-shaped and granular ordinary mitochondria are again visible. In the 
central cylinder there is an absorption of starch and an elongation of the 
mitochondrial elements as in the ferns 2). In the root cap where the phenol 
compounds are less dominant, the chondriome is easily seen. It is com
posed of granular mitochondria and more or less elongated rods as in the 
cortical parenchyma. 

In the vegetative tip of the aerial stem of Equisetum 1) the apical cell 
contains small, pale green, rounded or elongated chloroplasts, embedded 
in a dense, fairly refractive cytoplasm, in which the vacuolar limits are 
clearly defined (Figs. 141, a, 142). Those mitochondria having no role 
in photosynthesis are invisible in vivo, being of the same refractive index as 
the cytoplasm. Fixed by mitochondrial methods, they appear more delicate, 
generally stain less readily than the plastids and are notable for their lack 
of starch inclusions. The apical cell of the subterranean stem shows the 
same general arrangement. The young lateral buds enclose apical cells 
whose chondriome is made up of rods, granules and somewhat larger, slightly 
more heavily stained chondrioconts which can be traced in the maturing 
cells through all the stages to mature starch-forming plastids. The bud 
scales show the same phenomena. In the vascular cells, there is an 
absorption of starch and an elongation of the plastids to form the tangled 
mass characteristic of the mitochondrial elements already described for 
the other vascular cryptogams. In the maturation of a conducting cell 
from the procambial strand (LENOIR 1926 3) the cytoplasm becomes 
granular in appearance. The cells elongate as this granulation progresses, 
the cytoplasm becomes plasmolized, the nuclear chromatin thickens and 

') EMBERGER. 
2) P.215. 

') M. LENOIR, La necrobiose dans les elements du cambium chez Equisetum 
arvense. Rev. Gen. Bot. 38, 615-631. 1926. 
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the nuclear membrane ruptures as if division were to take place. Then all 
the contents of the cell disappear and leave the vessels empty. 

The leaves of the sporophyte, as might be expected contain the 
same cellular elements as the stem from which they have developed. 
BOWEN mentioned and figured an arrangement of the plastids in the 
neighborhood of the poles during division (Fig. 143). In cells of the young 
sporangium there are to be found more or less elongated chondrioconts, rods 
and granules (Fig. 144). As one passes from the shield to the small sac 
which will be the sporangium these elements lose their staining capacity, 
become thinner and in the primary sporogenous cells (Figs. 145, 146) are 
reduced to a remarkable homogeneity in which it is impossible to recognize 
the chloroplasts which were present in earlier cell generations. In this 
genus the dehiscense layer of the sporangium does not, as in the ferns, 
contain plastids at the time of maturation. Phenol compounds are lacking 
except in the external cell layers of the shield. In the young nurse cells 1) the 
chondriome is formed of chondrioconts, rod-shaped and granularmitochon
dria. The vacuoles are at first small and not numerous but soon increase in 
number. Bya disappearance of the already existing cell walls and a failure 
to form new ones after nuclear division there is formed a multi-nucleate 
tissue in which the spore mother cells begin to round up. This tissue is 
characterized by small vacuoles and a chondriome formed of granules 
and narrow chondrioconts, some of which are shaped like tadpoles, indica
ting the beginning of starch formation. 

The spore mother cell (Fig. 148) in fixed material shows a fragmented 
chondriome which in aspect is very like that of a meristematic cell. The 
cytoplasm is dense, the vacuoles are small and the chondriome is composed 
of rods and granules among which PY sees certain ones whose staining 
capacity is greater. EMBERGER does not hesitate to call them plastids. This 
is borne out by the fact that in living spore mother cells extruded in all 
stages of division from pricked sporangia (LENOIR 1934) 2) green plastids 
can be clearly seen. During the metophase and anaphases of the division, 
LEWITSKy 3) described an irregular chondriome mantle which can be observed 
about the nucleus and PYlater confirmed this 1) 4). The orientation is lost 
during interkinesis and the chondriome returns to a state of freely dividing 

') Pv, p. 218, note 3 (E. arvense). 
0) M. LENOIR, Etude vitale de la sporogenese et des phenomenes d'apparence 

electro.magnetiques concomitants chez l'Equisetum variegatum. La Cellule 42, 
355-408. 1934. (Contains also bibliography for earlier papers). 

3) G. LEWITSKY, Die Chondriosomen in der Gonognese bei Equisetum palustre. 
Zeit. f. wiss. BioI. Plant a Arch. f. wiss. Bot. 1,301-316. 1925. 

0) V. JUNGERS (1934) describes a similar mitochondrial grouping for E. limosum 
but considers it as transitory and not as representing a morphological entity of the 

cell. La Cellule 43, 323-340. 
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elements. These elements soon migrate to the equator of the cell where 
they remain until the formation of the walls which separate the daughter 
cells. The vacuoles are distributed in that part of the cell not occupied by 
this mantle. LENOIR 1) also observes in living material a cap-like ar
rangement of the chloroplasts in the early prophases of the heterotypic 
division and again in the early differentation of the spore but it is lost by 
the time the spore matures. This phenomenon, with certain nuclear re
sponses, he would like to represent as evidence of electromagnetic polarity. 
During the reduction divisions the peri plasmodium 2) contains small 
vacuoles, long chondrioconts and small pJastids which, although they 
preserve the shape of the chondriocont, are manufacturing starch. The 
spores also contain small plastids which continue to develop and manu
facture starch and appear green in living material. There are present in 
the cell ordinary chrondriosomes in the form of granules, short chondrio
conts, a large centrally placed vacuole and a lateral nucleus. The 
peri plasmodium is now literally packed with mitochondria and large 
starch forming plastids (Fig. 147) while the vacuoles are less numerous 
than before. Degeneration soon sets in and at the time of liberation of the 
spores, the sporangium is occupied by the spores and their elators. 

§ 5. Conclusions. - In considering the results of investigations of the 
pteridophytes as a whole, without reference to the genera studied, the 
types of tissue under consideration or the methods employed, there are 
to be noted recurring cytological data which make it possible to follow 
certain tendencies in the group. The chondriosomes exhibit, in general, a 
more or less homogeneous appearance in the cytoplasm of meristematic 
cells, in the mature and fertilized egg (the- granular chondriome of EM
BERGER), sometimes likewise, in the spermatid and occasionally in the 
spore mother cell. These bodies are almost universally elongated in stelar 
tissue and exhibit diverse forms in assimilating tissue where the plastids 
are the dominating elements. The vacuoles in meristematic cells tend to 
be round and then to become larger as the cells enclosing them differentiate 
until the condition of the large central vacuole is reached in the mature 
cell. This development is reversible, and mayor may not, pass through a 
filamentous stage. There is a tendency to a polarization of the cytological 
elements in cells undergoing division, whether it be shown by the plastids 
or by the elaborated products ~nclosed in the cytoplasm. Our knowledge, 
however, is not complete and all these tendencies must be investigated 
further before the laws underlying the behavior of the elements in question 
can be fully understood and their role in the cell clearly interpreted. 

') See foot-note 2, p. 231. 
') See foot-note 1, p. 231. 
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KARYOLOGIE 

von 

W. Dopp (Marburg a. Lahn) 

§ 1. Geschichtlicher Uberblick, Literatur, Methodik. - Die Pteri
dophyten bieten der Untersuchung ihrer Kernverhaltnisse vielfach erheb
'liche Schwierigkeiten, die z.T. in den hohen Chromosomenzahlen vieler 
Vertreter, z.T. in der Kleinheit der Kerne bei gewissen Gattungen (Ly
copodium, Selaginella) begriindet sind. Diese Schwierigkeiten sind ein 
Grund dafiir, dass bei den Pteridophyten eine Verkniipfung von Cytologie 
und Genetik noch nicht in geniigendem MaGe vorgenommen worden ist. 

Anderseits sind zahlreiche Vertreter infolge ihres recht erheblichen 
Kerndurchmessers zur Bearbeitung sehr geeignet, und Osmunda und 
Psilotum sind infolge ihrer grossen Kerne zu klassischen Untersuchungs
objekten geworden. Trotz der oft nicht leichten Aufgabe ist daher eine 
grosse Anzahl von Arbeiten iiber die grosskernigen Formen erschienen, 
wahrend die kleinkernigen nur wenig Beriicksichtigung gefunden haben. 
Beim Studium derselben falIt jedoch auf, dass gerade in den letzten Jahren 
eingehendere Untersuchungen iiber die Chromosomenstruktur, - Grosse 
und - Form nicht gemacht worden sind, im Gegensatz zu den Phanero
gamen, im Gegensatz auch zu den Moosen, bei denen das Heterochro
matin und die Geschlechtschromosomen sowie die Genetik den Anlass zu 
einer Reihe neuerer Arbeiten gaben. 

Unter den friiheren Arbeiten verdienen die Untersuchungen von YA
MANOUCHI (1908 a, b) hervorgehoben zu werden. YAMANOUCHI studierte 
bei Dryopteris dentata eingehend die Kernverhaltnisse auf verschiedenen 
Stadien der Entwicklung und stellte dabei einerseits die Z a hIe n -
k 0 n s tan z der Chromosonen, andererseits die durch die B e f rue h
tun g bewirkte Verdoppelung der Chromosomenzahl sowie deren R e -
d u k t ion in den Sporangien einwandfrei fest. 

Wichtige Tatsachen waren allerdings schon weit friiher ermittelt worden. 
Der erste, der - unter Anwendung der damals noch neuen Paraffin
methode - den mann lichen Kern in der Eizelle (von Pilularia) und damit 
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also den Be f r u c h tun g s v 0 r g a n g beobachtete, war CAMPBELL 
(1888). - Eine Red u k t ion hatten bereits STRASBURGER 1) an Os
munda regalis und ROSEN (1896) an Psilotum triquetrum festgestellt. 

Sehr eingehend beschaftigt sich die Arbeit von DE LITARDIERE (1921), 
die gegeniiber den bis damals erschienenen einen wesentlichen Fortschritt 
bedeutet, mit den Kernverhaltnissen, besonders mit der g e w 6 h n-
1 i c hen K ern t e i 1 u n g und der C h rom 0 s 0 men s t r u k t u r 
bei zahlreichen Filicinae. 

Die Rei f e t e i 1 u n g en, die zu verschiedenartigen Deutungen be
ziiglich Meta- und Parasyndese Anlass gegeben haben, wurden untersucht 
von STRASBURGER 1), ROSEN, CALKINS, FARMER und MOORE, GREGOIRE, 
YAMANOUCHI, BEER, DIGBY, SARBADHIKARI, SZAKIEN u.a. 

Die S per mat 0 g e n e s e und der B a u der S per mat 0 -

z 0 ide n sind seit den Arbeiten von BELAJEFF, BUCHTIEN, GUIGNARD 
und SCHOTTLANDER bis in die jiingste Zeit hinein Gegenstand von zahl
reichen Untersuchungen gewesen (YAMANOUCHI, YUASA, DRACINSCHI); 
auch die Be f r u c h tun g beanspruchte lebhaftes Interesse (CAMPBELL, 
SHAW, THOM, YAMANOUCHI, ROGERS). 

Ferner haben die A b wei c hun g e n vom nor mal e n K ern p h a
sen we c h s e 1 (Parthenogenesis, Apogamie, Aposporie) hinsichtlich 
der Chromosomenverhaltnisse wiederholt dIe Aufmerksamkeit auf sich 
gezogen (FARMER u. DIGBY, ALLEN, STEIL, Dopp u.a.). 

Die Aposporie gibt bei den Farnen die M6glichkeit, experiment ell zu 
pol Y P 1 0 ide n Formen zu gelangen An solchen haben HEILBRONN, 
LAWTON und MANTON zytologische Untersuchungen angestellt. 

Erst in Ietzter Zeit wurde der Ansatz dazu gemacht, ex per i men -
t e 11 die Kernteilungen in den Sporangien zu beeinflussen (FRIEBEL 1933) 
und dadurch abweichende Prothallien oder Sporophyten zu erhalten. 

Am Schiuss dieses Paragraph en ist die wichtigste Lit era t u r zu
sammengestellt. Die bis 1896 bekannt gewordenen Tatsachen hat ZIM
MERMANN (1896) zusammen gestellt. Zahlreiche Angaben sind ferner in den 
Werken von BOWER und CAMPBELL enthalten. Da die Kernverhaltnisse 
der Pteridophyten in allen wesentlichen Punkten mit denen der Phanero
gamen iibereinstimmen, k6nnen allgemeinere Lehr- und Handbiicher mit 
Erfolg benutzt werden, die ja iiberdies z.T. auch spezielle Angaben iiber 
die Pteridophyten enthalten. In erster Linie erwahne ich die Pflanzen
karyologie von TISCHLER, ferner die Werke von SHARP-]ARETZKY, BELAR, 
GEITLER und KUSTER und schliesslich die zusammenfassende Darstellung 
von HEITZ (1936). - Auf die Aufstellung einer Liste der Chromosomenzah
len habe ich verzichtet und verweise auf die Tabulae Biologicae und die 
Karyologie von TISCHLER (1. Auflage und die demnachst erscheinende II. 
Halfte der 2. AUflage). - 1m iibrigen sei auf die Spezialliteratur hingewiesen. 

') Biol. Centralbl. 14, 1894. 
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Bezuglich der Met hod i k der Untersuchung mochte ich kurz darauf 
aufmerksam machen, dass ausser den altbewahrten Untersuchungs
methoden in den letzten Jahren die Karminessigsaurefarbung und auch 
die Nuklealfarbung nach FEULGEN Anwendung gefunden haben. Die 
erstere haben vorgenommen HEITZ, FRIEBEL, YUASA; ferner habe ich 
selbst mit gut em Erfolg teils in der ursprunglich von HEITZ (1926) ange
gebenen, teils in der von LORBEER 1) modifizierten Weise Karminessig
saure verwendet. Die Nuklealfarbung jst von FRIEBEL und WEST
BROCK 2) benutzt worden. - Einige Angaben fiber Lebendbeobachtung 3) 
sind auf S. 241, 255 und 280 zu finden. 
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§ 2. Der Ruhekern. Terminologie, Morphologie, Physiologie. -
Wichtigste Literatur: FARMER und DIGBY (1907), DIGBY (1919), DE 
LITARDIERE (1921), ROSEN (1896), SARBADHIKARI (1924, 1927), SCHOTT
LANDER (1893), YAMANOUCHI (1908 a, b), YEATES (1925). 

Den Ausdruck "Ruhekern" mochte ich nicht, wie es vielfach geschieht, 
auf die Kerne beschranken, die sich nicht mehr teilen, sondern auch auf 
das Stadium zwischen zwei Kernteilungen, auf die Interphase, ausdehnen. 

Der Kern besteht aus Kernwand, einem oder mehreren Nukleolen und 
dem lebenden Kerninhalt, dem Karyoplasma. Beziiglich der fiir das 
Karyoplasma in Frage kommenden Terminologie schliesse ich nich an 
BELAR (1928, S. 13-15), GEITLER (1934) und HEITZ (1936) an, die in 
diesem zweierlei Substanzen unterschieden: 1. Die Kerngrundsubstanz 
(Karyolymphe, Kernsaft), 2. das Chromatin. Dabei ist die Bezeichnung 
"Chromatin" ein Sammelbegriff fiir das, was sich bei der Teilung in 
Chromosomen verwandelt. 

Hinsichtlich der a u sse r enG est a I t des Kernes gilt fiir die 
Pteridophyten nichts besonderes; es sei hier nur auf die abweichenden 
Formen hingewiesen, wie sie sich einerseits bei Spermatozoiden (schrau
bige Form), andererseits bei Restitutionskernen (§ 8) finden. Solche im Ex-
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tremfall oft hantelformige Kerne sind z.B. in den Sporenmutterzellen ge
wisser apogamer Polypodiaceen (Fig. 98), sowie, z.T. in noch auffallen
derer Form, in der Tapete von Botrychium und 0Phioglossum (Fig. 101) 
anzutreffen (STEIL 1935). - Erwahnt seien an dieser Stelle noch die 
amobenartigen Kerne in den Sporenzellen (S. 244) der Makroprothallien 
VQll M arsilia quadrifolia und Pilularia globulifera 1). 

Ueber die G r 0 sse der Kerne gibt uns eine Tabelle in TISCHLERS 
Karyologie (1934, S. 36) Aufschluss. Besonders grosse Kerne enthalten 
beispielsweise die Sporenmutterzellen und die Eizellen, ferner auch die 
Scheitelzellen in Wurzel, Stamm und Blatt bei den leptosporangiaten 
Farnen. Vergleichende Messungen sind allerdings bisher nur in geringem 
Umfang ausgefUhrt worden. Der Durchmesser schwankt von etwa 30fL 
(hochster gefundener Wert fUr die Sporenmutterzel1en von Psilotum tri
quetrum; Eizelle von M arsilia Drummondii) bis herab zu etwa 3fL (Blatt
zellen von Selaginella Martensii). Wahrend die Fiticinae, ferner auch Psi
lotum, I soetes und Equisetum verhaltnismassig grosse Kerne besitzen, 
ist die Kerngrosse bei den Selaginellaceae, z.T. auch bei den Lycopodia
ceae betrachtlich geringer. Aus der Arbeit von BARANOV (1925) ergibt 
sich ein Kerndurchmesser (durch Ausmessen der Figuren erhalten) von 
ca. 8fL, entsprechend bei Selaginella (DENKE 1902) ein Wert von eben
falls 8fL (Prophase der ersten Reifeteilung). 

TAB. 1 

Unterschiede in den Dimensionen 2) bei dem normalen Athyrium Filix-femina und 
dessen aposporen Varietdten (naeh FARMER u. DIGBY 1907). 

Athyrium Filix A. F .. f. var. A. F .. f. var. A. F.·f. var. 

.femina clarissima clarissima uneo.glomera. 

Normalform Bolton Jones 
tum Stans· 

field 

Prothallium 
junge Zellen 100 135 180 250 
altere Zellen 100 140 170 300 
junge Kerne 100 140 190 250 
altere Kerne 100 160 220 280 
Spermatozoid en 100 135 160 250 

Epidermiszellen 
des Blattes 100 110 180 200 

Chromosomenzahl 38-40 84 90 100 
(haploid) 

Was die K ern pIa sma reI a t ion betrifft, so liegen Messun
gen vor fUr die Zelldimensionen gewisser Polypodiaceae und deren experi
mentell erzeugte polyploide A bkommlinge (HElL BRONN 1928, LA WTO N 

1) A. SCHULTZ, Planta 25, 1936. 
2) Genauerc Angaben werden leider nieht gemacht. 
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TAB. 2 

Grossenverhaltnisse bei Dryopteris Filix-mas var. pseudo· mas und Varietaten (nach 
FARMER u. DIGBY 1907). 

Dryopteris Fi- desgl. var. I desgl. var. desgl. var. 
lix-mas var. polydactyla 

I 

polydactyla cristata 
pseudo·mas Wills Dadds apospora 

I 

Pro thalli umzellen 
am Scheitel 100 85 70 60 

Kerne dieser Zellen 100 60 70 75 
Sperma tozoiden 100 - 85 90 
Epidermiszellen 

des B1attes 100 90 100 70 
Chromosomenzahl 

Gametophyt . 72 66 90 60 
Sporophyt. 144 132 132 66 

1932); ferner sind die Grossenverhaltnisse verschiedener Varietaten 
einer Art im Hinblick auf ihre Chromosomenzahl vergleichend untersucht 
worden (FARMER und DIGBY 1907; Tab. 1 und 2). Bezuglich des erst en 
Punktes verweise ich auf den § 9 und die dort befindlichen Tabellen und 
bemerke dazu, dass eine genau durchgefUhrte Analyse, wie sie in den 
Untersuchungen von F. VON WETTSTEIN bei den Laubmoosen zur Auf
findung bestimmter Gesetzmassigkeiten gefUhrt hat, bei den Farnen 
noch nicht vorliegt. Volumenmessungen sind kaum ausgefUhrt, sondern 
fast nur Langen-und Flachenbestimmungen. Immerhin ergaben sich bei 
den polyploiden Formen grossere Dimensionen als bei der Ausgangsform. 
Die vergleichenden Messungen von FARMER und DIGBY (1907) an Zellen 
und Kernen fiir verschiedene Varietaten der gleichen Art ergaben teils bei 
hoherer Chromosomenzahl grossere Dimensionen (Tab. 1, 2), teils aber 
auch kleinere Werte gegeniiber der Normalform, trotz hoherer Chromo
somenzahl bei der Varietat. Es erscheinen mir dabei allerdings auch ge
wisse Ungenauigkeiten in den Zahlungen und Messungen nicht ausge
schlossen. 

Wie weit entsprechende Beziehungen fUr verschiedene Arten oder 
Gattungen gelten, konnen wir nicht mit Sicherheit sagen, da Grossen
bestimmungen kaum gemacht worden sind. STRASBURGER 1) hat Mes
sungen an embryonalen Zellen und deren Kernen bei einigen Farnen sowie 
bei zahlreichen anderen Pflanzen vorgenommen und gefunden, dass das 
Verhaltnis von Kern- und Zelldurchmesser stets angenahert 2 : 3 ist. 
Von Dopp (1932) ausgefUhrte Messungen ergaben folgendes (Werte in fl. 
angegeben) : 

I) Histol. Beitr., Heft 5, 1893. 
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TAB. 3 

Dryopteris 
remota 

Dryopteris 
Filix-mas 

Dryopteris 
spinulosa 

Sporen 
Lange 
Breite 

Sporenmutterzellen, Durchmes-

68 
43 

52 
36 

56 
36 

ser . . . . . . . . . . 29,7 24,8 25,8 
Sporenmutter zellen, Kern-

durchmesser . . . 21,3 18,1 
Chromosomenzahl 

Gametophyt . . . . etwa 130 etwa 80 82 
Sporenmutterzellen . etwa 260 etwa 160 etwa 160 

Weitere Messungen an Kernen hat FRIEBEL (1933) ausgefUhrt. 
Ueber Beziehungen zwischen Chromosomenzahl und Zahl und Grosse 

der Chloroplast en vgl. HEILBRONN (1928). 
Die K ern s t r u k t u r ist im Leben gut zu beobachten an Prothal

lien von Polypodiaceae, sowie an jungen Indusien von Polypodiaceae. An 
gefarbten Praparaten ist im Ruhekern die schwache Farbung des Chroma
tins oft sehr auffallig, z.B. an Eikernen und in Sporenmutterzellen. 

Das Verhalten des C h rom a tin s gegeniiber sauren und basischen 
Farbstoffen untersuchten SCHOTTLANDER (1893), ROSEN (1896) und 
VIDAL!) (1912). Die Ergebnisse waren die gleichen wie die bei Phanero
gamen gewonnenen. SCHOTTLA~DER fand, dass der Eikern "erythrophil", 
der mannliche Kern dagegen "cyanophil" ist. ROSEN (1896) sah Blau
far bung des Chromatins in Meristemkernen. Entsprechend ergab sich in 
den Untersuchungen VIDALS 1) (1912) an Meristemkernen von Equisetum 
Cyanophilie, wahrend die nicht mehr teilungsfahigen Kerne der Inter
nodien sich als erythrophil erwiesen. 

Die Kerne zeigen bei zahlreichen Filicinae nach YAMANOUCHI (1908 a,b) 
und DE LITARDIERE (1921) ein st.ark aufgelockertes C h rom a tin, das 
eine fadige Struktur erkennen lasst (Fig. 20); in den Faden sind kleine 
Chromatinkorperchen ("C h rom 0 mer en"?) zu erkennen (vgl. auch 
SZAKIEN (! 927) und § 3 u. 6). Ob He t e roc h rom a tin (HEITZ 
1929, 1933, 1936) 2) in Form von kleineren oder grosseren Stiicken 
(Chromocentren) vorhanden ist, lasst sich noch nicht mit Sicherheit 
sagen, da hieriiber genauere Angaben fehlen. Jedenfalls bildet DIGBY 
(1919) fiir Osmunda und SARBADHIKARI (1924, 1927) fUr Doodia stark 
gefarbte Chromatinkornchen in den Ruhekernen ab, deren Natur naher 
zu priifen ware. Ferner wissen wir aus den Untersuchungen von DE 
LITARDIERE, dass die (sehr kleinen!) Chromosomen von Salvinia und 
Azolla in dem neugebildeten Tochterkern keine strukturellen Verande-

') Ann. Sc. nat. Ser. IX, Bot., 15, 1912. 

2) Berichte D. Bot. Ges. 47,1929; Planta 18, 1933. 

Manual of pteridology 16 
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rungen erfahren und daher, abgesehen von der etwas geringeren Farbbar
keit, in der Interphase genau so aussehen wie in derTelophase (Fig.27-33). 
Nun ist ja das Heterochromatin dadurch charakterisiert, dass es in der 
Telophase keine Riickbildung erfahrt wie das iibrige (Eu-) Chromatin und 
stark farbbar bleibt. Es ware daher zu untersuchen, inwieweit am 
Aufbau dieser kleinen Chromosomen Heterochromatin beteiligt ist. Bei 
Dryopteris Filix-mas, D. spinulosa und Woodwardia radicans beschreibt 
DE LITARDIERE stark farbbare Gebilde, die er als Karyosomen bezeichnet 
(Fig. 3); sie sollen bei der Teilung ins Cytoplasma gelangen (?). Auch hier 
ware festzustellen, ob es sich nicht etwa urn Chromozentren handelt. -
In dem Falle van Salvinia. und Azolla ist das Erhaltenbleiben der 
I n d i v i d u a lit at der Chromosomen wahrend der Ruhe besonders 
markant; aber auch an anderen Objekten konnte DE LITARDIERE ebenso 
wie SZAKIEN an Osmunda die Chromosomen als solche in der Interphase 
identifizieren. - Neuerdings haben YUASA (1932) und DRACINSCHI (1932) 
gezeigt, dass auch in den Kernen von Spermatozoiden, die friiher als 
homogen beschrieben wurden, eine Struktur nachweisbar ist (bisher noch 
nicht bei Selaginella). DRACINSCHI konnte sogar an lebenden Spermato
zoiden von I soetes Chromatingranula beobachten (Fig. 90). 

Der Ruhekern enthalt einen bis mehrere N u k leo len. Die Zahl 
derselben wechselt in ein und demselben Gewebe, da mehrere miteinander 
verschmelzenkonnen. Von 62 Kernen von Tmesipteris (YEATES 1925) hatten 
10 je 6, 45 j e 5, 6 j e 4 und einer 3 N ukleolen. Auch die Maximalzahl ist bei 
den einzelnen Arten verschieden (§ 5). Die Form ist kugelig oder mehr 
langlich bis langgestreckt und dann verschiedenartig gewunden (Fig. 1 a, 
b), in anderen Fallen sanduhrformig (BEER 1913) oder schliesslich ganz 
unregelmassig. Infolge der Verschmelzungen entstehen N ukleolen von 
grosserem Durchmesser. YEATES (1925) hat festgestelIt, dass das Gesamt
volumen der Nukleolen in ganz verschiedenartigen Geweben von Game
tophyt und Sporophyt bei Tmesipteris tannensis urn so grossere Werte 
annimmt, je grosser der Kerndurchmesser ist. Ob noch andere Faktoren 
die Grosse des Nukleolus bestimmen, ist noch nicht untersucht 1). DE 
LITARDIERE fand in den Wurzeln von Azolla carolinian a zweierlei Kerne: 
1m Periblem und Pier om war der N ukleolus gross und das Chromatin nurwe
nig gefarbt (Fig. 31) ; umgekehrt zeigten die Kerne im Kalyptrogen und Der
matogenkleine Nukleolen, aber starker gefarbtes Chromatin (Fig. 30). Er 
schliesst daraus, dass farbbare Substanz aus den Chromosomen herauswan
dert und fUr den Aufbau von Nukleolen verwendet wird. Etwas tatsachli
ches wissen wir aber hieriiber nicht. Die fUr den Nukleolus angegebenen 
Strukturen (Fig. 1 c) diirften wohl haufig auf Fixierungsfehlern beruhen. 
In den Kernen einer ganzen Anzahl von F ilicinae ha ben ZIMMERMANN2) und 

') Vgl. Planta 18,1933 (HEITZ). 
2) Beitr. z. Morphologie und Physiologie der Pflanzenzelle. Tiibingen, 1, Heft 1, 

1893. 
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andere Autoren (Zusam
menstellung bei TISCHLER 

1934, S. 163) E i wei s s
k r i s t a 11 0 ide festge
stellt (Fig. 2). 

Es sei hier kurz hin
gewiesen auf die Falle, 
wo normaierweise stets 
m e h r ere K ern e im 
gem e ins a men P 1 a s
m a ohne Zwischenwande 
vorhanden sind: 1. Fur 
den Haiskanal zahlreicher 
Filicinae sowie auch von 
Isoetes 1) (nicht dagegen 
von Lycopodium) werden 2 
oder 4 Kerne ohne Zwi
schenwande angegeben 
(Fig. 5) . (Nach YAMA

NOUCHI (1908) wird zwar 
bei Dryopteris dentata eine 
Zellplatte gebiidet, die 
jedoch wieder verschwin
pet.) In dieser Hinsicht ist 
also das Archegon der 
Filicinae weiter abgeleitet 
ais das der Moose. 2. Zum 
Beginn der Makroprothal
lienentwicklung bei Sela
ginella, z.B. bei S. Kraus
siana (CAMPBELL 1902) 2) 
und I soetes (CAMPBELL 

1890) 3) findet Vielkern
bildung statt. Erst spater 
werden zwischen die Kerne 
Wande eingeschaltet. Das 
Makroprothallium bei Se
laginella zeigt also hin
sichtlich des Vorhanden-
seins von freien Kerntei
lungen Verhaltnisse, wie 
sie im Prinzi p im Makro-

(' 

~ .. .. ,. 
• • • • 

.3 

6 

FIG. 1. Nukleolen. a. K ern einer ausgewachsenen 
Prothalliumzelle von Pityrogramma chrysophylla. 
Vergr. 800 X . Nach SCHOTTLANDER 1893. b. Kern 
einer jung~n Prothalliumzelle von Athyrium Filix
femina var. clarissima JONES. Vergr. 800 X. Nach 
FAR~IER und DIGBY 1907. c. Nukleolen aus Arche
sporzellen von Tmesipteris tannensis. Vergr. 900 X. 
Nach YEATES 1925. - Fig. 2. Kerne mit Eiweiss
kristallen aus dem Mesophyll. a, b. von Polypodium 
punctatum, c. von P. caespitosum, d. von Woodwardia 
radicans. Nach ZIMMERMANN 1893. - FIG. 3. Kern 
einer aIteren D ermatogenzelle aus der Wurzel von 
Woodwardia radicans mit "Karyosomen". Nach DE 
LITARDIERE 1921. - FIG. 4 . Periplasmodium mit 
darin eingebetteten Sporenmutterzellen von Pilula
ria globulifera . Vergr. 150 X . Nach J 0RGENSEN 1928. 
- FIG. 5. Archegon von Dryopteris dentata. 1m Hals
kanal 2 Kerne ohne Zwischenwand . Nach YAMA
NOUCHI 1908b. - FIG. 6. a. Zelle aus der innersten 
Rindenschichtder Achse von Selaginella Kraussiana; 
Kern der "Chlorophyllkette" a nliegend . b, c. Assi
milationszellen von S. Martensii bezw. S. caesia; 
Kerne den Chloroplasten dicht angelagert. a-c. nach 
HABERLANDT 1924. - 1-3, 5, 6 umgezeichnet; 

4 photo gr. Wiederga be . 

• ) LYON, Bot. Gaz., 37, 1904. 

2) Ann. of Bot ., 16, 1902. 3) Ann. of Bot., S, 1890/9 1. 
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prothallium der Phanerogamen wiederkehren. - Wahrend nach ARNOLDI 
(1910), Y ASUI( 1911) 1) und K. GOEBEL (1930) 2) im Makroprothallium von 
Salvinia natans in der Sporenzelle (d.h. der unteren, grosseren der beiden 
durch die erste Teilung der Makrospore gebildeten Zellen) freie Kern
teilungen stattfinden, ist dies nach den neueren Untersuchungen von K. H. 
GOBEL (1935) 3) nicht der Fall. 3. 1m Rhizom von Psilotum triquetrum 
beobachtete SHIBATA (1902) 4) einige Male zwei Kerne in solchen Zellen 
("Verdauungszellen"), die klumpenformige Reste des symbiontischen 
Pilzes enthalten. 4. Durch Auflosung der Wande von Tapetenzellen entsteht 
eine einheitliche Plasmamasse mit zahlreichen Kernen (Filicinae, Equi
setum) 5), die die Sporenmutterzellen umgibt (Fig. 4). 5. In der Tapete von 
Botrychium virginianum und 0Phioglossum vulgatum entstehen 2- und 4-
kernige Zellen als Folge einer nicht geniigenden Entwicklung der Spindel 
oder einer Auflosung derselben oder der schon gebildeten Zellplatte 
(STEIL 1935). - Vgl. ferner S. 267, 274 und 275. 

Ueber die Ph Y s i a log i e des Zellkerns liegen nur wenige Angaben vor, 
von denen ich 'einige anfiihre. Nach HABERLANDT 6) liegt bei Selaginella 
der Kern in den Meristemzellen der Achse stets dicht an den Chroma
tophoren an (Fig. 6). Die Wandung der Schleimkanale der Marattiaceae 
besteht nach WEST (1915) 7) aus typischen Driisenzellen mit den fiir diese 
charakteristischen, stark farbbaren Kernen. Den Charakter von Driisen
zellkernen besitzen ferner die Kerne in der Tapete und auch noch in dem 
in vielen Fallen daraus entstehenden Periplasmodium (CARDIFF 1905, BEER 
1906, HANNIG 1911, KUNDT 1911, SENJANINOVA 1927, TIPPMANN 1928, 
J0RGENSEN 1928 u.a.) 8). Ob und inwieweit dabei eine Beteiligung des 
Kerns bei der Ernahrung der Sporenmutterzellen und Sporen oder bei der 
Perisporbildung stattfindet, wissen .wir nicht. rch kann nur sagen, dass 
mehrfach zahlreiche Tapetenkerne in unmittelbarer Nahe des in Bildung 
begriffenen Perispors festgestellt worden sind. Die Untersuchungen von 
FITTING 9) (1900) iiber die Bildung der Sporenhaut bei Selaginella haben 
ergeben, dass Sporenhaute, die nicht nur we it vom Kern, sondern iiber
haupt vom Plasma der Spore entfernt sind, zu wachsen vermogen. 1m 
iibrigen verweise ich noch beziiglich der Frage des Membranwachstums 

1) Flora 100, 1910; Ann. of Bot. 25, 1911. 
2) Organographie der Pflanzen. 
') Dissertation Marburg 1935 . 
• ) Zitiert auf Seite 245 . 
• ) Eine Ausnahme bildet nach TIPPMANN (Planta 6, 1928) A ngiopteris. 
6) Physiolog. Pflanzenanatomie, 6. Auf!. 1924, S. 252. 
') Ann. of Bot. 29, 1915. 
8) J. D. CARDIFF, Bot. Gaz. 39, 1905. - A. KUNDT, Beihefte Bot. Centralblatt, 

27, I. Abt., 1911. - M. SENJANINOVA, Zeitschrift f. Zellforschung und mikroskopi
sche Anatomie, 6, 1927. - T. TIPPMANN, Planta, 6, 1928. 

9) Bot. Zeitung, 58, 1900. 
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auf das bei TISCHLER (1935, I) auf S. 308 und 312-316 Gesagte. - SHIBATA 
(1902) 1) macht einige interessante Angaben iiber das Verhalten des Kerns 
in den "Verdauungszellen" von Psilotum. Der Kern ist stark vergrossert 
und amoboid geformt, die Chromatinsubstanz ist zu grossen Klumpen 
zusammengeballt. Auch der Nukleolus ist bedeutend grosser geworden. 
In Zellen mit verdauten Pilzmassen ist der Kern wieder abgerundet und 
hat normales Aussehen angenommen. In anderen Fallen von Mykorrhiza 
(Lycopodium clavatum und annotinum 2), Botrychium) konnte keine Ver
anderung in der Gestalt und im Verhalten des Zellkerns festgestellt wer
den (BRUCHMANN 1910, CAMPBELL 1921) 3). -- Einige Angaben iiber 
D e g e n era t ion des Kernes in den Gefassanlagen von Equisetum 
machen VIDAL (1912) und LENOIR (1926) 4). 

§ 3. Die typische Kernteilung. - Wichtigste Literatur: ROSE~ 

(1896), BEER (1913), BERGHS (1907), DE LITARDIERE (1921), DIGBY (1919), 
SARBADHIKARI (1924,1927), YAMANOUCHI (1908 a, b), YEATES (1925).
Die bis jetzt vorliegenden Untersuchungen beschaftigen sich hauptsach
lich mit den Filicinae; iiber die Kernteilung bci den Lycopodiinae und den 
Equisetinae sind wir weniger gut unterrichtet. 

Ueber (len Einfluss ausserer Faktoren (Schwerkraft, Licht) auf die 
Richtung der Teilungsspindel vgl. ZIMMERMANN (1896, S. 84-86). - Ob 
eine Per i 0 d i zit at der Kernteilung vorliegt, ist nicht genau be
kannt. Beobachtungen hieriiber liegen vor von GERHARDT 5) (1927) an 
Osmunda regalis. Er findet zu den verschiedenen Tageszeiten nur geringe 
Schwankungen. Da er aber nur die Gesamtzahl der in Teilung begriffenen 
Kerne anfiihrt, ohne bei seinen Angaben die einzelnen Kernteilungsphasen 
hinsichtlich ihrer Haufigkeit zu beriicksichtigen, so erscheint doch eine 
Periodizitat keineswegs ausgeschlossen. - Ueber die D au e r einer ge
wohnlichen Kernteilung (Reifeteilungen vgl. § 4) ist meines Wissens nichts 
naheres bekannt. Ich habe (Dopp 1932) lediglich in einem Fall, Prot hal
lium von Aspidium (Dryopteris) remotum, festgestellt, dass die Chromo
somen etwa 5 Minuten brauchen, um von der Aequatorialplatte zu den 
Polen zu gelangen. 

Die Fig. 18-25 geben einen Ueberblick iiber den Verlauf einer Mitose. 
1m einzelnen sind bisher die Angaben sowohl fUr verschiedene Spczies 

wie auch diejenigen verschiedener Autoren fUr die gleiche Spezies beziig
lich der Art der Umbildung der Chromosomen in der Telophase und ihrer 
Entwicklung in der Prophase sehr verschieden. 

') Pringsheims J ahrb. f. wiss. Bot., 37, 1902. 
') Bei Lycopodium Selago beobachtete BRUCHMANN Vergrosserung und Form

veranderung des Kerns. 
3) H. BRUCHMANN, Flora 101,1910,220-267. - D. H. CAMPBELL, Ann. of Bot. 

35, 1921, 141-158 . 
• ) Ann. Sc. nat. SCr. I X, Bot., 15, 1812; Rev. gen. Bot. 38, 1926, 615-631. 
5) E. GERHARDT, Dissertation Marburg 1927. 
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FIG. 7-17 . H y menophyllum tunbridgense. Chromosomen im Verlauf der Kerntei
lung . 7- 9 Telophase; 10 Interphase; 11-15Prophase; 16 Metaphase; 17 Anaphase . 
- FIG. 18-25 Pteris cretica, Kernteilungsstadien . 18, 19 Telophase; 20 Interphase; 
21-23 Prophase; 24 Metaphase; 25 Anaphase. - FIG. 26 Blechnum occidentale, 
Telophase. - FIG. 27-33. Azollacaroliniana, Kernteilungsstadien. 27- 29 Telophase; 
30 Interphase aus dem Dermatogen, 31 aus dem Plerom der Wurzel; 32 Prophase; 
33 Metaphase . - FIG. 34. Metaphase aus dem Prothallium von Dryopteris dentata. 
Nukleolus am R a nd der Spindel. - FIG. 35. Anaphase aus dem Archespor von 
Dryopteris dentata. - FIG. 36. Osmunda regalis, Telophase in Polansicht. Von DIGBY 
als Langsspaltung der Chromosomen gedeutet. - 7- 33 nach DE LITARDIERE (1921); 
34 nach Y AMANOUCHI (1908b); 35 nach YAMANOUCHI (1908a); 36 nach DIGBY 
(1919). - 7-17 und 32 umgezeichnet, die tibrigen Fig. photogr. Wiedergaben. 
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Hinsichtlich der sich in der Telophase abspielenden Veranderungen der 
Chromosonen unterscheide! DE LITARDIF:RE (1921) vier Typen, die auch 
durch verschiedenes Verhalten in der Prophase charakterisiert sind. 
(Benutzt wurden zur Untersuchung in der Hauptsache Wurzelspitzen, im 
iibrigen Rhizome und junge Blatter.) 

1. Der erste Typ findet sich bei Arten mit grossen, dicken Chromosomen 
(Hymenophyllum tunbridgense, H. demissum, H. asplenioides, H. fucoides, 
Trichomanes reniforme, T. Colensoi, Leptopteris wperba, Osmunda cin
namomea, O. regalis). Das Verhalten der Chromosomen in der Telophase 
ist ahnlich dem bei zahlreichen Angiospermen: An den Polen angelangt, 
riicken die Chromosomen voriibergehend sehr eng aneinander ("tassement 
polaire"). Sie bekommen "Alveolen", d.h. Hohlraume, deren Natur nicht 
bekannt ist (Fig. 7-11). Diese werden grosser, und mit zunehmender Kern
grosse verlangern sich die Chromosomen und entfernen sich voneinander, 
wobei zwischen ihnen feine Anastomosen entstehen. Der Ruhekern ist 
charakterisiert durch eine gleichmassige Verteilung der Chromosomen
substanz; trotzdem sind die Chromosomen aber immer noch als solche zu 
erkennen. Zu Beginn der Prophase zeigen sich die Chromosonen zunachst 
als alveolosierte Gebilde, die denen der Telophase ganz ahnlich sind. Durch 
Verschwinden einzelner Randstiicke infolge anderer Verteilung der Chro
mosomensubstanz entstehen Zickzackfaden von einfacher Struktur (Fig. 
11, 12); gleiehzeitig gehen aueh die Anastomosen verloren. Dann (nieht 
friiher!) wird in diesen Faden ein Langsspalt sichtbar (Fig. 14), und durch 
Verkiirzung, Diekerwerden und gleichmassigere Ausgestaltung am Rand 
wird die fUr die Metaphase typisehe Chromosomenform herausgebildet 
(Fig. 12-16). - Die Langsspaltung kann naeh DE LITARDIERE, wie er an 
seinen Abbildungen belegt, nur in der Prophase vor sich gehen; seiner 
Auffassung naeh hat sie niehts mit der Alveolosierung in der Telophase 
zu tun. 

2. Der zweite Typus (Beispiel: Ptens cretica) ist dadurch eharakterisiert, 
dass die Chromosomen, die hier viel diinner sind, keine Alveolosierung 
zeigen (Fig. 18-25). Sie werden zu langen, feinen, dureh Anastomosen (die 
aueh hier in der Prophase wieder verschwinden) verbundenen Faden aus
gezogen. Dementsprechend entstehen in der Prophase keine Ziekzack
bander, sondern das Chromatin liefert diinne, gekriimmte Faden, die sich 
spalten, verkiirzen und verdicken. Diesen Typus fand DE LITARDIERE bei 
zahlreichen Vertretern der Polypodiaceen (Dryopteris-, Asplenium-, A dian
tum-, Polyp odium-Art en u.a.), ferner in den Familien der Cyatheaceae, . 
Parkeriaceae, Schizaeaceae, Gleicheniaceae, M arsiliaceae, OPhioglossaceae.
Der Langsspalt, der in der friihen Prophase auftritt, ist bei vielen Formen 
in der spateren Prophase bis zum Ende derselben infolge sehr engen Kon
takts nicht mehr sichtbar (Fig. 22, 23). 

3. Bei Blechnum occidentale, Angiopteris evecta und A. d'Urvilleana, 
M arattia fraxinea und Trichomanes radicans lassen einige Chromosomen 
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in der Telophase Alveolen erkennen (gelegentlich kann dies auch beim 
Typus 2 vorkommen), im gleichen Kern befindliche andere dagegen bleiben 
frei davon und verhalten sich nach dem 2. Typus (Fig. 26). Die alveoli
sierten Chromosomen zeigen in der Prophase ganz das entsprechende 
Aussehen wie bei 1, liefern also Zickzackfilamente, wahrend die einfachen 
Chromosomen in der Prophase sich offensichtlich wie die von Pter£s 
cretica (2. Typus) verhalten. 

4. Der vierte Typ (Fig. 27-33), dem Azolla und Salvinia angehoren, 
zeichnet sich durch eine nur geringfUgige Veranderung der sehr klein en 
Chromosomen in der Telophase aus (vgl. § 2). Sie tteten zwar auch hier 
durch Anastomosen miteinander in Verbindung, erfahren aber keine 
Alveolisierung. In der Telophase erscheinen sie als kurze Stabchen, wah
rend der Interphase als kugelige oder ellipsoidische Gebilde. In der Propha
se erfolgt Verlangerung und Langsspaltung. 

Allen Fallen gemeinsam ist eine Verlangerung der Chromosomen wah
rend der Stadien zwischen Telophase und Interphase; eine solche geht 
auch wahrend dp.r Prophase vor sich. Auf die Verlangerung in der Prophase 
folgt bei den meisten Arten wieder eine Verktirzung, die allerdings zu
weilen nur gering sein kann. 

Equisetum· scheint, soweit bekannt (BEER 1913), mit Pteris cretica 
tibereinzustimmen, wahrend die Lycopodiaceae und Selaginellaceae mit 
ihren klein en Chromosomen sich vielleicht wie Azolla und Salvinia ver
halten konnten. Auch die Psilotaceae und I soetaceae waren noch naher zu 
untersuchen. 

Es liegen offenbar gewisse Beziehungen zur systematischen Zugehorig
keit vor, denn einige Familien (Salviniaceae, Hymenophyllaceae, nicht so 
sehr dagegen die Polypodiaceae) zeigen einheitliche, fUr sie charakteris
tische Verhalt'1isse. Allzu grosse systematische Bedeutung kann man aber 
dies em verschiedenen Verhalten nicht beimessen, denn nahe verwandte 
Arten brauchen nicht das gleiche Verhalten zu zeigen, und sogar bei der
selben Pflanze kann sich in verschiedenen Teilen ein verschiedenes Bild 
ergeben (vgl. auch Blechnum occidentale, Typus 3). 

Die verschiedenen von DE LITARDIERE gefundenen Moglichkeiten 
treffen iibrigens nicht nur fUr die Pteridophyten zu, sondern auch bei 
den Phanerogamen sind ganz ahnliche Verhaltnisse beschrieben worden. 
Es fragt sich nun freilich, ob sich nicht durch weitere Untersuchungen ein 
einheitlicheres Bild ergeben wtirde. 

Aehnliche Strukturen wie DE LITARDIERE bilden YAMANOUCHI1) (1910) 
bei Osmunda cinnamomea sowie SHARP (1914, Fig. 19, 26, 33 daselbst) in 

') Fur die Archesporzellen von Dryopteris dentata gibt Y AMANOUCHI (1908a) Va
kuolisierung an. Aus seinen Abbildungen geht eine solche jedoch nicht einwandfrei 
hervor. Was er a1s A1veolen auffasst. schein en mir eher Zwischenraume zwischen 
den die Chromosomen verbindenden Anastomosen zu sein. 
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den spermatogenen Zellen von M arsilia quadrifolta 1) und SZAKIEN (1927), 
ein Schiiler GREGOIRES, bei Osmunda regolis (Fig. 37) abo 

Y AMANOUCHI und DE LITARDIERE beobachteten dip Langsspaltung der 
Chromosomen erst in der Prophase; nach ihnen kommt also der Vakuolis;e
rung in der Telophase nicht die Bedeutung zu, dass durch sie eine Spaltung 
des Chromosoms in zwei HaJften erreicht wird. Fiir Objekte wie Pteris eretiea, 
Equisetum (BEER) u.a., die in der Telophase keine Vakuolisierung zeigen, 
konnte erst recht nicht die Behauptung aufgestellt werden, dass die 
Uingsspaltung schon in der Telophase erfolge 2). Dagegen liessen diejenigen 
Formen, die Alveolisierung zeigen (Osmunda, Doodia) bei anderen Autoren 
die Meinung aufkommen, dass die Uingsspaltung bereits in der Telophase 
oder gar schon in der Anaphase durchgefiihrt werde (Miss DIGBY 1919, 
SARBADHIKARI 1924, 1927). Besonders Osmunda ist (auch beziiglich der 
Reifeteilungen) haufig der Gegenstand von Untersuchungen gewesen, 
die zu verschiedenen Deutungen gefiihrt haben. 

DIGBY (1919) sieht entsprechend wie in ihren Arbeiten tiber Primula 
und Galtonia in den sich in der Telophase abspielenden Vorgangen bei 
Osmunda regal£s (Fig. 36) eine Teilung in zwei Tochterchromosomen, die 
sich weit von einander entfernen sollen, sodass im Ruhekern nur einfache 
Faden wahrgenommen werden konnen. In der Prophase soIl wieder eine 
Annaherung der beiden Faden erfolgen. 1m wesentlichen zu den gleichen 
Resultaten gelangte SARBADHIKARI bei Doodia (1924, 1927). Die Fig. 12 
bei SARBADHIKARI zeigt eine Spaltung sagar schon in der Anaphase. 

Demgegeniiber stehen also die Auffassungen von DE LITARDIERE (1921) 
und SZAKIEN (1927), die wahrend der Telo- und der Interphase nichts 
erkennen konnten, was nach einem Auseinanderweichen von Faden aus
gesehen hatte. Auf Grund eigener Beobachtungen bin ich zu dem gleichen 
Ergebnis gekommen. 

Dass verschiedene Autoren, z.B. YAMANOUCHI (1908) undDIGBY (1913), 
der A uffassung von einem k ant i n u i e r 1 i c hen S p ire m in der 
Prophase zuneigen, diirfte in der Schwierigkeit des Erkennens freier 
Enden begrtindet sein. Das gleiche gilt fiir die Prophase der 1. Reife
teilung 3). 

') Diese Angabe steht nicht im Gegensatz zu den Befunden von DE LITARDIERE, 

die an vegetativen Teilungen gewonnen wurden. 
') Der Zeitpunkt, den die Autoren angeben, ist allerdings sehr verschieden. 

Wahrend DE LITARDlERE schon auf friiheren Prophasestadien einen Langsspalt 

beobachten konnte, der allerdings spater in manchen Fallen (z.B. Pteris eretica) 

voriibergehend wieder verschwinden kann, verlegen andere, z.B. YAII!ANODCHI 

(1908a), den Zeitpunkt der Spaltung erst in die letzten Stadien der Prophase oder 

gar (BEER 1913) in die Metaphase. Der Spalt diirfte aber auch in diesen Fallen 

schon auf einem friiheren Stadium aufgetreten, jedoch iibersehen worden sein. 

3) DE LITARDlERE (1921) und BEER (1913) geben an, dass ein kontinuierliches 

Spirem nicht vorliegt. 



250 W. DOPP, KARYOLOGIE 

Die A n a s tom 0 sen, die nach DE LITARDIimE durch Aneinander
haftenbleiben der Chromosomen wahrend des Auseinanderweichens in der 
Telophase entstehen, verschwinden in der Prophase wieder und zwar in
folge der Verlangerung und V er kiirzung der Chromosomen; das kornige 
Aussehen der Prophasechromosonen solI von den abgerissenen Anasto
mosen herriihren. Zuweilen beobachtete DE LITARDIERE auch Anasto
mosen am Ende der Prophase oder in der Metaphase, die erhalten ge
blieben oder evtl. auch durch N eubildung in der gleichen Weise wie in der 
Telophase entstanden sein konnten. 

Die Stelle der " Ins e r t ion" der Chromosomen an die "Spindel
fasern" wahrend der Metaphase ist nach DE LITARDIERE meistens "ter
minal" 1) (Beispiel: Pteris cretica, Fig. 25), haufig auch intermediar, seltener 
median (Hymenophyllum tunbridgense, Fig. 16, 17). Die Chromosomen sind 
an der Ansatzstelle fadenformig zugespitzt. In ein und derselben Aequa
torialplatte ist die Insertion oft verschieden. Die Trennung der Toch
terchromosomen beginnt meistens an der Insertionsstelle. 

Die Chromosomen in der Ana- und Telophase sind entsprechend ihrer 
Insertion entweder alle stabchenf6rmig (nahezu gerade gestreckt oder etwas 
gekriimmt wie beiPteris cretica u.a. Polypodiaceae, Fig. 35), oder eine An
zahl von ihnen ist V-formig (Hymenophyllum tunbridgense, Fig. 7, 16) 
mit gleichen oder ungleich langen Schenkeln. 

WahrendderWanderung zudenPolen findet eine Verkiirzung und Ver
dickung der Chromosomen statt. 

Die N u k 1 e ole n, die wahrend der Interphase recht grosse Gebilde 
darstellen, sind in der spaten Prophase oder in der Metaphase (Fig. 24) 
nur in Form kleiner Korperchen vorhanden. Wahrend der Metaphase 
oder spater sind (besonders schon bei den Psilotaceae!) an der Grenze der 
Spindelfigur Nukleolen oder Reste davon gelegentlich zu beobachten 
(Fig. 34, 74), die offenbar ins Plasma gelangen und dortaufgelost wer
den (ROSEN 1896, DE LITARDIERE 1921, YEATES 1925) 2). 

Nach DE LITARDIERE (1921) erscheint die S pin del bei Hymeno-

FIG. 37-51. Osmunda regalis. 37 a, b Telophase der letzten gew6hnlichen Mitose im 
Archespor; 38 Interphase; 39 ff. Prophase der 1. Reifeteilung; 39, 40 Bildung der 
Leptonemafaden; 41 Leptonema; 42 Beginn des Zygonemastadiums; 43 Zygonema 
(Bukettanordnung); 44, 45 Pachynema; 46, 47 Strepsinema. 48-50 Verkiirzung und 
Verdickung der Faden; 51 Gemini mit Aequationsspalt in den univalenten Chro
mosomen. Nach SZAKIEN (1927). - FIG. 52. Zygonemastadium von Osmunda 
regalis. N ach GREGOIRE (1907). - FIG. 53. Osmunda regalis mit "looping over". 
Vergr. 1200 x. N ach DIGBY (1919). - FIG. 54. Das gleiche (Osmunda regalis) nach 
FARMER und MOORE (1905). - FIG. 55. Doodia. "Second contraction". Vergr. ca. 
1300 x. N ach SARBADHIKARI (1924). - Fig. 56. Osmunda regalis. Heterotypiscbe 

') Vgl. hierzu jedoch die Angaben von HEITZ (1936). 

2) Wie ich aus einer Anmerkung in der Arbeit von DE LITARDIERE (1921, S. 379) 
entnehme, soli nach PAMPALONI (Annali de Bot. 1, 1903) der Nukleolus des alten 
Kerns in den Tochterkern hineingelangen. Aile anderen Angaben besagen aber 
demgegeniiber, dass der Nukleolus stets neu gebildet wird (Fig. 74). 
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Metaphase in Polansicht. N ach DE LITARDIERE (1921). - Fig. 57. Dryoptaris re
mota, Diakinese. Vergr. ca. 1600 x. Aus Dopp (1932). - FIG. 58-60. Meta-, Ana
und Telophase der heterotypischen Teilung von Dryopteris dentata. N ach YAMANOU
CHI (1908a). - FIG. 61-64. Desgl. Aufeinanderfolgende Stadien der homoeotypi
schen Teilung. N ach YAMANOUCHl (1908a). - 37-51, 54 umgezeichnet; 57 Original, 
die iibrigen Fig. photograph. Wiedergaben . 



252 W. DOPP, KARYOLOGIE 

phyllum tunbridgense in Gestalt zweier Polkappen. Mit Vergrosserung 
derselben verringert der Kern bei dieser Art ebenso wie bei Pteris cretica 
sein Volumen und nimmt eine abgeplattete Gestalt mit grosser Aequato
rialachse an; DE LITARDIERE schliesst daraus, dass der Kernsaft an der 
Bildung der Spindel beteiligt sei. 

§ 4. Die Reifeteilungen. - Wichtigste Literatur: BARANOV (1925), 
BEER (1913), CALKINS (1897), DIGBY (1919), Dopp (1932), EKSTRAND 
(1920), FARMER U. MOORE (1904, 1905), FARMER und DIGBY (1907, 1910), 
GREGOIRE (1907, 1910), GREGORY (1904), OSTERHOUT (1897), ROSEN 
(1896), SARBADHIKARI (1924), SMITH (1900), STEVENS (1898), SZAKIEN 
(1927), YAMANOUCHI (1908 a, 1910), YUASA (1934 b, 1935 a). - Die 
meisten der erwahnten Arbeiten beschaftigen sich mit den Reifetei
lungen bei den Filicinae.; allerdings sind manche Vertreter nnd sogar 
ganze FamiIien (z.E. die Hymenophyllaceae) nicht oder nur wenig unter
sucht. Wenig Berticksichtigung haben auch die Lycopodiaceae, Selaginel
laceae und Equisetum gefunden. Mit Lycopodium befasst sich die Arbeit von 
BARANOV (1925); die Reifeteilungen von Psilotum haben ROSEN (1896), 
FARMER und MOORE (1905) , YAMAHA (1920) und MEYER (1928), die von 
Isoetes EKSTRAND (1920), EKAMBARAM und VENKATANATHAN (1933) 
und YUASA (1935 a) untersucht. Sehr wenig sind wir noch tiber Selagi
nella unterrichtet (DENKE 1902, GRAUSTEIN 1930). An Equisetum habcn 
OSTERHOUT (1897) und BEER (1913) gearbeitet. 

Nach SMITH (1900) betragt bei Osmunda die Zeitdauer fUr das Ruhe
stadium und fUr die Prophase bis zur Synapsis etwa 14 Tage, fUr die 
Synapsis selbst ungefahr 3-4 und fUr die beiden Reifeteilungen ungefahr 
2-3 Tage. 

Ueber die erste Reifeteilung bei den Pteridophyten gehen die Meinungen 
noch erheblich mehr auseinander als beztiglich der gewohnlichen Mitose, 
wie sich dies besonders bei dem am meisten untersuchten Objekt, Osm1mda, 
zeigt. Auf der einen Scite stehen die Vertreter der Parasyndese (Y AM A
NOUCHI, GREGOIRE, SZAKIEN), auf der anderen diejenigen, die die Kon
jugation nach dem Schema der Metasyndese ablaufen sehen (FARMER und 
MOORE, GREGORY, DIGBY, SARBADHIKARI). 

Nach Auffassung derjenigen Autoren, die eine Par a S y n des e ver
treten, laufen die Vorbereitungen zur 1. Reifeteilung bei Osmunda regalis 
(GREGOIRE 1907, YAMANOUCHI 1910, SZAKIEN 1927) in der Weise ab, 
dass in der Prophase die Chromosomen, die sich zunachst als dtinne Faden 
herausdifferenziert haben (Leptonemastadium, Fig. 39-41), paarweise 
miteinander in Verbindung treten (Zygonemastadium, Fig. 42, 43) und 
konjugieren. Die so entstandenen Doppelfaden zeigen eine sehr charakte
ristische "Bukett" -Anordung, wie schon die bekannte Abbildung GRE
GOIRES zeigt (Fig. 52). Die Vereinigung geht soweit, dass die Doppel
chromosomen paarweise zu je einem einzigen Faden verschmolzen er-
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schein en (Pachynema, Fig. 44, 45); h6chstens an einigen Stellen sind die 
Konjugationspartner etwas voneinander entfernt und daher als gesonderte 
Faden zu erkennen. Zunachst ist hierbei noch Bukettanordnung vorhan
den; sie macht jedoch bald einer unregelmassigen Anordnung der Doppel
faden Platz, wobei der innige Kontakt, der vorher bestand, gelockert 
wird (Fig. 46, 47). Nach Durchlaufung eines Strepsinemastadiums (Fig. 
46, 47) verkiirzen und verdicken sich die Chromosomen (Fig. 48-50), bis 
schliesslich die verschiedenartig gestalteten Chromosomen der Diakinese 
(Fig. 51, 56, 57, 66-70) zu beobachten sind. - Ganz iihnlich wird die 
Konjugation bei Dryopteris dentata (Y AMANOUCHI 1908 a) und Dryopteris 
remota (Dopp 1932) beschrieben. Sie scheint auch bei 0Phioglossum (YUASA 
1934 b) und Isoetes (YUASA 1935 a) in dieser Weise zu verlaufen. 

Demgegeniiber behaupten die Anhanger der Met a s y n des e, dass 
die Gemini aus einem Pachynema-Faden, in dem zwei homologe Chro
mosomen "end to end" verbunden sein soIlen, wahrend der "second con
traction" (Fig. 55) durch Umbiegung der Enden (looping, Fig. 53, 54) und 
darauffolgende Parallellagerung der Einzelchromosomen entstehen. Das, 
was bei Annahme einer Parasyndese als Langsspalt zwischen zwei ganzen 
univalent en Chromosomen angesehen wird, betrachten die Vertreter der 
Metasyndese als eine Spaltung, die ein univalentes Chromosom langsteilt. 
So beschrieben FARMER und MOORE bei Osmunda den Konjugationsmodus. 
BEER (1913) schildert in ganz ahnlicher Weise die Konjugation bei Equi
setum arvense. Bei Miss DIGBY (1919) und entsprechend bei SARBADHIKARI 
(Doodia, 1924) kommt als neuer Gesichtspunkt hinzu,. dass diese Autoren 
in den Vorgangen der meiotischen Prophase eine Wiedervereinigung der 
in der vorhergehenden Telophase getrennten "Langshalften" je eines Chro
mosoms sehen, wie sie in jeder Prophase erfolgen solI. Die Doppelfaden 
(Fig. 43), die GREGOIRE u.a. als zwei ganze univalente 
Chromosomen ansehen, halten sie also fUr die vorher voneinander ge
trennten, dann aber wieder vereinigten Langshalften j e e i n e sun i
val e n ten Chromosoms. 

Dazu ist folgendes zu sagen: 
1. Eine Langsspaltung der Chromosomen von Osmunda in der Telo

phase scheint mir nach der Untersuchung von SZAKIEN nicht erwiesen. 
Die Chromosomen erfahren, wie aus SZAKIENS Abbildungen hervorgeht, 
in der Telophase charakteristische Veranderungen (Fig. 37), bleiben 
aber in der Interphase ais einheitliche Gebilde vorhanden (Fig. 38); es 
gehen also aus einem Chromosom nicht zwei Faden hervor, die wahrend 
der Interkinese voneinander getrennt sind. Zu Beginn der Prophase stel
len nach SZAKIEN die Chromosomen Zickzackfaden von einfacher Struk
tur wie in einer gewohnlichen Prophase dar (Fig. 39). Diese einfachen 
Faden konnen also offen bar keine Langshiilften von Chromosomen sein. 
Auch eine Spaltung von univalent en Faden auf einem Prophase
stadium kann nicht vorliegen. Denn dann I.lliissten doch wohl Stadien 



254 W. DOPP, KARYOLOGIE 

beobachtet werden, in denen die EinzeWiden eines Paares nur halb so 
dick sind wie ein in den vorhergehenden Stadien beobachteter einzelner 
Faden vor dem Auftreten der Doppelstruktur, was nicht der Fall ist. Es 
treten also g a n z e u n i val e n t e Chromosomen paarweise zusam
men. Zu dem gleichen Ergebnis konnte ich, u.a. durch Berucksichtigung 
der Fadendicke auf den einzelnen Stadien, bei Dryopteris remota (1932) 
und D. spinulosa und D. Filix-mas kommen. 

2. Von den englischen Autoren (DIGBY, SARBADHIKARI) wird der "se
cond contraction" eine besondere Bedeutung beigelegt. Diese besteht 
darin, dass die Faden sich auf einem gewissen Stadium der Synapsis von 
der Kernwand ablosen und sich im Kerninnern eng aneinanderlagern 
(Fig. 55), wobei das Umbiegen der Faden und die (angenaherte) Para11el
lagerung der vorher "end to end" verbundenen Einzelchromosomen er
folgen 5011 (Fig. 53). Wahrend also in der Synapsis die Para11ellagerung 
der Half ten der univalenten Chromosomen erfolge, werde in der "second 
contraction" die Paarung der ganzen univalent en Chromosomen durch
gefUhrt. Demgegenuber ist in Uebereinstimmung mit BELAR (1928, S. 182) 
und GEITLER (1934) zu sagen, dass die "second contraction" ebenso wie 
die Synapsis (s.unten) zweifellos ein Artefakt darstellt. 

3. Aus den Figuren von DIGBY, ebenso aus denen von SARBADHI
KARl, lasst sich eine Bildung von Gemini in der von ihnen geschilderten 
Weise nicht festste11en. - Die grossen Zwischenraume zwischen den 
Schenkeln des V-for mig en Gebildes, die sich die englischen Autoren durch 
eine Umbiegung entstan4en denken, werden von SZAKIEN durch die 
Angabe erklart, dass nach dem Pachynemastadium ein Strepsinema
stadium, in dem die Konjugationspartner stellenweise sich voneinander 
trennen, durchlaufen werde (Fig. 47). 

4. Die Bilder in Fig. 53, 54 lassen sich durch eine wahrend oder nach 
der Parallelkonjugation erfolgte Verklebung zweier Enden erklaren. Fur 
ringfOrmige Gemini bleibt auch fUr DIGBY keine andere Erklarung ubrig, 
als dass freie Enden auf einem spateren Stadium miteinander vereinigt 
sind. Es ist daher nicht einzusehen, warum man die Vereinigung der 
Enden im Sinne der Metasyndese auffassen sol1. 

5. Bei genauer Aneinanderreihung der einzelnen Stadien ergibt sich 
meines Erachtens kein anderer Schluss als der, dass der Spalt, der in den 
Gemini die univalenten Chromosomen trennt (Fig. 66-68) und auch 
nach DIGBYS Ansicht der Konjugationsspalt ist, dasselbe darstellt, wie der 
fruher in der Prophase beobachtete Zwischenraum (Fig. 43). 

Es seien noch einige Einzelfragen erortert. Wahrend der heteroty
pischen Prophase vergrossert sich das K ern vol u men betrachtlich. 
BEER (1913) gibt fUr Equisetum arvenseeine Vergrosserungdes Durchmes
sers von 14 auf 17[1. an. Wahrend der Diakinese scheint eine geringe Abnahme 
des Volumens einzutreten (vgl. Prophase der gewohnlichen Mitose, § 3). 

In der Synapsis erscheint bei Dryopteris der Kern in Form eines etwas 
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eingedriickten Gummiballes, wobei das "Bukett" aT} der konkaven Stelle 
des Kerns sitzt. Spater wird er wieder kugelig. 

Die s y nap tis c h e Z usa m men ball u n g der Chromatin
masse an einer Stelle des Kernraums, die man an schlecht fixierten Pra
paraten (Fig. 65 b, c) beobachtet, ist ein Kunstprodukt (Dopp 1932). An 
lebenden Sporenmutterzellen (Fig. 65 a) sowie bei guter Fixierung (Fig. 
65 d) ist eine Verklumpung nicht zu beobachten. Die Chromosomen fUl
len den ganzen Kernraum aus. 

Dass ein kontinuierliches Spirem vorhanden ist, erscheint mir unwahr
scheinlich. 

In den Leptonema - sowie in den Pachynemafaden von Polypodiaceae 
kann man kleine K6rperchen, die C h rom 0 mer e n, erkennen (vgl. 
auch die Abbildungen von Osmunda bei DIGBY, SARBADHIKARI und SZA
KIEN). 

In der D i a kin e s e k6nnen die beiden Chromosomen eines Geminus 
parallel gelagert sein, oder die Gemini nehmen andere Formen an (Fig. 
51,56,57,66-70,79,81). Wie CALKINS (1897), YAMANOUCHI (1908) u.a. 
ausfiihren, entstehen die verschiedensten Formen (H, I, L, 0, T, U, V, 
X, Y). Entweder sind die Konjugationspartner an einem oder an beiden 
Enden verbunden, oder beide Enden sind frei. 

YAMANOUCHI (1908 a) findet, dass bei Aspidium moUe der A e qua
t ion ssp a 1 t, der die univalent en Chromosomen der Lange nach hal
biert, erst in der Anaphase der heterotypischen Teilung auftritt. SZAKIEN 
(1927) dagegen beobachtete bei Osmunda regalis diesen Spalt schon in 
der Diakinese. Auch bei D. remota konnte ich (Dopp 1932) schon wah
rend der Diakinese den Langsspalt erkennen. Dieser teilt das univalente 
Chromosom langs, nicht quer; eine Querteilung wurde auf Grund un
richtiger Deutung von CALKINS (1897) angege ben 1), von STEVENS (1898) 
jedoch wieder bestritten. 

Fiir die Reifeteilungen werden von HUMPHREY (1894) 2) Centrosomen 
beschrieben (Osmunda, Psilotum), ebenso von CALKINS (1897) fUr Pteris 
tremula. Hier liegt sieher ein Irrtum vor. Weder SMITH (1900) noch DIGBY 
(1919) haben bei Osmunda Centrosomen gefunden, ebenfalls nicht OSTER
HOUT (1897, Equisetum). 

Die S pin del der heterotypischen Teilung, deren Bildung, wie in 
einigen Fallen beobachtete wurde, etwa wahrend der Synapsis beginnt 
(SMITH, Dopp), ist haufig zunachst multipolar polyarch (vgl. jedoch 
FARMER und DIGBY (1910)), spater dagegen bipolar. Von OSTERHOUT 
(1897) und BEER (1913) wird bei Equisetum zunachst eine multipolare 
Spindel angegeben, aus der eine multipolar diarche und schliesslich eine 
bipolare Spindel hervorgeht. 

') CALKINS beschreibt "Tetraden", die durch eine Uings- und eine darauf f01-
gende Quertei1ung eines Spiremsegmentes entstanden seien. 

0) Ber. D. Bot. Ges. 12, 1894. 
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Soweit genauere Beobachtungen vorliegen, scheint die Trennung der 
beiden univalent en Chromosomen in der ersten Reifeteilung stattzu
finden, sodass also die e r s t e T e i 1 u n g die Red u k t ion bewirkt 
und daher als Reduktionsteilung bezeichnet werden kann. 

Wahrend der A nap has e (Fig. 59) ist die charakteristische V-Form 
zu erkennen, die durch Auseinanderweichen der durch den Aequations
spalt gebildeten Halften an deren der Aequatorialebene zugewandten 
Enden zustandekommt. Die Chromosomen wandern nicht in gleicher 
Front zu den Polen, sondern einige bleiben hinter den ande1 en zuriick. 
Die V-Form bleibt offenbar wahrend der Interkinese erhalten. 

Die Chromosomen erscheinen in der Prophase der z wei ten Rei f e
t e i 1 u n g (Fig. 61-64) im Gegensatz zu einer gewohnlichen Teilung mit 
weit voneinander geriickten Spalthalften; entweder sind die beiden 
Teilstiicke parallel oder an einem Ende verbunden, in V-formiger Anord
nung, die noch von der vorhergehenden Anaphase herriihrt. In der Me
taphase sind sie dagegen parallel gelagert. Die homoeotypische Spindel 
bei Equisetum ist nach BEER zunachst entweder mUltipolar polyarch 
oder multipolar diarch. Spater ist sie bipolar. Auch in anderen Fallen 
scheint die Spindel sich so zu verhalten. 

Ueber andere Inhaltsbestandteile in den Sporenmutterzellen und die 
Vorgange bei der Wandbildung s. bei MARQUETTE (1908) 1) und SENJA
NINOVA (1928) 2). 

§ 5. Die Nukleolen in Beziehung zu Kernteilung und Chromoso
men. - Wichtigste Literatur: BEER (1913), DE LITARDIERE (1921), YEATES 
\ 1925). - Schon ROSEN (1896) bildet fUr Psilotum die s y m met r i -
s c h e Lag e der Nukleolen in den beiden Tochterkernen ab (Fig. 71). 
Ferner machte DE LITARDIERE die Beobachtung, dass die Nukleolen in 
g 1 ei c her Z a h lund in s y m met r i s c her Lag e in den jungen 
Tochterkernen entstehen (Fig. 72). Die Symmetrie erstreckt sich auch auf 
die For m und G r 0 sse der N ukleolen. Er gibt dafiir a ber nur eine 
ganz allgemein gehaltene Erklarung ab. Die gleichen Festellungen machte 
YEA1ES (1925) fUr Tmesipteris tannensis (Fig. 73). Nun hat HEITZ (1931, 
1935) 3) festgestellt, dass die Nukleolen von Bliitenpflanzen an genau 
festliegenden achromatischen Stellen einzelner bestimmter Chromosomen 
(SAT-Chromosomen) entstehen. Da diese in einer fUr die betreffende 
Pflanze konstanten Zahl vorhanden sind, so ergibt sich eine bestimmte 
Anzahl und eine gesetzmassige, in Bezug auf die Aequatorialebene sym
metrische Anordnung der in den Tochterkernen entstehenden Nukleolen. 
Wenn diese Ergebnisse auch fUr die Pteridophyten zutreffen \Yiirden, so 
ware auch hier fiir die Zahl- und Symmetrieverhaltnisse eine Erklarung 

1) Trans. Wisconsin Ac. 16, 1908. 
') Arch. f. mikrosk. Anatomie und Zellforschung 6, 1928. 
3) Plan ta 12, 1931. 
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gefunden. Es sind nun naturlich bei den Farnen zunachst genaue Unter
suchungen erforderlich, die an Objekten cinsetzen mussten, die vielleicht 
SAT-Chromosomen besitzen (Hymenophyllum? Vgl. § 6). 

Einige Beobachtungcn 
licgen aber durchaus 
schon im Sinne der 
HEITZschen Ergebnisse. 
In den Ruhekernen ist die 
wahrend der Telophase 
vorliegende N ukleolen
zahl infolge der Ver
schmelzung von zwel 
oder mehr N ukleolen 
meistens nicht mehr vor
handen. Nun zeigte aber 
YEATES (1925), da"s im 
Sporophyten von Tme
sipteris tannensis eine 
Maximalzahl von 6 Nu
kleolcn nicht uberschrit
ten wird. Ich habe mich 
gleichfalls bei mehreren 
Polypodiaceen davon 
uberzeugen k6nnen, dass 
die N ukleolenzahl uber 
ein bestimmtes Hi:ichst
mass nicht hinausgeht. 
Eineweitere Konsequenz 
wurdc sein, dass die 
Hi:ichstzahl im Gameto
phyten halb so gross ist 
wie im Sporophyten und 
dass die letztere gerade 
ist. Dies hat sich bei 
einigen Arten tatsachlich 
als zutreffend herausge
stellt. YEATES erhielt als 
H6chstzahl in Sporen 
und im Gametophyten 3, 
im Sporophyten 6. 1m 

d 

66 

67 69 ;ro 

FIG. 65 a-d. Sporenmutterzellen von Dryopteris re
mota in "Synapsis". a. nach lebendem Material, 
b. gleiche Zelle wie a, sofort nach Fixierung mit BOUlN 
gezeichnet, c. nach einem Mikrotomschnitt (schlecht 
fixiert), d. bei starkerer Vergrosserung (gut fixiert). 
a-c Vergr. 650 x,d Vergr.1800 X. Aus Dopp(1932). 
- FIG. 66-68. Geminiformen. 66 Osmunda rega
lis; 67 Psilotum triquetrum; 68 Dryopteris remota; 66, 
67 nach FARMER und MOORE 1905 (umgezeichnet); 68 
aus Dopp (1932; Orig.). - FIG. 69. Lycopodium clava
tum, Diakinese. Vergr. ca. 900 X. Nach BARANOV 
(1925) umgezeichnet. - FIG. 70. Selaginella apoda, 
Mikrosporenmutterzelle in Diakinese. Nach GRAU-

STEIN (1930) umgezeichnet. 

Archespor von Dryopteris spinulosa fand ich 6, im Gametophyten 
nur 3 Kernki:irperchen im Hi:ichstfall; entsprechend zahlte ich im 
Prothallium von D. Filix-mas 1-2, in Wurzelspitzen und Sporangien 
1-4 Nukleolen. D. Filix-mas besitzt im haploiden Zustand etwa 80 

Manual of pteridology 17 
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Chromosomen; die gleiche Zahl hat die apogame Varietat D. Filix-mas var. 
cristata hort. in beiden Generationen (Dopp 1932, 1933). Die Varietat be
sitzt dementsprechend auch im Sporophyten nur 1-2 Nukleolen. Eine aus 
dieser experiment ell von mir erzeugte Pflanze (vgl. § 8 und 9) mit der 
doppelten Chromosomenzahl zeigte dagegen 1-4 Kernkorperchen 1). Zu 
erwahnen ist noch, dass FARMER u. DIGBY (1907) fiir die Prothallien einiger 
Varietaten von Athyrium Filix-femina, die mindestens die doppelte Zahl 
von Chromosomen gegentiber der Normalform besitzen, eine hohere 
Nukleolenzahl angeben (bei der Normalform 1-2, bei den Varietaten dage
gen mehr). 

In der Telophase nehmen die Nukleolen an Grosse zu, wahrend an de
rerseits die Farbbarkeit der Chromosomen abnimmt; umgekehrt ver
ringert sich in der Prophase das V olumen der N ukleolen bei gleichzeitiger 
Zunahme der Farbbarkeit der Chromosomen. Daraus schliesst DE LITAR
DIERE (1921), dass die Nukleolen durch Ausfliessen von Substanz aus den 
Chromosomen entstehen und dass andererseits in der Prophase N ukleolen
substanz wieder auf die Chromosomen tibertragen werde. Zu der gleichen 
Auffassung ist auch BEER (19 13) gekommen. BEER und YEATES (Fig. 75) 
fan den, dass in den Sporenmutterzellen in frtiheren Prophasestadien von 
den Nukleolen tropfchenformige Gebilde abgegeben werden. Wir wissen 
jedoeh sonst niehts Tatsaehliehes tiber diese Dinge. 

Vgl. noch § 3. 

§ 6. Die Chromosomen (Individualitiit, Zahl, Grosse, Form, 
Bau). - Wichtigste Literatur: DIGBY (1919), FARMER and DIGBY (1907), 
GREGOIRE (1907), HEITZ (1926), DE LITARDIERE (1921), SARBADHIKARI 
(1924, 1927), SZAKIEN (1924, 1927). 

I n d i v i d u ali tat. - Die Interphasekerne von Salvinia und Azolla 
lassen sehr schon die einzelnen Chromosomen erkennen, da diese seit der 
Telophase fast far keine Veranderung erfahren haben (Fig. 30, 31). DE 
LITARDIERE konnte auch bei zahlreichen anderen Objekten, sowie SZA
KIEN bei Osmunda regalis (1927), Schritt fiir Schritt durch die Interphase 
hindurch die Chromosomen verfolgen (Fig. 10, 20, 38). 

C h rom 0 s 0 men z a h 1. - Vorausschicken mochte ich, dass einer
seits bei zahlreichen Arten die Chromosomenzahlen noeh nicht ermit
telt sind, andererseits manehe frtiheren Zahlungen einer Nachpriifung 
bediirfen. 

Die bisher angegebenen Chromosomenzahlen schwanken zwischen sehr 
hohen und sehr niedrigen Werten. Beziiglich der bei vielen Pflanzen 
sehr hohen Chromosomenzahlen nehmen die Pteridophyten eine beson
dere Stellung ein (Fig. 76-81). Nur wenige Angiospermen besitzen so 
hohe Haploidzahlen von 60 Chromosomen und dariiber, wie sie bei den 
Farnen recht haufig sind. Besonders hohe Werte finden sich b<!i df,n 

1) Vgl. hierzu auch GEITLER (Planta 17, 1932). 
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Polypodiaceen, OPhioglossaceen, Psilotaceen und bei Equisetum, wahrend 
andererseits bei den Hymenophyllaceen, Osmundaceen, Marsiliaceen, 
Salviniaceen, Lycopodiaceen und Isoetaceen erheblich niedrigere Zahlen 
vorliegen. 

Die geringste Haploidzahl 1) (4) hat ARNOLDI (1910) 2) fUr eine von ihm 
untersuchte Form von Salvinia natans angegeben. Andere Forscher fan den 
dagegen bei Salvinia natans n=8 Chromosomen (KUNDT 1911 3), YASUI 
1911) 4). VermutIich handelt es sich hier urn verschiedene Rassen (vgl. 
§ 9). Die Zahl n=8 wird ferner angegeben fUr Selaginella-Arten (DENKE 
1902, HEITZ 1926). Dann folgen Isoetes-Arten (TAKAMINE 5) 1921) mit 11, 
Pilularia mit 13 (DE LITARDIERE 1921), Lycopodium clavatum mit 14 
(BARANOV 1925), Polypodium aureum (HEILBRONN 1928) sowie M arsilia
Arten (STRASBURGER 1907, DE LITARDIERE 1921, MARSCHALL 6) (1925) 
mit 16 und Osmunda-Arten mit etwa 20-22 Chromosomen im haploiden 
Zustand (YAMANOUCHI 1910, DIGBY 1919, DE LITARDIERE 1921,OKu
NO 1936). Schon recht hohe Werte weisen die Arten der Gattung Dryop
teris auf (60-80, gewisse VarieUiten z.T. mehr). Die meisten Chromosomen 
wurden bisher aufgefunden bei Tmesipteris tannensis (100, nach YEATES 
1925), Psilotum triquetrum (Varietat (104; OKABE 1929), Equisetum arvense 
(ca. 115; BEER 1913), Ophioglossumvulgatum (100-120; BURLINGAME 1907), 
und schliesslich bei Ophioglossum ellipticum 170 als bisher hoc h s t e 
Haploidzahl (YuASA 1934 b). Auch bei Dryopteris remota (Dopp 1932) 
ergibt sich fUr die Sporenmutterzellen eine recht hohe Zahl (130 Gemini 
= 260 Einzelchromosomen). Auffallend hoch ist ferner der von FRIEBEL 
(1933) fUr gewisse abnorme Sporenmutterzellen von Polybotrya cervina 
gefundene Wert (bis iiber 600 Chromosomen). Zahlen urn 100 herum 
und dariiber sind bei den Angiospermen Ausnahmen; im iibrigen sind 
diese Grossenordnung sowie dariiber liegende Zahlenwerte nur fiir gewisse 
Flagellaten und andere Protisten angegeben. - Bemerkenswert ist, dass 
in der Familie der Polypodiaceen die Zahl n=32 bei verschiedenen 
Gattungen wiederkehrt (z.B. Cystopteris tragilis, Adiantum capillus-Ve
neris, Phyllitis Scolopendrium, Pteridium aquilinum und Pteris
Arten). - Soweit bisher bekannt ist, konnen die Arten einer Gattung 
entweder die gleiche Zahl besitzen (Marsilia) oder aber erhebliche Un
terschiede aufweisen (z.B. in der Gattung Salvinia (niedrigste Zahl 
n = 4, hochste n = 32) und bei Selaginella (niedrigste Zahl n = 8, hochste 

') Bei den hier angegebenen Zahlen, soweit nichts anderes verrnerkt, handelt es 
sich stets urn die Haploidzahl, z.T. nicht urn direkt gefundene Werte, sondern urn 
so1che, die sich aus der von den Autoren angegebenen Diploidzahl errechnen lassen. 

2) Flora 100,1910. 
3) Beih. Bot. Centralbl. 27, 1. Abtlg., 1911. 
.) Ann. of Bot. 25, 1911. 
') Bot. Mag. Tokyo 35, 1921. 
0) Bot. Gaz. 79, 1925. 
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n = 28), aber auch Varietaten einer Art konnen erhebliche Unterschiede 
in der Chromosomenzahl sowohl gegenuber der N ormalform wie auch unter
einander zeigen. Als Beispiel nenne ich die von FARMER und DIGBY (1907) 
untersuchten Varietaten von Dryopteris Filix-mas und Athyrium Filix
femina, ferner Dryopteris Filix-mas aus der Marburger Gegend (ca. 80 Chro
mosomen, Dopp 1932) und Dryopteris Filix-mas ssp. eu-Filix-mas var. cre
nata und var. Borreri (65 Chromosomen, DE LITARDIERE 1921), ferner 
(ebenfalls bei Marburg gefunden) Dryopteris spinulosa ssp. dilatata (82 Chro
mosomen, Dopp 1932) und D. spinulosa ssp. dilalata var. oblonga (65 Chro
mosomen, DE LITARDIERE 1921), ausserdem die von verschiedenen Stand
orten stammenden, morphologisch aber offen bar durchaus gleichen Pflan
zen von Salvinia natans. Die Erscheinungen der Polyploidie sollen jedoch 
in einem besonderen Abschnitt besprochen werden. 

G r 0 sse n v e r hal t n iss e . Bezuglich der Grossenverhalt-
nisse der Chromosomen (DE LITARDIERE 1921, FRIEBEL 1933) ist zunachst 
zu sagen, dass solche Langen wie bei den Phanerogamen (z.B. bei Trillium 
grandiflorum) niemals erreicht werden. Durch besondere Lange zeichnen 
sich nach DE LITARDIERE die Chromosomen von Ceratopteris thalictroides 
aus (ca. 12fl). - 1m einzelnen ergeben sich Unterschiede nach der Zuge
horigkeit zu Familie, Gattung, Art oder VarietaL Besonders grosse Dimen
sionen hinsichtlich Lange und Dicke finden sich bei Hymenophyllum tun
bridgense und den iibrigen Artender Gattung Hymenophyllum, ferner auch 
bei den Osmundaceen, wahrend andererseits die Chromosomen der Salvz
niaceen, Lycopodiaceen (Fig. 69) und Selaginellaceen 1) recht kleine Gebilde 
sind. Was die Verschiedenheiten zwischen Arten einer Gattung betrifft, 
so sind z.B. die Chromosomen von Hymenophyllum demissum dunner als 
die von Hymenophyllum tunbridgense, und entsprechend diejenigen von 
Adiantum cuneatum feiner als die von A. capillus-Veneris. Der Quer
durchmesser schwankt jedoch nicht nur bei verschiedenen Familien, Gat
tungen oder Arten, sondern auch fUr Varietaten ein und derselben Art. 
Beispielsweise fand DE LITARDIERE die Chromosomen von Phyllitis 5co
lopendrium var. ramo-marginatum dunner als die der Normalform oder der 
Varietat crispum; ferner ergaben sich Langenunterschiede zwischen Pteris 
cretica und der Varietat albo-lineata (Tab. 4) 2). Dariiber hinaus zeigen sich 
aber Unterschiede in Bezug auf Lange und Dicke im gleichen Kern oder in 
der gleichen Platte, wie aus Tab. 4 und Fig. 82 hervorgeht. Ausser den in 
Tab. 4 angegebenen Zahlen scheinen auch Zwischenwerte vorzukommen. 

1) Bei den Lycopodiaceen und Selaginellaceen ergeben sieh Dimensionen von 1-2· 
[l (BARANov 1925. HEITZ 1926). 

2) Bei Material von Salvinia natans von versehiedenen Standorten, das morpho

logiseh keinerlei Untersehiede zeigte. fand DE LITARDIERE (1921, 1928) erhebliehe 
Versehiedenheiten nieht nur beziiglieh der Zahl, sondern aueh der Lange der Cho_ 
mosomen. 
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TAB.4a 
Verschiedene Langen von somatischen Chromosomen in [1. aus der gleichen Platte. 

Nach DE LITARDIERE (1921). 

Pteris cretica . . . . . . . . .. 2,25; 3 
Pteris cretica var. albo-lineata . .. 2,8; 4 
.Yephrolepis exalt ala forma Piersonii 2; 2,5; 4; 4,5; 5,5 
Dryopteris setigera. . 1; 1,5; 2; 2,5; 3; 4 
Dennstaedtia corn uta . 3; 5 
Azalia caroliniana . . 0,5; 1; 5 

TAB.4b 

Dickenmessungen von Chromosomen (in [1.). 

Polypodium aureum Metaphase der hetero- 1-1,6 

Osmunda regalis 

Hymenophyllum 
tunbridgense 

typischen Teilung 
homoeotypische Tlg., 

Beginn der Anaphase 
Meta phase bei 

0,6-1,1 

0,6-1 
Archesporteil ungen 
Anaphasechromosomen 0,7-1 

d. homoeotypischen 
Teilung 

somatische 
:\fetaphase 

1,25-1,5 

} 
FARMER und DIGBY 

1914 ') 

1 
FARMER und DIGBY 

1914 ') 

DE LITARDIERE 1921 

Soweit es sich urn grossere Unterschiede handelt,diirften diese als erblich 
konstant anzusehen sein. Bei geringeren Unterschieden wird jedoch die 
Grenze zwischen einer auf Modifikation beruhenden Variabilitat und erb
licher Bedingtheit schwer oder gar nicht zu ziehen sein. - Vielleicht liegen 
auch bei Psilotum triquetrum verschiedene Chromosomenlangen vor (vgl. 
DE LITARDIERE 1921, S. 344, 345). Bei dem als Bastard aufgefassten Poly
podium Schneideri sind im Ruhekern Chromosomen von verschiedener 
Dicke zu erkennen. DE LITARDIERE nimmt an, dass sich in den Bastard
kernen die Chromosomen der mutmasslichen Eltern (P. vulgare und P. 
aureum) durch ihre Dimensionen unterscheiden. 

C h rom 0 s 0 men for m. - Die in der Aequatorialplatte angeord
neten Chromosomen sind mehr oder weniger lange, entsprechend ihrer 
Insertion fast gerade oder schwach gekriimmte Stabchen (Fig. 24, 34, 76, 78, 
80) oder stark gebogene Gebilde (Fig. 16). Bei zahlreichen Filicinae, be
sonders bei den Polypodiaceen und Cyatheaceen sind die Chromosomen 
lang gestreckt; die ausseren liegen vielfach mit ihrer ganzen Lange in 
der Aequatorialebene, wahrend die zentral gelegenen aufgerichtet sind 
und sich nur mit einem kleinen, oft deutlich umgebogenen Stiick in der 
Aequatorialebene befinden (DE LITARDIERE 1921). Bei Equisetum herr
schen die gleichen Verhaltnisse. Rei Azolla und Salvinia (Fig. 27-33) 
dagegen sind die Chromosomen im Verhaltnis zu ihrer Dicke sehr kurz; 
in der Seitenansicht der Aequatorialplatte erscheinen sie als kleine runde 
oder eifi:irmige Gebilde, da der grossere Teil des Chromosoms in der Aequa
torialebene liegt. Auffallend ist der Unterschied in Grosse und Form zwi-

') Phil. Trans. Roy. Soc. London, Ser. B, 205, 1914. 
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11 
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82 ~ 6'1 

83 84 
FIG. 71-73. Symmetrieverhaltnisse der Nukleolen in jungen Tochterkernen. Fig. 
71. Psilatum triquetrum (Vergr. ca. 600 x). Nach ROSEN (1896); Fig. 72. Pteris ereti
ca. Nach DE LITARDIERE (1921); Fig. 73. Tmesipteris tannensis. Nach YEATES 
(1925). - FIG. 74. Junger Tochterkern von Tmesipteris tannensis mit 6 neug~bil
deten Nukleolen; 2 alte Nukleolen ausserhalb des Kerns. Nach YEATES (1925).-
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sehen Selaginella-Arten (HEITZ 1926). Wahrend bei Selaginella grandis, S. 
Ouvrardii und S. Vogelii in der Metaphase stabehenformige Chromoso
men vorliegen, erseheinen sie bei S. Martensii als kleine kugelige Gebilde. 
HEITZ nimmt an, dass diese dureh Zerfall von ehemals stabehenformigen 
Chromosomen (Querteilung) entstanden sind (vgl. S. 276). 

Die Chromosomen der Anaphase oder frtihen Telophase sind je naeh 
ihrer Insertionsstelle entweder aIle stabehenformig (gerade gestreekt oder 
etwas gekrtimmt) wie bei Pteris cretica und zahlreiehen anderen Poly
podiaceen, oder die Chromosomen sind z.T. V-formig (z.B. Hymenophyl
lum, Pilularia globulifera). 

Dureh Aetherbehandlung konnte FRIEBEL (1933) bei M atteuccia orien
talis statt der Interkinesekerne Kerne mit diakineseartigen Geminis und 
Einzelchromosomen erhalten (Fig. 110). Aueh in den Tetradenkernen 
bekam er naeh Aetherbehandlung Chromosomen, die wie in einer Diakinese 
gestaltet und angeordnet waren (Fig. Ill). 

C h rom 0 s 0 men b au. - Naeh DE LITARDIERE (1921) stellt ein 
Chromosom von Hymenophyllum oder von einer anderen Art mit grossen 
Chromosomen in der Telophase ein Gebilde dar, das nieht mehr homogen 
erseheint wie in der Metaphase, sondern eine Anzahl von "Alveolen" 
im Inneren enthalt. Ueber die Natur derselben kann DE LITARDIERE 
niehts Genaues angeben. - Wahrend YAMANOUCHI (1908) eine einheitliehe 
Chromosomensubstanz annimmt, unterseheidet DE LITARDIERE eine 
"nieht farbbare" Grundsubstanz und eine "farbbare" Substanz, die 
die erstere durehtrankt. - Aehnliehe Abbildungen wie DE LITARDIERE 
gibt SZAKIEN (1927). 

Wie schon frtiher gesagt, halt im Gegensatz zu DE LITARDIERE und 
SZAKIEN Miss DIGBY (1919) die Telophase-Chromosomen von Osmunda 
fUr langsgespalten. leh kann mieh jedoeh dieser Ansieht nieht ansehliessen. 

Einige Abbildungen von DE LITARDIERE und SZAKIEN (Fig. 37, 84) 
lassen auf das Vorhandensein eines Sehraubenfadens (C h rom 0 n e m a) 
und daher auf eine Sehraubenstruktur der Chromosomen sehliessen. Es ist 

FIG. 75. Nukleolen von Tmesipteris tannensis wahrend der Synapsis. Vergr. ca. 
1000 X. Nach YEATES (1925). - FIG. 76. Somatische Aequatorialplatte von Lepto
pteris superb a mit 42 Chromosomen. Nach DE LITARDIERE (1921). - Fig. 77. 
SpiHere Anaphase in Polansicht aus einem Prothallium von Dryopteris remota. 
Ca. 130 Chromosomen. Vergr. ca. 1700 x. Aus Dopp (1932). - FIG. 78, 79. Dryop
teris spinulosa ssp. dilatata. Fig. 78 Prothallium, Aequatorialplatte; 82 Chromoso
men. Vergr. ca. 1700 X ; Fig. 79 Diakinese, ca. 80 Gemini. Vergr. ca. 1700 X . Aus Dopp 
(1932). - FIG. 80. Somatische Aequatorialplatte von Dryopteris Filix-mas ssp. eu
Filix-mas var. crenata. Ca. 130 Chromosomen. Nach DE LITARDIERE (1921). -
FIG. 81. Metaphase der heterotypischen Teilung von Ophioglossum ellipticum mit 
ca. 172 Gemini. Vergr. ca. 700 X. Nach YUASA (1934b). - FIG. 82. Verschieden 
lange Chromosomen aus einer Aequatorialplatte von Dryopteris setigera. N ach DE 
LITARDIERE (1921). - FIG. 83. Chromosomen von Hymenophyllum tunbridgense. 
Nach DE LITARDIERE (1921). - FIG. 84. a. Chromosomen von Osmunda regalis, 
b. von Hymenophyllum tunbridgense. Schraubenstruktur? Nach DE LITARDIERE 
(1921). - FIG. 77-79 Orig., Fig. 76, 80, 91 photogr. Wiedergaben, die iibrigen um
gezeichnet. 
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daher anzunehmen, dass auch die Chromosomen der Farne entsprechend 
dem allgemeinen Schema (GEITLER 1934, HEITZ 1936) gebaut sind. 

Weitere Meinungsverschiedenheiten bestehen hinsichtlich der Angaben 
uber C h rom 0 mer e n. Nach DE LITARDlERE und SZAKIEN sollen 
so1che Angaben auf Beobachtungsfehlern beruhen. Bei einigen Hymeno
phyllum-Arten fand nun aber DE LITARDlERE (1921) haufig Chromosomen 
(Fig. 83), die an die Satellitenchromosomen von hoheren Pflanzen, z.E. 
von Vicia faba 1), sowie einiger Insekten erinnern. Es konnen eine oder 
mehrere achromatische Stellen vorhanden sein. Leider ist jedoch nichts 
daruber angegeben, ob diese Erscheinung konstant und erblich fixiert ist. 
(Da DE LITARDlERE an den achromatischen Stellen eine Art Scheide 
beobachtete, ·nimmt er an, dass jedes Chromosom von einer Hulle um
geben sei.) DE LITARDlERE gibt nun allerdings zu, dass so1che Chromo
somen mit einer oder mehreren achromatischen Stellen zugunsten der 
Auffassung angefiihrt werden konnten, dass das Chromosom aus einer 
Anzahl von Untereinheiten zusammengesetzt ist. - Auf Grund von 
Beobachtungen an Polypodiaceen sowie auf Grund der in der Literatur 
vorliegenden Abbildungen komme ich zu dem Schluss, dass wenigstens 
in den Fallen mit grosseren Chromosomen eine Langsdifferenzierung des 
Leptonema- und Pachynema-Fadens in Chromomeren und zwischen diesen 
liegende Stucke deutlich erkennbar vorhanden ist. 

Die Chromosomenstruktur bei den Lycopodiinae und Equisetinae kennen 
wir noch weniger als die der Filicinae. Untersuchungen uber den Bau der 
Chromosomen sind daher dringend erforderlich. 

Bemerkenswert ist, dass die klein en Chromosomen von Salvinia und 
Azolla in der Telophase keine Ruckbildung erfahren (DE LITARDlERE 1921 ; 
vgl. § 3). - Ueber He t e roc h rom a tin und Chromocentren s. 
§ 2. - G esc hIe c h t s c h rom 0 s 0 men sind bei den Farnen 
bisher noch nicht bekannt geworden. 

§ 7. Kernverschmelzung. - Wichtigste Literatur: ALLEN (1911), 
BELAJEFF (1889, 1897, 1898, 1899), BUCHTIEN (1887), CAMPBELL (1887, 
1888), DRACINSCHI (1930, (1931,1932), FARMER und DlBGY (1907), GUIG
NARD (1889), ROGERS (1927), SCHOTTLA.NDER (1893), SHARP (1912, 1914), 
SHAW (1898 a und b), THOM (1899), YAMANOUCHI (1908 b), YUASA (1932, 
1933 a, b, c, 1934 a, 1935 b). 

G esc hIe c h t s z e 11 e n. - Die S per mat 0 g e n e seder 
Pteridophyten und der B a u der S per mat 0 z 0 ide n sind ofters 
bis in die jungste Zeit hinein genau studiert worden (BELAJEFF, BUCH
TIEN, DRACINSCHI, GUIGNARD, SCHOTTLA.NDER, SHARP, YAMANOUCHI, 
YUASA). Bei den letzten spermatogenen Teilungen tritt ebenso wie bei den 
Moosen und Cycadeen ein centrosomenartiges Korperchen auf (Fig. 85), 

1) HEITZ, Planta 12,1931. 
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tiber dessen Herkunft sich nur Mutmassungen aussern lassen. Das nach 
den Untersuchungen von SHARP (1912, 1914) u.a. hieraus entstehende, 
Hingliche, stark farbbare Gebilde 1) ist nach DRACINSCHI nicht, wie frtiher 
angenommen wurde, der Ursprungsort der Geisseln, dient also nicht als 
Blepharoplast, sondern es stellt (nach DRACINSCHI) ein Chondriosom dar. 
Die Spermatozoiden der Pteridophyten mit Ausnahme von Lycopodium und 
Selaginella unterscheiden sich von denjenigen der Moose ausser durch den 
Besitz zahlreicher Geisseln durch eine mehr oder weniger hohe Zahl schrau
biger Umdrehungen ihres Kernes (Abb. 86-90). Der Kern besitzt keinen 
Nukleolus. Die Kernsubstanz farbt sich sehr stark und wurde frtiher als 
homogen angegeben, jedoch konnte DRACINSCHI an gefarbten, aber auch 
an lebendem Material Chromatingranula (Chromomeren?) feststellen (Abb. 
90), ebenso YUASA an gefarbten Praparaten. Der Kern der E i z e 11 e 
erscheint etwas abgeplattet oder auch eingedrtickt (vgl. die Mitose in 
Abb. 91 I), im tibrigen aber von regelmassiger abgerundeter Form und 
befindet sich im Ruhezustand. Die von THOM abgebildeten, stark ge
lappten Eikerne sind entweder keine normalen Kerne mehr, oder es liegt 
ein Fixierungsfehler vor. - Vgl. Kap. VII (Cytology). 

Der Be f r u c h tun g s v 0 r g a n gist hauptsachlich bei den Poly
podiaceen untersucht worden. Das Spermatozoid dringt, mit seinem Vor
derende voran, in die Eizelle ein. Dabei bleiben samtliche Teile ausser 
dem Kern im Cytoplasma zurtick. Nach SHAW (1898) und YAMANOU
CHI (1908 b) dringt bei Onoclea sensibilis bezw. Dryopteris dentata der 
mannliche Kern ohne Form- und Strukturanderung 2) in den Eikern ein, 
was in den meisten Fallen zutreffen dtirfte. Dort wird dann die Kern
substanz allmahlich aufgelockert, bis kein Unterschied mehr zwischen 
dem Chromatin des Eikerns und dem des Spermatozoids vorhanden 
ist (Fig. 94). Einige neue Nukleolen treten auf. Nach CAMPBELL (1888) 
erfolgt aber bei Pilularia, ebenso nach ROGERS (1927) bei Lygodium 
palmatum vor dem Eindringen des Spermatozoids in den Eikern an der 
Wand desselben eine erhebliche Gestaltsveranderung, indem der Kern sich 
abrundet (Fig. 92, 95). - Beobachtungen von ROGERS u.a. tiber Poly
spermie lassen nicht ausgeschlossen erscheinen, dass gelegentlich Ver
schmelzung des Eikerns mit mehr als einem mannlichen Kern eintritt, 
womit vielleicht eine Moglichkeit zur Entstehung polyploider Formen 
gegeben ist. - Als Ausnahmefall sei ferner die einmal beobachtete 
Verschmelzung zwischen Bauchkanalzelle und mannlicher Geschlechtszelle 
erwahnt (bei Selaginella apus (LYON 1904)) 3). 

') Von DRACINSCHI als "Randsaum", von YUASA als "border-brim" bezeichnet. 
2) Das gleiche gilt nach LAWTON (1932) fiir Woodwardia virginica; die Autorin 

bildet in einer ;Wikrophotographie einen mannlichen, schraubig gewundenen Kern 

(es handelt sich dabei iibrigens urn diploide Geschlechtszellen) innerhalb eines 

Eikerns ab. 

3) Bot. Gaz. 37, 1904. 
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Fiir einige Farne ist behauptet worden, dass der normale Befruchtungs
vorgang nicht mehr vorhanden sei, dafUr aber an einer anderen Stelle 
eine Verschmelzung von Kernen in Betracht kame. FARMER und DIGBY 
(1907) fanden bei Dryopteris Filix-mas var. pseudo-mas var. polydactyla 
Wills., dass die Prothallien keine Archegonien erzeugen, dass aber die Kerne 
benachbarter Prothallienzellen sowohl auf dem mehrschichtigen Teil wie 
in den Fliigeln miteinander verschmelzen ki:innen, nachdem der eine Kern 
durch eine hierfiir an der Wand gebildete Oeffnung in die Nachbarzelle 
eingewandert ist (Fig. 96 a, c). Aehnliche Verhaltnisse beobachteten sie bei 
Dryopteris Filix-mas var. pseudo-mas var. polydactyla Dadds (Fig. 96 b). 
Die Embryonen bildeten sich aus dem Prothalliumgewebe heraus, und 
zwar vermuten FARMER und DIGBY, dass die Keimpflanzen ihren Ursprung 
nehmen aus den in der geschilderten Weise diploid gewordenen Prothal
liumzellen. Direkt beobachtet haben sie dies jedoch nicht, sondern sie 
vermuten es lediglich auf Grund ihrer Chromosomenzahlungen. Der 
Wechsel der Chromosomenzahl wurde demnach trotz des Fehlens der 
Archegonien der gleiche sein wie bei einem normalen Farn. 

Diesen Modus verglichen die Autoren mit dem "BLACKMANschen Ty
pus" bei den Uredineen und bezeichneten ihn als Pseudo-Apogamie. 
STEPHENS und SYKES (1910) 1) haben in Prothallien von Pteris Droog
mantiana Zellen mit zwei Kernen gefunden, die miteinander verschmelzen 
ki:innen. Die Zweikernigkeit solI hier so zustande kommen, dass die Wand
bildung bei der Kernteilung unterbleibt. Ob die auf diese Weise diploid 
gewordenen Zellen nun einen diploiden Sporophyten liefern, geben die 
Autoren nicht an. Abgesehen von diesem Befund und abgesehen von den von 
HAYES (1924), ]UNG (1927)2) und FRIEBEL (1933) beobachteten zweikerni-

FIG. 85. Equisetum arvense, Spermatozoidentwicklung. a. letzte spermatogene Tei
lung mit Blepharoplast, b-d. Entwicklung einer spermatogenen Zelle zum Sperma
tozoid; Umgestaltung des Kerns und des Blepharoplasten. Vergr. ca. 1400 X. 
Nach SHARP (1912) aus SHARP-}ARETZKY (1931). - FIG. 86-90. Spermatozoiden. 
FIG. 86. Equisetum arvense. Vergr. ca. 1400 X. Nach SHARP (1912). Fig. 87. Isoetes 
japonica. Vergr. ca. 1100 x. Nach YUASA (1933c). Fig. 88. Marsilia quadrifolia. 
Vergr. ca. 1000 X. Nach SHARP (1914). Fig. 89. Selaginella involvens. Vergr. ca. 
2200 X. Nach YUASA (1933c). Fig. 90. Isoetes lacustre, nach lebendem Material. Bei 
K Kernstruktur sichtbar. Vergr. ca. 1650 X. Nach DRACINSCHI (1932). - FIG. 91. 
Kernspindel mit Eikern (unten) und Bauchkanalkern von Dryopteris dentata. Nach 
YAMANOUCHI (1908b). - FIG. 92. Archegon von Pilularia globulifera. c! Kern (der 
kleinere!) dicht am Eikern. Vergr. ca. 220 X. Nach CAMPBELL (1888). - FIG. 93. 
c! Kern im Eikern von Onoclea sensibilis, 14 Stunden nach Wasserung der Kultur. 
Vergr. ca. 900 X . N ach SHAW (1898a). - FIG. 94 a-c. Verschiedene Stadien der Auf
loekerungdes c! Kerns im Eikern von Dryopteris dentata. Naeh Y AMANOUCHI 1908 b.
FIG. 95. Lygodium palmatum. c! Kern, abgerundet, am Eikern. Chromatin des 
Eikerns in der Nahe des Spermakerns dieht angehauft. N aeh ROGERS (1927).
FIG. 96 a, c. Dryopteris Filix-mas var. pseudo-mas var. polydactyla Wills. b var. 
polydactyla Dadds. Erklarungim Text. Nach FARMER und DIGBY 1907. - FIG. 87, 
89-93 umgezeichnet, die iibrigen photogr. Wiedergabe. 

1) Ann. of Bot. 24, 1910. 

') Diss. Marburg 1927. 
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gen Prothalliumzellen sind die Angaben von FARMER und DIGBY noeh nieht 
bestatigt und aueh noeh keine ahnliehen Vorgange beobaehtet worden, 
obgleieh Prothallien apogamer oder apogam erseheinender Farne wieder
holt untersueht worden sind. Ieh selbst habe in zahlreiehen untersuehten 
Fallen keinerlei Anzeiehen fUr eine Versehmelzung vegetativer Prothal
liumkerne finden konnen. Dass FARMER und DIGBY die Entstehung von 
Embryonen aus den diploid gewordenen Zellen nieht direkt beobaehtet 
haben, wurde schon betont. 1m tibrigen ware zu sagen, dass manehe ihrer 
diesbeziigliehen Abbildungen wenig beweisend sind, wahrend andere den 
Eindruek erweeken, als ob aueh Restitutionskerne vorliegen konnten. 
Aueh ware zu erwagen, ob nieht z.T. Artefakte, dureh die Praparather
stellung bedingt, in Frage kommen diirften. Es muss daher eine Naeh
priifung dieser Verhaltnisse vorgenommen werden. - Eine ganz andere 
Mogliehkeit zur Erreiehung des diploiden Zustandes wird von R. F. ALLEN 
(1911) fUr Polystichum falcatum angegeben. Die Sporophyten entwiekeln 
sieh apogam an den haploiden Prothallien und sind selbst aueh haploid. 
Erst in den Sporangien erfolgt naeh R. F. ALLEN ein Sexualvorgang, indem 
die 16 Zellen des sporogenen Zellkomplexes sieh paarweise unter Kernver
sehmelzung zu 8 Zellen vereinigen, die naeh Reduktionsteilung die Sporen 
liefern. Naeh den Erfahrungen FRIEBELS (1933), der bei Sporenmutter
zellen von Polybotrya cervina eine Plasmaversehmelzung und dar auf er
folgende Fusion der Teilungsspindeln beobaehtete, sind von vornherein 
solche Versehmelzungsvorgange bei Sporenmutterzellen nieht ausgesehlos
sen; esist jedoeh zu untersuehen, ob nieht aueh hier ebenso wie bei Dry
opteris hirtipes (STEIL 1919) und D. remota sowie Dryopteris Filix
mas. var. cristata (Dopp 1932, 1933) Restitutionskernbildung vorliegt. 
Aueh Miss STEIL (1915) hatte ja urspriinglieh angenommen, dass in den 
Sporangien von D. hirtipes Zell-und Kernversehmelzung entspreehend den 
Angaben ALLENS stattfande; sie kam jedoeh in ihrer spateren Arbeit zu 
anderen Ergebnissen (§ 8). 

§ 8. Abweichungen vom normalen Kernteilungsmodus. -
Wiehtigste Literatur: BARTOO (1929), Dopp (1932,1933), FRIE
BEL (1933), GRAUSTEIN (1930), HANNIG (1911). - Abweiehungen gegen
tiber dem normalen Verhalten bei der gewohnliehen Mitose sowie bei 
den Reifeteilungen sind bei den Pteridophyten, besonders bei den Poly
podiaceen, sehr haufig, teils als fUr die Sporenbildung wesentliehe Er
seheinung im Sporangium bestimmter Arten oder Varietaten (Dryopteris 
hirtipes u.a.; vgl. unten), bei anderen Arten als Ausnahmefall oder aueh 
als haufigere Abnormitat wahrend der Reifeteilungen bei sonst normalen 
Verhalten, oder sehliesslieh als regelmassig auftretender Vorgang an 
solchen Stellen, denen fUr die Fortpflanzung keinerlei Bedeutung zu
kommt (z.B. in der Tapete). In versehiedenen Fallen ist eine experimentelle 
Beeinflussung der gewohnliehen und der allotypisehen Mitosen gelungen. 



W. DOPP, KARYOLOGIE 269 

Eine wichtige Rolle spielt die Res tit uti 0 n s k ern b i 1 dun g, 
die bei bestimmten, apogamen 1) Vertretern im sporogenen Gewebe auf 
dem 8-Zellstadium auftritt. Zunachst von STEIL (1919) bei Dryopteris 
hirtipes untersucht, wurde sie naher analysiert von Dopp (1932) bei Dryo
pteris remota und ausserdem bei Dryopteris Filix-mas var. crist. hort. fest
gestellt (Dopp 1933). Sie tritt ferner nach meinen Beobachtungen noch bei 
einer ganzen Anzahl anderer apogamer Polypodiaceen auf. Wahrend die 
Mitose im 8-zelligen Archespor (als Chromosomenzahl sei 2n angenommen) 
auf dem Stadium der Prophase und der Metaphase noch ein durchaus 
normales Aussehen besitzt, zeigen in der darauffolgenden Anaphase die 
Chromosomen ein abweichendes Verhalten. Die Spalthalften wandern 
nicht nach den Spindelpolen auseinander, sondern bleiben im allgemeinen 
paarweise in paralleler Anordnung nebeneinander liegen und bilden einen 
oft sehr unregelmassig gestalteten Knauel, aus dem nur ein einziger Kern 
mit 4 n Chromosomen hervorgeht (Fig. 97, 98). Es entstehen auf diese 
Weise Kerne von meistens sehr abweichender Gestalt (Fig. 98). Sehr haufig 
sind Hantel- und Nierenform. Zusammen mit dies em Vorgang erfolgt "un
vollstandige Zellteilung" mit nur stellenweise ausgebildeten Wanden (Fig. 
98). Die Restitutionskerne in den 8 nunmehr als Sporenmutterzellen auf
zufassenden Archesporzellen verhalten sich wie die SporenmutterzelIkerne 
bei normalen Arten; die einzelnen Stadien der Reduktionsteilung sowie 
die zweite Reifeteilung werden in der gewohnlichen Weise durchlaufen, 
sod ass die Sporen wiederum 2 n Chromosomen enthalten. Bei der apo
gamen Entstehung des Sporophyten aus dem Gametophyten findet da
gegen keine Aenderung in der Chromosomenzahl statt. Es hat sich bei 
einigen der genannten Arten gezeigt - das gleiche gilt sicherlich auch in 
anderen Fallen - dass die Restitutionskernbildung von entscheidender 
Bedeutung fiir die Erzeugung keimfahiger Sporen ist; denn solche Spo
rangien von 'Dryopteris remota z.B., die anstelle der Restitutionskern
bildung eine gew6hnliche Teilung ausfiihren, wobei 16 Sporen mutterzellen2) 

entstehen, liefern nur sterile Sporen. - Es ist aus verschiedenen Grunden 
sehr wahrscheinlich, dass die Konjugationspartner im Zygotan-, Pachy
tan- und Diakinese-Stadium die beiden vorher gebildeten Tochterchro
mosomen darstellen, die ja nicht auf zwei Kerne verteilt wurden, sondern 
in den gleichen Kern, namlich den Restitutionskern, hineingelangen. 
Findet anstelle der Restitutionskernbildung die Teilung in der gewohn
lichen Weise statt, so erfolgt so gut wie keine Geminibildung. - Wahrend 
der Entwicklung zur Diakinese nimmt der Kern ubrigens wieder normale 
Gestalt an, und die unvollstandigen Wandstucke verschwinden. 

Restitutionskernbildung verbunden mit unvollstandiger Zellteilung 
kann ferner stattfinden bei der 1. oder 2. Reifeteilung (Fig. 100, 103); sie 

') Ich benutze die Terminologie von WINKLER (1908). 
2) Dies ist bei geschlechtlichen Formen die Normalzahl. 
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dtirfte hierbei Anlass geben zur Entstehung von in Form und Chromo
somenzahl abweichenden Sporen, die in Triaden oder Dyaden angeordnet 
sind. So1che abweichenden Teilungen und Sporentypen sind bei den ge
nannten apogamen Formen und bei der apogamen Selaginella rupestris 
(GRAUSTEIN 1930; Fig. 113), bei gewissen Varietaten (Fig. 100), aber 
auch bei vermutlichen Bastarden (Polyp odium Schneideri (FARMER und 
DIGBY 1910) und Polybotrya cervina (FRIEBEL 1933)) und sogar bei ge
wohnlichen Arten mit normaler geschlechtlicher Fortpflanzung (Poly
podium vulgare (FARMER und DIGBY 1910), Aneimia Phyllitidis (Fig. 112 b, 
c) und Onoclea sensibilis (FRIEBEL (1933)) anzutreffen. Die in seltenen 
Fallen vorhandenen grossen kugeligen Sporen, die in Einzahl aus einer 
Sporenmutterzelle entstehen, sind wohl z.T. auch hierher zu rechnen; 
andererseits konnten sie auch durch Kernteilung ohne Wandbildung ent
standen sein. 

Sehr unregelmassige Teilungsvorgange beobachtete STEIL (1935) in 
der Tapete von Botrychium virginianum und Ophioglossum vulgatum. 
Hier entstehen durch wiederholte Restitutionskernbildung grosse, poly
ploide Kerne von abweichender Form (Fig. 101). 

Restitutionskernbildung lasst sich auch experiment ell durch Anwendung 
geeeigneter Methoden erzielen und zwar durch Kalte (Dopp, noch un
veroffentlich; vg1. § 9 und Fig. 120) sowie durch Einwirkung von Chlo
roform und Rontgenstrahlen auf Sporangien (Fig. 115, 116). 

Eine weitere Abweichung besteht in der Bildung von K ern en mit 
g e r i n g ere r C h rom 0 s 0 men z a h 1. Bei Dryopteris remota 
undD. Filix-mas var. crist. hort. kann anstelle der Restitutionskernbildung 
eine Teilung in Tochteikerne und -zellen (Sporenmutterzellen) erfolgen, 
die aber von einer gewohnlichen Mitose sehr stark abweicht. Es erfolgt 
wohl eine Trennung der Chromosomen in zwei Gruppen; dabei wand ern 
aber die Spalthalften eines Chromosoms nicht zu den beiden Polen hin 
auseinander, sondern sie gelangen beide in den gleichen Kern. Die Ver
teilung geschieht ganz unregelmassig, sodass der eine Tochterkern dabei 
fast stets mehr Chromosomen erhalt und daher grosser ist als der andere 
(Fig. 99). Beispielsweise entstehen bei Dryopteris remota aus einer der 
8 Archesporzellen zwei Sporenmutterzellen mit 2 X 50 und 2 X 80 Chromo
somen anstatt einer Sporenmutterzelle mit 2 X 130 Chromosomen. Haufig 
degeneriert der kleinere Kern und die klein ere Zelle (Fig. 99 rechts); in 
vielen Fallen erfolgt dagegen durchaus normale Reduktionsteilung und 
Sporenbildung. Die so gebildeten Sporen scheinen nach meinen Beobach
tungen auch keimfahig zu sein, jedoch ist sicheres noch nicht festgestellt. 
Ebenso wie bei der Restitutionskernbildung konjugieren offen bar die 
vorher gebildeten Spalthalften eines jeden Chromosoms paarweise mit
einander. Trennen sich nur wenige Chromo so men von der Hauptmasse ab, 
so entsteht ein Zwergkern, der aber, ohne dass er durch eine Wand ab
getrennt wtirde, resorbiert wird. In diesem Fall entsteht nur e i n e Spo-
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renmutterzelle, die naturlich eine geringere Chromosomenzah1 haben muss. 
A b t r en nun g von C h rom 0 s 0 men von der Hauptmasse 

sowie a1s haufige Fo1geerscheinung Bi1dung von Z w erg k ern en, oft 
in grosser Zah1, kann ferner eintreten wahrend der 1. und 2. Reifetei1ung 
und zwar s p 0 n tan (Fig. 100, 102) wie auch (FRIEBEL 1933) nach ex
per i men tell e r Bee in flu s sun g (Fig. 108, 114-117). Der erste 
Fall ist verwirk1icht bei apogamen Farnen w'e auch bei solchen, die als 
Bastarde angesprochen werden (Polypodium Schneideri, FARMER und 
DIGBY 1910; Fig. 102), aber sch1iess1ich auch bei gewissen Varietaten 
(Fig. 100) und ganz norma1en Formen (Polyp odium vulgare, FARMER und 
DIGBY 1910). Nach Einwirkung von Narkotika und Behand1ung mit 
Rontgenstrah1en entstandene Zwergkerne zeigen die Fig. 108 (Sporen von 
M atteuccia orientalis, nach Atherbehandlung entstanden (FRIEBEL 1933)) 
und 114 (Sporen von Dryopteris spinulosa, nach Einwirkung von Rontgen-
strahlen entstanden; Orig. ). . 

Auf Kerntei1ung ohne Wandbildung bei der Sporogenese sind die in 
Fig. 109 und 112 dargestellten me h r k ern i g enS p 0 r e n zuruck
zufiihren. Diese Mehrkernigkeit kann nach FRIEBELS Untersuchungen 
(1933) spontan (Fig. 112 a A neimia Phyllitidis; Fig. 112 d Onoclea 
s ensibilis) wie a uch nach Aether behand1ung (Fig. 109, Riesensporen von 
M attcuccia orientalis) auftreten. 

Es konnen also in verschiedener Weise h e t e r 0 p 1 0 ide Sporen 
entstehen. FRIEBEL hat aus solchen von Aneimia Phyllitidis und Onoclea 
sensibilis abnorme Prothallien erhalten; diese 1ieferten Sporophyten, die 
von normalen Pflanzchen wesentlich verschieden waren (§ 9). Sonst wissen 
wir bisher uber die Keimung dieser Sporen leider so gut wie nichts. lch 
glaube aber, trotzdem sagen zu konnen, dass die bei den Polypodiaceae 
haufig gegebene Mog1ichkeit der Entstehung polyp10ider sowie aneu
p10ider Sporen wahrend der Reifetei1ungen sicher1ich von grosser gene
tischer Bedeutung ist. 

An weiteren Abweichungen, die in Sporangien vorkommen konnen, 
waren u.a. zu nennen: 

1. Bi1dung von Sporenmutterzellen bei Polypodiaceae schon nach dem 3. 
Tei1ungsschritt (nor maIer weise erfo1gt diese erst nach dem 4.). Beispiel: 
Polybotrya cervina nach FRIEBEL (1933). 

2. Das Vorkommen verschiedener Kerntei1ungsphasen in den Sporen
mutterzellen des gleichen Sporangiums, wahrend sonst die Sporenmutter
zellen sich genau auf dem gleichen Stadium befinden. Bei apogamen For
men (eigene Beobachtung) sowie bei Polybotrya cervina (FRIEBEL 1933). 

3. Kerntei1ung ohne Wandbi1dung im Archespor fiihrt zur Bi1dung 
grosser vielkerniger Sporenmutterzellen (BARTOO 1929; Schizaea rupestris). 

4. Verschmelzung der P1asmen der sporogenen Zellen, besonders haufig 
vom 1. - 3. Tei1ungsschritt, beobachtet von FRIEBEL (1933) bei Polybotrya 
cervina (spontan) sowie bei Matteuccia orientalis nach Atherbehandlung 



272 W. DOPP, KARYOLOGIE 

97 

FIG. 97. Restitutionskernbildung bei D. remota . Vergr. ca . 1650 x . 
Aus Dopp (1932). - FIG. 98. Sporenmutterzelle mit Restitutions
kern und unvollstandigen Wandstiicken von Il. remota. Vergr. ca. 
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(Fig. 106). Die Zahl der Kerne in einem gemeinsamen Plasma kann ver
schieden sein; im Hochstfall sind es 16. 

5. Bei Polybotrya konnen nach FRIEBEL (1933) die in ein gemeinsames 
Plasma eingeschlossenen Kerne wahrend der Teilungsstadien miteinander 
verschmelzen; es entstehen dabei also Verschmelzungsprodukte von 2-16 
Sporenmutterzellkernen. Auf diese Weise konnen Diakinesekerne mit 600 
und mehr (uni- und bivalent en) Chromosomen entstehen. Nach der 1. 
Reifeteilung wurden Ruhekerne gebildet, die keine Weiterentwicklung 
mehr erfuhren. Vielleicht ist auch der grosse Kern der in Fig. 107 b ab
gebildeten Sporenmutterzelle von M atteucia Struthiopteris,die nach KNOa-
Injection allein in einem Sporangium auftrat, auf eine solche Ver
schmelzung zuruckzufiihren (Fig. 107a zeigt normale Sporenmutterzel
len zum Vergleich). 

6. N i c h t P a a run g von Chromosomen (Fig. 105) wurde beobachtet 
bei PolypodiumSchneideri = P. aureum X P. vulgare var. elegantissimum 
(FARMER und DIGBY 1910), bei Dryopteris remota = D. Filix-mas X D. 
spinulosa (Dopp 1932) und zwar nur in denjenigen Sporenmutterzell
kernen, die nicht durch Restitutionskernbildung, sondern durch eine 
gewohnliche Teilung in 16-Zahl im Sporangium entstanden sind, bei A. 
germanicum=A. Trichomanes X septentrionale (Dopp, noch nicht veroffent
licht) und schliesslich bei Polybotrya cervina (FRIEBEL 1933). Es handelt 
sich dabei also urn Formen, die auf Grund ihrer morphologischen Eigen
schaften mit mehr oder weniger grosser Wahrscheinlichkeit als Bastarde 

500 x. Aus Dopp (1932). - FIG. 99. Je zwei durch unregelmassige Teilung ent
standene, ungleich grosse Sporenmutterzellen von D. remota. Rechts Degeneration 
des Kerns der kleineren Zelie. Vergr. ca. 500 x. Aus Dopp (1932). - Fig. 100. Sporen
mutterzelle von Polypodium vulgare var. elegantissimum mit Restitutionskern 
(Restitutionskernbildung ist an stelle der heterotypischen Teilung erfolgt). 1m 
Cytoplasm a Chromatin. Vergr. ca. 1200 X. Nach FARMER u. DIGBY (1910). -
FIG. 101. Restitutionskern aus der Tapete von Botrychium virginianum. Nach 
STEIL (1935). - FIG. 102. Homoeotypische Teilung von Polypodium Schneideri 
mit vereinzelt bleibenden Chromosomen und Chromatin im Cytoplasma. Vergr. 
ca. 1200 X. Nach FARMER und DIGBY (1910). - FIG. 103. Junge Sporen von 
Dryopteris hirtipes. Rechts an stelle zweier Kerne ein Restitutionskern. Vergr. ca. 
1150 X . N ach STEIL (1919). - FIG. 104. Dryopteris hirtipes. Zwei Teilungen in einer 
Sporenmutterzelie, die offen bar zur Bildung von 5 Sporen fiihren werden. Vergr. 
ca. 1150 X. Nach STEIL (1919). - FIG. 105. Polypodium Schneideri. Heteroty
pische Spindel. Bivalente und univalente (die kleineren!) Chromosomen. Vergr. ca. 
1200. Nach FARMER und DIGBY (1910). -FIG. 106-112. Abnormitaten in Sporan
gien. Nach FRIEBEL (1933). Erklarung im Text. 106 Vergr. ca. 250 x, 107 Vergr. 
ca. 200 x, 108 Vergr. ca. 600 x, 109 Vergr. ca. 250 x, 110 Vergr. ca. 600 x, 
111 Vergr. ca. 600 x, 112 a-c Vergr. ca. 120 X, 112 d Vergr. ca. 300 x. -
FIG. 113. Makrosporendyade von Selaginella rupestris. Nach GRAUSTEIN 1930. -
FIG. 114-117. A bnormitaten nach Behandlung mit Rontgenstrahlen (114, 115, 
117) und Chloroform (116). Vergr. ca. 1350 x. 114 Schnitt durch Tetrade (nur 2 
Sporen getroffen) mit zahlreichen Kleinkernen ausser den beiden grossen Kernen. 
115 Dyade mit Restitutionskernen und einigen klein en Kernen. 116. Anstelle 
der heterotypischen Teilung ist Restitutionskernbildung erfolgt. 117. Mehrere 
isolierte Chromosomengruppen (Telophase der heterotypischen Teilung). 97-99, 
114-117 Orig., 102-105 photogr. Wiedergaben, die iibrigen Fig. umgezeichnet. 

Manual of pteridology 18 
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angesehen werden. Das Auftreten von Asyndese wiirde fUr den Hybriden
charakter der betreffenden Pflanzen sprechen. Stets kommen jedoch in 
den Diakinesekernen univalente Chromosomen nicht ausschliesslich vor, 
sondern mit bivalenten zusammen. Auffallig ist die zusammen mit der 
Asyndese auftretende Sterilitat der Sporen; von den genannten Formen 
werden namlich Polypodium Schneideri, Asplenium germanicum und 
Polybotrya als steril angegeben. Bei Dryopteris remota sind die aus den 
Asyndese zeigenden Sporenmutterzellen entstandenen Sporen vollkom
men steril, wahrend die nach Restitutionskernbildung auftretenden Spo
ren gute Keimfahigkeit zeigen. 

7. Drei- und mehrpolige Spindeln. Beispiel: Tetraploide Gartenrasse von 
Psilotum triquetrum (OKABE 1929) in der Metaphase der ersten Reife
teilung; Spindeln mit drei und mehr Polen von STEIL (1935) in der Tapete 
eusporangiater Farne (Botrychium, Ophioglossum) beobachtet. 

8. Bildung von mehr als 4 Sporen aus einer Sporenmutterzelle (STEIL 
1919, OKABE 1929, FRIEBEL 1933). (Das Vorkommen von Dyaden oder 
Triaden ist schon friiher erwahnt.) Vgl. Fig. 104. 

9. Bei Botrychium und Ophioglossum entstehen nach STEIL (1935) in der 
Tapete 2- u'nd 4-kernige Zellen infolge einer nicht geniigenden Entwick
lung der Spindel oder einer Auflosung derselben oder der schon gebildeten 
Zellplatte. 

10. Die verschiedentlich fiir die Tapete angegebene "Amitose" (Helmin
thostachys zeylanica, BEER 1906; Equisetum, HANNIG 1911) diirfte wohl in 
vielen Fallen in Wirklichkeit Restitutionskernbildung sein (vgl. STEIL 
1935) . 

Aus dem Gesagten geht hervor, dass einige als Artbastarde angesehene 
Farne besondere cytologische Verhaltnisse zeigen (vgl. auch GRAUSTElN 
1930). Da jedoch cytologische Untersuchungen an kiinstlich erzeugten 
Artbastarden noch nicht vorgenommen worden sind, einfach aus dem 
Grunde, weil solche Bastarde bisher kaum hergestellt, geschweige denn 
bis zur Bildung von Sporangien gebracht werden konnten, so lasst sich 
sicheres iiber die infolge von Bastardierung auftretenden cytologischen 
Veranderungen nicht aussagen; ausserdem ist ja auch zu bedenken, dass 
zahlreiche der genannten Abweichungen bei Nichtbastarden vorkommen. 

Einer Nachpriifung bediirfen die Angaben von GRAUSTEIN (1930) iiber 
Selaginella ("the contents of the nucleus pass out into the cytoplasm"; 
"the nucleus is divided without chromosome formation". 

Ausserhalb der Sporangien schein en Abweichungen seltener zu sein. 
Es seien an dieser Stelle genannt die von J UNG (1927) 1) in Prothallien von 
Polystichum Braunii beobachteten Zellen mit Doppelkernen (es handelt 
sich dabei offenbar urn Kernteilung ohne Wandbildung; diese Prothallien 
trugen iibrigens z.T. Spaltoffnungen!) und die 2-kernigen Zellen in gewissen 

') Diss. Marburg 1927. 
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(vermutlich heteroploiden) Prothallien von Onoclea sensibilis (FRIEBEL 
1933). 1m iibrigen vgl. noch das auf S. 243 u. 24~ Gesagte. 

§ 9. Polyploidie und Aneuploidie. - Wichtigste Literatur: Dopp 
(1932), FARMER U. DIGBY (1907), FRIEBEL (1933), HEILBRONN (1928, 
1932, 1933). LAWTON (1932), MANTON (1932), OKABE (1929). - Die Unter
suchungen der letzten Jahrzehnte 1) haben gezeigt, dass Polyploidie unter 
den Angiospermen in der Natur eine verbreitete Erscheinung ist. Auch bei 
den Pteridophyten ist sie anzutreffen. Ausserdem ist es bei letzteren in 
mehreren Fallen gegliickt, Polyploidie experiment ell hervorzurufen. Sie 
tritt naturgemass sowohl im Gametophyten wie im Sporophyten in Er
scheinung. 

TAB. 5 2) (Cf. unten) 

Pteris cretica 

var. Ouvrardii 
Pteris tremula 

Polypodium aureum 

M arsilia quadrifolia 

;11 arsilia Drummondii 

5 alvinia natans 

Salvinia auriculata 

H aploidzahl 
ca. 30 
ca. 60 

32 
60-65 

ca. 95 
16 

34-36 

76 

16 

50-70 
irn Garnetophyten 
und Sporophyten 

32 
ca. 105 

4 
8 
8 

ca. 15 
ca. 24 

15 
32 

Psilotum triquetrum 52 
, Varietat 104 

Equisetum arvense ca. 14-15 
ca. 29 
ca. 115 

Equisetum limosum 12 
ca. 45-50 

DE LITARDIERE 1921 
DE LITARDIERE 1921 

GREGORY 1904 
CALKINS 1897 
DE LITARDIERE 1921 
HEILBRONN 1928 

{ FARMER und DIGBY 1910, DE LI
TARDIERE 1921 

FRIEBEL 1933 

{ STRASBURGER 1907, DE LITAR
DIERE 1921 
GUSTAFSON 1935/36 3 ) 

STRASBURGER 1907 

GUSTAFSON 1935/36 3) 

ARNOLDI 1910 
KUNDT 1911, YASUI 1911 
DE LITARDIERE 1928 
HEITZ 1926 
DE LITARDIERE 1921 
HEITZ 1926 
DE LITARDIERE 1921 
OKABE 1929 u.a. 
OKABE 1929 
LENOIR 1926 
LENOIR 1922 
BEER 1913 

STEINECKE 1932 
V. BOENICKE 1911 

I) Vgl. insbesondere die Zusarnrnenstellung von TISCHLER (Bot. J ahrb. 67, 1934, 

1 ff.). 

2) Die auf S. 235 ff. nicht aufgefiihrten Literaturangaben sind in den Tabulae 

biologicae, Bd. IV, VII u. XI zu finden. 

3) Hereditas 21, 1935/36, S. 56 if. 
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TAB. 6 (Cf. unten) 

Adiantum capillus- Veneris ca. 31 bezw. 32 f DE LITARDIERE 1921, REINHOLD 
\. 1926 

cuneatum ca. 60 DE LITARDIERE 1921 

Polypodium aureum 16,34-36, 76 vgl. Tab. 5 
vulgare ca. 90 FARMER uud DIGBY 1910 

A neimia rotundifolia 38 } P hyllitidis 76 FRIEBEL 1933 
obliqua 76 

Salvinia natans 4,8, 15,24 } Vgl. Tab. 5 
auriculata 15,32 

Selaginella Emmeliana 8 } DENKE 1902 
serpens 8 
Vogelii 8 } Ouvrardii 10-11 HEITZ 1926 
lVl artensi i 26-28 

{ ROSEN 1896 
Psilotum triquetrum 48 GUIGNARD 1898 

OKABE 1909 

Tmesipteris tannensis ca. 100 YEATES 1925 

I soetes echinospora 11 EKSTRAND 1920 
asiatica 11 } TAKAMINE 1921 
japonica ca. 22 
japonica 33 YUASA 1934 

Equisetum arvense ca. 29 LENOIR 1922 
ca. 14-15 LENOIR 1926 

limosum ca. 45-50 v. BOENICKE 1911 
12 STEINECKE 1932 

arvense ca. 115 BEER 1913 

S P 0 n tan auf t ret end e Pol y P 1 0 i die. Die hohen Chro
mosomenzahlen vieler Pteridophyten leg en die Vermutung nahe, dass sie 
polyploiden Charakter haben. Bisher liegen dafUr aber nur wenige sichere 
Anhaltspunkte vor. 

Auf einige FaIle, die - vorausgesetzt, dass die Zahlungen stimmen
durch Vervielfaltigung der urspriinglich vorhandenen Chromosomenzahl 
entstanden sein diirften, hat schon DE LITARDIERE (1921) hingewiesen (Tab. 
5), namlich auf die von Pteris cretica und der Varietat Ouvrardii, die er 
fUr eine tetraploide Rasse von Pteris cretica halt, ferner von Pteris tremula 
und Salvinia natans. Morphologisch verschiedene Rassen von Salvinia 
natans sind allerdings noch nicht beschrieben. In Tab. 5 sind noch einige 
weitere Verschiedenheiten in den Zahlungsergebnissen fUr die gleiche Art 
angegeben. Aehnliche Beziehungen wie die eben genannten liegen viel
leicht auch innerhalb einer Gattung fUr verschiedene Spezies oder gar 
fUr verschiedene Gattungen vor. Die hierfUr in Frage kommenden Arten 
sind mit ihren Chromosomenzahlen in Tab. 6 zusammengestellt 1). Be
ziiglich Selaginella nimmt HEITZ (1926) an, dass bei S. M artensii ein Multi
plum von 8 vorliege, und dass dabei moglicherweise nicht eine Vermeh-

') Vgl. hierzu die Zusammenstellungen bei TISCHLER (1921-22), S. 609 und 611. 
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rung des Genoms, sondern ein Chromosomenzerfall durch Querteilung 
eingetreten sei, da sich S. Martensii im Gegensatz zu den 16-chromoso
migen (2 n = 16) Art en , die lange, stabchenformige Chromosomen be
sitzen, durch sehr kurze, beinahe kugelige Chromosomen auszeichnet. 
Ahnliches vermutet DE LITARDIERE (1928) beztiglich Salvinia natans. 

1m Sporenmaterial eines jeden Farnes finden sich un reg elm ass i g 
g est a 1 t e t e, sowie in der G r 0 sse a b wei c hen deS p 0 r e n. 
Als Ursache kommen gewisse Unregelmassigkeiten bei den Reifeteilungen 
in Betracht (§ 8). Hierin liegt zweifellos eine Moglichkeit zur Gewinnung 
polyploider Formen. FRIEBEL (1933) fand bei Aneimia Phyllitidis (Fig. 
112 a-c) spontan aufgetretene, z.T. 2-kernige Sporen, die ihrer Grosse 
nach sehr wahrscheinlich als polyploid anzusehen sind, wenn er auch 
keine Zahlung vorgenommen hat. Diese Grossporen zeigten bei Ein
zelkultur schnellere Keimung, und die aus ihnen hervorgegangenen Pro
thallien zeichneten sich durch schnelleres Wachstum und grossere Zell
dimensionen aus. An gewissen, offen bar aus 2-kernigen Sporen hervor
gegangenen Prothallien von Onoclea sensibilis wurden in der Nahe der 
Meristembucht 2-kernige Zellen und in den "Fltigeln" grosse, amoboide 
Kerne festgestellt. Auch Sporophyten, die vermutlich polyploid sind, 
wurden erhalten. 

E x per i men tell e r z e u g t e Pol Y P 1 0 i die. Ftir die 
experimentelle Erzeugung von polyploiden Formen bestehen, ebenso 
wie bei den Laubmoosen, 3 Moglichkeiten: 1. Apospore Erzeugung eines 
Gametophyten aus diploiden Zellen des Sporophyten (vegetative Blatt
zellen oder Zellen der Sporangienwand), wobei die entstehenden Pro
thallien diploid sind (FARMER und DIGBY 1907, HEILBRONN 1928, 
1932, LAWTON 1932, MANTON 1932). Bedtirfen die so entstandenen Pro
thallien zur Erzeugung eines Sporophyten der Befruchtung, so entstehen 
auf diese Weise 3n- und 4n-Pflanzen. 2. Beeinflussung der Reifeteilungen in 
der Weise, dass mehrkernige oder einkernige, jedenfalls aber Sporen 
mit hoherer Chromosomenzahl gebildet werden (FRIEBEL 1933). 3. Be
einflussung der Kernteilung in Prothallien (Dopp, noch unveroffentlicht). 

Was die erste Moglichkeit betrifft, so liegen die erst en genaueren cyto
logischen Untersuchungen tiber diploide Prothallien vor von FARMER 
und DIGBY (1907) an Varietaten von Athyrium Filix-femina, die sich durch 
apospore Entstehung der Prothallien, verbunden mit Sterilitat der Spo
rangien, auszeichnen, sowie an Varietaten einiger anderer Farne. Die 
Prothallien besitzen nach den Untersuchungen dieser Autoren die gleiche 
Zahl von Chromosomen wie der Sporophyt. FARMER und DIGBY stellten 
an diesen Prothallien, die gegegentiber denen der Normalform als diploid 
oder annahernd diploid anzusehen sind, an den Kernen derselben und an 
den Spermatozoiden grossere Dimensionen fest als an den gewohnlichen, 
aus Sporen entstehenden Prothallien yon Athyrium Filix-femina, die be
trachtlich weniger Chromosomen besitzen (Tab. 1). Da sich die aposporen 
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Prothallien als apogam oder parthenogenetisch 1) erwiesen, war es nicht 
moglich, polyploide Sporophyten zu erhalten. Dies gelang jedoch HEIL
BRONN (1928) mit Polypodium aureum und danach MANTON (1932) mit 
Osmunda regalis (Fig. 118) und LAWTON (1932) mit Dryopteris marginalis 
und Woodwardia virginica (Fig. 119). Die ebenfalls apospor erzeugten 
Prothallien dieser Farne lieferten nur dann eine Keimpflanze,wenn Befruch

b 

120 
121 

FIG. 118. Osmunda regalis. Aequatorialplatte a. einer 
gewohnlichen Pflanze (44 Chromosomen) ,b. aus einem 
apospor erzeugten Prothallium (44 Chromosomen), 
c. aus einer tetraploid en (88 Chromosomen), d. aus 
einer triploiden Pflanze (66 Chromosomen). Vergr. 
<:a. 500 X. Photogr. Wiedergabe.NachMANTON (1932). 
- FIG. 119. W oodwardia virginica. a. Platte aus einem 
haploiden, b. aus einem apospor entstandenen diploi
den Gametophyten. Umgezeichnet. Nach LAWTON 
(1932). - FIG. 120-121. Dryopteris Filix-mas var. 
crist. hort. (Orig.). 120 a. Kern eines gewohnlichen 
Prothalliums, 120b durch Kaltewirkung erzeugter 
Restitutionskern eines j ungen Prothalliums. Vergr. 
ca. 400 x. 121 a . Platte (Wurzelspitze) einer ge
wohnlichen Pflanze (82 Chromosomen), 121 b. Platte 
(Wurzelspitze) einer durch Kaltewirkung erzeugten 
Pflanze mit doppelter Chromosomenzahl (173 Chr.). 

Vergr. ca. 1250 x. 

tung eingetreten war. Auf 
diese Weise erhielten die 
Autoren 4 n -Sporophy
ten, aus denen durch Aus
legen von PrimarbHittern 
oder Blattstlicken auf ge
eignetes Substrat wieder 
Prothallien gewonnen 
werden konnten, die 
sicherlich - Zahlungen 
sind an ihnen (abgesehen 
von HEILBRONN) aller
dings nicht gemacht wor
den - auch 4 n Chro
mosomen besitzen. Aus
serdem erhielt MANTON 
und allem Anschein nach 
auch LAWTON Sporophy
ten mit dem 3-fachen 
Chromosomensatz. Spo
rophyten von W oodwar
dia virginica, die wahr
scheinlich triploid sind, 
traten in den Versuchen 
von LAWTON als Kreu
zungsergebnis zwischen 
n- und 2 n- Prothallien 
auf. Durch Verschmel
zung von 2 n- mit n-Ga
meten sind sicherlich aueh 

die beiden triploiden Pflanzen von Osmunda regalis entstanden, die Miss 
MANTON anfiihrt, wenn sie auch naheres liber deren Entstehung nicht 
angeben kann. 

Die Tab. 7 gibt einen Ueberblick liber die polyploiden Gametophyten 
und Sporophyten, die HEILBRONN, MANTON und LAWTOC\T erhielten, mit 
den von diesen Autoren festgestellten Chromosomenzahlen . 

1) Vgl. Anm. 1 a.S. 269. 
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TAB. 7 

Gametophyten 

aus 

I 
durch Aposporie Sporophyten 

Sporen entstanden 

n I 2n I 4n 2n \ 3n 
\ 4n 

Polypodium aureum 
(HEILBRONN 1928, 
1932) . 16 32 60-70 56-68 

Osmunda regalis 
(MANTON 1932). 44 44 66 88 

Dryopteris 
marginalis ') 
(LA WTON 1932). ca. 36 ca. 65 120-130 

W oodwardia virginica 
(LA WTON 1932). ca. 32 57-64 59-65 123-130 

Die hochste erreichte Zahl ist in den genannten Fallen also 4 n. Ok
toploidie ist bisher nur in e i n e ill Fall 2) erzielt worden. 

Eine genauere cytologische Untersuchung der Reifeteilungen der poly
ploiden Sporophyten liegt noch nicht VOL OKABE (1929) bildet eine Me
taphaseplatte der 1. Reifeteilung mit 104 Gemini ab; im ubrigen treten 
charakteristische Abnormitaten auf (dreipolige Spindeln; Bildung von 
5, 6, 7 usw. anstatt 4 Sporenkernen). Ferner macht HEILBRONN (1932) 
einige Angaben, aus denen hervorgeht, dass die tetraploide Pflanze von 
Polyp odium aureum Sporen erzeugt, die, zu 90 % keimfahig, allem An
schein nach diploide Prothallien liefern. 

n 
2n 
4n 

TAB. 8. (Nach LAWTON (1932)) 

Dryopteris marginalis (Material von Long Island, N. Y.) 

Gametophyt 
Flache der Pro- I Zunahme in % 
thalliumzellen in gegeniiber dem 
fL' (Mittelwert) n-Gametophyt 

5900 
7900 34 

19200 73 

Sporophyt 
Flache der unte- I Zunahme in % 
ren Epidermis- gegeniiber dem 

zelleh in fL' 2n-Sporophyten 

3952 
6916 75 

HEILBRONN und LAWTON (Tab. 8) haben die Grossenverhaltnisse der poly
ploiden Gametophyten und Sporophyten studiert. Wahrend HEILBRONN 
(1928) bei den diploiden Prothalliumzellen von Polyp odium aureum eine 
Flachenvergrosserung im Verhaltnis 2 : 1 oder gar 3 : 1 erhielt, fand LAWTON 
(1932) nur eine Vergrosserung urn 34 % bei Dryopteris marginalis und 53 % 
bei W oodwardia virginica. Es ergaben sich ferner im Sporophyten Grossen
unterschiede bezuglich der Epidermiszellen, Schliesszellen, Sporangien 
und Kerne. Die Chloroplast en erwiesen sich allerdings bei 2 n-Prothallien 

') Die wirklichen Werte diirften nach LAWTON sein n = 38, 2n = 76, 4n = 152. 
') ANDERSSON-KoTTO, Svensk Bot. Tidskr. 30, 1936, S. 60. 
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als kleiner, aber zahlreicher als bei n-Prothallien (HEILBRONN 1928). 
Naher kann hier auf Einzelheiten nicht eingegangen werden. - Fiir die 
diploide und die tetraploide Rasse von Psilotum triquetrum gibt OKABE 
Messungen an (Sporenmutterzellen in Diakinese): 

Diploide Rasse: Kerndurchmesser 19,73 ± 1,95 fl 
Tetraploide " : Kerndurchmesser 25,62 ± 2,00 fl 

Die 2 n-Prothallien verhielten sich im allgemeinen durchaus normal. 
Sie besassen normale Antheridien, Spermatozoiden und Archegonien. 
HEILBRONN gibt ferner fUr 2 n-Prothallien von Polyp odium aureum 
schnellere Entwicklung und friihere Geschlechtsreife an. Auch die Sexu
alorgane des tetraploiden Dryopteris marginalis schienen normal zu 
sein. Andererseits stellten sich im Zusammenhang mit der Erhohung 
der Chromosomenzahl nachteilige Erscheinungen ein. Die Regenera
tionsfahigkeit des Sporophyten nahm ab (HEILBRONN, LAWTON). Die 
Sexualorgane bei den 4 n-Prothallien von Polyp odium aureum waren 
abnorm; nur durch Apogamie konnten Sporophyten gebildet werden. 
Andere, offen bar im Zusammenhang mit der Polyploidie stehende Er
scheinungen waren ausser der von HEILBRONN beobachteten Apogamie 
das Auftreten von Zellen oder Organen beim Gametophyten, wie sie fUr 
die Sporophytgeneration charakteristisch sind, namlich von Epider
miszellen, Tracheiden, Spaltoffnungen und Sporangien (LAWTON 1932). -
Zu erwahnen ist noch, dass HEILBRONN (1932, 1933) vergleichende Unter
suchungen iiber Chlorophyllgehalt, Assimilation und Atmung bei dem 
diploiden und dem tetraploiden Polyp odium aureum angestellt hat. Durch 
ein umfassendes Studium der erwahnten Erscheinungen an Polyploiden, 
das bis jetzt noeh im Angangsstadium steht, werden wir sieherlieh tiefere 
Einblieke in die Fragen des Generationsweehsels, der genom-und plasmon
bedingten Vererbung und der Bedeutung des Kernes erhalten. 

Den Gedanken, dureh Bee i n flu s sun g der K ern t e i 1 u n g s
v 0 r g a n g e in den Sporangien pol Y P 10 ide Sporen zu erhalten, 
hat bei Farnen als erster FRIEBEL (1933) in die Tat umzusetzen versucht. 
Es gelang ihm, bei Matteuccia orientalis dureh Aetherbehandlung Riesen
sporen zu erzielen (Fig. 109), die sieh als mehrkernig erwiesen. Leider 
konnte er nicht priifen, ob solche Sporen <ils Ausgangsmaterial zur Ge
winnung von Polyploiden dienen konnen, da er nur in einem Falle einen 
kiimmerlichen Keimling erhielt, der sein Wachstum bald einstellte. 

Bei dem apogamen Dryopteris Filix-mas var. cristata hort. gelang es mir 
(noch nicht veroffentlicht), in einer Zelle eines jungen fadenformigen 
Prothalliums, in der ich eine Mitose zur Zeit der Metaphase und der darauf 
beginnenden Anaphase beobachten konnte, durch Beeinflussung mit 
Kalte die Chromosomenzahl zu verdoppeln und auf diese Weise zu Pro
thallien und zu Pflanzen mit doppelter Chromosomenzahl zu gelangen 
(Fig. 120, 121). Die Zahlung an Aequatorialplatten in Wurzelspitzen 
ergab annahernd 82 und 173 Chromosomen. 
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Von verschiedenen Autoren vorgenommene Zahlungen fUr die gieiche 
Art haben ofters Werte ergeben, die sehr viel weniger voneinander ab
wichen ais im Falle der Polyploidie. So fand z.B. DE LITARDIERE fUr Os
munda regalis n = 22 Chromosomen, wahrend DIGBY fUr Osmunda re
galis var. palustris forma aurea n = 20 angibt. Man beachte ferner z.B. 
die verschiedenen fUr Dryopteris Filix-mas (§ 6) und Polystichum falcatum 1) 
gefundenen Werte. Liegt hier nur ein Fehier in der Zahlung vor, oder 
sind die Zahien wirklich verschieden, sodass es sich tatsachlich urn Aneu
ploidie handelt? Ich mochte annehmen, dass wenigstens in manchen 
Fallen das Ietztere zutrifft. Wie Aneuploidie zustandekommen kann, diirfte 
aus dem in § 8 gesagten hervorgehen. 

Die weitere Erforschung der Pteridophyten auf etwa vorhandene He
teroploidie im Zusammenhang mit den Fragen der Verbreitung und 
der durch die Heteroploidie bedingten Erscheinungen diirfte eine wichtige 
A ufga be sein. 

§ 10. Abweichungen yom normalen Kernphasenwechsel. -
Wichtigste Literatur: ALLEN (1911), ANDERSSON-KoTTO (1931), ANDERS
sON-KoTTO und GAIRDNER (1936), Dopp (1932,1933), ERNST (1918), FAR
MER und DIGBY (1907), GEORGEVITCH (1910), ROSENBERG (1930), STEIL 
(1919), STRASBURGER (1907), WINKLER (1908). - Solche treten bei den 
Pteridophyten haufig auf. Die wesentlichsten hier zu erwahnenden Er
scheinungen sind die der Par the n 0 g e n e sis und der A po g a
m i e 2) (beides wird zusammengefasst unter dem Begriff Apomixis 2)). 

Hierbei sind zwei Moglichkeiten vorhanden. In dem einen Fall ist die 
Apomixis verbunden mit A p 0 s p 0 r i e 3); die Sporangien sind dann 
steril, sodass Sporen nicht produziert werden, und die Prothallien ent
stehen aus vegetativen Blatt- oder Sporangienzellen. Beispiele hierfUr 
sind nach FARMER und DIGBY (1907) das parthenogenetische Athyrium 
Filix-femina var. clarrissima Bolton und die apogame Varietat Athyrium 
Filix-femina var. clarissima Jones 4), ferner Trichomanes Kaulfussii (GEOR
GEVITCH 1910). Die Chromosomenzahl ist in diesen Fallen stets die gieiche; 
ein Wechsel derselben findet weder bei der apomiktischen Entstehung 
des Sporophyten noch bei der aposporen Entwickiung der Prothallien statt. 

Demgegeniiber stehen Falle von Apogamie, bei denen es nach Resti
tutionskernbildung und darauffolgender Reduktion in den Sporangien 
zur Bildung von wenigstens zu einem grossen Teil normal aussehenden, 
keimfahigen Sporen kommt. Der Phasenwechsel wiirde sich hierbei nach 
den Untersuchungen von STEIL (1919) und Dopp (1932, 1933) bei Dry
opteris hirtipes, Dryopteris remota und Dryopteris Filix-mas var. cristata 

1) Tabulae Biologicae, Bd. IV. 

') Vgl. Anm. 1 S. 269. 

3) Nicht aile aposporen Formen sind jedoch apomiktisch. 

') Chromosomenzahlen sind in Tab. 1 angegeben. 
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hort. 1) folgendermassen darsteIlen, wenn die Chromosomenzahl ohne 
Riicksicht darauf, ob es sich urn eine als haploid oder diploid anzusehende 
Zahl handelt, mit n bezeichnet wird: 

Spore (n) 
t 

(R e d u k t ion s t e i I u n g) 

t 
Sporenmuttcrzellen (2n) 

t 
(R est it uti 0 n s k ern b i I dun g) 

t 
sporogenes Gewebe, 8-zeIlig, jung (n) 

t 
Pflanze, apogam entstanden (n) 

t 
Prothallium (n) 

t 
Spore (n) 

Ein Phasenwechsel findet also statt, aber nicht in der gewohnlichen 
Weise. In diesem Zusammenhang sei hingewiesen auf die ganz ahnlichen 
Verhaltnisse bei parthenogenetischen H ieracium-Arten (ROSENBERG 
1927) 2). 

Einige FaIle von Parthenogenesis bediirfen noch der Klarung in cyto
logischer Hinsicht, und zwar diejenigen von Marsilia Drummondii (STRAS
BURGER 1907) und einiger Selaginella-Arten. Von Marsilia Drummondii 
gibt STRASBURGER an, dass in den Sporangien ein Teil der Sporenmutter
zellen nach der Diakinese, in der bivalente Chromosomen zu beobachten 
sind, eine Reduktionsteilung erfahrt, wahrend in anderen eine typische 
Kernteilung ohne Reduktion stattfindet. Es werden demnach haploide 
und diploide Sporen gebildet. Eine genauere· Untersuchung der cytolo
gischen Verhaltnisse, wie iiberhaupt des gesamten Fragekomplexes ware 
sehr erwiinscht. - Ueber die Kernverhaltnisse in den Sporangien der von 
BRUCHMANN (1912) 3) untersuchten parthenogenetischen Selaginella
Arten (5. rubricaulis, S. spinulosa) ist nichts bekannt. Die apogame S. 
rupestris bildet nach GRAUSTEIN (1930) Mikro- und Makrosporendyaden 
(Fig. 113) aus; die Mikrosporen haben z.T. abweichende Formen. Auch bei 
der apomiktischen S. anocardia (GEIGER 1935) 4) steht eine cytologische 
Untersuchung noch aus. 

Als Ursache der Apomixis wird von ERNST (1918) Bastardierung ver
mutet. Leider hat man hierfiir jedoch keine sicheren Anhaltspunkte. 
Andererseits machen Beobachtungen von HEILBRONN (1932) wenigstens 
an dem von ihm untersuchten Polypodium aureum Beziehungen zwischen 
Apogamie und Polyploidie wahrscheinlich. 

') Vcrmutlich auch bei Polystichum falcatum (vgl. STEIL 1919). 
2) Hereditas 8, 1926/27. 

') Flora 104. 1912. 0) Flora 129, 1934-1935. 
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Nach FARMER und DIGBY (1907) soIl im Sporophyten des aposporen 
und parthenogetischen Phyllitis Scolopendrium var. crispum Drummondae 
eine etwas hohere Chromosomenzahl vorhanden sein als im Gametophyten. 
Vielleicht handelt es sich hier jedoch urn fehlerhafte Zahlungen. - Eigen
tiimliche Verhaltnisse liegen vor bei einer als "peculiar" bezeichneten 
Varietat von Phyllitis Scolopendrium (ANDERSSON-KoTTO u. GAIRDNER 
1936; vgl. Kap. IX (Genetics)). Diese zeigt Aposporie (ohne Sorus- und 
Sporangienbildung), was durch einen einfachen rezessiven Faktor bedingt 
ist. Die Prothallien erzeugen normale Sexualorgane, und es erfolgt Befruch
tung. Die durch diese erfolgende Chromosomenvermehrung wird aber 
infolge der aposporen Entwicklung der Prothallien nicht kompensiert 
durch eine Reduktionsteilung in den Sporangien, sodass die Chromo
somenzahl in den aufeinanderfolgenden Generationen zunimmt; sie ver
grossert sich jedoch auffallenderweise nicht in dem MaBe, wie man hatte 
erwarten sollen. In einer der untersuchten Generationen wurden gezahlt 
40-45 (60 hatten es auf Grund der Entstehungsweise sein sollen), in der 
darauffolgenden 60-68, in der nachsten schIiesslich 90-100 Chromosomen 
(ANDERSSON-KOTTO 1931). Die Autorin nimmt an, dass in den Antheridien 
und Archegonien eine Herabsetzung der Chromosomenzahl stattfindet. 

§ 11. Schluss. 
Aus dem bisher Gesagten geht hervor, dass trotz zahlreicher Unter

suchungen noch vieles in Bezug auf Zahl und Grosse der Chromosonen, He
terochromatin sowie Chromosomenstruktur iiberhaupt, Nukleolenverhalt
nisse und Kernteilung bei den Pteridophyten zu erforschen bleibt. Durch 
genaue vergleichende Einzeluntersuchungen iiber die Kern- und Chromo
somenverhaltnisse auch bei den zahlreichen lokalen Formen, Unterarten, 
Varietaten und Bastarden, die bei den Farnen beschrieben worden sind, 
kann die Kernforschung der Systematik der Fame wichtige Dienste leisten. 

Ferner sind weitere experimentelle karyologische Studien erforderlich, 
vor aHem in Verbindung mit genetischen FragesteUungen und Methoden. 

Polyploidie ist bei den Farnen offen bar recht hauftig anzutreffen. Ueber 
ihre Entstehung sind wir jedoch noch sehr im Unklaren. Weitere Unter
suchungen an Pteridophyten konnten noch wichtige Aufschliisse geben 
iiber die Ursa chen der Polyploidie, die durch die Polyploidie bedingten 
Eigentiimlichkeiten und die Bedeutung der Polyploidie fiir die Artent
stehung. Ebenso kann das Studium der Abweichungen bei der Sporenent
stehung (§ 8) Licht werfen auf die Fragen der Entstehung neuer Formen. 

Zahlreiche Erscheinungen, dieinfolge der Haufigkeit ihres Auftretens bei 
den Polypodiaceen schon beinahe nicht mehr als Ausnahmen gelten k6nnen, 
wie Apogamie, Aposporie und Restitutionskernbildung, bediirfen noch der 
we iter en Bearbeitung durch zytologische, aber auch durch genetische Ar
beitsmethoden, besonders im Hinblick auf ihre Ursachen und auf Fragen 
des Generationswechsels. 



CHAPTER IX 

GENETICS 

by 

I. ANDERSSON-KoTTO (Merton, London) 

§ 1. Historical notes. - The first published record of fern hybrids was 
in 1837, when KrCKX 1) reported Asplenium Ruta-muraria X A. germa
nicum, andPityrogrammachrysophylla X P. calomelanos. The latter hybrid 
was also described by MARTENS 2) in the same year. Since this time 
numerous supposed hybrids have been described, chiefly in the leptospo
riangiate ferns; not only intervarietal and interspecific but also inter
generic hybrids have been reported. In the Equisetales a few species
hybrids have been described and some of the Selaginella species have 
been assumed to be of hybrid origin. 

Most of these plants were described as hybrids because when found in 
nature or under cultivation they differed in some respects from the specific 
type, approached another species or were more or less intermediate between 
two species. Under wild conditions such aberrant forms have often been 
observed accompanying two species, or in an area lying between those 
occupied by the two species respectively. Sterility and departures from 
the normal in anatomy, cytology, vigour etc. have also been considered 
as indications of hybridity. For similar reasons, forms more or less inter
mediate have been described as hybrids in cases where spores of different 
species have been sown or prothallia planted together. 

Though many of these ferns may possibly be of hybrid origin, this has 
by no means been proved. Many of these found in the wild, for example 
the species-hybrids described by COCKAYNE and ALLAN 3) in New Zealand, 

') M. KrCKX, Comm. to Bull. Acad. Roy. Sci. Brussels. 1837 . 
• ) M. MARTENS, Notice sur un cas d'hybridite dans les Fougeres. Bull. Acad. 

Roy. Sci. Brussels. 1837. 
3) H. H. ALLAN, Illustrations of wild hybrids in the New Zealand flora. V. Ge

netic a 9. 1927. - L. COCKAYNE and H. H. ALLAN, An annotated list of groups of 
wild hybrids in the New Zealand flora. Ann. Bot. 48. 1934. 
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are probably of hybrid origin; others are more doubtful. HEILBRONN 1) 
could get no hybrids of Asplenium Ruta-muraria X A. Trichomanes or of 
A. septentrionale X A. Trichomanes from sowing spores together or adding 
spermatozoids of one parent to the female prothallia of the other. From 
A. septentrionale X A. Ruta-muraria, however, some plants appeared which 
did not resemble either parent as much as they did A. germanicum. This 
latter species has repeatedly been assumed to be a hybrid. Negative results 
were obtained by HOYT 2), who attempted to cross-fertilise various species 
and genera. Attempts to make artificial crosses in Selaginella and Equi
setum by the present author also failed. 

In other cases the experimental conditions and technique employed 
were such that no conc1usionscould safely be drawn. Present-day technique 
in hybridisation and culture has shown that many of these supposed 
cases of hybridisation are very improbable. In the author's opinion, 
reports of intergeneric and wide interspecific crosses should be received 
with great caution. 

More recently, CZAJA 3) claims to have produced hybrids between Gym
nogramme (Pityrogramma) chrysophylla ~ and' sulphurea ~, but the pre
sumed hybrids all died in the embryo stage. The same applies to the 
young plants obtained by Dopp 4) from Dryopteris Filix-mas X spinulosa, 
a cross that it would be of interest to obtain as these two species are 
the reputed parents of D. remota. D. remota X Filix-mas gave no result. 
On the other hand the same author appears to have succeeded in crossing 
D. spinulosa X remota (fig. 1), which would thus be the first case of an 
undoubted specieshybrid. However, hybrids may now be obtained and 
the progeny bred under absolutely controlled conditions; there seems no 
doubt therefore that where species are capable of forming hybrids, such 
hybrids will in due course be obtained, and where they are fertile their 
progeny investigated. 

Ferns which by their progeny proved to be hybrids were first produced 
by ANDERssoN-KoTTo 5) in 1927 from intervarietal crosses. They were 
obtained from cross-fertilisation between ~ and ~ gametophytes under 
controlled conditions. For the culture media and technique used, refer-

') HEILBRONN, A. Apogamie, Bastardierung und Erblichkeitsverhaltnisse bei 
einigen Farnen. Inaug. Diss., Miinchen 1910. 

') W. D. HOYT, Physiological aspects of fertilization and hybridization in ferns. 
Bot. Gaz. 49.1910. 

3) A. TH. CZAJA, Dber Befruchtung, Bastardierung und Geschlechtsertrennung 
bei Prothallien homosporen Fame. I. Zeits. f. Bot. 13. 192'1. 

<) W. Dopp, Versuche zur Herstellung von Artbastarden bei Farnen. I. Ber. 
deuts. Bot. Ges. 53. 1935. 

5) I. ANDERSSON-KoTTO, Note on some characters in ferns subject to mendelian 

inheritance. Hereditas 9. 1927. 
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ence may be made to ANDERSSON-KoTTO I) and LAWTON 2). Heterozygotes 
of unknown origin had however been investigated earlier, in as much as 
HEILBRONN 3) in 1910 found segregation in the progeny of some varieties 
of Athyrium Filix-femina, and LANG 4), 1923, first found a mendelian 

c 

FIG. 1. A, Dryopteris spinulosa; B, D. remota; 
C, D. spinulosa X D. remota. The fronds are 
taken from plants of about the same age. By courte-

sy of Dr. W. Dopp. 

segregation in ferns from 
a natural heterozygote of 
Phyllitis Scolopendrium of 
unknown parentage. 

The great polymorphy 
shown by many fern gene
ra indicates that hybridi
sation may frequently 
occur III uncontrolled 
crosses and in nature. 

§ 2. Genetical experi
ments with structural 
characters. - With the 
few species that as yet 
have been investigated 
among ferns, the segre
gation and recombination 
of the genes for various 
characters is clearly 
demonstrated and the 
inheritance is in principle 
the same as in higher 
plants and in mosses. 
Mendelian segregation is 
shown in the next gener
ation (F 2) when game
tophytes from experi
mentally obtained hy
brids (F 1) are fertilised 
inter se. From natural 

hybrids or heterozygotes the segregation is also apparent in the succeeding 
generation. The results obtained from self-fertilisation of separate game-

') I. ANDERSSON, The genetics of variegation in a fern. J. Genet. 13. 1923. 

Loc. cit. 1927, and subsequent papers. 

') E. LAWTON, Regeneration and induced polyploidy in ferns. Amer. J. Bot. 19. 

1932. 
3) HEILBRONN, loco cit. 
4) W. H. LANG, On the genetic analysis of a heterozygotic plant of Sealopen

drium vulgare. J. Genet. 13. 1923. 
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tophytes derived from a hybrid or heterozygote show the distribution 
of the genetical factors at reduction division in the sporangium. 

Mendelian segregation and recombination is well demonstrated III 

Polystichum angulare 1). A plant of unknown parentage proved to be 
heterozygous for two pairs 
of factors, one determin
ing the shape of fronds, 
pinnae and pinnules and 
the other their position 
(i.e. length of rachis, im
brication of pinnae and 
pinnules). From recom
bination of these two 
pairs of factors four types 
of plant appeared (fig. 2) 
as follows: 

(1) Plants similar to 
the parent, dominant 
for both factors (Type 
I). -(2) Plants like (1) 
as regards the shape of 
the pinnules, but differ
ing in the imbricated 
position of the pinnae 
and pinnules (Type II) 
(dominant in shape, re
cessive in position).- (3) 
A type with truncated 
fronds, usually ending 
in a short hornlike pro
trusion of the rachis; 
with pinnae of varying 
length; pinnae more or 

A o 

FIG. 2. Polystichum angulare. The four types which 
appear as a result of recombination of two pairs of 
factors. A, Type I (angulare type); B, Type II; 

C, Type III; D, Type IV. 

less cuneate-flabellate, palmately lobed and toothed (Type III). This type is 
dominant for position but recessive for shape of pinnules. - (4) Similar to (3) 
but with pinnae and pinnules imbricated. This is evidently the double re
cessive. (Type IV). 

The four classes of plants, obtained from gametophytes fertilised inter 
se, appeared in an approximate ratio of 9 :.3 : 3 : 1, as would be expected 
if the parents were heterozygous for two factors. It was shown experi
mentally that plants of Type I, as expected, were either homozygous 
or segregating in the next generation, giving a 9 : 3 : 3 : 1 ratio; or were 
heterzygous for one factor, giving a 3: 1 ratio. Plants of Type II gave 
either Type II only, or Types II and IV in a 3: 1 ratio. Similarly 
Type III gave either Type III only, or Types III and IV in a 3 : 1 ratio. 
At a later date the Type IV plants were bred from, and gave only their 
own type. 

') ANDERSSON-KoTTO, loco cit. 1927. 
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From self~fertilisation of separate gametophytes the equal distribution 
of these factors at reduction division was proved, as indicated by the 
following numbers: of 78 gametophytes self-fertilised, 22 gave sporophytes 
of Type I, 20 of Type II, 18 of Type III and 18 of Type IV. The sporophytes 
from each self-fertilised gametophyte were uniform. 

Athyrium Filix-femina. Plants were raised by HEILBRONN 1) from a 
sporophyte of Athyrium Filix-femina var. multi/idum Mappelbeckii, a 
variety with a small multifid apex of the pinnae. Seven plants were more 
or less like this variety, two were similar to typical Filix-femina and 
fourteen were more branched. 

According to the experiments of ANDERSSON-KoTTO 2), the branching 
of fronds and pinnae which is characteristic of the so-called crested and 
other more simply branched varietes is dominant over the typical A.F.-f. 
type of non-branching frond, and a segregation of 3 : 1 occurs in F 2' The 
more complicated branching types of Athyrium do not show a clear segre
gation. This applies to the var. Fieldii Moore, from which HEILBRONN 
raised a family and to other more or less cruciate forms bred by the pre
sent author. 

In the variety Frizelliae each pinna branches immediately from the 
rachis, producing a semicircular, flabellate pinna. Instead of a single pinna 
there are thus two transformed parts, one covering the other. Hetero
zygotes between this variety and typical Filix-femina show both types of 
parental pinnae on the same frond, and in the next generation a segregation 
occurs, which gives normal Filix-femina, heterozygotes, var. Frizelliae 
in a ratio of 1 : 2 : 1, as found by ANDERSSON-KoTTO. A factor for shorten
ed rachis and imbricated pinnae and pinnules, which is recessive, was 
also found to segregate simply. 

Among the many distinct degrees of laciniation of the pinnules occur
ring in this species, the more laciniated types are recessive to the less 
laciniated types and to the Filix-femina type. 

Presence of anthocyanin colour in the rachis is dominant to its absence. 
Phyllitis Scolopendrium. LANG 3) showed that entire leaf and incised 

leaf in Phyllitis Scolopendrium are allelomorphic, a segregation of 3 entire: 
1 incised occurring In F 2 from a natural hybrid. 

The characters investigated by ANDERSSON-RoTTO 4) in this species 
and found to behave in a simple mendelian way were as follows: 

') A. HEILBRONN, Apogamie, Bastardierung und ErblichkeitsverhiHtnisse bei 

einigen Farnen. Inaug. Diss. Miinchen. Fischer, J ena. 1910. 
2) I. ANDERssoN-KoTTo, The genetics of ferns. Bibliographia Genet. 8. 1931. 

3) W. H. LANG, On the genetic analysis of a heterozygotic plant of Seolopen
drium vulgare. J. Genet. 13. 1923. 

') 1. ANDERSSON-KoTTO, A genetical investigation in Scolopendl'ium vulgare. 
Hereditas 12. 1929. 
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(a) dwarf, which is a simple recessive to tall. - (b) Murication of the upper 
surface of the frond, incompletely dominant to smooth surface. - (c) Rugosity 
of the upper surface of the frond, correlated with undulation. The heterozygote 
is more or less intermediate. - (d) Bimarginate edge, which is characterised by 
a longitudinal fold on the under-surface, developed simultaneously with 
sectioning of the edge up to the fold. The portion of the upper surface corre
sponding to the fold becomes rugose, the rugosity forming a ridge or second 
margin. This character is more developed in the homozygote than in the 
heterozygote. - (e) The fold or ridge-like protrusion of some layers of the 
under-surface of the frond. The fold is developed so as to form a broad trans
parant membrane, which stands away from the frond and is correlated with 
the contraction of the whole lamina. In sporophytes heterozygous for this 
character the fold is discontinuous and its development is correlated with 
serration of the edge. - (f) Simple crenation of the edge without other re
ductions in size or development of the lamina is recessive to entire edge. -
(g) Crenation of the edge, and a peculiar retardation in growth along the whole 
lamina, without transformation of upper or lower surface, is recessive to entire 
edge and normal development. This factor causes degrees of reduction of the 
lamina and various interrelated processes affecting nervature and position of 
sorus (see p. 292). The most extreme reduction of lamina occurs in the branched 
type, in which scarcely more than the branched rachis remains. (fig. 3). -
(h) Terminal branching at a definite point (different for different varieties) is 
recessive to non-branching. - (i) Regular branching, together with entire edge, 
is dominant over irregular branching and crenate edge. - (k) The presence of 
laterally protruding lobes or side-branches is recessive to their absence. These 
side-lobes contain a strengthened vein which branches sympodially, or a 
side- branch of the costa. - (I) Basal branching, consisting of protruding basal 
lobes with a branch of the costa, is possibly allelomorphic to no basal branching 
- (m) The arrested growth at the apex of the frond which results in a more or 
less pocket-like structure on the underside and protrusion of the midrib into a 
horn (characteristic of the variety peraferum) is dominant over hornless apex, 
but the segregation approximates to 2 : 1 rather than 3 : 1. The factor causing 
this type of terminal growth affects different types in different ways. It was 
recombined with the factors for crenate edge, for dwarfness and for branching. 
In the last instance each branch possesses an apical pocket-horn structure. 
A similar arrest of growth may occur at other points along the frond, e.g. at the 
apex of side-branches or basal branches or anywhere where a more or less 
strengthened vein occurs. The factors in vol ved have not so far been in vestigated. 

The same applies to the factors causing difference in width of lamina 
and lobes, degree of laciniation and number of divisions of the costa or 
apex of the frond. 

In the classification of the ferns, venation and the situation of the 
sorus in relation to venation, the relation of the sori to one another, to 
the costa and to the edge of the frond are of the gratest importance. The 
departures from the typical Scolopendrium sorus and venation which 
have been met with in these experiments are therefore of special interest. 
Since development of the sorus is mtimately connected with the develop
ment of venation and of the interrelated processes of growth of the whole 
frond, it is not astonishing that deviations in position of the sorus were 
found to be caused by some of the factors referred to above, which pri
marilyaffect the growth of the leaf-blade and retard the growth at certain 
points or along certain regions. 

Departures from the typical position, shape and indivivuality of the 

Manual of pteridology 19 
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sorus thus occur together with the various developments of the other 
characters and are inherited together with these. Instead of the sari being 

A B 

FIG. 3. A, extravagant type of Phyllitis Scolopendrium, showing extreme reduction 
oflamina, position and shape of sari. B, Phyllitis Scolopendrium type. 

confined to the lower surface of the frond, a continuation of the sori along 
the margin to the upper surface may occur. This is the result of unequal 
development of the upper and under surface, or of the development of a 
margmal or intramarginal fold, or of contraction of parts of the frond. A 
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continuous band of sari on the upper side of the shelf-like fold along the 
edge of the frond is thus found in some varieties. Another arrangement of 
the sari is due to factors which primarily cause a mode of growth that 
leads to reduction of the 
upper surface, at the 
same time specially af
fecting the part between 
the two branches of the 
primary vein. The edge 
of the frond thus appears 
pinnate, and the two sari 
which face one another 
protrude in this way in a 
'pinnate' manner. They 
continue over the apex 
of the pinna down the 
corresponding part of the 
upper side. In other 
words, each pinna con
sists of one turned-over 
double sorus. However, 
sari may also continue 
from the lower to the 
upper surface, each sorus 
covering itself on either 
surface, without much 

c 

transformation of the F 

lamina; this has been 
found in a hybrid with a 
slight submarginal fold, 
slight irregular incision 
of the edge and very 
slight murication of the 
upper surface. E G 

Dislocation of parts of 
the sorus or spiny pro- FIG. 4. A-F,Phyliitis Scolopendrium. Sections offrond~, 

. ' .. ShOWlllg shape and pOSitIOn of son, venatIOn and dlml-
truslOns contammg the nution of leaf blade. G, normal development and po-
folded-back sorus, occur sition of sari in Ph. Scolopendrium type. 

when the ridges or in-
tramarginal folds on the under-surface cross the sari. The typical position 
may also be altered by several types of lobing, crenation and incision of 
the edge of the frond. 

Sori may be produced on the upper surface of the frond without corre
sponding sari on the under surface, as seen in some muricated types. They 
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are then situated in depressions of the upper surface, distinctly within the 
margin of the frond, and are of irregular shape and without indusia. 

The most interesting departure from the position and shape of sorus 
characteristic of Phyllitis Scolopendl'ium, combined with alteration of 
venation, was found in the different types (fig. 3 and 4) of a family derived 
from the variety COl'nutum. In this family plants may be branched or 
unbranched, and they differ also in the width of lamina developed. The 
edge is more or less deeply crenated. The factor for crenation also affects 
the width of the lamina and venation, and may be said to have a curious 
retarding influence along the whole lamina. As a consequence of the 
alterations which occur, the position and shape of the sorus is affected. 
The plants may have a comparatively broad lamina, where the double 
sori typical of Ph. Scolopendl'ium, which open towards one another, are seen 
to do so only along part of the sorus. Or they may have narrower fronds 
and lobes, together with reduced venation and fusion of veins; in this case 
the two sori are situated at an angle towards one another, following the 
edge and opening outwards, or the sori which originally opened towards 
one another have become widely separated and come to lie back to back. 
In this position they are unequal in size, the extrorse sorus in placed more 
or less parallel to the margin and costa, the introrse one is very short and 
inserted at right angles. Finally, certain branched types of the same family 
frequently develop only the extrorse sori, the frond then having the ap
pearance of a costa bordered by a disrupted line of sori, all parallel to 
the costa (fig. 4 F). 

The shape of the indusium corresponds with that of the sorus. Partial 
abortion or absence of indusium occurs in the suprasoriferous types and 
in some of the crenated forms with sori along the edge. Further, where a 
well-developed membrane-like edge occurs, the indusium is much reduced 
or disappears in the membrane. 

Reciprocal hybrids have in all cases been alike and fully fertile. 

§ 3. Obligatory apospory. - The only clear case of genetical deter
mination of ·apospory in ferns occurs in Phyllitis Scolopendrium 1) 2) 3). 
Apospory and the whole abnormal development of the so-called "peculiar" 
sporophytes of this species is caused by one gene which behaves as a simple 
recessive to normal development and no apospory. Reciprocal crosses 
give normal sp,'rophytes in F 1 and a segregation in F 2 of 3 normal to 1 
aposporous. The normals either breed true or segregate like the Fl>. the 
'peculiars' give of,ly 'peculiars'. 

1) 1. ANDERSsoN-Korro, The genetics of ferns. Bibliogr. Genet. 8. 1931. 
2) 1. ANDERSsoN-Kono, Observations on the inheritance of apospory and alter

nation of generations. Svensk Botanisk Tidskrift 26. 1932. 
3) 1. ANDERSSON-KoTTO and GAIRDNER, A. E., The inheritance of apospory in 

Scolopendrium vulgare. J. Genet. 32. 1936. 
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This gene for 'peculiar' alters the whole development of the life cycle. 
The sporophytes throughout are of very slender growth and only attain 
a height of about 8 cm. (fig. 5 E). The fronds (fig. 5 A-D) never approach 
the size, shape or robustness of normal plants. They are similar to the 
normal as regards anatomy and venation and in some other respects, 
though on a reduced scale, but the tissue between the veins of the leafblade 
is gametophytic. This tissue gradually gro';Vs out into a prothallial sheet 
along the edge. Sori, sporangia and spores are entirely absent. The prot hal
lial outgrowth gradually weighs down the frond and the prothallium 
establishes itself on the soil as a separate gametophyte. Normal sexual 
organs are developed and after fertilisation a similar new 'peculiar' structure 
arises, which repeats the process. Since apospory is not offset by apogamy, 
as usually occurs in obligatorily aposporous ferns, we get a series of in
creasingly high polyploid 'peculiars'. Further reference is made to these 
'peculiars' below (see § 7 and 8). 

§ 4. Polyploid segregation. - The only clear case of polyploid segre
gation of a mendelian character in a fern to my knowledge occurrs in 
Phyllitis Scolopendrium. The data (ANDERSSON-KoTTO, unpub.) do not yet 
suffice for definite conclusions, but it is apparent that a segregation of 
5 normal to 1 'peculiar', of the type described above, is obtained when 
separate gametophytes are self-fertilised, the gametophytes being obtained 
from a fertile hybrid between a 'peculiar' with 50 chromosomes and a 
gametophyte of normal Scolopendrium type with 30 chromosomes, the 
hybrid having 80 chromosomes. 

§ 5. Mutation. - Though many fern genera show that mutation must 
be comparatively frequent, no mutation has so far been recorded in ex
periments under controlled conditions where the genotype of the material 
was previously known. 

The somatic mutations in Nephrolepis exaltata described by BENEDICT 1) 
are of interest, since they parallel the variation in characters of the spo
rophytes obtained from spores in other fern genera. Most of the cultivated 
species of this genus show variation by bud-sports, and in N. exaltata 
such variation is specially frequent, as many as 200 new bud sports having 
arisen since 1895. They occur discontinuously and are classified by BENE
DICT as progressive and regressive. The progressive variations have ap-

1) R. C. BENEDICT, The origin of new varieties. of Nephrolepis by orthogenetic 

saltation. 1. Progressive variations. Bull. Torr. Bot. Club 43. 1916. - Evolution 

as illustrated by ferns. Brooklyn Bot. Gard.leaflets ser. 10. 1922. - Which Boston 

fern is besP J. Hered. 13. 1922. - The origin of new varieties of N ephrolepis by 

orthogenetic saltation, II. Regressive variation or reversion from the primary and 

secondary sports of bostoniensis. Amer. J. Bot. 9. 1922. - New bud sports in Ne

phrolepis. Genetics 8. 1923. - The moss-leaved fern. J. Hered. 15. 1924. -
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A 

F 

FIG. 5. A-D, fronds of 'peculiar' sporophytes of Phyllitis Scolopendrium; E, fully 
grown 'peculiar' sporophyte; F, comparable fronds of a young sporophyte of 
Scolopendrium type. For comparison with C and E see normal frond of mature 

plant of Scolopendrium type in Fig. 3. 
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peared along several lines and show increased division of the leaf, ruffling of 
the pinnae or dwarfing. Among further variations may be mentioned dicho
tomy of pinnate and apex, cresting and vivipary. The characters appear 
separately or together. Progressive increase occurs in successive sporophyte 
generations, each mutation producing a higher grade of the character. The 
regressive mutations rarely show a complete return to the parent form. 

A genetical investigation is impossible here owing to sterility. Only 
one fertile variety has appeared from Nephrolepis exaltata bostoniensis 1). 
This was twice-pinnate with occasional once-pinnate fronds, and gave 
from spores, forms which parallel the variations of N. e. bostoniensis and 
also other forms. The succeeding generation showed decreased variability 
and progressive variation as regards increased leaf division. 

§ 6. Chloroplast characters. - The study of chloroplast characters 
is facilitated where there is a well-developed gametophyte generation, as 
in the Ferns. The mode of inheritance of chloroplast characters such as 
size and various development of pigment, has been studied by ANDERSSON
KOTTO 2). In all cases of variegation, that is the presence of cells with nor
mal chloroplasts and cells with pale green, generally smaller chloroplasts 
together in one individual, the transition from one type of chloroplast 
to the other is sudden and evidently occurs at the division of one cell. 

In Adiantum Cttneatum it may be assumed that the pale cells are due 
to mutation (in the wider sense), the mutation occurring (a) somatically 
in sporophyte and gametophyte and (b) at spore formation or reduction. 
Somatic mutation in the gametophyte occurs in about one cell division 
in ten thousand. This should be compared with the considerably higher 
mutation rate at reduction, viz. 1.3 or 2.8 pale to 1 green. 

In Lastraea atrata variegation is the phenotypic expression in the 
sporophyte of a factor which causes no visible effect in the gametophyte. In 
the variegated plants investigated both generations had the same chromo
some number and the periodic change from variegation of the sporophyte 
to whole-colour of the gametophyte is therefore of interest. 

Variegated plants of Phyllitis Scolopendrium were exceptional as com
pared with other variegated ferns investigated, in having in each sporan
gium only one type of gametophyte, i.e. either all green or all pale. No 
segregation occurs therefore at this point. Since the change from normal 
to pale is reversible in the sporophytic tissue, and the green gametophytes 
subsequently breed true, we may assume that a labile condition is created 
at each somatic division in the sporophyte. This condition is transmitted 

1) R. C. BENEDICT, Variation among the sporelings of a fertile sport of the 

Boston fern. J. Hered. 15. 1924. 
') 1. ANDERSSON, loco cit. 1923. - 1. ANDERSSON-KoTTO, Variegation in three 

species of ferns (Polystichum angulare, Lastraea atrata and Scolopendrium vulgare). 
Z.LA.V. 56. 1930. - ANDERSSON-KoTTO, I. loco cit. 1931. 
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by the pale gametophytes whether selfed or crossed (as ~ or ~) with green. 
A more complicated inheritance of variegation occurs in Polystichum 

angulare. The facts briefly are that variegated sporophytes produce four 
phenotypically distinguishable types of gametophytes: green, pale non
viable and two types of variegated. Variegated sporophytes are only 
obtained on crossing a pale region of a gametophyte of the first of the two 
variegated types with a green gametophyte or a green region of a varie
gated gametophyte. These variegated'sporophytes breed like their varie
gated parents. The following give only green sporophytes: all green 
gametophytes, green parts of the first type of variegated gametophytes, 
and variegated gametophytes of the second type. These green sporo
phytes may then (a) breed true; or produce (b) green and non-viable pale 
gametophytes, (c) green and variegated gametophytes of the second type, 
(d) green, variegated of the second type and pale gametophytes, or (e) 
pale and variegated gametophytes of the second type. It was found that 
the 'phenotypic change from green to pale green in the gametophytes 
coincided with a genotypic change. From further breeding work, and the 
results of breeding from different parts of the gametophytes, self-fertili
sation as well as cross-fertilisation, the conclusion was reached that the 
phenotypical change from green to pale coincides with a change or mu
tation in a factor determining chlorophyll development. This factor was 
found to exist in seven different states. The factor in each state may by 
either stable or unstable. The instability consists in the power of mutation 
from one state to another specific state, at a certain stage of the life cycle. 
The factor in each state has thus its own characteristic mode of activity. 

The pale patch of the variegation pattern of the gametophyte here 
usually involves the whole growing point, and later on, when the growing 
point has changed back to green, the pale region comes to lie more or 
less across the gametophyte; whereas in the Adiantum case referred to 
above, the pattern consists of pale wedges or larger areas situated on 
either side of the growing point. 

Giant chloroplasts 1) in Polystichum angulare are probably controlled 
by a simple mendelian factor, since a segregation of gametophytes with 
normal and with giant chloroplasts in the ratio 1 : 1 occured in the progeny 
of a sporophyte derived from a cross between a normal gametophyte as 
~ and a gametophyte with giant chloroplasts as ~. This sporophyte had 
normal chloroplasts. 

§ 7. Effects of alteration of genome quantity. - It is well known 
that quantitative alteration of the genome is often accompanied by 
alterations in cell-size, cell-number and other characters. Since the form 
and size of a generation and its organs depend on the form, size and number 

') ANDERSSON-KoTTO, loco cit. 1931. 
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of cells and the relation between these characters, the effects of a quantita
tive alteration of the nucleus may be considered here. In Osmunda regalis 
MANTON 1) found 2 nand 4 n sporophytes indistinguishable on a casual 
inspection. No increase in cell-size or number, or in size of organs, or of 
the whole plant, was found in the increasingly high polyploid series of 
the 'peculiar' type of Phyllitis Scolopendrium 2). In Polyp odium aureum on 
the other hand, HEILBRONN 3) found that increase in quantity of nuclear 
material was accompanied by an increase in cell-size; 2 n gametophytes, 
obtained through induced apospory from 2 n sporophytes and from spores 
of the tetraploid plants had larger cells than the n gametophytes. The 
same applied to 211 as compared with 4 n sporophytes. Width of lobes and 
size of sori and sporangia were also greater in the 4 n than in the 2 n 
sporophytes. No noticeable increase in the size of the gametophyte as a 
whole was found. Similarly, in Dryopteris marginalis and W oodwardia 
virginica, LAWTON 4) found that the 2 n prothallia obtained by induced 
apospory had larger cells than the n ones. The leaves of the tetraploid 
sporophytes were composed of larger cells than those of the diploids, and 
were irregularly lobed. 

The higher polyploid gametophytes when fully grown are of typical 
shape. In some species the diploid and tetraploid gametophytes retain 
both antheridia and archegonia, while in others, loss of one or both may 
occur. 

While in the 'peculiars' of Phyllitis the polyploid sporophytes and 
gametophytes are similar in all respects to the normal (diploid and haploid) 
forms, in Polyp odium aureum 5) we get various interesting aberrations. The 
diploid gametophytes are sexual, but under certain conditions they can 
be induced to develop into sporophytes; the tetraploid ones are asexual. 
They only possess an occasional antheridium, which becomes transformed 
into a growing point; and they are sooner or later, in one way or another, 
differentiated into sporophytes. The intermediate structures between 
gametophytes and sporophytes which are obtained when fronds are 
regenerated are of special interest. It is evident that they are at first of 
gametophytic nature, as indicated by the cell-shape and the presence of 
rhizoids and antheridia, but gradually the apical end becomes trans-

') 1. MANTON, Contributions to the cytology of apospory in ferns. 1. A case of 
induced apospory in Osmunda regalis. J. Genet. 25. 1932. 

2) 1. ANDERSSON-KoTTO, On the comparative development of alternating 

generations, with special reference to ferns. Svensk Botanik Tidskrift 30. 1936. 

3) A. HEILBRONN, Uber experimentell erzeugte Tetraploidie bei Farnen. Verh. V. 

Int. Kong. Vererb. Berlin 1927. 

4) E. LAWTON, Regeneration and induced polyploidy in ferns. Amer. J. Bot. 19. 

1932 . 
• ) A. HEILBRONN, Polyploidie und Generationswechsel. Ber. Deuts. Bot. Ges. 

50. 1932. 
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formed into a primary leaf, on which a lateral growing point gives rise 
to a normal sporophyte. From regeneration of the gametophytic cells 
typical prothallia are obtained. As HEILBRONN 1) points out, a higher 
degree of polyploidy favours the sporophytic generation rather than 
the gametophytic generation. A haplont is always a gametophyte, 
a diplont may be either a sporophyte or a gametophyte according to 
external conditions, and a tetraplont tends.to be a sporophyte. The pro
duction in its turn of a gametophyte from the tetraploid sporophyte is much 
more difficult than in the case of the corresponding diploid sporophyte, 
and the tetraploid gametophytic generation loses its sexual function and 
develops apogamously into sporophytes. 

That the normal sequence of events in the succeeding generation is 
upset by the experimental alteration of the sequence in the preceding 
generation, or by increased genome quantity, has also been shown in 
Dryopteris marginalis by LAWTON, where the gametophytic regenerations 
from diploid sporophytes were found to bear sporangia. Sporangia on 
prothallia had previously been reported by LANG 2) but these prothallia 
were grown from spores under abnormal conditions and their chromo
some number was not ascertained. 

The effects of a quantitative alteration of the genome on the 
sporophyte as compared with the gametophyte cannot as a rule be strictly 
compared in ferns owing to the dissimilarity between the alternate gener
ations. An exception is found in the 'peculiars' of Phyllitis Scolopendrium, 
in which the tissue of the sporophytic generation may be compared with 
that of the gametophyte, inasmuch as the tissue situated between the 
veins and all round the leaf-blade (replacing sporophytic tissue) consists 
of cells similar to those of the gametophyte. The frond gradually grows 
out into a gametophyte which gives rise to a similar new sporophytic 
generation and this again behaves in the same way. The prothallial cells 
in the sporophyte can thus be compared with the later stages of the gameto
phyte from the same frond when grown as a separate entity. From com
parison of cells in the polyploid series it was concluded 3) that gametophytes 
with different quantities of genome are similar, and sporophytes with 
different quantities of genome are similar, but that there is a difference 
between the gametophytic and the sporophytic generations. There is a 
readj ustment in cell size when the sporophyte grows out into a gametophyte. 
This readjustment from the larger cell-size of the sprophyte to the smaller 
size characteristic of the gametophyte, is not due to a dropping-out of 

') A. HEILBRONN, Uber die genetische Lokalisation Stoffwechsel und Genera
tionsfolge regulierender Anlagen. BioI. Zbl. 53. 1933. 

2) W. H. LANG, Apogamy and the development of sporangia upon prothallia. 
Phil. Trans. Roy. Soc. 190. 1898. 

3) I. ANDERSSON-KoTTO, Loc. cit. Svensk Bot. Tids. 1936. 
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chromosomes or to any irregularity in the division of the chromatin mass. 
As the sporangial stage is totally absent in these 'peculiars', it would 
appear that it is not the transit from one nuclear phase to the other, or 
reduction in chromosome number, which is responsible for the read
justment, but rather the alternation of morphological generations. 

It seems probable also from other facts that the sequence of events 
leading to differences in the cell-size and rate of growth must be considered 
for the life-cycle as a whole. In other words, the growth and development 
of gametophyte and sporophyte is integrated in the pattern of growth 
and development of the whole life cycle. 

§ 8. The effects of genetical factors in sporophyte and gameto
phyte. - Several mendelian genes were referred to in § 2 which show 
themselves in the sporophyte alone. No simple mendel ian gene affecting 
the gametophyte only has so far been found in ferns. LANG 1) however 
found a race of Phyllitis Scolopendrium which showed a tendency to form 
sporangia on old gametophytes when fertilisation was prevented. The 
cause of this interesting departure is unknown; it is not even known if 
the race was a diploid one, or how it bred in this respect. The race was 
otherwise normally developed as regards sex and other characters. 

Among the genes which might be expected to express themselves in 
both sporophytic and gametophytic generations, such as those deter
mining the size, number and contents of the cell, the mendelian gene for 
dwarfness is up to the present the only one for which a definite place of 
visible action is established. The effects of this gene on cell number are 
apparent in the sporophyte but not in the gametophyte. It is unfortunate 
that in ferns the inheritance of chloroplast characters is not dependent 
on genes segregating in a simple way. In Polystichum, the unstable gene 
mutates from one state to another in a definite way and mutation may 
take place in gametophyte or in sporophyte or in both. In Scolopendrium, 
the gametophytes may show either of the chloroplast types of the parent 
sporophyte but the change from one chloroplast type to the other, as 
happens in the sporophyte, never takes place in the gametophyte. In 
Adiantum both sporophyte and gametophyte show changes from normal 
chloroplasts to small whitish chloroplasts and vice versa. In Lastraea only 
the sporophyte shows the chloroplast variation. 

It is of special interest to note that the gene for dwarfness acts visibly 
throughout the sporophytic generation, though not throughout diplo
phase. This is apparent from the result of combining this gene with 'pecu
liar'. We have here, in the dwarf 'peculiars', sporophyte and gametophyte 
within the same nuclear phase and only the sporophytic tissue, i.e. the 

') w. H. LANG, On a variety of Scolopendrium vulgare which bears spores on the 
prothallus. Ann. Bot. 43. 1929. 
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whole sporophyte including the veins is affected by the dwarf gene. The 
prothallial tissue of the frond and the subsequent free-living gametophyte 
are unaffected. 

The effect of combining these two recessive genes for 'peculiar' and 
dwarfness is a shift in the comparative development of the life-cycle; 
the sporophytic part becomes reduced in size compared with the gameto
phytic part. Fronds of fully grown plants before growing out into prothallia 
attain only a maximum width and length of 1 cm., usually less, and have 
a stipe never exceeding 7 mm. Though slender, they have a shape and 
venation similar to that of the tall peculiars, and no abnormality in de
velopment has been met with in any family. On these small fronds the 
edge grows out into the usual sized large prothallial cushion around the 
periphery and at a distance fully developed plants look like a slender 
stalk with roots at one end and a prothallium, often many times larger, 
at the other end. Owing to the slenderness of the stalk the prothallial 
outgrowth weighs the fronds down towards the soil. 

The gene for 'peculiar' 1) causes a drastic alteration in the sequence of 

A B c o 
FIG. 6. A and E, sp ermatozoids in a sporangium; C and D spermatozoids in a n 

antheridium. 

events in the life cycle as a whole. Some consequences of this alteration 
appear in the hybrids between normals and 'peculiars' and also in suc
ceeding generations. Some of the sporangia of the normal hybrids are 
found to contain spermatozoids instead of spores (fig. 6 A and B) and the 
polyploid series of the 'peculiars' and also the normal segregates from the 
cross, instead of showing a doubling of the chromosome number in suc
cessive generations, often have less than the double chromosome number. 

As regards expression of dominance, it might be deduced from the 
occurrence of spermatozoids in sporangia that the gene for 'peculiar' has 
different effects on different characters; it is clear that we must consider 
the effects of the gene on the life-cycle as a whole. Long complete develop
ment (normal type) is dominant over short, incomplete development 
(peculiar type); but in regard to sexuality the F 1 shows incomplete-

') 1. ANDERSSON- KoTTO, Lac. cit . 1936. 
1. ANDERSSON-KoTTO and GAIRDNER, A. E., Loc. cit. 1936. 
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dominance. The differentiation of sex cells is independent of the gameto
phytic stage. The gene for 'peculiar' thus has a special effect on the time 
of sexual activition. In both normal and 'peculiar', sex activation occurs 
in the gametophyte, but the time of activation is accelerated in the 'pe
culiar'; the result of crossing normal and 'peculiar' is the activation of sex 
at an earlier stage than occurs in the normal life cycle - in addition to its 
occurrence at the usual stage. In this way a cell characteristic of the 
gametophyte in ferns (a sex cell) is transferred to the normal sporophyte 
and there replaces, inside the sporangium, a cell as characteristic of the 
sporophyte as the spore. If a single gene, as is here the case, can thus alter 
the developmental sequence and cause a characteristically gametophytic 
character to be shifted to the sporophyte, it may be presumed that other 
characters and even organs may similarly be shifted from one generatlOn 
to the other. 

The life-cycle of the hybrids is also partly different from that of either 
parent and any previously known fern, since sporangia are seen to develop 
spermatozoids without the intermediate stage of spores and gametophyte. 

The fact that the polyploid series of 'peculiars', and also the normals 
from reciprocal crosses between normal and 'peculiar', frequently have 
less than the expected chromosome number is not due to any chromosome 
elimination or irregularity during ontogeny. Reciprocal crosses with the 
normal type have shown that a lowering of the chromosome number 
probably occurs at the sexual stage and more frequently in antheridia 
than in archegonia. No gross cytological disturbance occurs and the chro
mosome numbers indicate that a process of a reductional nature may 
occur at this stage. This is plausible since, owing to the shift of the de
velopmental processes of the life-cycle as a whole, the sexual stage in the 
'peculiars' corresponds to the sporangial stage in the normals, as indicated 
by the formation of sexual cells in the sporangia of the hybrid. There is 
no segregation in thIS respect. After the cross all gametophytes from the 
hybrid and from the normal progeny as well as the 'peculiars' show the 
process. 

Since a single gene, which no doubt arose by mutation, causes the drastic 
alterations of the normal sequence of events which we see in the 'pe
culiar', it may be expected that other alterations of the life cycle have 
appeared or may appear in a similar way. By analogy with the mutation 
process in other organisms, the reverse mutation may occur, l.e. from the 
receSSIve to the dominant type and it is reasonable to contemplate shifts 
and drastic alterations in the life-cycle as a whole arising by gene mutation 
and leading to the life-cycle seen in the present day ferns. 

§ 9. General considerations. - As shown above, the genetical ana
lysis of ferns has only just begun in a few species, but the rich variation 
in many characters which is shown by so many of the present day fern 
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species will furnish good material for genetical investigations; they have 
also the advantage over the Angiosperms that the gametophytic gener
ation is well developed. It is possible to keep a gametophyte almost 
indefinitely by subdivision, and to use it repeatedly both for self-fertili
sation and for cross-fertilisation. The comparatively simple mode of 
growth in the gametophyte makes it favourable for the investigation of 
the time and mode of development of such characters as may express 
themselves at this stage of the life cycle. In the Leptosporangiates more
over, the spore-content of a single sporangium shows by its progeny the 
nature of the sporophytic cell from which it was derived, and we can 
draw conclusions as to what has happened at the reduction-division in the 
16-cell stage, which gives rise to the characteristic number of (usually 
64) spores. 

Now that we have a satisfactory technique for the production of hy
brids and can breed the progeny under controlled conditions, we may be 
able to answer some questions concerning the evolution of ferns, and the 
causes of their different ontogenetic development. We have a means of 
analysing the mode of inheritance of separate characters and of drawing 
conclusions as to what new types may be produced by recombination of 
existing genetical factors. With a knowledge of the relation between 
phenotype and genotype we may also reach conclusions on developmental 
problems such as the working of the different meristems and whether 
they are independent, or how far correlations in development limit the 
possibility of the appearence of new characters. Finally, genetical experi
ments with ferns may contribute to a better understanding of the processes 

. which lead to alternation of generations and alternation of nuclear phases, 
and the relation between the two; and of the causes which lead to the 
higher development of the one or the other generation. 



CHAPTER X 

GROWTH, TROPISMS AND OTHER MOVEMENTS 

by 

H. G. DU Buy (College Park, Md.) and E. L. NUERNBERGK (Freiburg i. B.) 

Introduction and review of the main literature. - To understand 
the growth and tropistic movements of the Pteridophytae 1) with their great 
variety of forms, their presence in extremely different environments, from 
water to deserts, would require far more analytical data than there are 
now available. Furthermore, the presence of an alternation of generations 
means that each phase in the life history may develop under different 
environmental conditions: i.e., a heterotrophic generation alternates 
with an autotrophic generation. It is therefore necessary not to gener
alize from conclusions drawn from experiments on some specialized 
form, nor to apply indiscriminately the same growth-scheme to all 
plants, as ha'l been done during the development of the theory of growth
substances. 

Only by careful application of the theory of growth regulation by 
chemical substances (a theory originally developed for the growth of a 
particular plant organ, and therefore frequently opposed in its wider 
application) will it be possible to see if and how far the several growth 
types found in ferns fit into this scheme. 

The literature deals (I) with the development and growth of the pro
thallium and sex organs, and(2) with the development of the leaves, mainly 
from the point of view of systematics. Where the growth of these two 
phases depends on different environmental factors, we shall deal with them 
separately. 

The earlier literature is indicated in the two standard works of SACHS 2) 

') The nomenclature here followed is that of CHRISTENSEN'S "Index Filicum". 
In many cases cross·references indicate the equivalent scientific names employed 
by writers in plant physiology. 

2) J. SACHS: Lehrbuch der Botanik, 4th ed. Leipzig (1874). 



304 H. G. DU BUY AND E. L. NUERNBERGK, GROWTH AND TROPISMS 

and GOEBEL 1). Other parts of this Manual deal with later literature in which 
the physiological part is only of incidental importance. 

Publications dealing mainly with related problems are: HOFMEISTER 2), 
BANKE, DE BARY, GOEBEL 3), KNY, LEITGEB 3), PRANTL 3), HElM, PERRIN, 
REED,LAAGE,NAGAI~. 

The chief recent work on the physiology of the fern gametophyte is that 
of KLEBS 5), who dedicated several years to the analysis of factors 
influencing the growth of the gametophyte. His extensive work cannot be 
adequately summarized in this brief review. 

I. Growth of the gametophyte 

The gametophyte is very suitable for investigations on growth and 
development, because the development from spore to young prothallium 
which forms the sex organs shows a succession of stages in which cell 
division takes place in three different directions: 

1. the spore forms a rhizoid 6) and a more or less elongated germination 
tube by transverse cell division only; 

2. a prothallium plate is formed by longitudinal cell division; 
3. finally cell division in the third dimension forms a many layered 

young prothallium. 

§ 1. Growth of prothallia. - 1 ) Normally the prothallia are 
simple heart-shaped because all the marginal meristematic cells develop 
from an initial edge-shaped apical cell and continue to function during the 
whole development. This is called marginal growth. 

') K. GOEBEL: Grundztige der Systematik und speciellen Pflanzenmorphologie, 
Leipzig (1882) = Outlines of classification and special morphology of plants, Ox· 

ford (1887). - Vergleichende Entwicklungsgeschichte der Pflanzenorgane, "Enzy
klopadie der Naturwiss. p. 99-432", Berlin (1883). 

') W. HOFMEISTER: Die Lehre von der Pflanzen zelle, Leipzig (1867). 
3) See notes on p. 305,307 and 310. 
4) C. HElM: Untersuchungen tiber Farnprothallien, Flora (J ena) 82, 35, (1896). 
A. LAAGE: Bedingungen der Keimung von Farn- und Moossporangien. Diss. 

Halle (1906). See also: Beih. Bot. CbI. 21, I, 76-115 (1900). 

I. NAGAI: Physiologische Untersuchungen tiber Farnprothallien. Flora (J ena) 

106,281-330 (1914). 

G. PERRIN: Influence des conditions exterieures sur Ie developpement et Ia sexu

alite des prothalles des Polypodiacees. C.r. Acad. Sci. Paris 147, 433-435 (1908). 

H. S. REED: The value of certain nutritive elements to the plant cells. Ann. of 
Bot. 21, 501-543 (1907). 

5) G. KLEBS: Zur Entwickiungsphysiologie der Farnprothallien. I, II, III. 

Sitzsber. Heidelberg. Akad. Wiss., Math.-naturw. KI. 1916, B4; 1917, B4, B7 

(1916/1917). 
') The behaviour of rhizoids of this origin is not necessarily the same as that of 

rhizoids of the full grown prothallium. 
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2) Other types: In the Hymenophyllaceae 1) growth is mainly apical. The 
apical meristem, however, increases in breadth. After some time the central 
part becomes adult and stops growing. Therefore two meristems remain. 
The first grows in the direction of the old shoot, the second forms a lateral 
shoot. This prothallium is then similar in shape to analogous organs of 
lower plants e.g., Vaucheria. 

Osmundaceae develop in the same way but several other parts of the 
meristem stop their growth. 

3) Vittaria and Monogramma 1); Anogramma. Young spatula-shaped 
prothallia are in the beginning meristematic in their proximal region, later 
only on both sides. Under the meristem develops (as in Gymnogramme) a 
reproductive axis which grows in the soil and bears the archegonia 3). (The 
reproductive axis of some ferns serves only for perennation.) 

In A nogramma the prothallia when inadequately nourished form only 
adventitious c;tructures. When well nourished they also form archegonia. 

Similar is the behaviour of other species, e.g., Blechnum, Ceratopteris, 
Gymnogramme, Polypodium, and PERRIN 2) as well as CZAJA 4) stated that 
a scant nutrition or one that lacks nitrogen, yields uni-sexual male pro
thallia, while plenty of nitrogen produces hermaphrodite prothallia. In a 
solution without nitrogen the development takes no normal course at all 
(PRANTL 5)). 

Besides this the male and female sexual organs develop better in dim 
light, whereas in strong light only antheridia are produced. Likewise, 
they are influenced by different spectral colors, e.g. red light produces 
exuberant, mostly unisexual cultures (PERRII'< 2)). 

When prothallia of Anogramma die, the fertilized egg cells draw nourish
ment from the vegetative tubers. The development of the germinating 
plant inhibits in this case any vegetative growth of the tuber (Cf. p. 306). 
The tuber can also function as a resistant stage. 

Influence of "hormones" on the development of prothallia. - MEYER 6) 
mentions that the spores of Pteridophyta contain more "growth substance" 
than other parts of these plants. However, at present we do not know 

') K. GOEBEL: I. Ueber epiphytische Fame und Muscineen. Ann Jard. bot. Bui
tenz. 7, 1-73; II. Zur Keimungsgeschichte einiger Fame. Ibidem p. 74-119 (1888). 

') See note p. 304. 
3) K. GOEBEL: Organographie der Pflanzen, 2nd part, 3rd edit. p. 1101 Jena 

(1930). 
') A. TH. CZAJA: Ueber Befruchtung, Bastardierung und Geschlechtertrennung 

bei Prothallien homosporer Fame. Z. Bot. 13,545-589. (1921). 
5) K. PRANTL: Beobachtungen tiber die Emahrung der Famprothallien und der 

Verteilung der Sexualorgane. Bot. Ztg. 39, 953 (1881). 
6) F. MEYER: Ueber die Verteilung des Wuchsstoffes in der Pflanze wahrend 

ihrer Entwicklung. Diss. Frankfurt a.M. (1936), p. 34. 

Manual of Pteridology 20 
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anything about the possible influence of that peculiar growth substance on 
the development of the prothallia originating from these spores. 

On the other hand, a few investigations have been made with hormones 
applied to fern prothallia by means of culture-media or nutrient solutions. 
For instance, concerning the influence of follicle-hormone (Progynon = 
ClsH2202) ORTH 1) made some experiments. It was impossible to state any 
effect on the ratio between the two sexes in prothallia of Gymnogramme, 
Blechnum, Ceratopteris and Polypodium, just as little as in Angiospermae. 
As it has been shown above, this ratio depends much on the nutrition and 
is changed in favour of the archegonia, if much nitrogen is available. 

A favourable influence of Progynon is seen only in prothallia of 
Equisetum, where this hormone supports a better development of the 
rhizoids, especially of the first rhizoid of the spore, and besides that, a better 
stretching growth and generally a more exuberant development of the 
prothallia. Owing to this effect the ratio between the number of produced 
archegonia and antheridia rose to the optimal amount of 50% to 50%. 

Regeneration in prothallia. - When a heart-shaped prothallium is cut in 
two parts, these parts do not regenerate, but the growing point enlarges 
and forms a new lobe. 

When the whole growing point (all the embryonic cells) is removed, 
many adult prothallium cells grow out into new prothallia. This shows that 
embryonic tissue can be regenerated, and that the presence of a part of a 
growing point inhibits the outgrowth of adult prothallium cells into new 
prothallia 2) (d. p. 305 "tubers of Anogramma"). 

According to GRATZY-WARDENGG 3) this phenomenon is related to 
the presence of an osmotic gradient in prothallia. A maximum of both, 
the osmotic value and the suction force exists in the growing point, 
where the strongest meristematic cell division occurs, moreover it can 
be observed in the neighbourhood of the embryo or of the initial cells in 
regeneration. Toward the base of the prothallium both osmotic factors 
diminish gradually, hence it may be assumed that every embryonic tissue, 
growing points as well as points of regeneration, acts like attracting points 
with regard to the substances necessary for growth. Therefore, these 
substances are not avaIlable any longer for other parts of the prothallium 
tissue. 

§ 2. Development of dorsiventrality. - Tropisms of the Gametophyte. 
- The Filicinae show very clearly that a dorsi ventral organ does not need to 

1) H. ORTH: Die Wirkung des Follikelhormons auf die Entwicklung der Pflanze. 
Z. Bot. 27, 565-607 (1934). 

2) K. GOEBEL: Ueber Regeneration im Pflanzenreich. BioI. Zbl. 22. 385-397. 
417-438.481-505 (1902). 

0) S. A. E. GRATZY-WARDENGG: Osmotische Untersuchungen an Farnprothalli
en. Planta (Berl.) 7, 307-339 (1929). 
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consist of several cell layers. A single, apparently symmetrical (radial) cell, 
or a single layer of cells may exhibit dorsiventrality. Secondly the ferns 
show that dorsiventrality is very dependent on environmental conditions. 
This confirms the saying of PRANTL 1) that there is practically no part of a 
plant whose future shape is more determined by environmental conditions. 

Influence of environmental conditions, especially of light. - Whereas the 
germination tubes mostly show positive phototropism, stages 2 and 3 (see 
p. 304) are plagio-phototropic and show labile dorsiventrality. This labile 
dorsiventrality is emphasized by Dopp 2). In M atteuccia Struthiopteris and 
other Filicinae, prothallia are often formed which bear antheridia, 
archegonia, and rhizoids on both sides. In most cases, however, the 
rhizoids and archegonia, and partly also the antheridia, are produced 
on the nonilluminated side of the prothallium (d. p. 310). 

Influence of light. - The influence of light on the prothallia begins during 
germination (see further below). For instance, in Equisetum the first cell
wall of the germinating spore always develops perpendicular to the gradient 
of light-absorption, the more strongly illuminated daughter cell becoming 
the first prothallium cell, the more weakly illuminated the rhizoid-cell 
(STAHL 3)). In this case, the first visible influence of light consists of an 
atraction of the chromatophore" to the lighted side of the spore, followed 
by the turning of the nuclear spindle axis parallel to the direction of 
the light (NIENBURG 4)). 

However, this cannot be applied to the germination of other fern-spores, 
in which the point, where the first rhizoid develops is not influenced by 
light (GOEBEL 5)). 

LEITGEB 6) stated that the more strongly illuminated side always turns 
out to be the dorsal side. GOEBEL 5) gives a detailed description of the 
development in Adiantum. In light of sufficient intensity the positively 
phototropic germinating tube develops into a two-dimensional prothallium, 
which places its surface at right angles to the direction of the light rays. 
It shows so-called transverse phototropism. There are also prothallia which 
develop directly from the spore into a cell plate (LEITGEB 6), GOEBEL5)). 

In Ceratopteris this two dimensional cell plate shows at first positive 

') K. PRANTL: Ueber den EinfluB des Lichtes auf die Bilateralitat der Farn
prothallien. Bot. Ztg. 37, 697 (1879). 

') W. Dopp: Untersuchungen tiber die Entwicklung von Prothallien einheimi
scher Polypodiaceen. Pflanzenforschung, No.8 (Jena 1927). 

3) E. STAHL: EinfluB des Beleuchtungsrichtung auf die Teilung der Equisetum
spore. Ber. dtsch. bot. Ges. 3, 334-340 (1885). 

') W. NIENBURG: Die Wirkung des Lichtes auf die Keimung der Equisetum
spore. Ber. dtsch. bot. Ges. 42, 95-99 (1924). 

0) K. GOEBEL: Ueber die Einwirkung des Lichtes auf die Flachenentwicklung der 
Farnprothallien. ;Rec. trav. bot. neer!. 25A, 122 (1928). 

0) H. LEITGEB: Studien tiber die Entwicklung der Farne. Sitzgsber. Akad. Wiss. 
Wien, math.-naturw. Kl. 80, I, 201-227. (1879). 
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phototropism and at a certain stage of development goes over to transverse 
phototropism. In Osmunda regalis the cell plate shows transverse photo
tropism from the beginning. 

1. The dependence of developmental growth on 
the wavelength of light. 

A. Germination of spores. Germination of spores under normal conditions 
takes place in 4-20 days. The germination of the spores of Dicksonia is 
independent of the wavelength of light. The spores of Equisetum arvense, E. 
palustre and Pteris longifolia do not germinate in the dark and in infra red 
(SCHULZ 1)), and are dependent, like the spores of Pteris longifolia, on the 
wavelength and on the intensity of the light. 

According to KLEBS '), red and green light have a favourable effect, whereas 
blue and violet light bring about an inhibition, although this is dependent on the 
intensity (STEPHAN, fig. 4)3). 

However, ORTH 4) recently stated that this is not the rule for all species. 
All spores of ferns are capable of germinating in light, and ORTH could 
not find any spore germination when kept exclusively in darkness. For in
stance, Pteridium aquilinum, a sun-fern germinates well in light of 
every wave-length (esp. of 5500 A) and endures high light intensities. Athy
rium Filix-femina and Dryopteris Filix-mas germinate well in light of short 
wavelengths the intensity of which may be low or high. This group of 
ferns belong to the red-green-shade-plants. 

In all species red, yellow and green light (esp. 7100 and 5700 A) stimu
lates germination as well as growth of the germination tube, but the wave
lengths about 7500 A-I 0,000 A and 4900 A-6,000 A are inhibiting. Out of 
these experiments we may conclude: light of different wave-length exerts 
a specific influence on the germination and differentiation of fern-spores. 

Furthermore, the age of the spores plays an important role with regard 
to the germination, for instance, Equisetumspores, older than 4 weeks, do 
not germinate. X-rayed spores of Polypodium aureum seem to develop 
in an abnormal way (KNUDSON 1934) 5); in any case their chloroplasts 
develop into giant plastids which have often a diameter of about 22 fl. 

') W. SCHULZ: Ueber die Einwirkung des Lichtes auf die Keimfahigkeit der 
Sporen der Moose, Farne und Schachtelhalme. Beih. Bot. CbI. 61, 81. (1901/02) . 

• ) See note p. 304. Compare also: A. BURGERSTEIN: EinfluB des Lichtes verschie
dener Brechbarkeit auf die Bildung von Farnprothallien. Ber. dtsch. bot. Ges. 
26a, 449-451 (1908). 

3) J. STEPHAN: Untersuchungen tiber die Lichtwirkung bestimmter Spektral
bezirke und bekannter Strahlungsintensitaten auf die Keimung und das Wachstum 
einiger Farne und Moose. Planta (Berl.) 5,381-443 (1928). 

4) R. ORTH: Zur Keimungsphysiologie der Farnsporen in verschiedenen Spek
tralbezirken. Jb. Bot. 84, p. 358-426 (1937). Cf. A. SEYBOLD: Ueber den Lichtfaktor 
photophysiologischer Prozesse. Jb. Bot. 82, 741-794 (1936). 

0) L. KNUDSOl'i: Giant Plastids in Ferns Produced from X-Rayed Spores. 
Am. J. Bot. 21, 712 (1934). 
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B. KLEBS 1) reports for Pteris longijolia that the prothallium cell plate is 
formed mainly under the influence of blue-violet radiation which increases 
transverse and longitudinal cell division. Regarding Cystopteris jragilis, 
MUSSACK2) states that the flat, thin prothallium develops perpendicularly to 
the direction of the light (lens-shaped cells ?). In light of shorter wave
length the growth by stretching increases, while in light of longer wave
length transversal cell-division is intensified. 

STEPHAN 3) defines the influence of the several spectral colors on Dick
sonia antarctica and Pteris longijolia more clearly. He observes that in 
all wavelengths> 6000 A there is no development of prothallia at all, and 
that this occurs only in parts of the spectrum> 5800 A. Typical growth 
with wedge shaped apical cells at the vegetation point requires blue light 
of a wavelength of about 5000 A. Like germination these processes are 
dependent on the intensity of the light, but also in this case plants of 
different types show a different behaviour. In most cases the longer 
wavelengths increase the stretching of the cells and the shorter wavelengths 
have an inhibiting effect. In Equisetum however, the shorter wavelengths 
increase the stretching of the cells. Closer investigation of this problem 
would be worth while in relation to phototropism. 

The influence of the wavelength and the intensity of the light on the 
chain of processes causing cell division is even more variable, so that except 
for the general rule that the shorter wavelengths on the whole increase the 
cell division, no further generalizations can be made. There are furthermore 
no investigators dealing with the influence of the light on partial processes 
of growth, e.g., on the reversible and irreversible extensibility of the cell 
wall etc. (DU Buy 1933, p. 879) 4). Although KLEES has laid the foundation 
for the work on the development of fern prothalha, it is impossible to refer 
to his work briefly. This shows, however, the main value of his work 
because he has emphasized the complexity and the variability of the 
above problems from the beginning, a fact which does not make his work 
popular, but nevertheless deals with the phenomena in an adequate way. 

2. The d e pen den ceo f t ran s v e r s e p hot 0 t r 0 pis m 
o nth e w a vel eng tho f Ii g h t. Development of dorsiventrality 
and phototropic behaviour also seem to depend on light of wavelength 
< 5500 A (d. above). 

LEITGEE 5) states that young prothallia of Ceratopteris thalictroides 
develop dorsiventrality and show positive phototropism when the cultures 

') See note p. 304. 
2) A. MUSSACK: Untersuchungen iiber Cystopteris tragilis. Beih. Bot. CbI. 51, I. 

204-254 (1933). 
3) See note p. 308. 
4) H. G. DU Buy: Ueber Wachstum und Phototropism us von Avena sativa. 

Rec. Tra v. bot. neerl. 30, 798. (1933). 
') See note p. 307. 
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are placed under a glass jar containing K2Cr20 7 solution or ammoniacal 
cupric oxide solution. Both solutions are transparent for wavelengths 
about 5250 A and shorter. 

KLEBS 1) grew prothallia of Pteris longifolia·under red glass, transparent 
from infra-red to 61 00 A and a little yellow and green. The prothallia develop 
bilateral symmetry, grow rhizoids and antheridia on both sides, and show 
no pronounced transverse phototropism, but grow up from their sub
stratum. According to STEPHAN 2), this can be explained thus: the develop
ment of the prothallium is due to the transmitted yellow-green light, but 
not enough of the shorter wavelengths were transmitted to cause dorsi
ventrality and hence the normal transverse phototropic behaviour. 

3. Rever s a I 0 f d 0 r s i v e n t r a lit y by Ii g h t. When Os
munda prothallia are illuminated from below, the ventral side becomes 
concave. When growth is rapid the curvature can be so great that the 
meristematic layer grows towards the light. In this case no change in dorsi
ventrality occurs. When growth is less rapid the curvature is not great 
enough, and the dorsal side remains longer in the shadow. I~ this case the 
dorsiventrality will be changed, the curvature decreases, and the pro
thallium forms rhizoids and archegonia at the former dorsal side 3). This is 
shown by LEITGEB (1879) 4) in Ceratopteris and by NEMEC 5) in Gymno
gramme. 

Influence of gravity and other tropisms. - Almost nothing is known con
cerning the influence of gravity and other tropisms on prothallia. Only 
LEITGEB 4), 6) assumes "orne influence of gravity on the development of the 
embryos of macrospores of M arsilia. The macrospore always germinates in 
a nearly horizontal position, hence, the small prothallium also lies hori
zontally. After that, the first division of the fructified eggcell takes place 
in such a manner that the new cell wall will be situated in the direction of 
the archegonium axis, the plane of the wall being placed more or less at 
right angles to the direction of gravity. 

As the upper cell later on produces the first leaf and the shoot, and the 
lower cell develops the roots, the whole embryo will grow up verti
cally. However, it may be observed that the real influence of gravity on 
the whole development of the embryo is restricted solely to the germi
nation of the macrospore, for macrospores germinated beforehand and then 
brought in such a position that the direction of the archegonium axes 

1) See note p. 304. 
2) See note p. 308. 

3) Compare the labile polarity, p. 306 . 
• ) See note p. 307. 
0) B. NEMEC: Die Symmetrieverhaltnisse und Wachstumsrichtungen einiger 

Laubmoose. Jb. Bot. 43, 501 (1906). 
') H. LEITGEB: Zur Embryologie der Farne. Sitzgsber. Akad. Wiss. Wien, Math. 

naturw. Kl. 77, I, 222-242, (1878). 
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points vertically upwards, will develop their embryo axes likewise not 
vertically but horizontally. 

Generally it may be stated that the influence of light on the development 
of prothallia is by far the most important of all, because without light, 
usually no development of the prothallium plate occurs, but only a more 
or less elongated tube is formed. In this respect the behaviour of prothallia 
is very different from that ot the gametophyte of Hepaticae where not only 
light, but also gravity and other environmental factors (moisture: hydro
tropism) influence shape and direction of growth to a considerable amount. 

§ 3. Growth of the rhizoids of the full grown Gametophyte. -
Concerning the growth of the rhizoids of prothallia it may be stated that 
they have the same physiological features as the rhizoids of the Hepaticae, 
i.e. they react to light, gravity, moisture etc., and have apical growth (like 
the root hairs of the Spermatophyta). The sole difference consists in the 
fact that in ferns there are no cone-shaped rhizoids. Nearly all fern 
rhizoids are unicellular, except for instance the rhizoids of Danaea 
according to BREBNER 1). 

Movements 01 the rhizoids 01 the lull grown Gametophyte. 
P hot 0 t r 0 pis m 0 f pro t hall i u m r h i z 0 ids 0 f E q u i

set u m. According to STAHL and BUCHTIEN 2) the rhizoids of Equisetum 
are slightly negatively phototropic in low light intensities and strongly 
negatively phototropic in higher intensities. STEPHAN 3) on the contrary 
reports that the rhizoids are always positively phototropic to light of low 
and of high intensity (sun). This discrepancy can be interpreted in ac
cordance with the hypothesis of DU BuY-NUERNBERGK 4). This is: 
"light which increases the growth of a radial organ above that which 
occurs in darkness will always cause negative phototropism, provided that 
the absorption differences of the light are great enough". 

Phototropism and Geotropism of prothallium 
r h i z 0 ids 0 f F iIi c ina e. According to LEITGEB 5) the older liter
ature mostly states that the rhizoids of Filicinae are negatively pho
totropic. BISCHOFF 6) showed that this is not proved. LEITGEB only stated 

') See G. HABERLANDT: Physiologische Pflanzenanatomie, 6th ed. Leipzig 1924, 
p.209. 

2) O. BUCHTIEN: Entwicklungsgeschichte des Prothalliums von Equisetum. 
Bibliotheca bot. No.8. Stuttgart (1887). E. STAHL: Einflul3 der Beleuchtungsrich
tung auf die Teilung der Equisetum-Sporen. Ber. dtsch. bot. Ges. 3, 334-340 

(1885). 
3) See note p. 308. 
4) H. G. DU Buy and E. NUERNBERGK: Phototropismus und Wachstum der 

Pflanzen 1. Erg. d. BioI. 9, 358. Berlin (1932). 

') See note p. 307. 
6) H. BISCHOFF: Untersuchungen liber den Geotropismus der Rhizoiden. Beih. 

Bot. CbI. 28 I, 94 1912). 
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that the rhizoids are always formed on the shaded side of the prothallium, 
and grow out "exotropically", i.e. regulated by symmetrical internal 
factors. The prothallium itself is transversely phototropic and since the 
rhizoids grow out at right angles to its surface it looks as if the rhizoids 
were negatively phototropic. 

It remains to be proved that they are not aphototropic, particularly 
because BISCHOFF followed the same line of thought. He showed that 
prothallium rhizoids of Filicinae are not geotropic. The rhizoids grow out 
independent of the direction of gravity. 

II. G row tho f the S p 0 r 0 ph y t e 

As in other vascular plants, i.e., the Spermatophyta, we have to dis
tinguish in the Pteridophyta between root, stem and leaves, (= fronds) all 
three together composing the plant body ("Kormus"). Of these three ele
ments the leaves of ferns show the most remarkable features and there
fore, their growth and behaviour have been mostly investigated. On the 
other hand, concerning the stem and root of the Pteridophyta, both dif
fering little or not at all from the corresponding organs of the Sperma
tophyta, nearly no investigations are known, which deal particularly 
with mechanism and physiology of their growth. That is why we shall 
deal mainly with growth and tropisms of the leaves of ferns in the fol
lowing paragraphs. The terms stipe (= petiole) and lamina (= blade) 
as parts of the frond (leaves) will be used synonymously. 

§ 4. Growth types in Filicinae. - To begin with the growth of the 
roots, it may be sufficient to mention the statement 1) that Pteridophyta 
roots grow similarily to the roots of Ephedra vulgaris, both belonging to a 
special kind of growth-type. According to PORODKO 2) this growth type is 
distinguished from the usual growth type of roots (compare further on 
p. 313, 314) by the fact that the growth is nearly exclusively apical 3), and 
the middle part of the root almost lacks growth. 

According to GOEBEL 4), the form and mode of development of leaves 
in Filicinae are much more variable. Compare for example, the 'imallieaves 
of the Hymenophyllaceae with the very massive leaves of Angiopteris. Yet 
the early stages in the development of these different types of leaves have 
much in common as can be shown by a comparison of primary and pinnate 
leaves. 

') Some further informations on roots are given by K. GOEBEL: Organographie 
der Pflanzen, 1st part, 3rd ed., p. 91 Jena (1928). 

2) H. PORODKO: Neue Langenwachstypen der Hauptwurzeln. Planta (Ber!.) 6, 
234-254 (1928). 

3) Cf. W. PFEFFER: Pflanzenphysiologie, vol. 2, p. 6, 10. 2nd ed. Leipzig (1904). 
') See note p. 304 and p. 305, note 3. 
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In some of them the meristematic tissue is marginal. (The veins are 
bifurcated which is a necessary consequence of this type of growth). 

In others, leaf formation is due to a meristem limited to the apex which 
produces the lateral pinnae by monopodial branching, when branching 
occurs. 

The following types can be recognized. 
(A) The young plant begins with a cotyledon which has marginal growth 

from the beginning. The leaf or only the veins of this cotyledon and of the 
primary leaves show bifurcational branching (M arattiaceae, Osmundaceae). 

(B) The apex of the leaf grows constantly in one direction, and later 
marginal growth appears. (For instance all ferns which show long stretched 
leaves with many lateral parts, e.g. some Adiantum species). 

(C) Apical growth may persist through several vegetative periods, 
e.g. many Nephrolepis, Hymenophyllaceae, Gleicheniaceae, Lygodium. 
(The results obtained on tissue-cultures make it probable that we are 
dealing in Lygodium with leaves which show unlimited growth). 

Generally, the apical growth of Filicinal leaves is combined with 
hyponasty of the extreme part of the growth zone thus forming the well 
known curl of the young fronds. In the following part of the growth zone 
hyponasty is replaced by epinasty which on its part causes the unrolling of 
the leaf (see fig. 4 and 5 D1 ; d. also p. 320). 

The hyponastic curling of the infant apex is not always to be found in fern
fronds. GOEBEL (p. 1183) ') mentions some cases, e.g., Pteris serrulata, P. cretica 
and P. umbrosa, where, notwithstanding the apical growth, the laminar part of the 
frond is stretched, and only the stipe shows a sharp curvature. We shall deal with 
this subject again on p. 321. To another type of an uncurled leave belongs further 
the frond of Adiantum uniforme. 

A comparison with other plants is helpful in understanding the tropistic 
responses of ferns. The causal analysis of growth and tropisms has been 
worked out in the greatest detail for apical growth types of Angiosperms. 
As a result of this work it can be concluded that the primary step in 
analysis is to determine the growth type of the plant. 

According to DU Buy and NUERNBERGK (1932-1935) 2) at least four api
cal growth types can be distinguished: 

1. Avena-type. Here growth is distributed over the ~whole coleoptile 
and is regulated principally by auxins, produced only in the tip. When the 
tip is removed, growth nearly stops. Only after some hours a temporary 
regeneration of auxin· production occurs. 

2. Helianthus-type. Here growth is also distributed over almost the 
whole seedling. When the tip is removed, however, both tip and base 
continue to grow. Growth is regulated by substances produced by all non
adult cells which are distributed over the whole plant. These cells preserve 
their embryonic state for several days. 

') See note p. 305. 
2) See note p. 311. 
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3. Vicia-type. Growth takes place only at the apical part of the plant. 
When the tip is removed, no growth can be found. Growth is regulated by 
substances which are produced only by non-adult cells found only in the 
apical part. They remain in this embryonic state for only a short time. 

4. Root-type. This type resembles more or less the Vicia-type, but the 
growth zone is a little bit more extended (d. also p. 312). 

Fern leaves of growth type C show the features of the third group, 
the Vicia-type. A few general conclusions concerning this point are 
given below. A more elaborate report will be given elsewhere. 

Osmunda, Polypodium, Asplenium bulbiferum and related species. There 
are many papers dealing with their development from a morphological 
point of view, relating the shape of initial cells with the shape of the 
leaves, etc. (GIESENHAGEN, HELM) 1). They occasionally mention the even
tual change in shape resulting from a change in external conditions 2). 
However, there is no mention made of the relation between shape and 
the action of growth regulators, etc. We give here some of our data. 

The fern Dryopteris, showing the features of growth type B, has limi
ted apical growth. Since lateral leaflets are developed later and in 
the lower part of the petiole, the cells of the petiole must remain longer in 
an embryonic state. This is shown by a longer growing region, and an. 
occurence of curvature after application of auxin 3) over this whole region. 
The whole development of the leaf takes place in 20-30 days, at about 20° 
C. After this time, growth stops and the application of auxin no longer has 
an effect 4). 

PRANKERD 5) is the only investigator who gives more detailed data 
regarding the development of Asplenium bulbiferum, a growth type similar 
to Dryopteris. To quote the author: "Three phases may conveniently be 
distinguished in the life-history of a fern frond: the first or infant phase 

') K. GIESEN HAGEN : Asplenium viride Huds. forma daedalum. Ein Beitrag zur 
Entwicklungsmechanik des Farnwedels. Flora (Jena) 123, 105-132 (1928). 

J. HELM: Anlage und Entwicklung des Blattes von Trichomanes bimarginatum 
V. D. B. Planta (Berl.) 23, 442-473 (1935). 

2) Cf. K. GOEBEL: Morphologische und biologische Studien XIII. Weitere Un
tersuchungen tiber die Gruppe der Drynariaceae. Ann. jard. bot. Buitenz. 39,117-
126. (1928). 

3) Detailed reference to the growth substance "auxin" is given by DU Buy
NUERNBERGK in "Phototropismus und Wachstum der Pflanzen, I, II, III" (Er
gebn. d. Biologie, vol. 9, 10, 12. Berlin 1932, 1934, 1935). 

C) It may be mentioned here that the growing apex of Dryopteris moves in 
small circumnutations. (CH. DARwIN: The power of movements in plants, London 
1880. Cf. the German translatiQn: "Das Bewegungsvermogen der Pflanzen", 2nd 
ed. Stuttgart 1898, p. 54, 217) . 

• ) T. L. PRANKERD: On the irritability of the fronds of Asplenium bulbiferum 
with special references to graviperception. Proc. Roy. Soc. London 93 B, 143-152 
(1922). 
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when the apex of the frond is curled, the second or adolescent phase, from 
the time when the first leaflets appear beneath the apical coil, until the 
frond is quite uncurled, when the third or mature phase is rcached". 
(Cf. PRANKERD, p. 147, fig. 4). As we have seen, this mode of development 
holds only for growth type B. PRANKERD'S third stage, for instance, is 
never reached by growth type C. 

Furthermore, she has proved definitely that there a is real difference 
between the first and second stages except in the development of the leaf, 
a morphological feature. The author gives no data concerning the distri
bution of growth over the whole plant during its development. This makes 
a further analysis of the causes of the differences in "heliotropic and 
geotropic irritability" etc., in the two phases more difficult. 

Several experiments have been made by us on the growth of Nephrolepis 
cordi/olia. Fig. 1 and 2 

I 

show that, the growth of em 
0 

Nephrolepis - and similarly 
of Osmunda etc. - either 

s 

in the light or in the dark 
(green house or dark room; 
see in connection herewith 
fig. 3), takes place in the 
apical part ofthe plant. The { 
zone of maximal elonga-

, 

~ v 
--------

!---"-' 

tion is always 1-2 cm from 000 
hour:5 300 

the tip. Therefore in young .. . 
FIG. 1. - Typlcal apIcal growth curve (N ephrolepz5 

plants, the growth seems to cordi/alia). The different lines represent the growth 
be basal (1 cm from the tip) curves of the differen t zones. New zones have been 

ft d th f" added gradually. The arrow indicates the develop-
a erwar s e zone 0 maXl- ment of the first pair of laminae. 
mal elongation shifts to the 
middle part and the tip (d. fig. 2). When the tip is removed no growth can 
be found. Growth is regulated by cells in an embryonic state (d. fig. 3E) and 
only occurs in the apical part. Several interesting conclusions can be drawn: 

1. The Pteridophyta which belong to this physiological group show 
the same features of growth as higher plants, whereas the growth of the 
cells of Bryophyta, as far as they have been investigated, cannot be chang
ed by auxin or by decapitation, but results from the individual growth of 
each cell (see Manual of Bryology, p. 222, 224, 228) 1). In Bryophyta, 
therefore, the growth resembles the growth of cells of lower plants. 

2. A tropistic curvature can only be produced in the apical part, 
depending on the properties of the growth type to which the fern belongs. 
This curvature will not shift to the base and is fixed easily. 

3. We can expect, furthermore, that the mobility of the growth re
gulators is not great. This has important consequences for photo- and geo-

') Cf. also DU Buy-NuERNBERGK 1935, p. 336 following (see p. 314). 
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tropic "sensitivity", for the validity of the theory of BLAAUW etc. After 
removal of one lateral half of the tip, only the cells under the undamaged 
part grow, due to the production of growth regulators by this part (fig. 5C). 
The curvature of the damaged part is partly due to exsiccation. The cells 
show curvature only while they are young (1-2 cm from tip). This zone of 
non-adult cells is also the zone where unilateral application of growth 
substance causes a curvature (fig. 5E, F). Application of growth substance 
on other parts has no effect (fig. 5G). 

§ 5. Influence of darkness (etiolation) on growth. - As in 
phototropism (see further below) the general influence of light on the 
growth of fern leaves is comparatively small. For the most part it is ef
fective only, when lasting for a longer period. Then, for instance, lack of 
light produces an etiolation which shows different aspects in the different 
species even of the same family. 

With regard to the Polypodiaceae HOMMER 1) stated that etiolated 
fronds of Polystichum aculeatum, Dryopteris Filix-mas, and W oodwardia 
radicans are longer than normal, whereas these fronds are shorter in Poly
stichum adiantiforme, Asplenium lineolatum, Adiantum cuneatum, A. 
gracillimum, Blechnum brasiliense, B. occidentale, Doodia aspera, Dryopteris 
dentata (Nephrodium moUe), Polyp odium Reinwardtii and Pteridium aqui
linum. 

The lamina is always reduced in the etiolated state, some species (Doodia, 
Adiantum cuneatum) have no leaves at all. The leaves often show hyponas
ty (d. p. 321), e.g., the small leaves of Adiantum gracillimum, Asplenium 
lineolatum, Pteridium, and in many species the petioles develop even farther 
and owing to this their number is reduced. 

Usually, the leaves of the etiolated plants remain green, as ferns (like 
conifers) are able to form chlorophyll even in darkness; only in Pteridium 
white fronds have been observed. 

Regarding the stipes of etiolated fronds the size of their cells often 
increases (Polystichum aculeatum) , as well as the number of cells, if the 
fronds have developed to a greater length (see above). Generally, in etio
lation all cells represent a kind of infant stage, and on this account no 
development of spores occurs in etiolated leaves. 

Summarizing it can be stated that the behaviour of ferns when etiolated 
does not differ much from that of dicotyledonous plants. 

§ 6. Phototropism of leaves. - The phototropism of leaves growing 
in the light is not great. According to PRANKERD 2) the "heliotropicirritabili
ty" in Asplenium begins in the "infant" stage, reaches a maximum in the 

') M. HOMMER: Ueber das Etiolement bei Farnpflanzen und die Ursachen des 
Etiolements im allgemeinen. Bot. Arch. 14, 1-46 (1926) . 

• ) See note p. 314. 
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"adolescent" stage and ceases early in the "mature" stage. This is, 
however, only true for ferns belonging to a similar growth type. As is 
shown in fig. 4 the phototropic response runs more or less parallel with 
the growth of the reacting leaf. 

-The dorsiventrality of the leaves causes a different "sensitivity" to light 
coming from different directions, as described by PRANKE~D. When the 
young frond is placed abaxially to the light, a curvature of about 90° is the 
result; when the young frond is placed adaxially, the effects of epinasty 
and light balance each other. As a result the backward curve of the fully 
developed leaf is depressed, so that the leaf remains vertical. 

When the light strikes the young leaf at right angles to the plane of the 
leaf, only a slight positive movement takes place. 

From the moment that leaflets are developed, the curvatures are no 
longer pronounced. By adaxial and abaxial illumination the position 
of the leaf in relation to the vertical is respectively somewhat increased or 
decreased. PRANKERD mentions also a "diaheliotropistic" movement caused 
by lateral illumination which induces a torsion of the stipe. No photo
tropic curvature occurs at this stage of development. 

All these statements hold only for the ferns of the above mentioned 
growth type, and within this type only for certain species. 

In Nephrolepis, for instance, the younger stages including stages with 
several leaves show curvatures of nearly the same extent following illu
mination from the abaxial and the lateral side (fig. 4, A-D). 

After adaxial illumination they show a curvature only of somewhat 
less extent. The size of curvature decreases gradually ih older leaves, being 
gradually replaced by torsion. This torsion is dependent on the presence 
of the leaves although the elongation of the stipe is independent of their 
presence (d. fig. 4, E-G). Details of this work will be given elsewhere. 

The behaviour of Dryopteris and N ephrolepis shows that the phototropic 
(and as we shall see, also the geotropic )"sensitivity" seems very variable. 
This is due to the fact that the size of a curvature is taken as a measure 
of the sensitivity. It must be emphasized that a curvature is only the last 
link in the complex chain of processes initiated, for example, by light. 

The term "phototropic sensitivity" has therefore no analytical value 
at all. The case of Dryopteris shows the absurdity of this term: during one 
stage of development it has at least four different phototropic sensitivities! 

We must, therefore, distinguish between the sensitivity of one or more 
of the parts of the whole chain reaction (the curvature). For example, the 
sensitivity of the photolabile system, the sensitivity of the cell wall to 
changes in the environment, and the sensitivity of the cell wall as measured 
by its ability to react. Only if these distinctions are made further ana
lysis will be possible. 

If, for example a single stage of Dryopteris Illuminated with the same 
amount of light shows different degrees of curvature (depending on the 
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direction of illumination); we must realize that the curvature never can 
be a proper measure for the phototropic sensitivity, although it undoubtedly 
has one photosensitive system. 

AB C 0 

A 

A bove left: FIG. 2. - N ephrolepis cordi/olia. A-I: Growth of leaf in daylight. 
In C the marks were replaced . 

Above right: FIG. 3. - A. Leaf developed in daylight. 
B. developped in daylight later in darkness. 
C. same as B. 
D. Leaf developed in darkness. 
E. Leaf embryo and leaf developed in darkness (notice the small growing point). 

Below left: FIG. 4.,- Shadowgraphs of phototropic curvatures of Nephrolepis 
cordi/olia. A-D: abaxial, adaxial and radial illumination of young fronds. 
E and F: Torsions and curvatures of fronds with laminae. The arrow indicates the 
direction of the illumination. 

Below right: FIG. 5. - Influence of 3-indole acetic acid on fern fronds. 
D. and D, : Dryopteris dentata, the others : Nephrolepis cordi/olia. 
A" B,: on tip of decapitated leaf. 
A" B.: after 24 hours. 
e. Longitudinal removal of tip. 
D,. Young petiole without growth regulator. 
D •. with growth regulator. 
E, F. Results after some <jays of unilateral application of growth regulator. 
G. Result of unilateral application of growth regulator on adult petiole: practi
cally no curvature. 
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Using always the developmental stage, only relative values for spectral 
sensitivity, threshold curvature, etc. can be obtained. 

For measurement of phototropic sensitivity, by which is usually meant 
the sensitivity of the photolabile system, we must look for a measurable 
reaction that is independent of structural peculiarities of the plant, e.g., 
the growth reactions. 

For the rest, the literature on phototropism of ferns does not contribute 
to our knowledge of growth reactions, spectral sensitivity, validity of the 
law of BLAAUW-FROSCHEL etc. 1). The following, however, may be consi
dered: 

The change in the ability of the cell walls to react can be seen from the 
zonal growth curve on p. 315. 

By analogy with higher plants of the same growth type it is probable 
that the curvature results from the difference in growth reaction of the 
illuminated and the non-illuminated side (theory of BLAAUW in the strict 
sense). Therefore the differences in "sensitivity" in very young and in older 
plants finds a satisfactory explanation in the decreased ability of old cell 
walls to react. . 

§ 7. Geotropism of fern leaves. - Geotropism of fern leaves is, like 
phototropism, related to growth. The only analysis of this subject is 
contained in the work of PRANKERD and of W AIGHT 2). 

In Asplenium bulbiferum the cells react to gravity except in the last stage 
of development. When the leaves are nearly full grown there remains a 
little growth and only a slight geotropism. In the other stages, however, 
there is a relation between the stage of development of the individual cells 
(and not the rate of growth of the whole plant; see further below) and the 
geotropic reaction. This means that plants of different length can show 
similar curvatures when the stage of development is the same. 

All the experiments referring to this are carried out in the light because a 
few controls showed that growth and reactions are the same in the dark. It 
is interesting that the behaviour of higher plants is different in this respect. 
The geotropic behaviour of ferns should therefore be tested especially in 

') For details see DU Buy-NUERNBERGK 19351.c. (p. 314). 
') T. L. PRANKERD: see p. 314. 
-- The ontogeny of graviperception in Osmunda regalis. Ann of. Bot. 34, 709-

720 (1925). 
-- Studies in the geotropism of Pteridophyta. Proc. Linnean Soc. of London 

141,3-4 (1928/1929). 
-- Studies in the geotropism of Pteridophyta IV. On specifity in gravipercep

tion. J ourn. Linnean Soc. Bot. 48, 317-336 (1929). 
-- and F. M. O. WAIGHT: On the presentation time and latent time for reaction 

to gravity in Pteridophytes. Rep. Brit. Ass. Adv. Sci. 1922. 1923,397 (1923). 
F. M. O. WAIGHT: On the presentation time and latent time for reaction to 

gravity in fronds of Asplenium bulbiferum. Ann. of Bot. 37, 55-61 (1923). 
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relation to changes in "sensitivity" during development. The function of 
the "statoliths" which disappear in the later stages of development is not 
at all proved. 

It has already been mentioned, that the geotropic reaction of the 
investigated ferns shows in general a great variability. This relates not only 
to the effect of different temperatures on growth and geotropic response 
but also to seasonal and diurnal influences which have nothing to do with 
the force of gravity in itself. 

Regarding at first the temperature effects, PRANKERD's 1) investigations 
on Asplenium bulbiferum do not disclose any considerable differences 
between the behaviour of ferns and other plants. For instance, at lQoe she 
observed a presentation time double that at 200 e, which points to chemical 
changes acting in accordance with the VAN 'T HOFF law. The growth-rate 
at the two temperatures was about 1/3. Moreover, at high temperatures 
(30°C) a time factor has been shown to operate, this temperature at once 
increasing the presentation time by 113, and by 213 after one day's ex
posure. The latent time (delay in response), however, being the same at 
300 e and 200 e, was not affected by the time factor. From other experi
ments PRANKERD inferred that an injurious high temperature affects only 
the initial ("perception") and not the end ("response") stages in the scheme 
of geotropic reaction. 

Concerning the periodical changes of geotropic sensitivity in Asplenium 
bulbiferum, PRANKERD 2) stated that there is both an annual and a diurnal 
variability of the presentation time. The latter decreases by 33% at night 
and 20% in winter, while the latent time is 10% at night and 25 % in winter 
compared with summer value. Further, the amplitude of movement is 
greater in summer. 

According to PRANKERD, these rhythms are not correlated directly with 
growth or any other (investigated) internal or external factor, especially 
as the corresponding diurnal and seasonal growth rate, measured under 
constant conditions, does not vary considerably if at all. 

With regard to the differences between the geotropic behaviour of the 
two investigated species i.e. Asplenium bulbiferum and Osmunda regalis it 
may be mentioned that: 

1. the most sensitive stage of the frond in Asplenium is the stage with 
5-7 pairs of leaflets, while in Osmunda it occurs at maturity - a stage at 
which all geotropic irritability has ceased in Asplenium. Moreover, the 
almost mature frond of Osmunda regalis shows the shortest presentation 
time (20 sec.) recorded for any plant. 

') T. L. PRANKERD: Studies in the geotropism of the Pteridophyta. V. Some 

effects of temperature on growth and geotropism in Asplenium bulbiferum. Proc. 
Roy. Soc. London 116 E, 479-493 (1935). 

') T. L. PRANKERD: Studies in the geotropism of Pteridophyta VI. On rhythm 
in graviperception and reaction to gravity. Proc.R. Soc. Lond. 120 E, 126-141 (1936). 
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2. the growth ratios for certain stages can be the same where the presen
tation times are different. 

Finally, attention may be called to the geotropism of the stalk pulvini of 
Angiopteris longifolia as there is a striking parallel to the behaviour of the 
pulvini of Gramineae. Those pulvini do not become visible on the stalks till 
late and can serve for orienting the leaf if it is put out of its proper direction. 
In that case a knee-like bending occurs. GOEBEL 1) pointed out that 
these pulvini are spots where growth ceases last, but perhaps we 
encounter here the same phenomenon as in the Gramineae pulvini 
mentioned above, i.e. growth has already ceased in the pulvini which are 
in the normal position, but will start again, as soon as the pulvini are put 
into another position. SCHMITZ 2) was able to show that in the case of Gra
mineae pulvini new growth-regulator (auxin) has been produced (unilater
ally) under influence of geotropism thus causing growth and bending. It is 
still to be investigated whether this explanation could not explain the 
behaviour of the Angiopteris pulvini. 

§ 8. Hyponasty of fern leaves. -- In certain cases the hyponasty of 
fern leaves is due to the influence of light. For instance, according to HER
ZOG 3) the leaves of many Salvinia species do not stretch in sunlight, but 
do in dim light. 

On the other hand, there is no direct causal relation between the apical 
growth of fern leaves and their circinate embryonic apex 5). 

A straight leaf tip occurs in all three fern leaf growth types: in the first 
(A) as in some Trichomanes species; in the second (B) as in OPhioglossum, 
Botrychium; in the third (C) as in some Pteris species (see p. 313). 

In these last examples, the same phenomenon occurs as in many di
cotyledonous seedlings, flower stalks, etc.: several millimetres below the 
apex the stalk shows a curvature of about 180°, so that the apex is directed 
downward. Discussion on the change from positive to negative geotropism, 
change of internal factors, etc. can be found in DU BuY-NUERNBERGK 4) 
and in RAWITSCHER 5). A suggestion of a possible further analysis is given 
by DU BuY-NUERNBERGK 6). 

') K. GOEBEL: (1930, p. 1182) see nate, p. 305. 
2) H. SCHMITZ: Ueber Wuchsstoff und Geotrapismus beiGrasern. Planta (Berl.) 

19,614 (1933). 
3) R. HERZOG: Anatamische und experimentell marphologische Untersuchungen 

tiber die Gattung Salvinia. Plants 22,490-514. (1934). 
() H. G. DU Buy a. E. NUERNBERGK: Phototropism us u. Wachstum d. Pflanzen 

I, p. 401 and foIl., p. 447 fall. Erg. d. BiaI. 9. Berlin (1932). 
') F. RAWITSCHER: Der Geotropismus der Pflanzen. Esp. p. 121-131. Jena (1932). 
6) DU Buy-NUERNBERGK I.c., p. 529 ff. 

Manual of Pteridology 21 
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Finally it may be mentioned that GOEBEL 1) has denoted a certain kind 
of the phenomena just described, as unfolding movements ("Entfaltungs
bewegungen"). A good example illustrating these is the bending downwards 
of the apical part of the young leaves of Pteris Wallichiana which is caused 
by geotropism, that is to say a paratonic factor. For details concerning this 
kind of epinasty see the works of GOEBEL 1). 

§ 9. Dorsiventrality. - The presence of dorsiventrality in the majority 
of Selaginellaceae (BAKER: 260 species) is dependent on light. 

According to GOEBEL (1915) 2), Selaginella caracensis shows anisophylly 
only when it is grown in the light. The same is true for Selaginella sanguino
lenta. In this case, however, a low humidity can inhibit the action of the 
light (e.g. the relation between humidity and phototropism in Bryophyta, 
DU Buy and NUERNBERGK (1932, p. 428) 3). 

The direction of the light seems to have no influence; the pseudo-radial 
organs possess inherent dorsiventrality, (Selaginella lepidophylla (GOEBEL 
1908, p. 115) 4); Selaginella sulcata) and this dorsiventrality cannot, as far 
as is known, be reversed by experimental conditions. 

The so-called reversed dorsiventrality of the reproductive part, e.g. in 
Selaginella chrysocaulos, S. Lyallii, S. suberosa, is the result of an increase 
in growth of the leaflets of the upper side and a decrease in growth of those 
of the lower side compared with sterile parts. This is no true reversal, for 
vegetative cuttings made of "reversed" fertile stems show the original 
dorsiventrality. This "reversal" depends on unknown internal factors, 
related to sporulation. (BEHRENS) 6). 

§ 10. Heterophylly. - The influence of environmental factors on leaf 
development of numerous ferns shows once more that this material in 
consequence of its high degree of plasticity is very suitable for the study of 
form determination. Numerous agents, especially atmospheric moisture 
and in a certain measure the intensity of illumination, are efficacious in 
.this respect, as may be shown by only two quotations out of a great many: 
according to ANGST 6) inj ury to the leaves or rhizome of Pteridium aquilinum 

') K. GOEBEL: Entfaltungsbewegungen der Pflanzen. 2nd ed. Jena (1924), p. 229 . 
• ) K. GOEBEL: Morphologisehe und biologisehe Bemerkungen 24. Die Abhangig

keit der Dorsiventralitat vom Lichte bei einer Selaginella-Art. Flora (Jena) 108, 
315-318 (1915). 

3J DU Buy-NUERNBERGK I.e., p. 428. 
4) K. GOEBEL: Einleitung in die experimentelle Morphologie der Pflanzen. Leip

zig-Berlin (1908). 
5) J. BEHRENS: Uber Regeneration bei den Selaginellen. Flora (J ena) 84, 159-

166 (1897) . 
• ) E. C. ANGST: Observations on Pteris Aquilina. Publ. Puget Sound BioI. Stat. 

5, 261-263 (1925/1928). 
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may result in the production of smaller fronds. On the other hand BOODLEl) 

states that the leaves of the same fern vary according to the intensity of 
light in which they mature, and therefore can be classed as shade- and 
sun-leaves, the latter being xerophytic. (Compare herewith the existence of 
sun- and shade-fern species 2)). 

Yet these facts do not represent the main points of heterophylly. They 
are shown much better by the following ones: While in most plants the 
factors which govern leaf development are relatively fixed, experiments on 
heterophylly in ferns, however, make it clear that the conditions for leaf 
formation which are permanent for one plant species may occur in others 
only during an early stage. 

Heterophylly and light. - Drynarieae. In these ferns all leaves have the 
same shape in the early stages. The change in illumination during day and 
night has a certain influence on this shape which can be described as 
follows: light promotes the plate growth and inhibits the leaf stalk for
mation (d. p. 317). There fore,when the development begins during daytime 
the plate gr0wth begins directly, and bifurcation and stalk formation are 
suppressed. Undivided mantle leaves which grow over the substratum are 
formed. In darkness stalked assimilatory leaves develop. There are many 
transitions between these extreme and normalleafformation, e.g., in "Dry
naria heraclea". This is a non-heterophyllic species. When this develops in 
the dark there is no suppression of leafstalk formation. 

The initial leaf stages of other heterophyllic ferns have the same develop
mental potentialities. If their development is to be interpreted as in the 
case of the Drynarieae, we must suppose that the power to react to 
environmental conditions changes periodically. 

The same is true for Platycerium. These ferns have also undivided 
mantle leaves pressed against the substratum and assimilatory leaves. 
Young plants, however, have only mantle leaves. Here also light has an 
influence on the shape. When, for example, Platycerium bifurcatum is 
cultivated in dimly lighted rooms it develops only assimilatory leaves. The 
development of mantle leaves depends on the presence of an adequate 
illumination. 

Yet this is not the only factor involved. The mantle leaves can be 
regarded as inhibited forms of assimilatory leaves, this inhibition being 
furthered by more or less definite internal or external factors. 

Heterophylly is also found in epiphytes, e.g., Polypodium species and 
Asplenium Nidus. 

In the case of Polyp odium Willdenowii, P. rigidulum, P. quercifolium 3), a 

') L. A. BOODLE: The structure of the leaves of the Bracken (Pteris aquilina) 
in relation to environment. ]. Linn. Soc. (Bot. 35, 659-669 (1901). 

2) F. KANNGIESZER: Schattenfarne. Gartenwelt 22,61,284 (1918). 
3) The three species belong to the genus Drynaria, according to CHRISTENSEN. 
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false distinction has been made between "fertile" and "sterile" leaves, by 
analogy with the difference between sporophyll and assimilatory leaves in 
Osmunda, Helminthostachys, Botrychium, Stenosemia aurita, Matteuccia 
Struthiopteris, Onoclea sensibilis, etc. The sporophylls of the latter group, 
however, show a reduction of chlorophyll. 

In Polypodium, however, the fertile leaves ("sporophylls") are dark 
green. This situation can be explained by looking at the growth type of 
the leaves. The development of the leaves of these ferns is principally the 
same as in the case of Platycerium. The difference is that in Polypodium 
the differentiation between niche leaves and assimilatory leaves begins 
first within the vegetative region. The "sterile" leaves are the unstalked 
niche leaves, the "fertile" leaves the long (stalked) pinnate leaves. Polypo
dium heracleum, a transition form, shows both types of development 
in one leaf: the leaf foot forms a niche leaf, the frond an assimilatory leaf. 

Asplenium oceanicum. Another type of heterophylly is found in "sto
lons" of this species (Asplenium obtusilobum Hook., not Desv.). These are 
leaves in which the blade is only slightly developed. 

In accordance with the preceding discussion, it is probable that this 
suppression is governed by definite yet unknown factors. 

§ II. Shoot formation by leaves. - Shoot formation by leaves 
belongs to the normal course of development in many ferns. We can with 
GOEBEL 1) distinguish two groups: 

1. leaves on which shoots regularly develop under normal conditions 
(hygrophytic ferns e.g. Diplazium celtidifolium, Asplenium viviparum etc.); 

2. leaves which develop shoots only when subjected to certain conditions 
(meso-xerophytic ferns). 

A special example of the last group is shown by the ferns in which 
embryonic shoots occur only at the apex of leaves. These leaves have a 
more or less stolon-like shape e.g. in Adiantum Edgeworthii, Aneimia ro
tundifolia, Camptosorus rhizophyllus, Asplenium oceanicum (only special 
leaves), A. Mannii. 

§ 12. Growth of aerophores, leaf hairs of Salvinia. - In some ferns, 
particularly in slime ferns, aerophores or pneumatophores (BOWER, MET

TENIUS) 2) are described. These are pin-shaped tissues growing out from the 
persistent base of the older pinnae, e.g. of Plagiogyria glauca, or from the 
circinate apex of the leaf, e.g. of P. pycnophyUa. In the latter case they 
alternate with the pinnae projecting through the covering of mucilaginous 
hairs. 

') See note p. 306. 
'J F. 0, BOWER; The Ferns, vol. 1,204; vol. 2, 277 Cambridge (1923, 1926.) S. 

G. METTENIUS: Ueber einige Farngattungen II. Plagiogyria. Abh. Senckenbergschen 
Naturf. Ges. 2. (1858). 
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The pneumatophores occur in rudimentary form in other ferns (Dryopte
ris Thomsonii, D. decussata and D. stipellata; d. HABERLANDT) 1). Their 
whitish color is due to their air content. They are described as glands, 
(but have nothing to do with the slime layer: this is due to gland hairs), and 
as cone-shaped respiratory cells. They are proliferations of the aeration 
tissue which can be found in most ferns (GOEBEL) 2). The factors involving 
their development and their function are still purely hypothetical (as is the 
function of the mucilage layer, the nectaries, etc.). 

Other interesting structures are the leaf hairs of Salvinia. ANDREWS 
and ELLIS 3) made some investigations on them and found the hairs to be 
positively chemotactic. Egg-yolk and raw egg, applied to the leaves, 
produced discolorations. The authors suggest that the insects which can 
always be found on the leaves, are possibly decomposed. In any case, some 
food is absorbed in this way. 

III. Reg e n era t ion sin fer n 1 e a v e s. 

§ 13. Regeneration. - Broadly speaking, there may be several types: 
1. anatomical regeneration of the removed part: restitution. 
2. formation of tissues or organs on parts of plants. 
3. processes involved in wound healing. 
In ferns particularly there is a continuous series ranging from typical 

regeneration to cases where development is caused in the normal plant by 
the action of internal or external factors. 

Embryonic tissue especially is capable of regeneration, as when leaf tips 
are cut longitudinally, for example in Blechnum brasiliense, Polyp odium 
heracleum, etc. Following regeneration, the plant shows a bifurcation, 
which also often occurs in fern leaves under normal conditions (GOEBEL 
1902, p. 503 seq.) 4). 

Adult cells, on the other hand, were found incapable of regeneration as 
in the case where the tips of young and old leaves were cut. Even growth 
by stretching stops. 

In one group shoot buds develop under any circumstances out of pri
mordia which already can be found in the embryonic leaves (e.g. Asple
ni1tm viviparum, Asplenium oceanicum, Adiantum Edgeworthii, Adiantum 
caudatum and Adiantum dolabriforme). 

In a second group, regeneration occurs only under certain conditions 

1) G. HABERLANDT: Physiologische Pflanz~nanatomie, 6th ed., p. 405, Leipzig 
(1924). 

0) K. GOEBEL: Morphologische u. biologische Studien VIII. Ueber Schleimfarne 
und Aerophoren. Ann. Jard. bot. Buitenz. 36,84-106 (1926). 

3) F. M. ANDREWS and M. M. ELLIS: Some observations concerning the reactions 
of the leaf hairs of Salvinia. Bull. Torr. Bot. Club 40,441-446 (1913). 

0) K. GOEBEL: Uber Regeneration im Pflanzenreich. BioI. Zbl. 22, 385-397, 
417-438,481-505 (1902). 
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(contact of the leaf tip with the soil, high humidity, etc.: Aneimia rotun
difolia, Asplenium rutaefolium (GOEBEL 1902, p. 389) 1). 

In a third group, especially investigated by BEYERLE 2), regeneration 
occurs in isolated etiolated primary leaves. Non-isolated primary leaves 
show no regeneration. Only in a normal culture of young Polyp odium 
heracleum shoot buds are developed spontaneously. Inhibiting factors 
(etiolation, culture under water, ether gas) have no effect, neither have the 
cutting of the vascular system at the base of the leaf blade, the cutting of 
the roots or of one or all growing points. The only regenerated parts often 
formed were one or more apical buds. 

In isolated primary leaves, regeneration takes place only in the young 
stages. Exceptions occur in Hemionitis palmata and Adiantum capillus
Veneris. This last fern shows, according to REINHOLD 3), regeneration 
in leaves, stems, and in older fertile leaves. In Hemionitis palmata only 
shoot buds were regenerated. Further, P ALISA 4) found that Cystopteris 
species develop the regeneration buds in the base of the fronds. 

BEYERLE 5) 6) observed regeneration in isolated leaves of the following 
species: 

Adiantum conicum, form. alata, A. fulvum (not Adiantum Dutrianum, elegans, reni· 
forme, tenerum); 

A lsophila tomentosa; 
Aneimia densa (not other Aneimia species); 
A nogramma leptophylla; 
Asplenium Nidus, A. serratum; 
A thyrium Filix-femina; 
Blechnum capense (= Lomaria capensis). 
Ceratopteris thalictroides ; 
Cibotium Schiedei; 
Cyathea dealbata, C. medullaris 3) ; 
Davallia canariensis; 
Dicksonia fibrosa (not D. squarrosa); 
Diplazium melanocaulon; 
Drynaria rigidula; 
Thelypteris palustris; 
Gymnogramme Laucheana 6), G. Hookeri; 
H emionitis palmata; 

') See page 325, note 4. 
2) R. BEYERLE: Untersuchungen tiber die Regeneration von Farnprimar

blattern. Planta 16, 622-665 (1932). 
3) R. REINHOLD: Ueber regenerative Sprossbildungen bei Adiantum capillus

Veneris L. Mitt. Inst. allg. Bot. Hamburg 6, 309-337 (1926) . 
• ) J. PALl SA : Die Entwicklungsgeschichte der R egenerationsknospen, welche 

an den Grundstiicken isolierter Wedel von Cystopterisarten entstehen. Ber. dtsch. 
bot. Ges. 18,398-410 (1900). 

') See p. 328. 
') Gymnogramme Laucheana is said by K. DOMIN (Rozpr. II Tr. Ceske Akad. 38, 

No.4, 1929) to be a horticultural form of Pityrogramma chrysophylla, and G. Hookeri 
to be Pityrogramma adiantoides. In addition, Asplenium Sandwichium, Dicksonia 
Dayi, and Pellaea ternata are likewise doubtful names employed by BEYERLE. 
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M arattia alata; 
Nephrolepis biserrata (Osmunda regalis developed prothalloid outgrowth in one 

case) ; 
Polypodium aureum, P. Fendleri, P. heracleum, P. loriceum, P. musifolium; 
Polystiehum adiantiforme (not P. angulare); P. varium (= Lastraea opaea); 
Pteris tremula; 
Teetaria M aingayi. 

These ferns regenerate shoot buds, undifferentiated outgrowths, pro
thalloid shoots, and intermediate formations. All regenerated parts are 
always developed from the epidermis (exogenous or pseudo-endogenous 
development) . 

The undifferentiated outgrowths do not always die, but develop into 
buds or prothallia in A neimia densa, H emionitis palmata, Pteris tremula. 

The intermediate formations between shoots and prothallia are planless 
proliferations with stomata, vascular elements, antheridia, and rhizoids, as 
in Hemionitis palmata, or more definitely shaped as in Pityrogramma chry
sophylla (GOEBEL) 1), Ceratopteris thalictroides (GOEBEL, BEYERLE) 1), Ano
gramma leptophylla, Davallia canariensis, N ephrolepis biserrata and Poly
podium heracleum. (BEYERLE). 

The place of development of regenerated parts is variable, e.g., on the 
whole leaf in Polypodium aureum and P. heracleum, on the side, in Poly
stichum adiantiforme, Thelypteris palustris, Ceratopteris thalictroides, and 
on the tip only (GOEBEL) 2) in Adiantum Edgeworthii, Aneimia rotundifolia, 
Asplenium Mannii, A. oceanicum and Camptosorus rhizophyllus. 

The development of prothalloid organs on leaves shows that there is no 
inherent difference between the two generations, and consequently no clear 
relation to the chromosome number. For instance, BROWN 3) obtained 
regenerations from the petiole of the leaf of Phegopteris polypodioides. A 
cellular mass resembling a prothallium was formed, from which rhizoids 
developed as well as true leaves and structures intermediate between pro
thallia and true leaves (LAWTON 4)). 

There is, however, a more pronounced relation between the stage of 
development of the cells and the kind of regenerated organ. For instance; 

(1) Ceratopteris thalictroides develops mainly prothallia on decapitated 
young plants with one or two leaves, and shoot buds on older plants. 

2. In Davallia canariensis and in N ephrolepis biserrata, the shoot buds 
al e mainly developed at the basal (older, see p. 314 foIl.) part of the leaf, the 
prothallia at the apical part. 

3. If only prothallia are regenerated, these are mainly developed at the 
apical (youngest) margins in the neighbourhood of the nerve endings. 

') See page 325, note 4. 
2) See p. 306, note 2. 
3) E. D. W. BROWN: Regeneration in Phegopteris polypodioides. Bull. Torr. Bot. 

Club 45, 391-397 (1918). 
4) See note p. 331. 
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4. When development is SUp pre sse d by internal or external factors, 
e.g. light, only prothallia are regenerated. This is also the case in fern 
leaves which normally develop shoot buds. (Drynaria rigidula, Polyp odium 
aureum (Tab. I, II), P. heracleum and P. musifolium). 

From these points the conclusion can be drawn that buds can be obtained 
only when the development of the cells has passed a certain stage. In all 
previous stages or in all cases where inhibition of development takes place, 
only sporangia can be found. An analogy with the action of organisers, 
however, has not yet been worked out. 

W 0 U n d h 0 r m 0 n e s. - With regard to the regenerations in the 
neighbourhood of wounds, not all primary leaves of ferns react alike 
(BEYERLE) 1). In Polyp odium heracleum and in Polyp odium aureum regene
rated parts are formed around the wound. 

In most plants no regenerated parts are developed after wounding. 
Davallia canariensis rots around the wound, and then forms prothallia. 
Rotting leaves of Polyp odium heracleum and Polypodium aureum also 
often form prothallia. Expressed sap, however, has no influence. 

Concerning the influence of wounds on the underlying tissue we refer to 
the observations of HOLDEN 2) on the wound reactions of the petioles of 
Pteris aquilina (= Pteridium aquilinum). These petioles often show wound
scars. The wounds are mostly very superficial, not penetrating the sub
epidermal sclerenchyma, but some are deeper seated. 

Usually, these wound reactions are characterized: 
I. by a compensatory local thickening and partial or complete lignifi

cation of the cortical parenchyma which mayor may not be accompanied 
by elongation, 

2. by the local delignification of the subepidermal sclerenchyma, 
3. by a deposit of tannin in the cell walls in the affected area. 
However, wound reactions in the tissues composing the vascular strands 

are rare, and where they do occur, are confined to the starch sheet and 
coniunctive parenchyma, which thicken and may elongate and divide. 

Tab 1 e 0 f reg e n era t ion s, a r ran g e din 0 r d e r 0 f 
pIa ceo f d eve lop men t. - 1. Regeneration on leaves. 
Adiantum capillis- Veneris: non· isolated (etiolated) leaves, isolated primary leaves 

and adult leaves, parts of leaves, stems and roots develop shootbuds, 
but never prothallia or prothalloid formations (REINHOLD a)). 
caudatum: shootbuds preformed on adult leaves always develop 
(GOEBEL 4), KUPPER 0). 

--------'--
') See note p. 326. 
0) H. S. HOLDEN: Further observations on the wood reactions of the petioles of 

Pteris aquilina. Ann. of. Bot. 30, 127-133 (1916). 
3) See p. 326. 
4) See p. 325, note 4. 
5) W. KUPPER: Ueber Knospenbildung an Farnblattern. Flora (Jena) 96, 337-

408 (1906). 
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Adiantum conicum (alatum), fulvum: isolated leaves regenerate (BEYERLE 'i). 
dolabriforme, rotundifolium: shoot buds preformed on adult leaves 
always develop (GOEBEL 'i). 
Edgewortkii: shoot buds preformed on adult leaf apex always develop 
(GOEBEL '), KUPPER 0). 

Alsopkila tomentosa: isolated leaves regenerate (BEYERLE 'i). 
van Geertii: primary (?) leaves develop prothallia and intermediate 
structures (GOEBEL 3)). 

Aneimia densa: isolated primary leaves develop undifferentiated proliferations 
(± 2% regeneration); Tab. I (BEYERLE 'i). 
Dregeana: detached primary leaves develop prothalloid proliferations 
(GOEBEL 3)). 
rotundifolia: shoot buds, preformed on adult leaf apex develop only in 
contact with soil (GOEBEL '), KUPPER 2). 

"Anogramma" ckrysopkylla: isolated leaves regenerate prothallia (BEYERLE '). 
Anogramma leptophylla: isolated leaves regenerate formations intermediate be-

tween shoots and prothallia (BEYERLE '). . 
"A spidium capense": young and older primary lea ves develop prothalloid formations 

(BEYERLE '). 
macrophyllum: preformed shoot buds are developed on adult leaves 
under certain conditions (GOEBEL ')). 
marginale: first, second and third leaf develop prothallia and intermedi
ate structures (LAWTON C)). 

"Asplenium" celtidifolium: shoot buds, preformed on adult leaves develop always 
(GOEBEL 'i). 

Asplenium dimorphum: leaves develop prothallia (KUPPER 2)). 
Asplenium Mannii: shootbuds, preformed on apex of adult leaves, are more or 

less metamorphosed in stolons and develop always (GOEBEL '), Kup
PER 2)). 

Asplenium Nidus: primary leaves develop shootbuds on both sides. In this case 
large fresh leaves sometimes develop prothallia (BEYERLE 'i). 
oceanicum: shoot buds, preformed on apex of adult leaves always 
develop in more or less metamorphosed stolons (GOEBEL '), KUPPER 0)). 
rutaefolium: shootbuds, preformed on apex of adult leaves develop 
only in contact with soil (GOEBEL 'i). 
serratum: primary leaves develop prothallia on margins (BEYERLE 'i). 
viviparum: attached leaves always develop preformed shoot buds 
(KUPPER 2)). 

Athyrium Filix-femina: ± 15% of decapitated young plants only develop anew 
apical bud (BEYERLE ')). 
filix var. clarissima: leaves develop prothalloid structures (BOWER 5), 
DRUERY 6), FARMER-DIGBY')). 

Blechnum brasiliense: the embryonic part of a leaf cut longitudinally develops 
small leaflets (BEYERINCK 8)). 

----
') R. BEYERLE see p. 326; K. GOEBEL see p. 325, note 4 and p. 326. 
2) See page 330 note 5. 
3) K GOEBEL (1907) see note p. 333. 
0) E. LAWTON: Regeneration and induced polyploidy in ferns. Amer. J. Bot. 

19, 303-333 (1932) . 
• ) F. O. BOWER: On apospory in ferns, with special reference to Mr. C. T. DRUE

RY'S observations. Journ. Linnean' Soc. London (Bot) 21,360-368 (1884). 
6) C. T. DRUERY: Observations on a singular mode of development in the Lady

fern. Further notes on a singular mode of reproduction in A thyrium Filix-femina. 

Ibidem 21, 354-357; 358-359 (1884). 
') J. B. FARMER and L. DIGBY: Studies in apogamy and apospory in Ferns. Ann. 

of Bot. 21,161-193 (1907). 
8) M. W. BEYERINCK: Over regeneratie-verschijnselen etc. (see note p. 334). 
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Blechnum capense: see Lomaria capensis. 
"Campylogramme Trollii": primary leaves develop shootbuds and prothallia (± 2% 

regeneration BEYERLE 1)). 
Ceratopteris thalictroides: primary leaves develop adventitious buds at apex. Peti

oles of isolated primary leaves develop prothallia and intermediate 
structures (BALLY'), BEYERLE '), GOEBEL 1930, p. 1225 3), KOEH
LER 'i). 

Cyathea medullaris: 6% of primary leaves develop undifferentiated marginal out
growths (BEYERLE ')). 

" dealbata: isolated leaves regenerate (BEYERLE 1)). 
Cibotium Schiedei: 6% of primary leaves develop prothallia on margin (BEYER

LE 1)). 
Cystopteris bulbifera: shoot buds preformed on adult leaves always develop Kup

PER 'i). 
Cystopteris fragilis: formations of rhizoids and sporophytic buds develop on 

attached leaves (HEILBRONN 6)). 
Davallia canariensis: primary leaves develop shootbuds, intermediate formations 

and prothallia (at the apex) (BEYERLE ')). 
Dicksonia Dayi forma obtusiloba: primary leaves develop prothaUoid formations on 

margin (BEYERLE 1)). 
Dicksonia fibrosa: isolated young primary leaves only develop prothaUoid for

mations on margin (BEYERLE 1)). 
Diplazium celtidifolium: see "A splenium" celtidifolium. 

melanocaulon: some primary leaves develop tubers at base (BEYER
LE 1)). 

"Drynaria heraclea": primary leaves develop shootbuds, intermediate formations, 
prothallia and isolated rhizoids; large regenerated leaves develop only 
shootbuds, smaU or dying leaves develop prothallia (BEYERLE 1)). 

" rigidula: primary leaves develop only shootbuds (BEYERLE ')). 
Dryopteris Filix-mas: see "Lastraea pseudomonas". 

hirtipes: see "Nephrodium hirtipes". 
marginalis: see "Aspidium marginale". 
Phegopteris: see "Phegopteris polypodioides". 
Thelypteris: already developed primary leaves develop shootbuds on 
petiole; undeveloped primary leaves develop prothalloid formations at 
apex (BEYERLE 1». 

Equisetum: aerial shoots are developed (PRAEGER 7)). 
"Gymnogramme chrysophylla": primary leaves develop prothaUoid structures (GOE

BEL S)). 

') See p. 326. 

farinifera: petioles of attached leaves develop prothallia (WORO
NIN .)). According to DOMIN this is a variety of Pityrogramma 
chrysophylla. 
Hookeri: primary leaves develop abundant prothaUoid outgrowths 
on margin (BEYERLE 1)). See footnote No.6, p. 326. 

0) W. BALLY: Ueber Adventivknospen auf Primarblattern von Farnen. Flora 
(Jena) 99,2 (1909). 

3) See p. 305, note 3 and p. 334, note 8. 
') E. KOEHLER: Farnstudien: Flora (Jena) 113,337 (1920). 
0) See p. 330, note 5. 

6) A. HEILBRONN: Apogamie, Bastardierung und Erblichkeitsverhaltnisse bei 
einigen Farnen. Flora (Jena) 101, 12 (1910). 

7) R. L. PRAEGER: Propagation from aerial shoots in Equisetum. J ourn. of Bot. 
72, 175-176 (1934). 

8) See note p. 322 (K. GOEBEL 1908) . 
• ) H. WORONIN: Apogamie und Aposporie bei einigen Farnen. Flora (Jena) 98, 

101-162 (1908). 
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"Gymnogramme Laucheana": primary leaves develop prothalloid outgrowths and 
shoots in the neighbourhood of the ends of nerves and at the leaf 
stalks (BEYERLE i)). See footnote No.6, p. 326. 

Hemionitis arifolia ("H. cordata"): shootbuds preformed on base of adult leaf
blades develop only on old dying or isolated leaves (GOEBEL ')). 
palmata: many primary leaves develop shootbuds, intermediate struc
tures and prothallia on all parts; more developed leaves develop 
adventitious buds which are already present. Prothalloid structures 
are only developed, when adventitious bud with petiole is taken 
away (GOEBEL '), BEYERLE ')). 

"Lastraea opaca": 8 % of leaves develop small prothalloid apical ou tgrowths, both 
dying soon after that (BEYERLE 1)). 

"Lastraea (Nephrodium) pseudomonas var. cristata": leaves develop prothalloid 
structures (DRUERY 2)). 

"Lomaria capensis": ± 10% of primary leaves develop shortliving prothalloid 
structures (BE YERLE i)). 

Lycopodium inundatum: isolated leaves develop shootbuds (GOEBEL 3)). 
Marattia alata: at the base of leaves and on isolated chaff scales regeneration of 

buds and rhizoids occurs (BEYERLE 1)). 
"N ephrodium hirtipes" : see STEIL I). 
Nephrolepis biserrata: primary leaves develop shootbuds, prothallia and inter-

mediate structures (BEYERLE '), KUPPER ')). 
N otolaena flavens: primary leaves develop new formations (WORONIN 6)). 
Notolaena M arantae: blade and petiole of leaves develop shootbuds (WORONIN 6)) 
Onoclea: leaves develop shootbuds (KUPPER ')). 
Osmunda regalis: primary leaves develop prothallia (GOEBEL 1928, p. 535 ')). 
Pellaea nivea: attached primary leaves develop prothallia (WORONIN 6)). 
Phegopteris polypodioides: isolated adult(?) petioles develop prothallia,intermedia-

te structures and shootbuds (BROWN 8). 
Phyllitis Scolopendrium var. crispa: leaves develop prothallia (KUPPER ')). 
Pityrogramma chrysophylla: see" A nogramma" chrysophylla and "Gymnogramme" 

chrysophylla. 
Platycerium bifurcatum (alcicorne), grande, Hillii: leaves develop shootbuds in 

strong light and prothallia in dim light (KOEHLER ')). 
Polypodium heracleum: see "Drynaria heraclea". 

aureum: isolated primary and secondary leaves develop shootbuds, 
intermediate structures and prothallia, mainly on abaxial side (Table 
I, II). Older leaves develop prothalloid structures (BEYERLE i), GOE
BEL 10), HEILBRONN ")). 

i) See p. 326 (esp. notes I and 2). 
2) C. T. DRUERY: Notes upon an aposporous Lastraea (Nephrodium). Journ. Lin

nean Soc. London (Bot) 29, (1892). 
3) K. GOEBEL: Ueber Prothallien und Keimpflanzen von Lycopodium inundatum. 

Bot. Ztg. 45,161,177 (1887). 
4) W. N. STEIL: Apogamy in Nephrodium hirtipes Hk. Ann. of Bot. 33, 109-132 

( 1919). 
') See p. 330, note 5. 

6) See p. 332, note 9. 
') K. GOEBEL: Organographie 1st part, 3rd ed. J ena (1928). 

8) See p. 327 . 

• ) See p. 332, note 4. 
iO) K. GOEBEL: Experimentell-morphologische Mitteilungen. I. Sitzgber. Ak. 

Wiss. Miinchen, math.-physik. Kl. 37, 119-136 (1907). 
") A. HEILBRONN: Ueber experimentell erzeugte Tetraploidie bei Farnen. Z. indo 

Abst. u. Vererbungsl. Suppl. 2, 830 (1928). 
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Polypodium Fendleri: primary leaves develop shootbuds and rudimentary leaves 
(BEYERLE 1)). 
lycopodioides: older leaves develop pr"othalloid structures (GOEBEL ')). 
loriceum: primary leaves develop shootbuds, prothallia and prot hal
loid structures (BEYERLE 1)). 
musifolium: primary leaves regenerate (only 50-60%) shoot buds and 
prothalloid structures (BEYERLE 1)). 
spec.: primary leaves develop prothalloid structures on margin, inter
mediate structures at base. No regeneration in older primary leaves 
(GOEBEL ')). 
vulgare: see KOEHLER 3). 

Polystichum adiantiforme: see "A spidium capense." 
angulare var. pulcherrimum: leaves develop prothallia (BOWER 3) 
DRUERY 3), KUPPER ')). 
varium: see "Lastraea opaca." 

Pteris longifolia: blades and petioles of primary leaves develop prothallia (GOE
BEL ')). 
cretica var. albo·lineata: first, second and third leaves produce prothallia. 
tremula: only about 20 % of isolated young primary leaves develop nothing 
else but prothalloid structures (BEYERLE 1)). 

"Scolopendrium vulgare var. crispum": isolated leaves, in contact with soil develop 
prothallia (DRUERY 5)). The same as Phyllitis Scolopendrium. 

Selaginella denticulata, Galeottiana, inaequalifolia, laev.igata, 2Vl artensii, uncinata: 
cell proliferations are developed on decapitated apex (BEHRENS, BEY
ERINCK, PFEFFER 6)). 

Tectaria M aingayi: see "Campylogramme Trollii". 
martinicensis: see "Aspidium macrophyllum". 

Trichomanes Kraussii: isolated adult leaves develop prothallia (KUPPER '), WORO
NIN ')). 

W oodwardia virginica: first, second and third isolated leaf develop prothallia 
(LAWTON 'i). 

2. Regenerations on roots and growing points. - In general, the shoot 
formation on roots can be explained, according to GOEBEL 8) by a "Spross
bildende Substanz". For instance, in Ophioglossum, the shoot formation 

1) See p. 326. 

') K. GOEBEL (1908) : see p. 322. 
3) See p. 332, note 4 (KOEHLER) respectively p. 331 (BOWER, DRUERY). 
') See p. 330, note 5. 

6) C. T. DRUERY: On a new Instance of Apospory in Polystichum angulare var. 
pulcherrimum. J ourn. Linnean Soc. London (Bot). 22, (1886); See also p. 41 a. 

6) J. BEHRENS: see p. 322. 

M. W. BEYERINCK: Beobachtungen und Betrachtungen tiber Wurzelknospen 
und Nebenwurzeln. Natuurk. Verh. Ak. Wetensch. Amsterd. 25 (1886); see also: 

Verzamelde Geschr. 2, 7-122. Delft (1921)). - Over regeneratieverschijnselen aan 

gespleten vegetatiepunten van stengels en over bekervorming. Neder. kruidk. Arch. 

Nij megen ser. 2, vol. 4, part. 1, p. 63-105 (1883); see also: Verzamelde Geschr. I, 
293 Delft (1921). 

W. PFEFFER: Die Entwicklung des Keimes der Gattung Selaginella. HANSTEIN'S 
Bot. Abh. 1,67 (1871). 

') See p. 332, note 9 (WORONIN) respectively p. 331 (LAWTON). 

B) K. GOEBEL: Organographie der Pflanzen, 1st ed., p. 39 Jena(1898). Cf. also 
3rd ed. (see p. 305, note 3) p. 1221 (1930). 
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does not occur at the shoot pole, but at the root pole itself. This reaction 
shows itself clearly, especially when the tip of the plant is removed before
hand, or when the respective root tip has been cut off to a length of some 
centimetres from the plant. Other parts of the root can regenerate as well, 
but to a lesser extent than the tip. These phenomena are mentioned by 
SACHS 1) for the first time. ROSTOWZEW 2) described the same thing with 
regard to the species Diplazium esculentum, Platycerium bifurcatum, and 
FRIES 3) mentions it for the root bearers of Salvinia 4). 

We are quoting some characteristic examples for this kind of regenera
tion. 

Antrophyum plantagineum: shoot buds formed on some distance of root apex, 
develop. (GOEBEL '). 

Diplazium esculentum: shoot buds formed on apex of root, develop. (GOEBEL '), 
LACHMANN [d. ROSTOWZEW] '). 

Hecistopteris pumila: shoot buds develop on roots (GOEBEL 0). 
Ophioglossum pedunculosum: non preformed shoot buds are formed on apex of 

roots. They develop always, on other parts of roots only after isola
tion (GOEBEL 7)). 
vulgatum: same. They develop mainly after cutting (GOEBEL 7) 1902, 
p. 492; POIRAULT 0)). 
in general: roots develop shoot buds (ROSTOWZEW 0)). 

Platycerium bifurcatum, grande, Hillii, Willinckii, Stemaria: shoot buds are formed 
on apex of roots, they develop from presumably preformed buds 
(GOEBEL 7) 1902; 1930, p. 1222; ROSTOWZEW'), SACHS I). 

Polyp odium heracleum: longitudinally cut growing point develops leaflets on both 
sides of the halved growing points (GOEBEL 7)). 

Selaginella M artensii: After removal of the growing point of the leaf the root
bearers grow out (FRIES 3)). 

3. Regeneration on prothallia. - In heart-shaped fern prothallia, e.g. 
Polypodiaceae, the halved growing point develops a new wing. If the 
growing point is excised then many prothallia develop. 

') J. SACHS: Voriesungen tiber Pflanzenphysiologie. 1st ed. p. 29 (1882); 2nd ed. 
p. 27 (1887) Leipzig. 

') S. ROSTOWZEW: Beitrage zur Kenntnis der Gefaf3kryptogamen I. Flora 73, 
155-168 (1890). 

3) R. E. FRIES: Ett bidrag till kannedomen om Selaginella-Rothbararne. (Ein 
Beitrag zur Kenntnis der Wurzeltrager von SelagineUa). Svensk. bot. Tidskr. 5, 

252-259 (1911). 
0) The direction of these root bearers is independent of environmental conditions, 

i.e., they are "exotropic" . 
• ) See p. 306, note 2. 
0) K. GOEBEL: Archegoniatenstudien VIII. Hecistopteris, eine verkannte Farn

gattung. Flora (] ena) 82, 67-75 (1896). 
7) See note 8 p. 334 and p. 306. 
8) G. POIRAULT: Recherches anatomiques· sur les Cryptogames vasculaires. 

Ann. sci. nat. bot. 7. ser. 18,113-256; 148 (1893). 
9) S. ROSTOWZEW: Beitrag zur Kenntnis der Ophioglosseen. Moskau (1892). 
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Older prothallia of Asplenium Trichomanes, Athyrium alpestre, 
Polyp odium punctatum develop small adventitious prothallia at the apical 
notch (NAGAI, STEIL, WALDMANN) 1). 

Apogamic prothallia, e.g. "Aspidium (= Dryopteris) remotum", He
mionitis palmata, Lygodium japonicum, develop embryos on different 
parts of the prothallium, especially on the midrib (GOEBEL 2), WALD

MANN 1), REINHOLD 1926, p. 312 3) and the literature quoted by the latter). 

Dryopteris dilatata: develops sporangia on prothallia (LANG 4)). 
Osmunda spec.: same (PACE 5)). 
Phyllitis Scolopendrium: same (LANG 4)). 

According to LANG in these cases the sporangia only seem to be directly attached 
to the prothallia, in fact they originate from a sporophyte, though very small, 
which develops on the prothallium. 
Hecistopteris pumila: prothallia develop brood buds (GOEBEL 6»). 
Hymenophyllum spec.: same. 
Lycopodium Phlegmaria: same (TREUB, GOEBEL 1930, p. 1067 ')). 
Monogramma: same. 
Viltaria: same (GOEBEL 1930, p. 1093). 

IV. Sec 0 n dar y t h i c ken i n g 

§ 14. Secondary thickening. - Occurs (in living ferns) only in the 
tuberous short axes of the Isoetinae, the shoot bases of the Psilotaceae, 
and is slightly indicated in stems of some Equisetinae, as for instance 
in Equisetum maximum. It occurs further in some Ophioglossales (e.g. 
Botrychium) by way of cambial activity, whereas in the main group of the 
Filicales it has not been observed anywhere. 

On the other hand most of the fossil ferns showed secondary thickening, 
e.g. the Lepidodendrales with a meristem like a cork cambium, the stems 
and roots of Calamitaceae; the Sphenophyllales and the pteridospermae, 

') J. NAGAI: Physiologische Studien tiber Farnprothallien. Flora 106, 281-330 
(1914). 

W. N. STEIL: Studies of some new cases of apogamy in ferns. Bull. Torr. Bot. 
Club 45,93-108 (1918); Vegetative reproduction and aposporous growth from the 
young sporophyte of Polypodium irioides. Ibidem 48, 203-205 (1921) : The develop
ment of prothallia and antheridia from the sex organs of Polypodium irioides. Ibi 
dem 48, 271-277 (1921). 

H. WALDMANN: Beitrage zur Entwicklungsgeschichte der Prothallien einheimi-

scher Polypodiaceen. Diss. Marburg (1928). 
2) See p. 334, note 8. 

3) See p. 326. 

4) W. H. LANG: On apogamy and the development of sporangia upon fern prothal-
Ii. Philos. Trans. Roy. Soc. 190 B. London (1898). 

') L. PACE: Some peculiar fern prothallia. Bot. Gaz. 50, 49-58 (1910). 
6) See p. 334, note 8. 

') K. GOEBEL: see p. 305 (note 3). 
M. TREUB: Etudes sur les Lycopodiacees. II. Le prothalle du Lycopodium Phleg

maria L. Ann. ] ard. bot. Buitenz. 5, 87, 98. (1886). 
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the former having an axial vascular bundle containing secondarily formed 
scalariform-reticulate and bordered pit tracheids, the latter with cambial 
growth producing a wood structure inwards and a bark zone (phloem and 
cortical tissue) outwards. 

v. Movements in ferns which are not caused 
by growth 

§ 15. Diurnal movements of the leaves of Marsilia. - Nastic 
leaf movements which are not caused by growth are seldom found in 
ferns. One of the most remarkable examples are the diurnal movements 
of the petioles of adult leaves of Marsilia. This marsh plant has leaves like 
a clover plant or Oxalis with 4 leaflets: a fairly long leaf stalk, bearing 
at its end 2 pairs of petioles originating from the bifurcation of the primary 
leaves. The petioles are attached by pulvini to the main stalk. 

In daylight the petioles are horizontally stretched, but at night they rise, 
and fold together two by two, the terminal pair being enclosed by the two 
lower leaflets. 

They also rise in full sunlight (" Tagesschlaf"). N UERNBERG K 1) has shown 
that these "parheliotropic movements" are caused by strong short wave
length radiation, especially by wave-lengths < 5000 A, and also ultra
violet rays (mercury vapour-lamp). The long wave-lengths of the spectrum 
including infra-red and heat are entirely ineffective. 

A change of position or shape of the chloroplasts does not seem to 
occur in strong light. 

With regard to the motile mechanism of the pulvini no investigations 
are known, but we may assume that there is no significant difference be
tween the behaviour of Marsilia and the behaviour of the pulvini of the 
Leguminosae and other plants capable of nastic response. Therefore the 
difference in osmotic pressure caused by a change of permeability of the cell 
walls in the (illuminated) upper and (non illuminated) lower layer of the 
parenchyma tissue is likely to cause the unequal shortening and elongation 
respectively of the two sides of the pulvinus, which brings about the 
movement 2). 

§ 16. Mechanism of the annulus of the Polypodiaceae and related 
phenomena. - Another movement not caused by growth and especially 
characteristic of ferns is the dehiscence of the sporangium of the Polypodia-

1) E. NUERNBERGK: Beitrage zur Physiologie des Tagesschlafs der Pflanzen. 

Bot. Abh. No.4. Jena (1925). 
2) The increase of permeability of the cell walls is probably due to light. Compare 

with respect to this: H. WEIDLICH: Die Bewegungsmechanik der Variationsgelen
ke, Bot. Arch. 28, 219 (1930); M. BRAUNER: Untersuchungen tiber die Lichtturgor
reaktionen des Primarblattgelenkes von Phaseolus multi/lorus, Planta (Berl.) 18, 
288 (1932) and the discussion by H. v. GUTTENBERG in: Fortschritte d. Bot. 4, 

269 (1935). 

Manual of Pteridology 22 
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ceae. The sporangia of this family of the Filicinae are shaped like a stalked 
lentil and consist of only one cell layer enclosing the spores. The sporangium 
cells generally are flat-polyhedral and have a thin wall with exception of 
the edge of the "lentil"; here the cell walls are partially thickened like a 
horseshoe and, starting from the stalk they form a kind of ring, the so 
called annulus. 

The inner walls of that annulus are particularly thickened while the 
radial walls become thinner towards the outside. When mature the cells 
contain water and as soon as they loose it by drying the thin outer walls draw 
inwards causing a shortening of the peripheral edge of the annulus. At the 
end of this process the annulus opens at a preformed point, the so
called "stomium" which lies at the end of the thickened cells, and consists 
of two thin-walled cells, the lip cells. Then the annulus may nearly double 
back upon itself, pulling with it a mass of ripe spores. Finally, the annulus 
suddenly returns to its original position, at the same time forcibly 
throwing out the spores. 

According to STEINBRINCK 1) the cause of this phenomenon is to be 
found in the considerable adhesion of the water in the cells to their wall 
membranes, and further in the great force with which the water molecules 
mutually cohere. Hence, as soon as the water diminishes by evapOlation 
the outer cell walls, being more yielding than the thickened inner ones, 
are pulled inwards by adhesion and cohesion. Finally, the water column 
breaks up: this is the moment where the annulus jerks back. Now its cells 
appear obscure, they contain but little water distributed along their 
walls besides a cavity apparently filled with air (but void of air, if the 
process of dehiscence took place in vacuum). 

From this we may conclude that it is of no importance whether the 
annulus cell walls generally are permeable to air or not - and in fact they 
are -, the matter of importance is only the coherence of the water as well 
as its adhesion to the walls. These factors prevent the air from entering 
into the cell cavity during the first stage of the dehiscence when the an
nulus has not yet returned, since every smal air bubble would necessarily 
interrupt the adhesion between water and wall. 

With regard to the strength of the cohesion force it may be mentioned 
that according to RENNER and URSPRUNG 2) its value can amount up to 

') C. STEINBRINCK: Der Oeffnungs- und Schleudermechanismus des Farn
sporangiums. Ber. dtsch. bot. Ges. 15, 86 (1897); - Kohasions- oder hygroskopi
scher Mechanismus? Ibidem 21, 217-229 (1903); A. URSPRUNG: Der Oeffnungsme
chanismus der Pteridophyten-Sporangien. Jb. Bot. 38, 635-666 (1903) ; - Beitrage 
zum Bewegungsmechanismus einiger Pteridophyten Sporangien. Ber. dtsch. bot. 
Ges. 22, 73-84 (1904). 

2) A. URSPRUNG: Ueber die Kohasion des Wassers im Farnanulus. Ber. dtsch. 
bot. Ges. 33, 153-162 (1915). O. RENNER: Theoretisches und Experimentelles zur 
Kohasionstheorie des Wasserbewegung. Jb. Bot. 56, 617-667 (1915). 
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350 atmospheres, a value which also has been proved true in physical 
experiments in vitro. 

Another phenomenon, probably related to the dehiscence of the annulus 
is the dehiscence and dissemination of the macrospores in Selaginella 
which also may be caused, according to GOEBEL 1), by some mechanism, 
depending upon cohesion or shrinking. For details we refer to the in
vestigations of GOEBEL. 

Finally, attention may be called to the curling-mechanism of some fern
fronds (e.g., Polypodium polypodioides, P. vulgare, Ceterach oflicinarum, 
Asplenium Trichomanes, A. Ruta-muraria) , which has been investigated by 
PESSIN 2) and by SCHMIDT 3). The leaves of Polypodium and Ceterach under 
dry conditions loose the greater amount of water from their lower surface 
with the result that a curling of the blades occurs, which leaves the lower 
epidermis exposed and the upper epidermis concealed on the inside. In 
Asplenium, however, the direction of movement is opposite, there the lower 
surface is curled concavely. 

The curling of the living leaves is mainly the result of a cohesion (and 
shrinkage)-mechanism, though in the beginning of the movement also a 
diminution of the turgor pressure may playa little part. The expansion is, 
in the case of dead leaves, entirely due to imbibition of the cell walls, while 
in the living ones it may also be due to imbibition and (osmotic) turgor 
pressure of the cell contents. 

§ 17. Hygroscopic movements of spores of Equisetum. - In close 
relation to the cohesion mechanism of the annulus are the hygroscopic 
movements of spores of Equisetum. The wall of those spores consists 
not only of endosporium (intine) and exosporium (exine) but also 
of a third outermost layer, the so-called perispore (perinium), which al
so originates from the periplasmodium. In the mature spore this perispore 
ruptures in the form of 2 screw-shaped, parallel, coiled straps, broad bladed 
at their ends. Their centre, however, remains attached to the exosporium 
at one place forming in such a way 4 ribbon-like appendages, the so-called 
elaters. These elaters when wet swell on their outside more than on their 
inner side and thus will bend, coiling around the spore. When drying out 
they reversely uncoil. 

These movements occur automatically when atmospheric humidity 
changes (for instance also by breathing on them). They are caused by the 
different power of imbibition existing on the two sides of the elaters, which 

') K. GOEBEL: Archegoniatenstudien IX. Sporangien, Sporenverbreitung und 
Bliitenbildung bei SelagineUa. Flora (JENA) 88,207-228 (1901). 

0) L. J. PESSIN: A physiological and anatomical study of the leaves of Polypo
dium polypodioides. Amer. J. Bot. 11,370-381 (1924). 

3) W. SCHMIDT: Ueber den Einrollungsmechanismus einiger FarnbHitter. Beih. 
Bot. Cbl. 26, I, 476-508 (1910). 
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is likely to depend on colloidal-chemical differences. Possibly they serve for 
a better dissemination of the air-borne spores, depositing them in moist 
places favourable for their germination. 

§ 18. Movements of the chloroplasts. - The tactic movements of 
chloroplasts in ferns do not differ in any respect from th~ corresponding 
movements known in other plant classes 1). The same is to be said about 
the change of shape of chloroplasts. Therefore, only a few statements will 
be given 2). 

As in nearly all other higher developed plants, the assimilatory cells of 
ferns contain many but small chlorophyll plastids. Exceptions are found 
in Selaginella 111 artensii, S. grandis, S. Kraussiana and S. caesia. 

In Selaginella Martensii and S. grandis every cell contains but one large, trough
shaped chloroplast lining the inner part of the cell walls. In S. Kraussiana and S. 
caesia there are two equal chloroplasts, which correspond, however, according to 
their position to the two halves of the one trough-shaped chloroplast of S. M artensii. 

As in mOS'ies, the shape of the chloroplasts in ferns is rounded and spheric
al or hemispherical in strong sunlight and during long darkening, but in 
diffuse or dimmed light the chromatophores become flattened and more 
lenticular. 

Usually combined herewith are tactic movements of the chloroplasts, 
particularly conspicuous in prothallia. Here the chloroplasts line the outer 
cell walls parallel to the surface of the organ when light is diffuse or weak, 
the side walls being then without chlorophyll (Epistrophe according to 
FRANK) 3). 

In prothallia with only one cell layer, but also in certain spongy pa
renchyma and palisade tissue the epistrophe is often replaced by the 
diastrophe, as SENN (p. 74 foIl., 93 and elsewhere) 2) calls the position 
of the chloroplasts where these border the two opposite (outer) cell 
walls parallel to the organ surface, the walls facing the main light being 
somewhat preferred. 

In dimmed sunlight the chloroplasts partially leave the surface walls 
and pass over to the side walls (FRANKS' Apostrophe). Finally, in excessive 
sunlight the chloroplasts leave the surface walls as well as the side walls 

1) See for instance Manual of Bryology, p. 231. The Hague (1932). 

2) See further G. SENN: Die Gestalts- und Lageveranderung der Pflanzen

Chromatophoren. Leipzig (1908). 

3) B. FRANK: Ueber die Veranderung der Lage der Chlorophyllkorner und des 
Protoplasmas in der Zelle, und deren innere und auJ3ere Ursachen. Jb. Bot. 8,216 
(1872). 
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and cluster together in the inner part of the cells, forming one or more 
compact lumps (SCHIMPER'S Systrophe) 1). 

Evidently these movements serve to bring the chloroplasts into the best 
conditions of light with regard to assimilation and protection against too 
intensive radiation. Both the tactic movements and the change of shape 
of the chloroplasts are caused only by the blue-violet rays, the yellow-red 
spectral part not being efficacious and acting like darkness. 

Concerning the way the tactic movements are carried out several 
theories have been put forward, but it would lead too far to deal with 
them particularly in this chapter. 

§ 19. Tactic movements of spermatozoids. - Except the Cycadinae 
and Ginkgoinae the Pteridophyta are the highest class in the realm of 
plants developing spermatozoids for reproduction. Therefore, these are 
the phylogenetic latest plants, in which there is to be found anything like 
a tactic movement, apart from the movements of chloroplasts of course. 

Generally, the behaviour of the spermatozoids of ferns developed in the 
antheridia of the prothallia does not differ from the behaviour of other 
spermatozoids, for instance in Bryophyta 2). Therefore, it may be sufficient 
to deal with only the most important physiological peculiarities. 

With regard to the morphological structure it may be mentioned that 
apart from the Lycopodiinae with only 2 cilia all other ferns have sperma
tozoids bearing numerous grouped cilia, especially near the anterior ends 
of their bodies. Often the spermatozoids are a flat, spirally coiled band, 
resembling a "corkscrew", e.g. in the Polypodiaceae and 1\1[arsiliaceae. The 
direction of the coils of this "corkscrew" points to the left as well as to the 
right, and similarly some sperms when moving appear to revolve counter
clockwise, others in a clockwise direction. 

The spermatozoids apparently show neither clear phototactic nor 
geotactic movements, but conspicuous chemotaxis, the direction of which 
usually is positive, less frequently negative (see later). 

This chemotaxis is caused by very different chemicals, especially the 
salts of organic acids, but not by carbohydrates and ammonia salts. The 
different species of sperms show a diverse behaviour, as results from the 
following list (BRUCHMANN, BULLER, LIDFORSS, SHIBATA 3)): 

') A. F. W. SCHIMPER: Untersuchungen tiber die Chlorophyllkorner und die 

ihnen homologen Gebilde. Jb. Bot. 16, I. (1885) . 
• ) See Manual of Bryology, The Hague 1932, p. 225, 231. 

3) H. BRUCHMANN: Von der Chemotaxis der Lycopodium-Spermatozoiden. Flora 

(J ena) 99, 193-202. (1909). 

A. H. R. BULLER: Contributions to our knowledge of the physiology of the 

spermatozoa of Ferns. Ann. of Bot. 14, 543-582 (1900). 
B. LIDFORSS: Ueber die Chemotaxis der Equisetum-Spermatozoiden. Ber. dtsch. 

bot. Ges. 23, 314-316 (1905). 
K. SHIBATA: Untersuchungen tiber die Chemotaxis der Pteridophyten-Sperma

tozoiden. Jb. Bot. 49,1-60 (1911). 
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Lycopodium reacts to citric acid, 
Equisetum " tartaric and malic acid, 
I soetes " d-tartaric, fumaric, malic and succinic acid, 
Salvinia " malonic and malic acid, 
Filicinae react 
Selaginella reacts" malic acid. 

The spermatozoids (Isoetes and Filices) are also influenced by certain 
other organic acids related with the above mentioned ones as to their 
chemical constitution (SHIBATA). They react further to alkaloids, Equise
tum for instance to morphine-, cocaine-chlorohydrates and strychnine ni
trate. But not only organic compounds are efficacious, but also some me
tallic ions, e.g. potassium, rubidium (BULLER) and lithium on Filices, cal
cium and strontium on Salvinia and Osmunda, and in the case of Equisetum 
even many other metallic ions (SHIBATA). In all these cases the different 
compounds, whether organic or inorganic must be ionised in order to be 
effective. From that we may conclude that the ions are the very agents, 
and not the undissociated molecules. 

Moreover the degree of concentration of the chemotacticum is of im
portance too. For instance H- and OH-ions cause positive movements in 
lower concentration, but negative taxis in higher concentration. The same 
occurs with the malic acid, but here perhaps the degree of dissociation 
of the acid, that is to say the amount of H-ions, is responsible 
for the effect. As malic acid (COOH-CH2-CHOH-COOH) or its salts are 
the main compounds to cause taxis of the fern spermatozoa, we 
may consider them to be of the nature of those substances which usually 
emanate from the archegonia and which attract the spermatozoids to the 
latter. 

PFEFFER 1) was the first to investigate the chemotactic movements from 
a quantitative point of view. He established the validity of the law of 
WEBER-FECHNER 2) and gave values for the threshold that is the lowest 
effective concentration of a chemotacticum. For instance, for malic 
acid and Filices spermatozoa he observed a threshold of about 0,001 % 
or less. 

PFEFFERS' method consisted in bringing spermatozoids in a shallow dish 
containing pure water or weak solutions of malic acid. After this he put the 
point of a small capillary tube into the liquid, the tube also being filled 
with malic acid, but of higher concentration than the content of the dish. 
Consequently, the malic acid diffused out the capillary tube into the li
quid attracting the spermatozoa like the aperture of an archegonium. He 

') W. PFEFFER: Locomotorische Richtungs bewegungen d urch chemische 
Reize. Untersuch. Bot. lnst. Tiibingen I, 363-482 (1884). See also Ber. dtsch. bot. 
Ges. 1, 524-533 (1883). 

2) See DU Buy-NuERNBERGK 1935, p. 472 (referred to on p. 314). 
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then determined the lowest difference of concentration between the solution 
of the capillary tube and the solution of the dish, a concentration difference 
just sufficient to cause an accumulation around and an entering of sper
matozoids into the tube. In this way he obtained the following relative 
thresholds in Filices: 

If the solution of the dish contained 

0,0005% malic acid,} the concentration in the capillary tube 1°,015% malic acid, 
0,001 %" " had to be 0,03 %" " 
0,01 %" " 0,3 %" " 
0,5 %" " 1,5 %" " 

It follows from this that the malic acid concentration in the tube must 
be 30 times higher than that in the dish, if spermatozoa shall be attracted 
by the tube. 

PFEFFER already stated that this relative, constant threshold is not 
valid but for 0,0005-0,9% malic acid concentration in the dish. SHIBATA 1) 
obtained other values, and we must assume that the spermatozoids 
being in the solution during a longer time become gradually adapted to a 
certain concentration of the agent. The resulting consequency would be that 
the law of WEBER-FECHNER, if at all, cannot be valid but transitorily and 
then only within a limited range (d. DU Buy-NUERNBERGK 2)). 

In connection with these facts, it is very interesting to discuss the problem 
of the manner in which spermatozoids are directed when moving towards 
the source of the chemotacticum. Two theories have been stated: the so
called "local action theory of tropisms" (= theory of LOEB), which includes 
the "topotactic" movements of PFEFFER, and the theory of JENNINGS 3), 
the so-called "trial and error" -theory (also including the "phobotactic" 
movements of PFEFFER 4)). 

According to the "local action theory" the positive response of a sperm 
takes place as follows: the spermatozoid, swimming about at random and 
coming to that portion of the medium in which the chemotacticum is pre
sent, has its movements directly modified by the chemotactic agent, so 
that the direction of its axis is turned towards the region of the chemotac
ticum; it then proceeds in a straight line towards the agent. The total 
action is caused by the u n e qua 1 dis t rib uti 0 n (that is to say by 
the different concentration) 0 f the c hem 0 t act i cum 0 n d i f-

1) See p. 341. 
2) See p. 342 respectively p. 314. 
S) H. S. JENNINGS: Behavior of the lower organisms. New York, Macmillan 

(1906). - See also: german trans!. by MANGOLD: "Das Verhalten der niederen Or
ganismen". Leipzig-Berlin (1910). 

H. S. JENNINGS: The interpretation of the behavior of the lower organisms. 

Science N.S. 27, 698-710 (1908). 
4) W. PFEFFER: Pflanzenphysiologie, vo!. 2, p. 754 fol!., 757. 2nd ed. Leipzig 

( 1904). 
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fer e n t par t s 0 f the s per m, this acts I 0 c a II y on certain 
parts of the body, directly influencing the motor organs and modifying 
the action of them. Therefore, the essential part of the reaction is the 
orientation of the organism so that its axis is placed parallel to the direction 
of the gradient of the chemotacticum (HOYT 1). 

According to the theory ot JENNINGS the spermatozoid, coming into the 
region of a chemotacticum to which it reacts "positively", enters this 
region without reacting, but upon tending to leave the region, it reacts by 
turning back (phobotactically); the "positive" response is thus obtained by 
a series of "negative" reactions whenever the organism tends to go in a 
direction leading away from the source of chemotacticum (HOYT 1). The 
essential point in this case is the fact that the c han g e 0 f the co n
d it ion s to which the sperm is subjected, act son the 0 r g a
n ism a saw hoi e, and that the sperm responds as a whole, perfor
ming complex and coordinated movements. Therefore, the nature of 
the reaction is that the spermatozoid shows no response in passing to
wards the region of optimal concentration, but reacts by turning back 
upon tending to pass from the optimum. According to JENNINGS, the 
reaction obtained depends on the physiological condition of the organism, 
which is in turn partly determined by the past experiences of the organism. 

Most authors (e.g. ,SHIBATA 2)) believe that the positive response of fern 
sperms is due to the directive action of the chemotactic substance on the 
motor organs, the axis being thus turned towards the agent. Most workers, 
however, while holding this view, have noted that many sperms do not 
react as thus described, but may wander about the field, or pass through it 
indifferently, or may avoid it. Although such reactions often have been 
ascribed to individual differences, they yet induced some investigators to 
abandon the "local action theory" in favour of the "trial and error
theory". For instance, even HOYT 1), in his detailed investigations on the 
chemotaxis of fern sperms considers their movements and reactions to be 
due to the effect of the chemotacticum on the 0 r g ani sma saw hoi e 
and not to the action of different concentrations of the agent on local parts 
of the sperms. 

METZNER 3), however, was able to settle the different contradictions 
mentioned above, and showed that in general the chemotactic 
movements of the sperms follow the "local action theory of tropisms". The 
sperms seem to react "as a whole" only when no local concentration 
difference of the agent is operating, for instance when a spermatozoid is 

') W. D. HOYT: Physiological aspects of fertilization and hybridization in ferns. 
Bot. Gaz. 49, 340-370, 355 (1910) . 

• ) See p. 341. 
8) P. METZNER: Studien uber die Bewegungsmechanik der Spermatozoiden. 

Beitr. aUg. Bot. 2, 435-499 (1923). 
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swimming directly towards the source of the chemotacticum or away from 
it (see also further below). 

However, as soon as a sperm moves in a direction such asto bring about 
a local concentration difference on the opposite sides of the organism, the 
latter changes its direction swimming now in a smooth curve and without 
vacilation towards the higher concentration of the agent. 

Based on his observations METZNER supposes that an increase of the 
concentration of the chemotacticum also increases the frequency of 
vibration of the cilia, and this opinion would be compatible with the fact 
that a unilateral increase of the cilia frequency caused by a higher concen
tration leads to a curved course. 

Regarding the permanent rotation of the swimming sperms on their 
axes some investigators believed that this fact did not lend probability to 
the explanation of the tactic movements according to the "local action 
theory". METZNER, however, has refuted this opinion. Firstly, the rotation 
and the lashing about of the cilia does not disorder the "gradient field" of a 
chemotacticum by forming vortices, as the only result of the swinging of 
the cilia appears to be an attraction and sucking up of the liquid towards 
and through the circles formed by the ends of the vibrating cilia. 
Consequently, vortices can arise only within the swinging space of the 
cilia and in the proximity of the sperm-nucleus, but never near the 
outside of the cilia, the probable places of chemotactic perception. 

Secondly, the cilia show a reaction-time of about 0.1 sec., while the 
rotation time amounts to about 0.2-0.25 sec. per revolution. Hence, when a 
rotating sperm is influenced by a higher chemical concentration on one 
side of the cilia, the increase of the frequency of vibration (seeabove) does 
not occur until after the influenced part of the cilia has moved about half 
a revolution towards the opposite side. Consequently, the impulse bringing 
about the change of direction always occurs on the side opposite to the 
place of the chemical influence. 

There exists also a metachronism with respect to the movement of the 
cilia, i.e., the cilia of a spiral row (see p. 341) do not react together at the same 
time, but they react one after the other, the first governing the vibrations of 
the resting ones. The angular velocity of this metachronism is about the 
same as the velocity corresponding with the rotation, and does not modify 
the mode of reaction in any way. 

Finally, we can observe in certain cases a kind of response much resem
bling the phobotactic reactions in the sense of the terminology of 
JENNINGS. 

They occur for instance, when a sperm penetrates into a concentration 
of the chemotacticum exceeding the optimum thereby retarding again the 
vibration of the cilia, or when - with the same effect on the cilia -- a sperm 
on its course gets from a higher to a lower concentration (e.g., in the 
neighbourhood of the source of the chemotacticum). In all such cases the 
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spermatozoid turns off, the direction of the new course being dependent on 
the direction which the sperm had when meeting the alteration. 

Therefore, this turning aside (or back) does not show any uniformity 
but takes the character of a phobotaxis. Since, however, a real turning 
back or swimming back in exactly the same direction, in which the or
ganism approached, does not seem to occur, METZNER calls this kind of 
response the pseudophobotactic reaction. 

In the case of a real phobotactic response we should expect that the 
sperm by turning back suddenly would reverse the direction in which the 
cilia swing, and this with regard to the whole of the cilia. As METZNER 

could not prove any reaction of this kind, he assumes that the turning 
back is caused by a local slackening of the cilia action only on that side of 
the organism, where the higher or lower concentration of the agent first 
acts. Consequently, the essential point of these pseudophobotactic reactions 
rem a ins the local action of the agent on different parts of the organism, 
the very thing which has been learned from the normal kind of response 
formerly described. 

Finally, recapitulating the leading features of the two theories, it is to 
be stated that only the "local action theory" gives an analytically elaborate 
and logical explanation of the mode of tactic response, whereas the theory 
of JENNINGS is not able to reduce the complexity of the tactic movements 
to analytically comprehensible and less complex processes. 



CHAPTER XI 

CHEMIE UND STOFFWECHSEL 

von 

KARL WETZEL (Berlin) 

§ 1. Einleitung. - Kaum eine andere systematische Pflanzengruppe 
ist biochemisch und stoffwechselphysiologisch so mangelhaft erforscht 
wie die der Pteridophyten. Selbst in recht zuverHi.ssigen biochemischen 
Handbiichern wie den en von CZAPEK, WEHMER und KLEIN klaffen in den 
Angaben zwischen Moosen und Phanerogamen gahnende Liicken. Eine 
planmassige Bearbeitung des Stoffbestandes und Stoffwechsels der Pte
ridophyten fehlt uns noch vollstandig. Die heute vorliegenden einschlagi
gen Arbeiten lassen sich hinsichtlich ihrer Zielsetzung in 2 Gruppen ein
teilen. Die einen befassen sich mit einigen besonders auffalligen Erschei
nungen, wie dem Kieselsaure- und Aluminiumgehalt der Pteridophyten 
oder dem Auftreten eigenartiger Stoffe, wie der Farnsauren, harzartiger 
K6rper oder der Sporopollenine der Sporenwande. Die andere Gruppe von 
Arbeiten kniipft an die Verwendung einiger Pteridophyten in der Phar
mazie an und steht vorzugsweise im Dienst einer Forderung der Drogen
analyse. Dagegen ist der Stoffwechsel und seine Dynamik bei Pteri
dophyten nur in wenigen Stichproben untersucht, die wohl etwas vorzeitig 
und generalisierend zu der Auffassung gefiihrt haben, dass die Gefass
kryptogamen stoffwechselphysiologisch sich unmittelbar an die Bliiten
pflanzen anschliessen. Es erscheint indessen kaum zweifelhaft, d.ass eine 
eingehendere Kenntnis auch hier zu einer wesentlich differenzierteren Auf
fassung fiihren und dem Phylogenetiker manch wertvollen Hinweis auf die 
verwandtschaftlichen Beziehungen innerhalb dieser systematischen Grup
pe geben wiirde. 

Die folgende Abhandlung kann daher kein befriedigendes Bild iiber 
Chemie und Stoffwechsel der Pteridophyten geben, sondern muss sich mit 
einer Zusammenfassung der in der Literatur weit zerstreuten Angaben 
und bescheidenen eigenen Versuchen einer Abrundung der sich daraus 
ergebenden Vorstellungen begniigen, die wir mit dem Wunsche niederlegen, 
dass sie bald durch umfassendere Untersuchungen ihre notwendige Er
weiterung und Erganzung finden mochten. 



348 KARL WETZEL, CHEMIE UND STOFFWECHSEL 

§ 2. Die Zellmembran. - Der Hauptbestandteil der Zellmembran 
der Pteridophyten ist die Zellulose; daneben aber treten schwer hydroly
sierbare Hemizellulosen in grosserer Menge auf. Wenn altere Autoren (vgl. 
MERKELBACH) 1) als Hydrolysenprodukte der Zellulose von Pteridophyten
zellwanden fast regelmassige Mannane angeben, so beruht dieser Irrtum 
auf unvollstandiger Hydrolyse der Hemizellulosen. Es ist bekannt, dass 
gerade Mannane der Hydrolyse mit 5% iger HCllanger widerstehen: so 
mussten HAGGLUND und KLINGSTEDT 2) 211z Tage mit 72%iger H 2S04 

bei Zimmertemperatur hydrolysieren, urn aIle Hemizellulosen in Losung 
zu bringen. Hieraus erklart sich auch die angebliche Mannosearmut der 
Pteridophyten-Hemizellulose. Ais Hydrolysenprodukte der Hemizellulo
sen ergeben sich erhebliche Mengen von Galaktose, Arabinose und Man
nose, neben wenig Methylpentosen. Bemerkenswert erscheint noch, dass 
sich die Hemizellulosen fertiler und steriler Sprosse von Equisetumarten 
chemisch unterscheiden durch die fehlende Galaktose in den ersteren, wo 
sie nur in den Sporophyll tragenden Kopfen gefunden wurde. 

Der Pentosengehalt scheint in einzelnen Arten derselben Gattung stark 
zu schwanken. So wird angegeben fi.lr: Lycopodium clavatum 9,35% Pen
tosen, L. annotinum 8,1 %, L. alpinum 17,0%, L. Selago 18,6%. Ob dieses 
Mehr an Pentosen auf einen Uberschuss an Hemizellulosen oder auf einen 
solchen anPektinen zuruckzufUhren ist,bedarf noch naherer Untersuchung. 

§ 3. Die Sporopollenine 3). - Eine vollig andersartige chemische 
Zusammensetzung weisen die Membranen der Sporen aU'f, die mit der
jenigen der Mikrosporen der Phanerogamen weitgehend ubereinzustimmen 
scheint. Man bezeichnet diese Membransubstanzen daheralsSporopollenine. 
Mikrochemisch haben diese Stoffe manche Reaktionsweise mit Cutin und 
Suberin gemein, chemisch aber haben sie mit dies en Stoffgruppen nichts 
zu tun. Sie gehoren ihrer Zusammensetzung nach vielmehr zu den poly
meren Terpenen, mit denen sie auch in ihrem Verhaltnis von C : H (5 : 8) 
ubereinstimmen. Dagegen ist der Sauerstoffgehalt sehr variabel und fUr 
einzelne Sporopollenine recht charakteristisch. Nach den bisherigen Un
tersuchungen dad man annehmen, dass der 0 weder in carboxylatischer 
noch in carbonylartiger Bindung vorliegt; neben Hydroxylen wird man 
vielleicht noch atherartige Bindungen annehmen mussen. Ihr besonderes 
Charakteristicum besitzen die Sporopollenine in ihrer chemischen Bestan
digkeit: verdunnte Mineralsauren vermogen sie uberhaupt nicht, konzen
trierte nur langsam zu zerlegen. Alkalien vermogen praktisch nur in der 

') MERKELBACH: Die chern. Zusammensetzung der Zellwande bei einigen Gefass
kryptogamen. Diss. Freiburg 1907. 

2) HAGGLUND und KLINGSTEDT: Ann. d. Chern. 459, 26, 1927. Cellu10sechemie 
5, 58, 1924. 

3) Vg1. ZETZSCHE: KLEIN, Handb. d. Pflanzen analyse II, S. 205. 
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Schmelze anzugreifen. Selbst Acetylbromid das sogar Zellulose und Lignin 
in losliche Substanzen iiberzufUhren vermag, bleibt ohne erkennbare 
Wirkung auf die Sporenmembranen. Diese Eigenschaft und die andere 
mit Halogenen oxydationsbestandige Verbindungen einzugehen, sind fUr 
die Abtrennung dieser Substanzen von andern Zellstoffen von grosser 
praktischer Bedeutung. 

1m allgemeinen besteht nur das derbere Exospor aus Sporopolleninen, 
wahrend am Aufbau des zarteren Endospors Zellulose massgeblich beteiligt 
ist. Mengenmassig iiberwiegt das erstere sehr stark (90%). Auf die hohe 
Resistenz der Sporopollenine gegen chemische, physikalische und biolo
gische Einfliisse ist die wundervolle Erhaltung der Sporen und Pollen in 
abgelagerten Kohle- und Torfschichten zuriickzufUhren. 

Bekanntlich macht die Pollen analyse praktischen Gebrauch von dieser 
Erscheinung, urn die Entstehungsgeschichte organogener Ablagerungen 
besonders der Moore aufzuhellen. Es scheint indessen, dass die hohe che
mische Resistenz der Pollenmembranstoffe hierbei noch nicht methodisch 
voll ausgeniitzt ist. Man konnte sich hiervon noch eine bedeutsame Er
leichterung und Prazisierung der pollenanalytischen Methode versprechen. 
Hinsichtlich der Isolierung der Sporopollenine aus Olschiefer vergl. KLEIN. 
Handbuch d. Pflanzenanalyse S. 339 ff, aus Torf S. 309 und aus Braun
kohle S. 313. 

§ 4. Verkieselung der Membran. - Besonders reichliche Einlage
rung von Kieselsaure findet sich bekanntlich in den Membranen der Aus
senschichten von Equiseten. Ihre Isolierung erfordert die vorangehende 
Entfernung der Alkalisalze durch Sauren und der organischen Substanzen 
durch Oxydantien. Nach weiterer Behandlung des Riickstandes mit Am
moniak und fett16senden Agenzien, bleibt, ein Rest, der zu 97-98% aus 
Si02 besteht und unter dem Mikroskop deutlich die Strukturen der Aus
senmembran zeigt. LANGE 1) hat Kieselsaureverbindungen auch im Zell
saft von Equisetum hie male nachweis en konnen. In welcher Form, ob 
als Gel oder kristallisiert, ob in organischer oder anorganischer Bindung 
das Si vorkommt, scheint noch nicht bekannt zu sein. Erhebliche Kiesel
sauremengen hat KEEGAN 2) auch in Pteridium aquilinum nachgewiesen, 
die im Herbst von 17 auf 53% anstiegen. 

Reich an Kieselsaure sind Equisetum Telmateia, E. arvense und E. 
hiemale, die aus diesem Grunde zum Scheuern von Metall und Holzge
Hissen Verwendung finden. In der Heilkunde werden die Schachtelhalme 
von alters her als Diureticum verordnet. 

Ein Maximum an Kieselsaure findet sich in der Asche von Equisetum 
maximum, wo CHURCH 63% des Aschengehalts an Kieselsaure feststellte. 

') LANGE: Ber. chern. Ges. 11, 822, 1878. 
2) KEEGAN: Chern. News 11,289,1915. 
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Die folgende Tabelle gibt weiteres Zahlenmaterial wieder (vgl. (1-3)). 

Pflanze 

Equisetum Telmateja 
hiemale . 

" arvense. 
Lycopodium alpinum 

cernuum 
clavatum 
BiUardieri 

" Selago . 
SelagineUa spinulosa. .' 
Psilotum triquetrum. . 
Cyathea serra 
0Phioglossum vulgatum 
Salvinia natans. . . 
M arsilia quadrifolia 
Pteridium aquilinum . 

Kieselsaure 
in % des 

Aschen gehal ts 

31,083% SiO, 
8,75 % 
6,188% 
10,24% 

30.25 % 
6,40 % 
3,14 % 
2,53 % 
6,67 % 
3,77 % 

12,65 % 
5,32 % 
6,71 % 
0,88 % 

49,85 % 

GILLOT und DURAFOUR 4) geben fUr unter bestimmten Bedingungen 
(Ca-arm und Mg-arm) gezogene Pflanzen von Adlerfarn sogar einen Si02-

Gehalt von 68,8% der Asche an. Weitere Angaben tiber den Kieselsaure
gehalt bei M arattiaceen s. POIRAULT 4) und bei Selaginella s. HARVEY
GIBSON 6). 

§ 5. Lignin. - Auf Grund der ausfUhrlichen Untersuchung Lins
BAUERS 7) wurde bis in die neuere Zeit angenommen, dass bei den Pteri
dophyten die Verholzung der Zellmembran zum erstenmal im ganzen 
Pflanzenreich einsetze. WAKSMAN und STAVENS 8) geben demgegentiber 
zwar zu, dass die Farbreaktionen auf Holz in Moosen tatsachlich ausblei
ben, jedoch gelang es ihnen auf chemischem Wege aus Sphagnum neben 
35,2% Zellulose immerhin 9,2% Lignin zu isolieren. Der niedrige Methoxyl
gehalt des Mooslignins lasst tibrigens erkennen, dass sich dasselbe auch 
im chemischen Aufbau von dem Holzstoff der Pteridophyten und h6heren 
Pflanzen unterscheidet. 

V611ig holzfrei unter den Pteridophyten wurde bisher nur Isoetes la
citstris befunden (BURGERSTEIN 9)). Bei Salvinia dagegen ist nur mehr 

') CHURCH: Chern. News 1874, S. 137; Journ. of Bot. 1875, S. 169. 
') MARIANI: J usts J ahresber. I, 58, 1888. 
3) HORNBERGER:' Landw. Verso Stat. 32, 371, 1886. 
4) GILLOT und DURAFOUR: Bull. Soc. de Natur. de L'Ain, 1904. Just II, 1052, 

1904. 
6) POIRAULT: Ann. Sci. Nat. (7), 18, 113, 1893. 
6) HARVEy-GIBSO.N: Ann. of Bot. 7, 355, 1893. 
7) LINSBAUER: Oesterr. Bot. Zeitg. 49, 317, 1899. 
8) WAKSMAN und STAVENS: Soil Science 26,133. Vgl. auchSTADTNIKOFF: Brenn. 

stoffchernie II, 21, 1930. 
9) BURGER STEIN : Sitz. Ber. Kaiserl. Akad. Wiss. Wien 70, 1874. 
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das Xylem ligninfrei, wahrend im mechanischen System auffallend dunkel 
gefarbtes Lignin auftritt. 

Bei den Equiseten sind die mechanischen Systeme der oberirdischen Or
gane ebenfalls unverholzt, bei Selaginella geben nur die Mittellamellen 
Ligninreaktion, wahrend Lycopodium normal verholztes Festigungsgewebe 
besitzt. Bei einer ganzen Anzahl von Arten dieser Gattung kommen Ver
holzungen sogar im Mesophyll vor (L. annotinum, L. clavatum, L. vo
lubile, L. complanatum). Selbst die Epidermis und partiell sogar die 
Schliesszellen sind hier verholzt. Auch Selaginella hat ahnlich wie die 
Cycadeen und Coniferen verholzte Schliesszellenwande. Stark verholzt 
sind vor allem auch die Aussenwande der Farnsporangien. In vielen Fallen 
zeigen auch die Endodermisradialwande Lignineinlagerung. 

1m ganzen also ist die Verholzung bei den Pteridophyten we it verbreitet. 
LINSBAUER deutet diese Erscheinung als Ausdruck einer bei den Pteri
dophyten bereits weitgehend durchgefiihrten Arbeitsteilung der Zellen. 

§ 6. Kohlehydrate. - Wir verweisen hier zunachst auf das Kapitel 
iiber den Membranaufbau und die daran beteiligten Kohlehydrate. 1m 
allgemeinen weisen die Pteridophyten hinsichtlich der Kohlehydrate 
ahnliche Verhaltnisse wie die hoheren Pflanzen auf. Das wichtigste Re
servekohlehydrat ist die S tar k e, die vor aHem in Rhizomen z.T. auch 
im Stengelmark der baumformigen tropischen Farne gespeichert wird. 
RIPPERTON 1) untersuchte im Hinblick auf die Moglichkeit einer techni
schen Ausbeutung den Starkegehalt der Stamme hawajanischer Baum
farne (Cibotium Chamissoi), die in Hawai ein Areal von etwa400.000 acres 
bedecken. Danach scheint der Starkegehalt dieser Farnstamme demjeni
gen der Cannarhizome wenig nachzustehen; obwohl neben der Starke 
noch erhebliche Mengen reduzierender Zucker isoliert werden konnten, 
musste doch von einer technischen Gewinnung der Farnstarke aus Ren
tabilitatsgriinden Abstand genommen werden. In den Rhizomen der 
Farne scheint die Starke wenn nicht der einzige, so doch immer der we
sentlichste Reservestoff zu sein. (CZAPEK I, 395). Uber die quantitativen 
Verhaltnisse ist auch hier wenig bekannt. Wir selbst fanden in den nach
mittags abgenommenen Blattern von Blechnum brasiliense etwa I % des 
Frischgewichts an Starke, also Mengen, wie man sie aus Blattern hoherer 
Pflanzen auch kennt. Der Gehalt der Rhizome an Starke (15, 4-28,2% 
nach KRUSE) wird demjenigen der Kartoffel wenig nachstehen, wie aus 
dem mikroskopischen Bild zu vermuten ist, das dicht mit Starkekornern 
erfiillte Rindenparenchym-, Starkescheide- und Holzparenchymzellen 
zeigt. Die Rhizome von Pteridium aquilinum sind so starkereich, dass sie 
friiher die Hauptnahrung der Maoris liefern konnten. 

Zucker: An Zuckern hat LIEBER 2) in den Knollen einer N ephrolepis-

1) RIPPERTON: Hawaii expo Stat. Bulletin No. 53, 1924. 
2) LIEBER: Ber. naturw. med. Ver. Innsbruck 1910, XXXVIII, 34. 
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art neben d-Glukose, noch d-Fruktose und Maltose, insgesamt etwa 16% 
Zucker nachgewiesen. In den Blattern von Blechnum brasiliense fan den wir 
etwa 0,87 g vergarbare Zucker pro 100 g Frischgewicht. Auffallenderweise 
solI nach BASECKE Saccharose in den Blattern von Phyllitis Scolopen
drium ganzlich fehlen. Es ist nicht ausgeschlossen, dass der Rohrzucker 
gelegentlich durch T r·e halos e ersetzt ist. ANSELMI NO und GILG 1) 
berichten tiber erhebliche Trehalosemengen in Selaginella lepidophylla 
(2,5%), dochsind andere Selaginella-Arten trehalosefrei befunden worden. 
Inwieweit auch in Farnen stoffliche Beziehungen zwischen Trehalose und 
Mannit wie etwa bei Pilzen bestehen, bedarf noch der Aufklarung. An
selmino und Gilg haben in ihrer Versuchspflanze keinen Mannit gefunden. 

§ 7. Glykoside. - Un sere Kenntnisse tiber das Vorkommen von 
G 1 y k 0 sid e n in Pteridophyten ist ganz besonders dtirftig. Weder 
CZAPEK noch WEHMER machen hiertiber irgendwelche Angaben. Als erster 
hat wohl GRESHOFF 2) B 1 a usa u r e im Adlerfarn, ferner in Gym
nogramme aurea und G. cordata, sowie in einer nicht naher identifizierten 
Lastraea- und Athyrium- Art festgestellt. Spater hat sich MIRANDE urn die 
Entstehung der Blausaure in Farnen bemtiht. Pteridium aquilinum ent
halt danach ein cyanogenes Glykosid von Amygdalin-Charakter, das bei 
der Hydrolyse Benzaldehyd abspaltet. MIRANDE 3) stellte ein solches Gly
kosid auch bei Cystopteris jragilis alpina, einem in der Dauphinee und in 
Savojen haufigen Farn fest. Das Glykosid ist wie das emulsinartige Fer
ment zu seiner Spaltung in allen griinen Pflanzenteilen enthalten; wie es 
in des bei Glykosiden tiblich ist, sind Substrat und Ferment trotzdem lokal 
getrennt, so dass die Fermentwirkung erst bei Schadigung oder Zer
st6rung der Plasmastruktur deutlich in Erscheinung tritt. Das einige 
Zeit der Autolyse tiberlassene Pflanzenmaterial gibt bei der Destillation 
Benzaldehyd abo Es wird vermutet, dass das Glykosid hauptsachlich 
im Zellsaft, das Ferment dagegen im Plasma lokalisiert ist. 

§ 8. Organische Siiuren. - a) Aliphatische Sauren: Es ist u.W. nie 
versucht worden, das Vorkommen von organischen Sauren in Pteridophy
ten einer planmassigen Untersuchung zu unterziehen. Die meisten An
gaben beruhen vielmehr auf Nebenbefunden und sind daher im h6chsten 
Grade ltickenhaft. Fettsauren: So entnehme ich die einzige Angabe tiber 
das Auftreten von E s s i gsa u r e einer Analysentabelle fUr Equisetum 
maximum von BRACONNET. Uber die Entstehung und das physiologische 
Schicksal der Saure werden keinerlei Angaben gemacht. Pro p i 0 n-

1) ANSELMI NO und GILG: Ber. Deutsch. Pharm. Ges. 23, 1913. 
2) GRESHOFF: Pharm Weekbl. voor Nederl. 45, 770, 1908. 
3) MIRANDE: C. r. d. seances de i'Acad. des Sciences 167,695, 1918. 
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sa u r e soU sich angeblich im Rhizom von Dryopteris Filix-mas sowie in 
dem extrahierten Wurmfarnol gefunden haben. 

Viel sicherer und auch haufiger ist das Auftreten der But t e r s a u r e. 
Ihr Vorkommen scheint an das gleichzeitige Auftreten von Ph lor 0-

g 1 u c i n gebunden, denn alle Farne, in denen der eine Stoff nachgewiesen 
werden konnte, enthielten auch den andern. Beide Stoffe kommen indes 
wahrscheinlich nicht frei, sondern als Komponenten der Far n s au r e n 
(s. S. 356) vor. Die Buttersame ist in ihnen als Phloroglucinbutanon ge
bun den. Manche dieser Farnsauren wie Aspidin und Filmaron spalten 
im Organismus die Komponenten Phloroglucin und Buttersaure abo Wei
tere Angaben siehe unter Farnsauren. 

Cap r y 1- und Ce rot ins a u r e sind Bestandteile des Rhizomols 
und des Sporenfettes von Dryopteris Filix-mas, wahrend die Sporen von 
Lycopodium clavatum die Lye 0 pod i urns a u r e glyceridartig ge
bun den enthalten. 1m Fett des Stengels von Equisetum arvense L. konnte 
die ungesattigte Lin ole n s a u r e festgestellt werden. Die Dicarbon
saure A z e 1 a ins au r e wurde aus Sporenextrakt des Wurmfarns, die 
ungesattigte Tricarbonsaure A con its a u r e als Ca-Salz aus Equise
tum fluviatile und E. palustre isoliert. 

Verbreiteter scheint nach den Angaben der Literatur die 0 x a 1 s a u r e 
in den Farnen zu sein, da sich die Mehrzahl der Angaben uber Saurevor
kommen in Pteridophyten auf diese Saure bezieht. In der bereits citier
ten Analyse fUr Equisetum maximum werden Spuren von Oxalat erwahnt. 
1m ubrigen aber herrschte seit den Untersuchungen KOHLS 1), der nur in 3 
von 34 untersuchten Farnarten Oxalatvorkommen nachweisen konnte, 
die Ansicht vor, dass Kryptogamen im Gegensatz zu den hoheren Pflanzen 
arm an Oxalsaure seien, ein Standpunkt den auch DE BARY in seiner Ver
gleichenden Anatomie vert rat. 

POIRAULT 2) konnte indes zeigen, dass den fruheren Forschern die Oxalat
kristaUe offen bar nur wegen ihrer besonderen Kleinheit in den Farnen 
entgangen waren. Er fUhrt eine recht respektable Reihe von Oxalat fUh
renden Farnen auf und weist auch bereits auf Oxalatkristalle aus verschie
denen Kristallsystemen hin, wobei ihm nicht verborgen blieb, dass die 
Kristallform besonders vom Schleimgehalt und der Reaktion des Zellsafts 
abhangig war: in schleimreichen Zellen mit starker saurem Zellsaft herrsch
ten die monoklinen Kristalle, in saurearmen Zellen dagegen Formen des 
quadratischen Systems vor. In .einer ausfiihrlichen Studie hat neuerdings 
FREY diese Angaben auch fUr die hoheren Pflanzen bestatigt und naher 
prazisiert. Hinsichtlich der L 0 k a lis a t ion der Oxalatkristalle 
wird von allen Autoren einheitlich hervorgehoben, dass nm die Epider
mis und das unmittelbar darunter liegende hypodermale Gewebe 
Oxalat fUhren, wahrend die Bundel stets frei davon befunden wurden. 

') KOHL: Kalk- und Kieselsalze. Marburg 1890. 
2) POIRAULT: J ourn. de Bot. 1893, 72. 

Manual of Pteridology 23 
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Von den Wasserfarnen fiihrt nach KOHL Marsilia Oxalat, wahrend es 
bel den Lycopodiinae den Gattungen Selaginella und Psilotum fehlt 1). 

Sparlicher noch sind die Angaben liber das Vorkommen der A p f e I
s a u rein Pteridophyten, obwohl diese Saure nach den eigenen orientie
renden Untersuchungen in Farnen analog den Verhaltnissen in den hi:iheren 
Pflanzen und in scharfem Gegensatz zu den Pilzen viel verbreiteter ist als 
die Oxalsaure. BELZUNG und POIRAULT 2) beschreiben Ca-Malat-Vorkom
men in Blattern von Angiopteris evecta und REGNAULT 3) weist auf Apfel
saure bei Equiseten hin. 

1m Folgenden geben wir eine Tabelle wieder, die die Ergebnisse eigener 
Saureuntersuchungen an Blattern einiger Farne enthalten. Die Saure wurde 
nach den im Leipziger Botanischen Institut ausgearbeiteten Methoden 
quantitativ bestimmt und zwar in beiden Formen, der optisch aktiven 
und der racemischen Komponente. Als optisch aktive Saure trat stets die 
l'Form auf, ein weiterer Analogiefall zu den hi:iheren Pflan"zen. Die An
gab en beziehen sich auf 1 g Trockengewicht; urn eine Bezugsmi:iglichkeit 
auf das Frischgewicht zu ermi:iglichen, ist bei allen Arten noch der % uale 
Anteil des Trockengewichts am Frischgewicht angegeben. Saurezahlen in 
Millimol 2 basischer Saure. 

Gesamt- l' Apfel- i Apfel- Track. Gew. 
Pflanze in % des saure saure saure 

Frischgew. 

I 
Platycerium. 0,247 0,075 0,017 16,7 
Polypodium aureum 0,221 0,075 0,077 28,6 
Blechnum brasil. (alt) . 0,127 0,025 0,057 29,6 
Blechnum brasil. (jung) . 0,257 0,014 0,081 23,7 
Polypodium aureum f. ra-

mosum. 0,213 0,006 0, I I I 16,1 
Dicksiona antarctica. 0,142 0,003 0,077 45,6 

Dryopteris Filix-mas . 0, 114 0,033 0,047 20,1 

Es ist ersichtlich, dass in allen untersuchten Farnen die Apfelsaure mehr 
als die Halfte der Gesamtsaure ausmacht, wohingegen von Oxalsaure nur 
Spuren gefunden wurden. Quantitativ ist also nicht die Oxalsaure, sondern 
die Apfelsaure die wichtigste organische Saure der Farne. 

Mit den hi:iheren Pflanzen haben die Farne offensichtlich auch den diur
nalen Saurestoffwechsel gemein: wenn auch keine ausfiihrlichen Unter-

') Vergl. auch MONTEVERDE: Justs Jahresber. 1889. Giesenhagen: Flora 76. 
TERLETzr: Jahrb. wiss. Bot. 15,491. VINGE: Bidrag til kannedomen am ormbun

karnes bladbyggnad. Lund 1889. 
2) BELZUNG U. POIRAULT: J ourn. de Bot. 1892 (p. 286). 
3). REGNAULT: Ann. Chim. et Phys. (2) 62, 208, 1836. 
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suchungen dariiber vorliegen, so spricht doch eine Angabe von LANGE 
iiber DryopterisFilix-mas, die einen nachtlichen Saureansteig urn 30% des 
Abendwertes feststeUt, durchaus fiir eine solche Annahme, wenn sie auch 
einer Erweiterung und Bestatigung auf breiterer Grundlage bedarf. 

Hinsichtlich der iibrigen Sauren fanden wir nur noch eine Bemerkung 
iiber das Auftreten von Weinsaure in Lycopodium complanatum. 

§ 9. Aktuelle Aziditat und Pufferungskapazitat. - Die in Er
mange lung von Literaturangaben vorgenommenen orientierenden eigenen 
Versuche lassen erkennen, dass die Fame nicht zu den typischen Saure
pflanzen zu zahlen sind. Dafiir spricht auch das reichliche vorkommen von 
Amiden in allen untersuchten Organen der Pflanzen (s. S. 377). Wir geben 
im folgenden eine kleine Ubersicht der gemessenen aktuellen Aziditat bei 
einzelnen Farnen wieder; die angegebenen Werte beziehen sich auf den 
Zellsaft der Blatter: Pteridium aquilinum ph 5,66, N ephrolepis cordifolia 
ph 5,55, Platycerium spec. ph 5,83, Dryopteris Filix-mas ph 5,83, Athy
rium Filix-femina ph. 6,14, Polypodium punctatum ph 5,82, Die Werte 
sind mit der Chinhydronelektrode gemessen. Sie sind moglicher weise 
etwas zu hoch, da die Reaktion des Zellsafts sich in kurzer Zeit unter 
Braunfarbung (Oxydation) nach der alkalischen Seite hin verschiebt. 
Man darf vermuten, dass hierbei 
die Oxydation phenolischer Hydro- ... 
xylgruppen eine Rolle spielt. 

Trotz des geringen Sauregrads ist die " ,. 
P u f fer u n g s k a paz ita t des t 
Zellsafts ansehnlich. Die folgende' ,. 
Kurve (Fig. 1) gibt die ~ Werte des Zell- \----._......---,..---._-.------,---,,
safts von Polypodium punctatum wieder :' • . . . , '"v"" 

D · K 1" t k d d FIG. I.-Pufferungskapazitat desZell-
Ie urve ass er ennen, ass er safts aus Blattern von Polypodium 

Zellsaft in der Hauptsache nur gegen punctatum. 

Sauren gepuffert ist. 1m Bereich von ph. 5,26 bis 2,76 schwankt der 

(
' Gramm-Aequivalent Saure X Volumen zugesetzter saure) . 

~ Wert. zWIschen 
ph. VerschIebung X Volumen Pufferlosung 

0,032 und 0,023). Gegen Lauge dagegen ist der Zellsaft nur ganz unbedeu
tend gepuffert; zwischen ph. 5,86 und ph 8,02 liegt der ~ Wert urn 0,009. 

Der Verlauf der Pufferungskurve lasst mit einiger Wahrscheinlichkeit 
schon auf die Natur des Puffergemisches schliessen. Es ist nicht zu be
zweifeln, dass den erst en Ansturm der H' das Malatgemislh abdammL 
Der Verlauf der Kurve zwischen ph 4,5 und 2,7 lasst auf die Anwesenheit 
nicht unerheblicher Oxalatmengen schliessen. 

Die geringe Pufferung nach dem neutralen Gebiet hia diirfte auf Amide 
und auf ein Bicarbonatsystem zuriickzufiihren sein. Die Anwesenheit 
betrachtlicher Carbonatmengen konnte analytisch ebenso wie diejenige 
der Amide bestatigt werden. 
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§ 10. Die Farnsauren.-Diese Sauren verdienen insofern ein erh6htes 
Interesse als sie offen bar ausschliesslich in Farnen vorkommen. Das ge
meinsame chemische Merkmal dieser Stoffe ist das Phloroglucingeriist, das 
bald mehr oder weniger methyliert bez. mit Buttersaure zu Butanonen ver
kniipft ist. Der einfachste K6rper, von dem sich die iibrigen un schwer ablei
ten lassen, ist die Filicinsiiure: 

Ebenfalls im Rhizom von Dryopteris Filix-mas fand BOEHM 1) das AsPi
dinol, ein Methylphloroglucin-Monomethylester-Butanon, dessen von 
BOEHM angegebene Konstitutionsformel durch KARRER 2) besUitigt wurde. 

Die Substanz ist alkoho1l6s1ich und wird durch Eisenchlorid griin ge
farbt. Schmelzpunkte 156 bis 161°. 

Flavaspinsiiure ist nach BOEHM: 

C.CH, C. CO. C,H, 
~ /~ 

Oc( I ~COH HOC( ~COH 
I CH, II I I C,H, .OC.C,< )C----HC2----C~ /C . CH, 
~/ "-.J 

CO COH 

Durch Einwirkung von Formaldehyd auf Filicinsiiure lasst sich Albaspi
din herstellen, dem man danach die folgende Konstitution zuschreibt: 

c. (CH 3)2 c. (CH')2 
//~ //~~ 

HOC~ IICOH Hocil IlcOH 
II II Ii II CaH, . OC . c~ /c----CH2-----C~ /c . co . CaH, 
~/ V co co 

Die Substanz ist in Alkohol wenig, in Ather und Benzol leicht 16slich. 

I) BOEHM: Arch. expo Path. 38, 35, 1896. Liebigs Ann. 302, 171, 1898.307,249, 
1899; 318, 230, 253,1901; 329, 269, 318, 321, 338,1904. 

2) KARRER: C. 1920, III, 378. 
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FeCl3 farbt die alkoholische Lasung rot, Schwefelsaure gelb. Bei Behand
lung mit Zinkstaub in alkalischer Lasung entsteht Buttersaure und Filicin
saure. 

Pharmakologische Bedeutung besitzt nach KRAFT 1) das Filmaron, dem 
im wesentlichen die anthelmintische Wirkung der Farndroge zugeschrieben 
wird (KRAFT 1)). Es enthalt 4 Phloroglucinbutanongruppen in diphenyl
methanartiger Bindung. 

co co 
//"--. /"--. 

C,H,. OC. c~ flC ---- CH 2 ---;-- c( )rc . co. CaH, 

Hoell IICOH Hoell CH 2 leo V/ ~\// 
C(CH,), C"--. CH 
C. co . C,H, C/ ' 

/ " /" " / " HOCII IC , (CHaO) COH 11 ICOH 

II I 'I I He" /C ---CH 2 ---- C\ /c.CO.C,H, 

'/ "--./ 
COH COH 

VOl, der Flavaspidinsaure C23H2S0S existieren eine IX. Form mit dem Fp 
92° und eine ~ Form vom Fp 156°. Beide Substanzen sind alkohollaslich. 

In relativ grosser, jahreszeitlich stark differierender Menge tritt im 
Filixrhizom die Filixsaure auf, die mit Alkohol gekocht Albaspidin abspal
tet. In der Alkalischmelze entstehen Isobuttersaure und Phloroglucin; bei 
der Reduktion' mit Zinkstaub erhalt man neben Buttersaure und Phloro
glucin noch Methyl-, Di- und Trimethylphloroglucin sowie Filicinsaure. 
Man schreibt daher der Substanz die folgende Konstitution zu: 

co 

H,C/\.C . CH 3 I c/"~ "- II // ( . co . C,H, 
HOC/ "--.COH HOC~ CHI '/ico II II "-

II II /CH "'-/ 
C,H,. OC. C"--. /C/ ,--I ---C C 

"v /"--. I 
CO HOC/ "--.COH 

! II 
C,H,OC. C, )C---CH 2 

'.../ 
COH 

Die Filixsaure wurde ausser im Wurmfarn auch in Dryopteris rigida 
und in Athyrium F ilix-femina gefunden. Sie ist in Alkalien leicht laslich und 
aus dieser Lasung £alIt die zuvor physiologisch unwirksame Substanz in 
amorpher und jetzt pharmakologisch wirksamer Form aus. Fp 184.5°. 

1) KRAFT: Chern. Zentr. II, 400, 1896; 533, 1903; Arch. Pharrn. 242, 489, 1904 
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Phloraspin C23H2S0S ist in Chloroform und Keton 16slich, ebenso in 
absolutem Alkohol. Letztere Li:isung farbt sich mit FeCl3 rotbraun. Fp 211 0. 

Aus Dryopteris spinulosa hat POULSSON 1) eine Reihe weiterer ver
wandter Stoffe isoliert. Das von ihm gefundene Polystichin soIl allerdings 
nach HAUSMAN mit dem von BOEHM aus dem Wurmfarnrhizom extrahier
ten Aspidin identisch sein, dem BOEHM die folgende Konstitution zu
schreibt: 

c. (CH 3 ), c. co. C3 H, 

//~~ ~', 
oCI IlcOH Hocil rOH 

C3H, co . C\ )c ---- CH, -----C\ )c . C H3 ,/ ~/ 
COH C. OCH3 

Fiir die iibrigen in Farnen gefundenen Stoffe gibt POULSSON die folgen-
den F ormeln an: 

Polystichalbin C22H2S09 
Polystichinin ClsH220S 
Polystichocitrin C15H2209 
Polystichoflavin C24H30011' 
An Stelle der Filixsaure enthalt das Rhizom von Dryopteris athamanti

ca die nahestehende Pannasiiure (KURSTEN 2), HEFFTER 3)). HinsichtIich 
der pharmakologischen Wirkung gibt TSCHIRCH an, dass Aspidinal vi:illig 
wirkungslos sei, Filixsaure u. Flavaspidinsaure wirken zwar lahmend, aber 
nicht anthelmintisch. Der Hauptwirkungsstoff ist das Filmaron. Es scheint 
aber, als ob der Wirkungsgrad der Droge ausserdem im erheblichen Mass 
vom Gehalt an atherischen und besonders fetten Olen in einer noch wenig 
durchsichtigen Weise abhangig sei. 

Uber die physiologische Bedeutung dieser Stoffe ist wie tiber diejenige 
der Phenolderivate im Ganzen wenig Sicheres bekannt. Sieht man von einer 
oberflachlichen Deutung als Schutzstoffe ab, so mi:ichte man ihnen am 
ehesten eine bedeutsame Rolle bei der biologischen Oxydation beimessen. 
Es ist durchaus wahrscheinlich, dass die Phenoldehydrasen den Wasserstoff 
der phenolischen Hydroxydgruppen der Phloroglucinkomponenten sehr 
leicht beweglich machen. 

Anderseits scheinen die Ketongruppen, wie sie in der Filicin-Flavaspidin
und Filixsaure, sowie im Filmaron und Aspidin vorhanden sind, gar wohl 
zur Aufnahme von Wasserstoff geeignet. 

In der Polypodiacee Matteuccia orientalis, deren Rhizom die chinesische 
Droge Kuan-chung liefert, ist von frtiheren Autoren schon eine Reihe von 

1) POULSSON: Arch. expo Path. 35. 97,1894,41,246,1898. 
') KURSTEN: Arch. Pharm. 229, 258, 1891. 
') HEFFTER: Arch. expo Path. 38, 458. 1896. 
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Farnsauren festgesteIlt worden wie Filmaron, Flavaspidinsaure, Albaspidin, 
Aspidinol. Diesen Stoffen hat in einer neueren Untersuchung MUNESADA1) 

einen in Methylalkohol kristallisierenden Stoff Matteuccinol vom Fp 167-
170 und der Zusammensetzung C14H140 4 hinzugefUgt. Verseifungszahl201. 

§ 11. Aetherische Oele. - Obwohl diese weitverbreiteten Stoffe 
sicherlich auch den Pteridophyten nicht fehlen, finden sich in der Literatur 
nur gelegentlich sparliche Hinweise auf ihr Auftreten in Rhizomen (Dry
opteris Filix-mas) undinSporen. All diese Angaben tragenindes deutlich den 
Stempel von Nebenbefunden. Auf die nahe chemische Verwandtschaft der 
Sporopollenine mit Terpenen ist bereits hingewiesen worden. Bei der De
stillation von Equisetum palustre erhielt BAUP ein atherisches ell von aro
matischem Geruch. Fp = 58-65°. Harzartige Stoffe: Auf den Unterseiten 
der Blatter der Gattungen Pityrogramma, Notolaena, und Cheilanthes 
stehen kopfchenformige Drusenzellen, die kristallini- sche Ausscheidungen 
erzeugen. Diese letzteren besitzen je nach Art weisse oder gelbe Farbe, 
worauf die bei Gartnern gebrauchliche Bezeichnung Gold- und 
Silberfarne Bezug nimmt. Wahrend man diese Excrete fruher fUr 
Wachse hielt, hat KLOTZSCH 2) sie den kampherartigen Stoffen beige
zahlt (Pseudostearophene). STRASBURGER schrieb ihnen fettartigen Cha
rakter zu, wohingegen WIESNER ihre Nichtzugehorigkeit zu Fetten wahr
scheinlich machte. CZAPEK (I, S. 182) sagt, dass sie auch mit Wachsen 
nichts zu tun hatten. ZOPF S) hat dann die Stoffe rein gewonnen, indem er 
die Farnblatter fUr nur sehr kurze Zeit in Ather eintauchte. In der atheri
schen Lasung fiel dann beim Einengen ein gelber Stoff, bei Bildung grasserer 
Kristalle ein roter Karper aus, der in kaltem und heissem Wasser, wie auch 
in Benzin unlOslich ist, sich aber in Aceton, Alkohol, Ather und Chloroform 
gut lost. Die alkoholische Lasung farbt sich mit FeCls braunrot, reagiert 
neutral und zersetzt sich in Gegenwart von Alkali und Ammoniak ziemlich 
rasch unter Entfarbung. Der Gehalt der Blatter an solchem Gymnogram
men ist gering: 228 grassere und klein ere Farnblatter ergaben eine Aus
beute von 2,06 g. Elementare Zusammensetzung ClsHlS0S' 

Bei fraktionierter Lasung in Petrolather wurde aus dem Rohextrakt ein 
zweiter fast farbloser, wachsartiger Stoff (Fp. 63-64°) von neutraler Reak
tionisoliert. Er erwies sich in kaltem Alkohol, Ather und Petrolather schwer 
lOslich, dagegen leicht laslich in den heissen Flussigkeiten. Ob dieser Kor
per eben falls von den Drusenzellen stammt oder aber aus der Epidermis 
extrahiert wurde, ist nicht entschieden. 

Das silberweisse Sekret von Pityrogramma calomelanos (Fp 140-142°) rea
giert ebenfalls neutral und last sich in Alkohol und Ather. FeCls farbt Lo-

') MUNESADA: Ber. Ohara Inst. fiir landw. Forschung II, 4, 429, 1924. 
0) KLOTZSCH: Mon. Ber. d. Ber!' Akad. Dezember 1851. 
3) ZOPF: Ber. d. Deutsch. Bot. Ges. 24, 264, 1906. 
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sung en des Cal 0 mel a n S rotbraun. Die Elementaranalyse ergab die 
Zusammensetzung C2oH220S' 

Uber die Bildung harzartiger Stoffe und den Ort ihrer Entstehung wurde 
neuerdings von WEEVERS 1) die altere Theorie TSCHIRCHS (vgl. auch 
HOHLKE) wieder aufgenommen, wonach die harzartigen Stoffe ein Produkt 
der Zellmembran darstellen sollen und in einer sog. resinogenen Schicht, 
die nach TSCHIRCH ein biologisches Membrankolloid im Sinne HANSTEEN 
CRANNERS darstelle, entstehen sollen. Nach WEEVERS ware die Sekretbil
dung eine umgeleitete Ligninsynthese wie die Gummosis eine Art verun
gliickte Pektinsynthese darstellte. 

1m Rhizom von Dryopteris Filix-mas werden die harzartigen Stoffe durch 
Driisen ausgeschieden, welche besonders in der Nahe der Leitbiindel kranz
artig in die Interzellularen hereinragen. Das Wurmfarnharz ist l6slich in 
Ather, Chloroform, Schwefelkohlenstoff, Benzol und in Alkalien. Dass die 
Harzbildung auf Kosten der Starke erfolge, ist mehr eine naheliegende 
Vermutung als eine bewiesene Tatsache. Harzartige Stoffe wurden auch 
aus dem Destillationsrtickstand von Equisetum palustre gewonnen. 

§ 12. Gerbstoffe. - Schtitze 2) erwahnt in seiner Schilderung tropi
scher Fame das Vorkommen von Gerbstoffschlauchen in Stamm und 
Blattstielen, deren Inhalt sich mit Eisenchlorid schwarz farbt. Als Bestand
teil der Droge aus Wurmfamrhizom wird die F iIi x g e r b ,s au r e er
wahnt, die in Mengen von 4,5-11,7% (KRusE) auftritt, Sie ist ein rotbrau
nes,in Wasser wenig 16slischesPulver von derZusammensetzungC41 H36N 01S 
(nach REICH CS2H76N203S)' Mit Kalkwasser erhitzt, spaltet sie P y r r 0 1 
ab, mit H2S04 erhitzt, geht sie in F iIi x rot (C26H1S012) iiber, das wohl 
mit der Tan n asp ids au r e von LUCK identisch ist. Bei del' Hydro
lyse wird Zucker abgespalten. 

Die Pro t 0 f iIi x s au r e, ebenfalls ein Bestandteil des Wurmfarnrhi
zoms zerfallt unter hydrolytischer Einwirkung in Pro t 0 cat e c h u
s a u r e und PhI 0 r 0 g 1 u c i n. Sie dtirfte in engel' stofflicher Bezie
hung zu den Phlorogluciden des Wurmfams stehen. 

In Equisetum palustre wurden Gerbsauren h6chstens in Spur en gefunden. 

§ 13. Alkaloide. - Die Giftigkeit von Equisetum palustre wurde 
frtiher zu Unrecht auf dessen Gehalt an Akonitsaure zurtickgefUhrt. Dem
gegeniiber hat LOHMAN~ 3) nicht nur die Unschadlichkeit dieser Saure fUr 

') WEEVERS: Kon. Akad. Wetensch. Amsterdam 37, 181, 1934. 

Vrgl. auch TSCHIRCH u. STARK: Die Harze, S. 33; FRANCESCONI: Riv. ital. delle 

ess. e dei prof. 1829; LEHMANN, C.: Planta I, 1926, S. 343. 
2) SCHUTZE: Zur physiologischen Anatomie einiger tropischen Farne besonders 

der Baumfarne. Diss. Berlin 1905. 

') LOH~IANN, J.: Arb. d. Deutschen Landw. Ges. Heft 100,1904. 
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seine Versuchstiere nachweisen, sondern auch aus dem Schachtelhalm ein 
Alkaloid E qui 5 e tin isolieren k6nnen, das sich als starkes Herzgift 
erwies (Vgl.auch BAUP). 

Bekannter und besser definiert ist das L y cop 0 din aus Lycopodium 
complanatum. Hierbei handelt es sich urn ein~ zweisaurige, bitter schmek
kende Base vom Siedepunkt 114-115°, die in Ather ,Alkohol, Wasser, 
Chloroform und Benzol16slich ist. Ihre Zusammensetzung entspricht der 
Formel C32H52N203 (BOEDEKER 1)). 1m tropischen Lycopodium Saururus 
entdeckte BARDET 2) das Pi 1 i jan i n C15H24N20, das abfiihrend und 
zum Erbrechen reizend wirkt. Fp. 64-65°. Es wird fiir ein Nicotinderivat 
(vielleicht Oxyamylnicotin) 3) gehalten. 

Aus Pteridium aquilinum hat TODA 4) zwei nicht naher beschriebene 
Basen neben reichlichen Mengen von Betain und Cholin isolieren k6nnen. 
Der letztere K6rper, der als wichtigste Lecithinkompomente eine bedeut
same physiologische Rolle spielt, wurde iiberdies auch in Equisetum limo
sum und Phyllitis Scolopendrium gefunden. 

§ 14. Weitere organische Stoffe in Pteridophyten. -- Es solI ver
sucht werden in diesem Kapitel die sparlichen Angaben iiber organische 
Stoffe in Pteridophyten zu sammeln, die nur selten vorkommen oder iiber 
die bei Pteridophyten wenig Sicheres bekannt ist. 

Der aus den Blattern h6herer Pflanzen durch FRANZEN bekannt gewor
dene Hex y len a 1 d e h y d ist auch in den Blattern von Pteridium 
aquilinum gefunden worden. 

Uber das Auftreten von Fetten und Olen wird ebenfalls nur sparlich be
richtet. Bii.SECKE gibt an, class in alten Rhizomteilen von Davallia bullata 
mit dem Verschwinden von Starke sich vikariierendFett einstellt. TSCHIRCH 
gibt fiir das Rhizom des Wurmfarns 6% fettes 01 an, das neben Olsaure noch 
Palmitin- u. Cerotinsaure enthalL 1m 01 von Dryopteris spinulosa treten 
neben der Olsaure noch die Linol- u. Linolensaure auf. 

BRACONNET gibt fUr Equisetum maximum 0,40 g Fett und Chlorophyll 
pro 500 g Frischgewicht an. Relativ fettreich dagegen sind vielfach die 
Sporen, doch haben wir weder iiber die Natur noch iiber die Menge der 
Fette nahere Angaben finden k6nnen. Eine Ausnahme macht nur das Fett 
der Sporen von Lycopodium clavatum. Nach LANGER 5) enthalten die Spo
ren dieses Barlapps 49,34% Fett. 80-86% dieses Fetts sind Glyceride der 

1) BOEDEKER: Lieb. Ann. 208, 363, 188!. 
2) Vgl. hierzu: ARATA und CANZONERI: Gazz. Chirn. ita!. 22, I, 146, 1892; ADRI-

AN: Cornpt. rend. 102, 1322, 1886. 
3) DOMINGUEZ: Chern. Zentralb!. 1932, I, 3452 . 
• ) TODA: Journ. of Bioch. 2.433, 1913. 
5) LANGER: Arch. Pharrn. (3) 27.241,625 (1889). 
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Lycopodiumalsaure, deren Konstitution der folgenden Formel entspricht: 
CH."- /COOH 
CH./ CH. CH : C ,,(CH.) •. CH •. 

Ausserdem 1) enthalt das Fett noch 3,2% Dioxystearinsaure, 1.13% Stea
rinsaure, 0.85% Palmitinsaure und 2,0% Myristinsaure. In den Sporen von 
Lycopodium Selago fand KEEGAN 2) 47% Fettsaureglyceride und freie Fett
sauren. In den Sporen von L. clavatum wurden iiberdies noch gefunden: 
7.8% Glycerin, 3% Zucker, davon 2.1 % Saccharose; entgegen den Anga
ben von RIEGEL, FRITSCHE und WINKLER scheint Starke ganzlich zu feh
len, das Auftreten von Apfel- und Citronensaure bedarf der Bestatigung. 

§ 15. Die Mineralstoffe der Pteridophyten. - Der Mineralstoff
wechsel und Gehalt der Pteridophyten an Aschenstoffen schliesst sich, so
wlO'it er iiberhaupt naher studiert ist, eng an denjenigen der Bliitenpflanzen 
an. Es sollen an dieser Stelle lediglich einige Besonderheiten hervorgehoben 
werden. Auf die hohen K i e s e I s a u rem eng e n, die in manchen 
Pteridophytenaschen gefunden werden, ist ber~its an anderer Stelle hinge
wiesen worden. Daneben verdient besondere Erwahnung der hohe A I u
rn i n i u m g e h a I t der Asche von bestimmten Lycopodium-Arten. Wie 
die folgende Zusammenstellung ausweist, ist diese Besonderheit jedoch kein 
durchgangiges Familienmerkmal. Vielmehr wech<;elt der AI-Gehalt bei 
verschiedenen Arten derFamilie ausserordentlich stark. 

Fiir Lycopodium complanatum gibt ALDERHOLDT 3) einen Tonerdegehalt 
von 51,85-57,36% an, in Lycopodium clavatum bestimmte CHURCH 15,24% 
AI20 a, wahrend SALMS und ALDERHOLDT auf wesentlich hahere Werte, 
namlich 27 bez. 26,5% kamen. In den Sporen derselben Lycopodium
art wies LANGER einen Al20 3-Gehalt von 15.3% nacho Einen exorbitant 
hohen Aluminiumwert fand COUNCLER bei Lycopodium chamaecyparissus 
mit 39,07%. Des weiteren wurde der Aluminiumgehalt noch in den folgen
den Pteridophyten bestimmt: Lycopodium alpinum 33,5% (CHURCH), L. 
cernuum 10,09%, L. Selago 7,29%, L. annotinum 18,1 %, Salvinia natans 
1,86%, Psilotum triquetrum und Marsilia Spuren. 

Auffallend gering ist der Al-Gehalt bei epiphytischen Lycopodien wie z.B. 
Lye. Phlegmaria, das nur 0,45% Al20 a in der Asche aufweist, wahrend Lye. 
Billardieri gar kein Aluminium enthalt. 

Uber die physiologische Bedeutung des Aillminillms in diesen Pflanzen 
und iiber die Abhangigkeit seines Vorkommens von der Bodenunterlage 
scheinel1 keine naheren Angaben vorzuliegen. 

Von den Filicinae schien nach einer Untersuchung LANGERS unter den 

I) RATHJE: Arch. Pharm. 246, 692, (1908). 
2) KEEGAN: Botan. Zentr. 96, 575, (1904). 
Vgl. auch TSCHIRCH: Handb. d. Pharmak. 
3) Vgl. TSCHIRCH: Handbuch der Pharmakognosie und CZAPEK II, 371. 
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gepruften Farnen nur eine neuseelandische Cyatheacee einen besonders 
hohen Aluminiumgehalt (19,65%) aufzuweisen. 

Gesamtaschenanalysen liegen von den folgenden F ormen vor: 

Lycopodium annotinum . 
Ophioglossum . . . . . 

[ 37'29[1'49[ 8,54[6,35[4,0°11,3516,52112,56[3,52 
64,10 3,53 14,65 4,60 0,47 0,19 3,44 5,44 3,58 

Gegenuber der chemischen Beschaffenheit des Untergrundes verhalten 
sich die einzelnen Arten, selbst aus einer Gattung sehr verschieden; im all
gemeinen aber herrscht doch eine ziemlich weitgehende Inc1ifferenz gegen
uber der chemischen Bodenbeschaffenheit vor. Ganz fehlt es indessen auch 
nicht an Bodenspezialisten. Da eine zusammenfassende Darstellung nach 
dieser Richtung hin fehlt,k6fmen hiernureinige wenige, besonders auffallige 
Formen herausgegriffen werden, und das nur mit Bezugnahme auf die An
forderungen der Pflanzen an die Bod e n rea k t ion. Diese Frage ist in 
,der alteren Literatur noch unter dem Stich wort K a 1 k- u n d K i e s e I
s a u rep f 1 a n zen ohne nahere Angaben uber die Grenzen der den 
Pflanzen ertraglichen H-Konzentrationen behandelt worden. Ein Beispiel 
fur die Uneinheitlichkeit der Reaktionsanpruche der Pflanzen innerhalb 
der engsten systematischen Einheiten mag die Gattung Dryopteris sein. Es 
ist bekannt, dass Dryopteris l'igida nur auf K a 1 k gedeiht, wahrend D . 
.cristata eine ausgesprochene Moo r p f 1 a n z e ist und das verwandte 
Polystichum lonchitis auf all e n B 6 den fortkommt. Ahnliche Differ
enzen sind auch innerhalb der Gattung Asplenium bekannt geworden: A. 
viride wachst auf a 11 e n B 6 den, A. adulterinum und A. Adiantum
nigrum sind spezifische S e r pen tin for men, A. septentrionale 
f 1 i e h t den Kalk, A. fontanum sue h t ihn. U r g est e ins for men 
sind u.a. weiterhin Allosorus crispus, Notholaena Marantae, wahrend Phyl
litis Scolopendrium und Blechnum Spicant k a 1 k 1 i e ben de Farne sind. 
Pteridium aquilinum wird im allgemeinen als verlasslicher Saurebodenan
zeiger bewertet. DE LITARDIERE 1) beschreibt indessen ~inen Standort des 
Adlerfarns mit einem ph von 8,33. Von Cystopteris fragilis gibt MUSSACH 2) 
an, dass die Sporenkeimung optimal bei einem ph von 6-6,8 verlauft. 
Nahere Angaben uber amerikanische Farne und deren Abhangigkeit von 
der Bodenreaktioil macht STEAGALL. CRAW 3) beschreibt die Bodenreak
tionen der naturlichen Farnassoziationen von Indiana. 

Die Lycopodiinae scheinen im allgemeinen saure Standorte zu bevorzu
gen, wahrend Equisetum arvense und E. maximum schwer en lehmreichen 

1) DE LITARDIERE: Bull. Soc. Bot. France 80, 230-233 . 
• ) MUSSACH: Beih. botan. Zentralbl. 51, 204-254,1933. 
3) CRAW: Butler University. Botan. Studies, 2,151-158,1932. 
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Boden aufsuchen. 1m ganzen ist also die Zahl der Leitpflanzen unter den 
Farnen nach unseren heutigen Kenntnissen nicht sehr gross. Es erscheint 
indessen wahrscheinlich, dass ihre Zahl durch weitere exakte Untersuchun
gen doch noch erheblich vermehrt werden konnte. Dass es unter den Pteri
dophyten nicht an Mineralstoffspezialisten fehlt, das erweisen die Alumi
nium- und Kieselsaurepflanzen, wie auch die Tatsache, dass der K a I i
rei c h tum von Pteridium aquilinum friiher sogar technisch ausge
wertet wurde. 

§ 16. Die Assimilation. - Ober die Assimilation von Farnen in 
Abhangigkeit von Standort und Entwicklung sind wir durch die schone 
Arbeit NILS JOHANSSONS 1) eingehender unterrichtet worden. Unter Ver
wen dung der LUNDEGARDHSchen Methoden der Assimilationsmessung und 
in Anlehnung an seine theoretischen DarIegungen hat JOHANSSON die 
Standortsbedingungen der untersuchten Fame einer eingehenden quanti
tativen Priifung unterzogen und die Reaktionsweise seiner Versuchspflan
zen gegeniiber den okologischen Faktoren ermittelt. Auf diese Weise erhal
ten wir nicht nur Einblick in den tatsachlichen VerIauf und die Grosse der 
Assimilation bestimmter Fame, vielmehr wird auch die Bedeutung der ein
zein en okologischen Faktoren fUr das Ausmass der Kohlehydratbildung 
abschatzbar. 

Bereits altere Untersuchungen liessen JOHANSSON vermuten, dass die 
Schliesszellenbewegungen VerIauf und Grosse der Assimilation am natiir
lichen Standort massgeblich beeinflussen. Daher wurden die Anteile der 
Einwirkung der Aussenfaktoren auf die Grosse der Spaltoffnungsflache ge
trennt zu bestimmen versucht. 

Schon hinsichtlich der Lichtwirkung ergaben sich interessante Differen
zen bei Farnen schattiger und sonniger Standorte. Ais Versuchsobj ekt der er
steren okologischen Gruppe stand die s.g. Dryopteris austriaca zur V erfiigung. 
Hier bewirkte unter sonst giinstigen Aussenbedingungen bereits eine Licht
intensitat von 1 % der natiirIichen maximalen Sonnenbestrahlung ()ffnung 
der Stomata, so dass man annehmen darf, dass unter natiirIichen Bedingun
gen das Licht nur eine geringe Rolle fUr die ()ffnung der Spalten spielt. 
Tatsachlich erfolgte nur an ganz regnerischen Tagen bereits in den friihen 
Nachmittagsstunden ein Dunkelschluss der Stomata. Viel bedeutender 
scheint die Luftfeuchtigkeit fUr den ()ffnungszustand der Spalten zu sein: 
bereits eine solche von 75% wirkte sich als ()ffnungsdepression aus. 1nfolge 
der dadurch bedingten Herabsetzung der Luftfeuchtigkeit machte sich ge
wohnlichauch bei Erhohung der Temperatur iiber 15° eine deutliche Schlies
sungstendenz bemerkbar, im Zusammenhang mit einer sich rasch ver
schlecht emden Wasserbilanz. Die Schattenpflanze ist also insofern an 
ihren Standort angepasst, als ihre Schliesszellen empfindlich nur auf die 
Faktoren reagieren, deren relative Konstanz durch den Standort selbst 

') JOHANSSON N.: Svensk. Bot. Tidskr. 1923 and 1926. 



KARL WETZEL, CHEMIE UND STOFFWECHSEL 365 

weitgehend gesichert erscheint. Ganz anders verhalt sich Dryopteris spinu
losa als Vertreter des Son n e n p f 1 a n zen t y P s. Wohl spielen auch 
hier die Lichtverhaltnisse am natiirlichen Standort keine Rolle fUr das 
Zustandekommen der Spaltenoffnung, aber auch gegeniiber den iibrigen 
Aussenfaktoren erweist sich der Spaltoffnungszustand dieser Pflanze be
deutend unabhangiger. Zwar setzt auch hier eine ungiinstig werden de Was
serbilanz die Offnungsweite herab, aber die Drosselung ist eine erheblich 
geringere als beim Schattenfarn. Die Folge hiervon ist, dass beim Sonnen
farn Offnungsgrad und Offnungszeit der Spalten grosser sind als bei den 
Schattenformen. 1m Hinblick auf die Loftfieldsche Typisierung miissen 
die Farne dem Luzernetyp zugeordnet werden: unter giinstigen Bedin
gungen sind die Spalten tagsiiber geoffnet, nachts geschlossen. Bei sich 
verschlechternder Wasserbilanz konnen die Spalten tagsiiber zeitweise 
oder im Extremfall ganz geschlossen werden; dann erfolgt eine kompensa
torische nachtliche Offnung der Stomata. 

Bei den engen Beziehungen zwischen Sattigungsdefizit, Temperatur und 
Wasserbilanz der Pflanzen konnte nach den oben dargelegten Ermittlun
gen auch ein erheblicher Einflus<; der Temperatur auf die Offnungsweite 
der Spalten vermutet werden, was in der Tat durch den Versuch bestatigt 
wurde: Erhohung der Temperatur wirkte sich spaltenschliessend aus. 

In gleichlaufenden Versuchen wurde nun der Einfluss der Was s e r
b i 1 a n z auf die CO2-Assimilation ermittelt. Dabei konnte eine vollige 
Konkordanz zwischen Spaltoffnungsweite und Assimilationseffekt festge
stellt werden, so dass JOHANSSON zu dem Schluss kommt, d ass un t e r 
nat ii r 1 i c hen V e r hal t 11 iss end i e Spa 1 t 0 f f nun g s
f 1 a c h e i n e r s t e r Lin i e die G r 0 sse d erA s s i mil a
t ion be s tim m t. Die Wirkung der Aussenfaktoren auf die Assimi
lation ist daher stets eine indirekte, die 
iiber eine primare Einwirkung auf den 
Offnungsgrad der Spalten lauft. Daher 
erweist sich der Lichteinfluss auf die 
Assimilation auch nicht als konstant, 
sondern in deutlich erkennbarer Abhan
gigkeit von andern die Schliesszellenbe
wegung regulierenden Faktoren. 

Lichtintensitat und Assi
milation bei Farnen: 
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Auch bei den Farnen treten hinsicht- lIlA(,,,t~,.ut .. t 

lich der Lichtwirkung auf die Assimila- FIG . 2. _ Dryopteris austriaca. Ab
tion die beiden Typen der Sonnen- und hangigkeit der Assimilation von 
Schattenpflanzen auf. derLichtintensitat. (n. JOHANSSON) . 

I. Typus der Schattenpflanze: Dryopteris austriaca: 
Fig. 2 gibt eine anschauliche Vorstellung von der Lichtwirkung in Ab

hangigkeit anderer Faktoren: Die Kurven I and II sind an triiben Tagen 
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mit hoher Luftfeuchtigkeit aufgenommen worden: mit zunehmender Licht
intensitat steigt die Assimilation zunachst an, bis zwischen 25 und 30% der 
natiirlichen Strahlungsintensitat ein Maximum in der Assimilation erreicht 
wird. Von weiterer Steigerung der Lichtintensitat bleibt die Assimilation 
unberiihrt, die Kurven laufen der Abscissenachse parallel weiter. Stehen 
die Offnungsbewegungen der Schliesszellen jedoch bereits unter einer Licht
depression, wie das an hellen Tagen (Kurve III und IV) oder am Nachmit
tag der Fall ist (Kurven V und VI), so verschiebt sich einerseits das Assimi
lations optimum in die Bezirke geringerer Lichtintensitat, und anderseits 
faUt die Assimilation bei Erh6hung der Beleuchtung ziemlich rasch abo 

2. Sonnen pflanzen : Pteridium aquilinum und Dryopteris spinulosa: 
Fig. 3 gibt die Beziehungen zwischen Lichtintensitat und Assimilation 

bei Pteridium aquilinum wieder: 
Gegeniiber dem Schattentypus faUt zunachst das h6here Lichtoptimum 
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FIG. 3. - Pteridium aquilinum. Ab
hangig keit der Assimilation von der 

Lichtintensitat. (n.J OHANSSON). 

.,,.. 
6,X mi/tuSi' 

FIG. 4. - Dryopteris austriaca. Ab
hangigkeit der Assimilation von der 
Temp. bei 0,03% CO, und 20-35% 

Licht. (n. JOHANSSON). 

auf, das in Abhangigkeit yom Sattigungsdefizit der Luft zwischen 30 und 
100% der natiirlichen Strahlungsintensitat zu liegen kommt. Selbst an v61-
lig klaren Tagen mit relativ geringem Luftfeuchtigkeitsgehalt steigt die As
similationskurve gelegentlich noch bis zur sehr hohen Lichtintensitaten an; 
niemals erfoIgt ein starker Assimilationsabfall mit ErhOhung der Lichtin
tensitat, wie er fUr die Schattenfarne charakteristisch ist. 

Die Konkordanz mit den Beziehungen zu Spalt6ffnungsbewegung in Ab
hangigkeit von der Belichtung bei den beiden 6kologischen Typen tritt hier 
sehr klar in Erscheinung. Licht- und Schattenfarne sind assimilationsmas
sig an die Licht- und Feuchtigkeitsverhaltnisse ihrer Standorte angepasst 
durch eine reg u 1 i e r t eRe a k t ion s wei s e i h r e r S chI i e s s
z e 11 en . Wo durch Uberdosierung der Lichtintensitat eine Assimilations
hemmung eintritt, sind in erster Linie Schliesszellenbewegungen verant
wortlich zu machen, gegen die sog. plasmatische Faktoren, wie Enzym-
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zersetzung, Inaktivierung der Chloroplasten, Starke- und Zuckeranhaufung 
in den Plastiden an Einfluss stark zuriicktreten. 

Assimilation und Temperatur: 
Auch in der Temperaturwirkung auf die Assimilation unterscheiden sich 

Sonnen- und Schattenfarne recht betrachtlich. Bei den S c hat t e n
p f I a n zen liegt das Temperaturoptimum der As'Similation erstaunlich 
niedrig. (V gl. Fig. 4). 

Unter natiirlichen Bedingungen (Lichtintensitat 20-35%, CO2-Gehalt 
0,03%) wurde die h6chste Assimilationsleistung in einiger Abhiingigkeit 
von andern nicht naher definierten Aussenfaktoren unterhalb 15°C gemes
sen. Bei weiterem Temperaturanstieg £alit dann die Assimilation rasch abo 
Besonders steil ist der Abfall der Kurven von etwa 26° ab, wo dann Assimi
lation und Atmung sich vielfach nur eben noch das Gleichgewicht halten. 
Der Kompensationspunkt liegt indessen nicht fest, sondern hangt wesent
lich von der Offnungsflache der Spalten und damit von der absoluten H6he 
der Assimilationskurven ab, derart, dass der Kompensationspunkt urn so 
niedriger liegt, je geringer das absolute Ausmass der Assimilation ist. Zwei
fellos aber ist die Temperaturwirkung auf die Assimilation kein einheitli
cher Vorgang. Wie bereits angedeutet, hat JOHANSSON die Atmung der 
Pflanze mit in die Assimilationsbestimmung eingeschlossen, so dass bereits 
eine verschiedene Temperaturempfindlichkeit dieser beiden physiologi
schen Vorgange zu komplizierten 6kologischen Assimilationskurven fiihren 
k6nnte. Dass die Temperatur die rein chemischen Assimilationsprozesse 
weit iiber 10° hinaus beschleunigt, wird ohne weiteres ersichtlich, wenn die 
Schliesszellenbewegung durch erh6hte Kohlensauretension der Atmosphare 
kompensiert wird. Die Fig. 5 gibt das 
Ergebnis eines solchen Versuchs wie-
der: tatsachlich steigt hier die Assi- i 

"" milation mit der Temperatur bis etwa ~ • "0 
38° in Ii nearer Abhangigkeit von der : "oW 

Temperatur. Der Temperaturquo- _ . "" 
tient liegt bei etwa 1,5. : ~o 

Son n e n far n e: Pteridium aquili- ,~: 
num: Hier liegt der Temperaturoptimal- ' 
punkt etwas h6her (15°) unter natiir- 'I-:..::--:-:-;p.-~...-_-,;p-_ ...... _-= __ 
lichen Bedingungen. Die Assimilation n .. p ,po ".... 

FIG. 5. - Dryopteris austrica. Ab
ist absolut gemessen wesentlich h6her, hangigkeit der Assimilation von der 
und daher liegt auch der Kompensa- Temperatur bei hohem CO 2-Gehalt 
tionspunkt selbst unter ungiinstigen u. schwachem Licht. (n.] OHANSSON). 

Verhaltnissen noch iiber 30°. Sogar an 
sehr heissen Tagen geben daher die Sonnenfarne noch einen Assimilations
iiberschuss, wenn auch das Ausmass desselben bei niederer Temperatur 
steigt. 

Dass diese Verschiedenheit der Reaktionsweise der Sonnen- und Schat-
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tenfame auf Temperatureinfliisse massgeblich von der Schliesszellenbewe
gung bestimmt ist, konnte JOHANSSON mit vergleichenden Versuchen iiber 
den Einfluss der Aussenfaktoren auf Schliesszellenbewegung und Assimila
tionsh6he wahrscheinlich mach en : Unter giinstiger Wasser6konomie (vor
mittags) steigt die Assimilation mit der Temperatur bis auf etwa 32° an. 
Der Temperaturquotient ist dabei etwa 2. Unter diesen Verhaltnissen trat 
auch keine Verengerung der Spalten ein, im Gegensatz zu nachmittaglich 
angesetzten Versuchen, in denen Spaltenweite und Assimilation symbath 
gehend, sich mit Temperatursteigerung verringerten. Interessant erscheint 
noch der Vergleich der Temperaturoptima der Fame und derjenigen ande
rer Pflanzen in Bezug auf die Assimilation. Fiir Kartoffel und Tomate gibt 
LUNDEGARDH ein Optimum von 20°, fUr die Zuckerriibe ein breites Opti
mal-Gebiet zwischen 20 und 30° an. Nur Friihlingsbliiher, wie Anemone 

" 

, 
I , 

/J" ........... 

I , 
f 

,", , , 

L .. -.-._·-·--- -.- ~.-.- - .. __ t"<t';i 
cOJ -.<balt d" Luft milt 

FIG. 6. - Pteridium aquilinum. Ab
hangigkeitder Assimilation vomCO,
Gehalt der Luft bei drei verschiede-

nen Lichtintensitaten. 
(n.] OHANSSON). 

/ 

./ COJ" GefJ<z1t ttlT Luft 11tf/t. 

FIG. 7. - Dryopteris austriaca. 
Abhangigkeit der Assimilation 
yom CO 2-Gehalt der Luft bei 
drei verschiedenen Lichtintensi-

taten. (n. ] OHANSSON). 

nemorosa weisen ein ahnlich tiefes Temperaturoptimum der Assimilation 
wie die Fame auf. 

Der Assimilationsquotient wurde in allen untersuchten Fallen gleich 1 
gefunden, so dass man annehmen kann, dass der Gaswechsel tatsachlich 
das Ausmass der stattgehabten Assimilation richtig widerspiegelt. 

De rEi n flu s s de r CO2-K 0 n zen t rat ion auf die Ass i
mil a t ion. 

TSCHESXOKOV und BAZYRIXA 1) haben in einer kurzen Betrachtung dar-

1) TSCHESNOKOV u. BAZYRINA: Flanta 1930, S. 473. 
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auf hingewiesen, dass das BLACKMANsche Faktorengesetz eben so wenig 
strenge Giiltigkeit fUr si<:h in Anspruch nehmen kann, wie die LUNDE
GARDHSche Formulierung der Spannung des Licht- und Kohlensaurefak
tors, da alle ausseren Faktoren die CO2-Assimilation nur indirekt beeinflus
sen, wahrend die direkten Faktoren quantitativ nicht zu fassen sind. Hin
sichtlich der CO2-Einwirkung auf die Zuckerbildung miisste die Konzen
tration an den Reaktionsoberflachen bekannt sein, urn gesetzmassige Be
ziehungen zwischen CO2-Tension und Photosynthese ermitteln zu k6nnen, 
ganz ungeaehtet der Beeinflussung anderer physiologiseher Prozesse durch 
die Kohlensaure. Trotz dieser gewichtigen Vorbehalte ergeben die J 0-

HANSsoNschen Versuche doeh reeht bemerkenswerte Ergebnisse. Sehr klar 
zum Ausdruek kommt die Abhangigkeit der CO2-Einwirkung von der Lieht
intensitat, und zwar in doppelter Weise: einerseits als ein die Spaltenweite 
regulierender Faktor und anderseits als Energiequelle des endothermen 
photosynthetisehen Vorgangs. In allen Fallen ist eine Steigerung der Assi
milation bei Erh6hung des CO2-GehaIts der Atmosphare zu bemerken. Bei 
Sonnenfarnen (Vgl. Fig. 6) geht die dureh vermehrte CO2-Darbietung indu
zierte Assimilationssteigerung der applizierten Lichtintensitat durehaus 
iiber den ganzen Lichtbereich bis zur vollen Sonnenstrahlung symbath. Bei 
den Sehattenfarnen (Vgl. Fig. 7) hingegen vermindert sieh die Assimila· 
tionssteigerung oberhalb der fUr die Spalten6ffnung kritischen Lichtinten
sitat von etwa 30% wieder. Okologisehe Bedeutung seheinen diese Zusam
menhange vor aHem fUr Sehattenfarne zu besitzen, an deren Standort 
erh6hte CO2-Konzentration in Luft und Bodenwasser gegeniiber derjenigen 
eines sonnigen Standorts nachweisbar waren. 

Will man die maximale Assimilationsleistung der Farne verschiedener 
6kologiseherTypen vergleichen, so kommt man zu reeht verschiedenen 
Wert en je naeh der angewandten Bezugsgr6sse; sehr klare Verhaltnisse 
ergeben sich, wenn man auf das Frisehgewieht der Pflanzen bezieht, wah
rend pro Einheit der Blattflaehe sich wenig diskutierbare Resultate ablei
ten lassen. Yom 6konomisehen Standpunkt aus interessierte vor aHem die 
Bezugnahme der Assimilationsleistung auf die Einheit des Troekenge
wichts, weil sie eine Art Rentabilitatsquote des investierten biologisehen 
Kapitals darstellt. Leider liegen derartige Angaben nicht vor, immerhin 
ergeben sieh einige Zusammenhange aueh aus der von JOHANSSON gegebe
nen Assimilationsbezugnahme auf das Frisehgewicht. 

Pro 19 Frischgewicht werden von den untersuehten Farnen pro Stun de 
die folgenden Mengen CO2 (in mg) assimiliert: 

Dryopteris austriaca . 
Polypodium vulgare . 
Pteridium aquilinum . 
Dryopteris spinulosa . 

2,44 mg 
2,24 " 
3,94 " 
4,72 " 

Wenn aueh bei den Sehattenfarnen (1 und 2) das relative Trockengewicht 
niedriger als bei den Sonnenfarnen (3 u. 4) ist, so seheinen doch die Sonnen-

Man ual of Pteridology 24 
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farne zur starkerer Produktion organischer Substanz befahigt als die Schat
tenpflanzen, sofern eine Einzelbeobachtung eben tiberhaupt generelle 
Schltisse zulasst. 

Fasst man das gec;amte Tatsachenmaterial tiber die Zusammenhange 
zwischen Assimilationsleistung und Aussenfaktoren des Standorts zusam
men, so kann man sagen, d ass sow 0 hIS 0 nne n- wi eSc h a t
tenfarne bemerkenswerte Ztige der Anpassung an 
i h r enS tan d 0 r t t rag e n. 

ChI 0 r 0 p h Y 11 b i 1 dun g i m V e rIa u f d e r B 1 a t ten t
wi c k 1 u n g. 

Einer der wichtigsten inneren Faktoren der Assimilation ist der Ch10ro
phyllgeha1t der Blatter. Auch hinsicht1ich der Entstehung des grtinen 
Farbstoffs, im Verlauf der pflanzlichen Entwick1ung zeigen die einzelnen 
Farne recht abweichende Bi1der: 

Dryopteris austriaca verftigt schon in den noch eingerollten Blattern tiber 
einen ansehn1ichen Ch10rophyllgehalt, der sich im Verlauf der Blattent
wick lung weiter bis auf den dreifachen Wert des anfanglichen Gehalts stei
gert. Auch die okologische Antipode, die Sonnenform Dryopteris spinulosa 
weist bereits in den eingerollten Blattern hohen Ch10rophyllgeha1t auf. 1m 
Gegensatz zur Schattenpflanze vermindert sich derselbe j.edoch mit der 
sich vollziehenden Aufrollung der Blatter ungemein rasch, so dass er inner
ha1b eines Monats auf die Halfte des Anfangswerts reduziert ist. Dabei far
ben sich die Blatter rasch gelb; ob diese Verfarbung nur eine Fo1ge des 
Chlorophyllrtickgangs oder zugleich auch einer Neubildung von gelben 
Farbstoffen ist, wurde 1eider nicht ermittelt. Der Verlauf der Chlorophyll
kurve lasst vermuten, dass Dryopteris spinulosa ursprtinglich eine Schat
tenpflanze war, die erst sekundar auf Grund weitgehender Anpassung son
nige Standorte zu erobern vermochte. 

Pteridium aquilinum zeichnet sich durch einen besonders niederen Chloro
phyllgehalt seiner jungen Blatter aus, der sich in des wahrend der Vegeta
tionsperiode bis auf den neunfachen Betrag des Anfangsgehalts steigert. 

Die E n t w i c k 1 u n g d e r p hot 0 s y nth e tis c hen A k t i
vitat der Blatter. 

Eingerollte Blatter von Polypodium, deren Chlorophyllgehalt bei etwa 4 
mg pro 1 g Frischgewicht lag, wurden ohne erkennbare assimilatorische 
Tatigkeit befunden. Erst im Verlauf der Streckung und Aufrollung der 
Blatter wurde bei 25% Lichtgenuss der Kompensationspunkt erreicht. 
Eine bemerkenswerte aktive Assimilationsbilanz ist indes erst im vollig 
aufgerollten Blatt zu konstatieren. Dann allerdings warten diese Blatter 
sehr bald mit der vollen Assimilationsleistung auf. 

Bekanntlich unterscheidet man nach dieser Richtung hin zwei Typen 
von Pflanzen: 

1. den H a f e r- 0 d erG e r s ten t y pus, der seine volle assimi
latorische Potenz erst in einem langeren Entwicklungsverlauf erreicht, was 
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man mit der Bildung eines Assimilationsenzyms in Zusammenhang brachte 
(IRVING) 1). 

2. den H eli ant h u sty p, dessen Kotyledonen sofort die volle 
assimilatorische Fahigkeit entfalten, da in den Reserveorganen angeblich 
(BRIGGS) 2) das Assimilationsenzym bereits in hinreichender Menge prafor
miert sein solI. 

Von den Farnen neigt Pteris dem Helianthustyp, Polyp odium mehr dem 
Hafertypus zu. 

§ 17. Tagesperiodische Schwankung der Atmung von Farn
bHittern. ~ Zwischen einem vor-und nachmittaglichen Atmungsmaxi
mum liegt eine zeitlich mehr oder weniger ausgedehnte Atmungsdepression 
urn die Tagesmitte. Dabei handelt es 
sich offen bar nicht urn eine autonome 
Periodizitat wie sie DELEANO 3) und ,,~ 

;:f 
BENNET-CLARK4) an Blattern hoherer ... ~ 

b d '.1 ! Pflanzen festgestellt ha en, son ern • 
urn eine durch Aussenfaktoren indu
zierte Rhythmik. Unter diesenscheint 
die Wassersattigung der Pflanze die 
wichtigste Rolle zu spielen, deren Ta
ges-Kurve in ihrem Verlauf eine auf- '.' 
fallende Ahnlichkeit mit der Atmungs
kurve besitzt. (Vgl. KRASSNOSELSKI
MAXIMOV 5)). Dementsprechend sind 
miWigliches Wasserdefizit und At
mungsdepression bei den Sonnenty-

FIG. 8. - Tagesperiodische Schwan
kungen der Atrnung der Blatter von 

Sonnen- u. Schattenfarnen. 

pen der Farneamgrossten.(V gl. Fig.8). 
(n. JOHANSSON). 

Leider besitzen wir iiber den Zusammenhang zwischen Atmungsintensitat 
und Wassergehalt nur statistische Angaben ohne Kausalanalyse (ILJIN 6)). 
Aus den Untersuchungen HORNS 7) und TOLLENAERS 8) ist zwar bekannt 
geworden, dass der Saccharosegehalt der Blatter mit abnehmendem Was
sergehalt ansteigt, aber wir konnen in einer Zuckerkonzentrationserhohung 
in dem vorliegenden Ausmass keine Ursache einer Atmungsdampfung 

1) IRVING: Ann. of Bot. 24, 805. 

') BRIGGS: Roy. Soc. Proc. Ser. B. Bd. 91, 249, 94, 12. 
3) DELEANO: Zs. fur Bot. 1911, 3, 657. 

') BENNET-CLARK : Notes Brt. Trinity ColI. Dublin 1932, 4, 233. 
') KRASSNOSELSKI-MAXIMOV: Ber. Deutsch. Bot. Ges. 43, 527 . 
• ) ILJIN: Flora 16,379. 

') HORN: Bot. Archiv 3, 137. 
8) TOLLENAER: Ornzettingen van koolhydraten in het blad van Nicotiana taba

cum L. Dissertation Wageningen 1925. 
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sehen (Vgl. auch DAVIS und SAWYER 1)) und MILLER 2). Nachdem KmD 
und WEST 3) entwicklungsperiodischc Schwankungen der Plasmapermeabi
IWit fUr Rohrzucker wahrscheinlich machen konnten, waren in diesem 
Zusammenhang Untersuchungen liber die tagesperiodischen Schwankun
gen von hohem Interesse, denn nach den neueren Erfahrungen liber die 
Lokalisation des desmolytischen Zuckerabbaus (WERTHEIMER 4)) k6nnen 
Permeabilitatsfragen fUr die Geschwindigkeit der Atmungs- und Garungs
prozesse von bestimmender Wichtigkeit sein. 

Dass auch die mit dem Wasserverlust gekoppelte Erschwerung des Gas
austausches nicht ohne Einfluss auf die Atmung bleibt, darf nach mancher
lei Beobachtungen an h6heren Pflanzen und an Moosen (MAYER und PLAN
TEFOL 5)) kaum bezweifelt werden. Die starke Anreicherung der Inter
zellularluft an CO2 erschwert die Oxydation des Zuckers offen bar durch 
Blockierung der aktiven Oberflachen der Oxydationskatalysatoren, so dass 
der Atmungsquotient betrachtlich ansteigt, als Ausdruck der einsetzenden 
Garung. Eine umfassende Analyse dieser Zusammenhange erschiene nicht 
nur bei Farnen, sondern allgemein erwlinscht. 

§ 18. Die Abhangigkeit der Atmung der Farne von der Tempe
ratur. - Die rein chemische Komponente der Atmung spricht natur
gemass in der liblichen Weise auf Temperaturschwankungen an; die phy

siologische Komponente gibt der Tem
peratur-Atmungskurve den Charak-
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ter einer Optimumkurve. Das Tem
peraturoptimum liegt bei etwa 50° und 
ist sehr scharf ausgepragt. Hinsicht
lich der Temperaturquotienten ergibt 
sich ein bemerkenswerter Unterschied 
zwischen Sonnen- und Schattenfar
nen. Bei den ersteren liegt die Atmung 
bei niederen Temperaturen (10°) rela
tiv tief, urn mit steigenden Tempe-
raturen rasch anzuwachsen. Der QlO

""'fl Wert zwischen 10 und 20° liegt bei 
FIG. 9. - Temperatur-Abhangig- etwa 2 und fallt nur auf etwa 1,8 
keit der Atmung von FarnbHittern. 

(n. JOHANSSON). zwischen 40 und 50°. 1m Gegensatz 

::~' .. ' ,., 

hierzu zeigen Schattenfarne bei niede
ren Temperaturen relativ hohe Atmungsintensitat. Die QI0-Werte liegen 
bis 25° bei 1,1 bis 1,2, steigen zwischen 25 und 35° auf 1,5 und erlangen erst 

') DAVIS and SAWYER: J. Agric. Science 6, 406, 1914; 7, 352, 1916. 
2) MILLER: Ebenda 27, 785, 1924. 
3) KIDD und WEST: Proc. Roy. Soc. London 1930, 106, S. 93. 
4) WERTHEIMER: Protsplasma 21, 522, 1934. 
0) MAYER u. PLANTEFOL: Compt. Rend. Acad. Sc. Paris, 1925 S. 181. 
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im Temperaturbereich zwischen 40 und 50° den Normalwert. 2. Die At
mung der Sonnenfarne ist also wesentlich temperaturabhangiger als die
jenige der Schattenfarne. (Vgl. Fig. 9). 1m Bereich zwischen 10 und 47° 
steigt die Atmung von Pteridium aq~tilinum urn den 11 fachen, diejenige 
von Dryopteris austriaca dagegen nur urn den 4 fachen Betrag. Die Schatten
farne besitzen also ein physiologisches System, urn die Temperaturwirkung 
auf den chemischen Prozess der Atmung abzubremsen, das indes nur bei 
niederen und mittleren Temperaturen zur Auswirkung kommt, d.h. in dem 
normalen Temperaturbereich ihres Standorts. Da die Atmungsversuche 
mit voll turgeszenten Blattern ausgefUhrt wurden, kann der Grad der Was
sersattigung der Pflanzen keinen Einfluss auf die gemessene Atmungs
intensitat genommen haben. 

Als weiterer Faktor, der die Atmungsintensitat der Blatter wesentlich 
beeinflusst, wurde das B I a t t a I t e r ermittelt. 

§ 19. Abhangigkeit der Atmungsintensitat vom Blattalter. -
Unter Bezugnahme auf gleiche Blattflachen und auf die Gewichtseinheit 
produzieren junge Blatter in gleicher Zeit grossere CO2-Mengen als alte 
Organe. Die hochste Atmungsintensitat wurde an Blattern gemessen, die 
noch vollig schneckenformig eingerollt waren. Mit der Streckung und Auf
rollung der Blatter ging die Atmungsintensitat rasch zuriick. Der Gradient 
ist allerdings nicht unabhangig von ausseren und inneren Faktoren: so wird 
die Atmungsintensitat junger Blatter durch die Temperatur erheblich 
starker beeinflusst als bei alten. Zweifellos spielt bei diesen Anderungen der 
Atmungsintensitat der Wassergehalt der Blatter wahrend der Entwicklung 
eine bedeutsame Rolle. 

Bei Pteridium aquilinum sinkt der Wassergehalt mit fortschreitender 
Entwicklung und symbath mit ihm auch die Atmung, bei Dryopteris 
spinulosa dagegen bleibt die Atmungsintensitat wie auch der Wasserge
halt im Verlauf der Blattentwicklung nahezu konstant. 

Ob - wie JOHANSSON annimmt - dem gem essen en Atmungsmaximum 
der Blatter in Knospenlage ein Atmungsanstieg vorausgeht analog der 
Keimlingsentwicklung von Samen, erscheint im Hinblick auf die vollig 
different en inneren Entwicklungsbedingungen zumindest sehr zweifel haft. 

Auch muss dahingestellt bleiben, in wie weit die hohe Atmungsintensitat 
der Knospenblatter nur ein Ausdruck ihres relativen Plasmareichtums ist, 
und bis zu welch em Grad aueh hierbei Anderungen in def Menge und Akti
vitat der Atmungsfermente wahrend der Blattentwieklung eine Rolle 
spielen. Wahrend die Knospenblatter hinsiehtlieh ihres Energiestoffweeh
sels noeh eine negative Bilanz aufweisen, wird bereits im erst en Stadium 
der Blattaufrollung und Streekung der Kompensationspunkt erreieht. 

§ 20. Das Atmungsmaterial. - So ausgiebig die Frage naeh dem 
Atmungsmaterial in der pflanzenphysiologisehen Literatur diskutiert ist, 
fehlt uns doeh eine planmassige Untersuehung gerade bei Pteridophyten so 
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gut wie ganz. Bei der auf anderen Gebieten beobachteten Annaherung der 
Gefasskryptogamen an die Phanerogamen wurde auf eine Bestatigung die
ser allgemeinen Regel hinsichtlich der Atmung und ihres chemischen Ab
laufs verzichtet. Wir konnen zur Diskussion dieser Frage daher nur ge
legentliche Angaben und Ausserungen heranziehen. 

So berichtet BASECKE 1), dass die ZeUen der jungen Blatter von Phyllitis 
Scolopendrium vollgepfropft mit Starke seien; im Verlauf der Blattentwick
lung nimmt dann der Starkegehalt rasch ab, und im vall erwachsenen 
Blatt soIl sich Starke nur mehr innerhalb der Endodermis gefunden haben. 
Diese Starke wird offen bar u.a. auch im Atmungsprozess verbraucht, 
denn nach 8-10 tagiger Verdunklung waren die Blatter vollig starkefrei. 
Dabei wird offensichtlich auch die in den Rhizomen gespeicherte Starke 
mobilisiert und dem hungernden Blatt zugefiihrt, denn Blatter, die wah
rend der Verdunklung in Verbindung mit dem Rhizom geblieben waren, 
verloren ihre Starke etwas langsamer als abgeschnittene Wedel. Die quan
titativen Untersuchungen ergaben im belichteten Normalblatt pro 100 g 
Frischgewicht einen Starkegehalt von 14,49 g neben 4,256 g Monosacchari
den, wahrend Disaccharide auffallenderweise ganzlich fehlten. Nach 31/2 

tagiger Verdunklung fanden sich neben 3,056 g Zucker nur mehr 8,975 g 
Starke. Da indes die wahrend der Versuchszeit ausgeschiedene CO2-Menge 
nicht gemessen wurde, lasst sich tiber den Anteil der Kohlehydrate an der 
Menge der insgesamt veratmeten Stoffe nichts sagen. Hiertiber mochte 
aber die Grosse des Atmungsquotienten Aufschluss geben. Wir haben daher 
einige wenige erganzende Versuche hiertiber mit einem im Gewachshaus 
gezogenen Farn (Blechnum brasiliens e) angestellt. Die Versuche wurden 
mit einzelnen Fiederblattchen nach der manometrischen Methode ausge
fiihrt: Frischgewicht 0,400 g, Temperatur 26°. 

Zeit °2,Verbrauch CO 2,Bildung CO 2 : O 2 

° -20. Minute 328 cmm 185,6 cmm 0,57 
21.-30. 

" 
133,5 " 88,8 " 0.59 

31.-40. " 165 
" 

93,1 " 0,56 
41.-50. " 139,6 " 87,2 

" 
0,63 

51.-60. " 138 
" 

90,6 " 0,66 
Mittel 151 

" 
I 90,9 " 0,60 

Die Atmungsintensitat innerhalb einer Stunde anderte sich unter den 
herrschenden Versuchsbedingungen also nur unerheblich. Wohl aber 
erhohte sich der Atmungsquotient immerhin urn 10% tiber sein Mittel. 
Der niedrige Quotientenwert lasst darauf schliessen, dass im ausgewachse
nen Blatt neben Kohlehydraten noch ein anderer offen bar energiereicherer 
Korper verbrannt wird, der - wie aus dem Anstieg des Quotientenwertes 
zu erkennen ist-physiologisch besonders leicht angreifbar sein muss. Leider 

') BAsEcKE: Bot. Zeitg. 66, 25, 1908. 
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sind wir iiber die Farne auch in biochemischer Hinsicht so ungew6hnlich 
diirftig unterrichtet, dass wir mit unseren Deutungen durchaus spekulativ 
bleiben mii<;sten. Zwar berichtet BASECKE iiber eine beobachtete Umwand
lung von Kohlehydraten in Fett bei einem Farn (Davallia bullata), aber 
seine Angaben beziehen sich auf das Rhizom der Pflanze. N ur soviel scheint 
festzustehen, dass es sich bei der von uns gemessenen Atmung nicht urn eine 
Hungererscheinung einer kohlehydratarmen Pflanze und dadurch be ding
ten Eiweissabbau handeln kann, denn einerseits spricht schon die kurze 
Versuchszeit gegen eine solche Annahme anderseits aber miisste sich unter 
derartigen Umstanden der Atmungsquotient wahrend des Versuchs ver
mindert und nicht erhoht haben. Eine direkte Zuckerbestimmung behob 
endlich aIle Zweifel: es ergaben sich pro 100 g Frischgewicht 870 mg 
loslichen vergarbaren Zucker und 940 mg Starke. Das ist zwar auffallend 
viel weniger als BASECKE 1) bestimmt hatte, aber man muss bedenken, dass 
die von letzteren angewandte Reduktionsmethode nicht nur die Kohlehy
drate sondern aIle reduzierenden Substanzen erfasste, und deren gibt es 
in Farnen zweifellos nicht wenige (Phloroglucinderivate). 1m iibrigen aber 
entspricht der von uns bestimmte Kohlehydratwert demjenigen der Blat
ter hoherer Pflanzen viel eher als der exorbitante Wert, den BASECKE 
gefunden hatte, und der iiber 50% des gesamten Trockengewichts aus
machen wiirde. Bei den im Versuch herrschenden Bedingungen hatte die 
Atmung mindestens 18 Stunden durch die blatteigenen Kohlehydrate 
gespeist werden k6nnen. Man muss also annehmen, dass in alten Farn
blatt ern ein sauerstoffarmer K6rper verbrannt oder doch oxydiert wurde. 
Dieser nicht naher zu definierende Stoff wird offenbar erst im Verlauf der 
Blattentfaltung gebildet, denn die jungen, noch in Knospenlage befind
lichen Blatter weisen einen Atmungsquotienten von 1,07 (Mittel von 6 
Bestimmungen) unter gleichen Versuchsbedingungen, also ziemlich reine 
Kohlehydratatmung auf. Dabeiist die Atmungsintensitat der jungen Blat
ter ausserordentlich viel grosser als diejenige der alten: der Sauerstoffver
brauch liegt etwa 6 mal so hoch, die CO2-Produktion ist 3,4 mal so gross 
wie bei ausgewachsenen Blattern. 

§ 21. Die anaerobe Atmung. - Auch iiber die intramolekulare At
mung der Farne liegen in der Literatur keine Angaben vor. Zur Ausfiillung 
dieser Liicke haben wir einige Versuche mit verschiedenen Farnen (Blech
num brasiliense und Polyp odium aureum) angestellt. Dabei liess slch fest
steIlen, dass auch die Farne in Abwesenheit von Sauerstoff zur Al k 0-

hoi b i I dun g befahigt sind. Allerdings entspricht die gebildete Alko
holmenge dem aus der alkoholischen Garungsformel abzuleitenden Wert 
auch dann nicht, wenn die praformierte (als Carbonat) im Blatt ein
gelagerte CO2 in Abzug gebracht wird. Neben der Zuckervergarung lauft 

1) BXsEcKE: Bot. Zeitung 66, 25, 1908. 
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also noch ein anderer CO2 liefernder anaerober Prozess ab, der nicht weiter 
definiert werden kann. Zur Bildung fliichtiger Sauren kommt es hierbei 
nicht. Der Quotient Alkohol: CO2 lag bei Polyp odium aureum urn 0,4 bei 
Blechnum brasiliense urn 0,6. 

Wenn auch die Gesamtheit der bei der anaeroben Atmung sich ab
spielenden Teilprozesse noch nicht bekannt ist, so kann doch nicht be
zweifelt werden, dass die Farne wie die hoheren Pflanzen iiber e i n 
k 0 m p let t e s z y mat i s c h e s S y s tern verfUgen. Trotzdem 
aber vermogen sie - wieder in Ubereinstimmung mit den Blattern der 
meisten hoheren Pflanzen- eine Anaerobiose nur begrenzte Zeit zu er
tragen. Fiir die von uns untersuchten Formen waren nach 22 stiindiger 
Anaerobiose bei 37° bereits die ersten Spuren einer beginnenden Schadi
gung zu erkennen. Wahrscheinlich wird fUr die Resistenz die H'-Kon
zentration des Zellsafts von erheblicher Be4eutung sein (Vgl. PAECH 1)). 
Als energetischer Vorgang aber durfte diese Garung fUr die Farne ebenso 
bedeutungslos sein wie fUr die hoheren Pflanzen. 

§ 22. Der Stickstoff-Stoffwechsel. - Der Urn fang unserer Kennt
nisse hinsichtlich des N-Umsatzes der Farne steht leider in einem krassen 
Missverhaltnis zur Wichtigkeit dieser physiologischen Frage. So wissen 
wir iiber die chemische Zusammensetzung der Eiweisse in den Farnen so 
gut wie nichts. Das hangt natiirlich mit den gross en technischen Schwie
rigkeiten der Eiweissisolierung aus vegetativen Pflanzenorganen zusam
men. Von den hoheren Pflanzen kennen wir wenigstens in Einzelfal1en 
die chemische Zusamensetzung der Sameneiweisse. Dagegen sind die Farne 
als "wenig geeignete Objekte" ausserhalb der Untersuchungen geblieben. 
Durch die ausfUhrliche Darstellung eines genauer untersuchten Einzelfalles, 
der die Ableitung allgemein giiltiger Schliisse und Vorstellungen iiber den 
N-Umsatz bei Farnen iiberhaupt gesattet, glauben wir am ehesten noch 
ein hinreichend geschlossenes Bild dieser Stoffwechselsphare vermitteln 
zu konnen. 

Aber auch die Dynamik des N-Stoffwechsels ist bei den Farnen kaum 
untersucht. Einen ersten Vorstoss nach dieser Richtung hat im Zusam
menhang mit der Frage der physiologischen Bedeutung der Saureamide 
G. SCHWAB 2) gemacht, der mir in freundlicher Weise seine Analysenwerte 
zur vorliegenden Darstellung zur Verfiigung stellte. 

Die lebhaftesten Umsetzungen im N-Stoffwechsel vollziehen sich in den 
Farnen im Zusammenhang mit der rhythmisch verlaufenden Entwicklung 
naturgemass wahrend des Austreibens zu Beginn der neuen Vegetations
periodc. Ein mehr oder weniger umfangreiches Rhizom blrgt die zum Auf
bau der oberirdischen Organe notwendigen Stoffreserven. Hinsichtlich der 

') PAECH: Planta 1935, 24, S. 78. 
') G. SCHWAB: Planta 1936,25, S. 579. 
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Kohlehydrate liegen die Verhaltnisse sehr einfach, da neben der Starke 
aIle andern Reservestoffe als Kohlehydratreserven stark zuriicktreten; 
dagegen findet sich der Stickstoff bereits im ruhenden Rhizom in ver
schiedener organischer Bindung vor. 

Das ruhende Rhizom: An N-haltigen Fraktionen wurden im Rhizom 
von Dryopteris Filix-mas neben dem Total-N die folgenden bestimmt: 

Pro 100 g Frischgewich t : 

Eiweiss-N Loslicher N I Arnrnoniak-N I Glutarnin- N \ Asparagin- N /Total-N 

233 rng 231 rng 10 rng 109,5 rng 12,3 rng 1454 rng 

Auch bei den Farnen tritt die Besonderheit der vegetativen Reserv.e
organe 1) in dem relativ hohen Gehalt an 16slichem N, der hier den Eiweiss
gehalt sogar noch etwas iibertrifft, her
vor. Besonders hoch innerhalb des 16s- -." 
lichen N ist der Gehalt an Glutamin, 
das nahezu die Halfte der Gesamtfrak
tion ausmacht. Demgegeniiber tritt das .. 
andere Amid Asparagin ebenso wie der ~ 
Ammoniak sehr stark zuriick. Man wird ~I _-A .. 
nicht fehlgehen, wenn man diese Gluta- ~ -,---'' .~--' 
minanhaufung in Zusammenhang mit ;;. 
der Riickwanderung N-haltiger Sub- f \ 

......... ~" 
stanzen aus dem im Herbst vergilben- s. •.•.. ', ___ ~L"'l.~-JI 
den Blattern bringt. Dafiir sprechen vor D R~l(,' •.. ,_,~----- ....• GM,"",";H 

aHem die im V crlauf der jahresperiodi- ~ ... 7J!. /)4t.",,,,,",,tm"~"1t! J.Y 

schen Neubildung von oberirdischen FIG. 10. - N· Stoffwechsel irn Rhi. 
Organ en vor sichgehenden Anderungen zorn des Wurrnfarns irn Verlauf der 

saisonalen Entwicklung. 
im Amidgehalt des Rhizoms, wovon die 
folgende Kurve einen Uberblick zu vermitteln vermag. 

Der N-Umsatz im austreibenden Rhizom: Zunachst tritt vollig eindeutig 
die Tatsache in Erscheinung, dass nur die in der Fraktion Loslicher N 
zusammengefassten N-haltigen Substanzen die Rolle beweglicher Reser
vestoffe spielen, ihr Gehalt geht von etwa 240 mg N pro 100 g Frischge
wicht zu Beginn des Austreibens bis auf 21 mg im Juni zuriick; dann tritt 
eine leichte ErhOhung auf 45 mg bis Oktober ein. Leider liegen keine Ana
lysenwerte spaterer Untersuchungstermine vor. Aus den Friihjahrswerten 
kann jedoch erschlossen werden, dass die Auffiillung des Rhizons mit 16s
lichem N erst mit der Riickwanderung von N aus absterbenden oberir-

I) Vgl. GRUNTUCH: Planta 7,388, 1929. 



378 KARL WETZEL, CHEl\IIE UND STOFFWECHSEL 

dischen Organ en erreicht wird. Das Rhizom sendet also den bereit<; in 
ge16ster Form im Fruhjahr vorliegenden N in die neu entstehenden Organe 
hinaus und zieht ihn aus den im Herbst absterbenden Blattern wieder 
zuruck. Hierbei spielt vor all em das Glutamin eine hervorragende Rolle. 
Es tritt als bevorzugter Wanderstoff ganz klar in Erscheinung, denn nicht 
nur absolut, sondern auch relativ erleidet dieses Amidim Rhizom wahrend 
des Austreiben den starksten Ruckgang (Abfall auf etwa 3% des Anfangs
wertes). Es wird praktisch vollkommen nach den neugebildeten Organen 
abgeleitet. Das dad jedoch nicht ohne Einschrankung im Sinne einer Be
statigung der Pfefferschen Auffassung von der Bedeutung der Amide als 
Wanderstoffe gedeutet werden, worauf wir weiter unten noch zuruck
kommen werden, denn bezuglich des relativen N - Gehalts ist das hier vollig 
zurucktretende Asparagin dem Glutamin noch uberlegen. 

Gegenuber den Amiden und wohl auch den Aminosauren kommt dem 
Ammoniak als Wanderstoff (in Form der Ammonsalze) keine Bedeutung 
zu. Die geringe Menge der im Zellsaft der Farne (s. S. 355) vorhandenen 

-- -- ________ liJ/I,~,,1I 

lJ.JF ll.#.!J'. Iliztu", ti.lIntlY.J. 

FIG. II. -Dryopteris Filix-mas: An
derungen im Gehalt an N haltigen 
Stoffen im Verlauf der Entwicklung 

der Achsenorgane. 

••• 
___ -- E'lreI'ss 

10 

FIG. 12. - Dryopteris Filix-mas: 
Schwankungen im Einweiss- u. Liis
Iichen-N im Veri auf der Blatten-

twicklung. 

freien H' schlie sst eine weitergehende Ammoniakspeicherung offen bar aus. 
Sehr auffallig tritt die StabIlitat der Rhizomeiweisse im Verlauf der 

sommerlichen N eubildung von Organen hervor. Ihr Gehalt nimmt in 
keiner Phase der Entwicklung auch nur vorubergehend ab. Die Rhizom
eiweisse sind also nur zum allergeringsten Teil Reserveeiweisse. Eine 
kleine Abnahme im Eiweissgehalt der Rhizome wahrend der Organneubil
dung kann freilich durch die Bezugnahme auf das variable Frischgewicht 
maskiert sein. Immerhin kann man feststellen, dass die Eiweissabnahme 
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des Rhizoms im Verlauf der Entwicklung relativ nicht grosser ist als die 
Abnahme des Rhizomfrischgewichtes. Unbeschadet der daraus notwendig 
werden den Korrektion kann man sagen, dass der losliche N die bei weitem 
wichtigste N-Reservefraktion des Rhizoms darstellt. 

Die N-Ableitung aus dem Rhizom spiegelt sich in gegensinnigen Ver
anderungen des Gehalts von Blattstiel und Blattflachen an N-haltigen 
Substanzen wider. 

B 1 a t t s tie 1 e: (Vgl. Fig. II). 1m Stadium der Aufrollung der Blatter 
stauen sich die loslichen N- haltigen Stoffe im Blattstiel. Glutamin und 
Asparagin in fast gleichen Mengen auftretend, mach en zusammen rund 50% 
des gesamten loslichen N aus. Der starken Amidauswanderung aus dem 
Rhizom entspricht also eine vorubergehende Anhaufung im Blattstiel. Das 
deutliche Hervortreten des Asparagins mochte als Ergebnis einer bevor
zugten Verarbeitung von Glutamin im Rahmen der die Nellbildung von 
Pflanzenmaterial begleitenden Eiweisssynthesen gedeutet werden. Nach 
den Untersuchungen von G. SCHWAB ist in hoheren Pflanzen ein reichliches 
Auftreten von Gustamin mit einer gesteigerten Aktivitat der Glutami
nase gekoppelt. 1m Blattstiel des e r wac h sen e n Blattes nimmt dann 
der losliche N und mit ihm der Gehalt an Amiden rasch ab, und es ergeben 
sich Verhaltnisse wie in der Blattlamina, d.h. nahezu 92% des Total- N ist 
als Eiweiss deponiert. Die geringe Bedeutung der Ammonsalze als Wander
stoffe tritt auch in den Blattstielen in Erscheinung. 

B 1 a t t e r: (Vgl. Fig. 12). Imponierend tritt bei der Blattentwicklung 
die Fahigkeit dieser Organe zur Ei-
weissbildung zu Tage. Vergleicht man 
zunachst die Werte fUr Total-N in den 
Blattern verschiedener Entwicklungs- ~ 

stufen, so taUt von rasch wieder aus- ~ 
geglichenen Schwankungen abgesehen ~ 500 

die relative Konstanz sofort ins Auge ~ ~'D 
(Fig. 13); auf die Frischgewichtseinheit ~ 
fallt in allen Entwicklungsphasen die .~ 3DO 

"<gleiche Stickstoffmenge. Die Zufuhr "-
..;? uo 

von Stickstoff aus dem Rhizom, zum r: 
Teil-besonders im spateren Entwick
lungsverlauf-naturlich auch aus dem 
Substrat, halt also mit der Frischge
wichtsvermehrung durchaus Schritt. 
~an wird auf Grund dieser zu Tage tre
tenden Korrelation geneigt sein, die N

10. 

FIG. 13. - Dryopteris Filix-mas: 
Schwankungen im Gehalt an Total
N im Verlauf der Blattentwicklung. 

Zufuhr als bestimmenden Faktor der Substanzneubildung aufzufassen. Was 
nun das Verhaltnis Loslicher: Eiweiss-N betrifft, so macht sich mit dem 
Alter der Blatter ein deutlicher Anstieg des relativen Eiweissgehalts geltend, 
d.h. der zugeleitete N wird in den Blattern nicht sofort in vollem Umfang 
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zu Eiweiss synthetisiert. Nach den Untersuchungen von PAECH 1) ist das 
Verhaltnis Eiweiss: Loslichem N in erster Linie durch den Kohlehydrat
spiegel der betreffenden Organe bestimmt. Es erscheint auch durchaus wahr
scheinlich, dass die Kohlehydratzufuhr aus Reserveorganen und Assimila
tion mit der sturmischen N eubildung (vom 23. III. bis 8. V. wuchs ein Blatt 
von 5 cm Lange auf 85 cm heran) nicht Schritt halt en kann, so dass 
leicht vorubergehend ein relativer Kohlehydratmangel einzutreten ver
mag. Mit der fortschreitenden Auffullung des Kohlehydratdefizits steigt 
dann auch der Eiweissgehalt der Blatter bis auf 94% des Total- N an. Die 
gelegentliche Stauung an Loslichem N kommt auch in einem zeitweisen 
Anstieg der Amidmengen (Fig. 14) im Blatt zum Ausdruck. Das Uber
wiegen des Asparagins lasst vermuten, dass das Glutamin auch im Blatt 
einer rascheren Verarbeitung anheimfallt als das Asparagin, das sich im 
Stoffwechsel der Versuchspflanze fast ein wenig zellfremd ausnimmt. Mit 

~ / - -- - - -. 9$/lfI'I1/111 

/ 
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FIG. 14. - Dryopteris Filix-mas: 
Schwankungen im Amidgehalt der 
Blatter im Verlauf der Entwicklung 

der Pflanze. 
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FIG. 15. - Dryopreris Filix-mas: Wirkung 
langer dauernder Verdunklung auf den N

Stoffwechsel der Blatter. 

Erhohung des Kohlehydratspiegels gehen dann beide Amide auf geringe 
Betrage zuruck. Ammoniak hauft sich auf keiner Entwicklungsstufe in 
erheblichen Mengen an. 

Bed e u tun g de rAm ide i m N-H a u s hal t de r Far n e. 
Wir haben oben die alte Streitfrage nach der physiologischen Bedeutung 

der Amide 2), ob Wanderstoffe oder Entgiftungsstoffe offen lassen mus
sen. Das gehaufte Auftreten der Amide im Rhizom konnte nach beiden 
Richtungen gedeutet werden, weil nicht bekannt war, in welcher Form der 
Losliche N dem Rhizom aus den Blattern zugewandert war. Eine Entschei
dung der Frage war moglich, wenn man die Ableitung der Loslichen N hal
tigen Substanzen nach dem Rhizom verhinderte. Durch gleichzeitige Ver-

') PAECH: Plant a 1935, 24, S. 78. 
2) MOTHES: Planta 1925, I, S. 472. 
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dunklung abgeschnittener Blatter wurden fUr den N-stoffwechsel ki.inst
lich die Bedingungen vergilbender Blatter geschaffen. Die folgende Ta
belle gibt das Ergebnis eines solchen Verdunklungsversuches wieder: (vgl. 
auch Fig. 15). 

Verdunklungszeit 
in Tagen ... 

% Eiweiss-N. 
% Loslicher N 
% Ammon.-N . 
% Glutamin-N . 
% Asparagin-N 
% Rest-N . 

. . I o 

94 
6 
0,3 
0,4 
0,03 
5,3 

o 4 

92,4 88,8 
7,6 11,2 
0,3 0,3 
1.8 2,3 
0,6 0,9 
5,0 7,7 

6 9 

83,6 84,2 78,3 66,9 63,S 
16,4 Ig,8 21,7 33,1 36,S 
0,4 0,6 0,7 2,5 2,8 
2,6 5,8 8,3 11,2 8,8 
0,3 2,4 1,2 4,3 3,1 

13,1 7,0 II,S 15,1 21,8 

Der im Abbau entstehende Ammoniak wird zunachst fast quantitativ 
als Glutamin entgiftet. Erst bei starker fi.ihlbar werdendem Kohlehydrat
mangel tritt auch Asparagin in Erscheinung, das bezeichnenderweise auch 
schon von erheblichen Ammoniakmengen als dem Symptom verscharften 
Kohlehydratmangels begleitet wird. 

1m Sinn von RUHLAND und WETZEL ist Dryopteris Filix-mas somit als 
typische Amidpflanze zu bezeichnen; im Gegensatz zu den meisten hi:iheren 
Amidpflanzen erfolgt jedoch die Ammoniakentgiftung nicht in Form von 
Asparagin-, sondern von Glutaminbildung. 



CHAPTER XII 

OKOLOGIE DER EXTRATROPISCHEN PTERIDOPHYTEN 

von 

H. GAMS (Innsbruck) 

I. Autokologie 

§ 1. Geschichtliches. - Obgleich die meisten der unzahligen Unter
suchungen tiber die Morphologie, Entwicklungsgeschichte und Physiologie 
samtlicher Pteridophytengruppen von AL. BRAUN, METTENIUS und HOF
MEISTER (1846-71) bis zu BOWER, CAMPBELL, CLAUSSEN, GOEBEL 1) und 
ihren vielen Schiilern auch autokologische Beobac.htungen enthalten und 
auch synokologische Beziehungen von viel mehr Biozonotikern untersucht 
worden sind a1s bei den Moosen 2), gibt es noch keine Gesamtdarstellung 
cler Okologie aller lebenden Pteridophyten. Am nachsten kommt diesem 
Ziel CHRISTS Geographie cler Farne (s. Kap. XIII § 1), welche jedoch nur die 
Filicineen mit AusschlU'i,) der Hydropteriden und noch ohne Einbeziehung 
der experiment ellen Okologie behandelt. 

§ 2. Die Lebensformen als Ausdruck der Gesamtokologie. -
Samtliche Stamme der Pteridophyten haben, sobald einmal das Uberge
wicht des Sporophyten iiber den Gametophyten erlangt war, schon im 
Devon und Karbon die Baumform oder phanerophytische Lebensform er
reicht und es ist kaum zweifelhaft, dass aIle lebenden Pteridophyten (viel
leicht mit Ausnahme der Psilotales, falls diese wirklich von niedrigen Psilo
phyten abgeleitet werden konnen) von immergriinen Phanerophyten mit 
urspriinglich autotrophen, adnaten Prothallien abzuleiten sind 3). 

1) Von seiner Dissertation in Bot. Zeitung 1877 bis zur III. Auflage seiner Orga
nographie 1933, insbesondere Morpho!. u. bio!. Studien (Ann. Jard. bot. Buiten
zorg VII-XXXIX, 1888-1928), Pflanzenbiologische Schilderungen (Marburg 1889 
-91) und Archegoniatenstudien (Flora LXXVI-CXXII, 1892-1928). 

0) GAMS in Manual of Bryology 1932 p. 323. 
3) F. O. BOWER, The Origin of a Land Flora. London 1908. 
H. MOLHOLM HANSEN, En Undersogelse over de Raunkiaerske Livsformers Pa

laeontologi. RAUNKIAER-Festschr. Kopenhagen 1930. 
W. ZIMMERMANN, Der Baum in seinem phylogenetischen Werden. Ber. Deutsch. 

Bot. Ges. XLVIII, 1930. 
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Am urspriinglichsten erscheinen demnach unter den lebenden Pteri
dophyten neb en einigen epiphytischen Lycopodien mit noch vorwiegend 
autotrophen Prothallien die Baumfarne und am weitesten abgeleitet die 
Kryptophyten und Therophyten im Sinne RAUNKIAERS, zu welchen unter 
den Lycopodialen Phylloglossum und! soetes, unter den Filicineen die Ophio
glossaceen, Ceratopteris, Marsiliaceen, Salvinia und Azolla gehoren. Die 
Vereiniging der letztgenannten Heterosporen als Hydropterides ist heute 
als nur okologische, nicht phylogenetische Klassifikation anerkannt. Die 
Versuche, die Ophioglossaceen und die sekundar z. T. (Trichomanes-Arten) 
sogar wurzellos gewordenen adnaten Farne direkt von Bryophyten abzu
leiten (PRESL 1841, PRANTL 1875 u.a.), haben fehlgeschlagen, denn auch 
die scheinbar so einfachen Hymenophyllaceen, Vittarieen usw. sind sehr 
wahrscheinlich nur reduziert, und die Ahnlichkeit mit adnaten Moosen 1) 
beruht nur auf okologischer Konvergenz (s. GOEBEL in Flora CXXIV 1930) 

Mit Bezug auf die Lebensformen ergeben sich folgende Progres5ionen: 
a. Beim Sporophyten von Phanerophyten iiber Chamaephyten und 

Hemikryptophyten einerseits zu sekundaren Adnaten \Epixylen und Epi
petren), andrerseits zu Geophyten (inkl. Therophyten) und sekundaren 
Hydrophyten. Unter den heutigen Lycopodialen und Psilotalen iiberwie
gen die Chamaephyten, unter den Filicineen namentlich der gemassigten 
und kalten Klimate die Hemikryptophyten, unter den Articulaten (Equi
setum) die Geophyten. Bei den Lycopodialen (Phylloglossum) und Equise
tum, wo Chamaephyten fast direkt zu Geophyten geworden sind, scheint 
das hemikryptophytische Stadium wegen der Empfindlichkeit der durch 
die mikrophyllen Sprosse zu wenig geschiitzten Prothallien nicht best an dig 
zu sein. Die sommergriinen Farne und Equiseten sind zweifellos uurchwegs 
von immergriinen, die heteroblastischen Equiseten (Heterophyadica A.Br.) 
von homoblastischen (Homophyadica A.BR.) abzuleiten, sodass also die 
iibliche Anordnung in Vernalia, Subvernalia und Aestivalia umzukehren ist. 

b. Beim Gametophyten geht die Entwicklung vom autotrophen, adna
ten Prothallium, das im allgemeinen ganz mit anakrogynen J ungermannia
len iibereinstimmt und nur bei einigen adnaten Farnen (Trichomanes, 
Schizaea u.a.) und Lycopodien (TREUBS Phlegmaria-Typ) sekundar atavis
tisch zur Fadenform zuriickgekehrt ist, einerseits bei den Isosporen zu fa
kultativen Geophyten (Knollchenbildung bei Anogramma- und Equisetum
Arten 2) und obligatorisch mykotrophen Geophyten (Lycopodiaceae, Psilo
taceae, Ophioglossaceae) , andrerseits bei den Heterosporen (Selaginella, 
Isoetes, Marsiliaceae, Salvinia, Azolla) zum Verzicht auf die selbstandige 
Lebensform, indem die Prothallien die Makro- und Mikrosporen nicht mehr 
ganz verlassen. Die in mehreren Stamenm unabhanglg aufgetretene Hete-

1) GAMS in Manual of Bryol. p. 328. H. MEusEL, Wuchsformen und Wuchstypen 

der europaischen Lau bmoose. N. Acta Leopold. N. F. III, Halle 1935. 
2) K. LUDWIGS, Untersuchungen zur Biologie des Equiseten. Flora CIII, 1911. 
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rosporie scheint direkt Vorbedingung fUr die Aufgabe der Selbstandigkeit 
des Gametophyten, welche den Bliitenpflanzen eine so viel grossere okolo
gische Amplitude als den Arehegoniaten und damit ihre Uberlegenheit er
moglieht hat. Warum die heterosporen Articulaten schon in der Juraforma
tion erloschen sind, ist noeh unbekannt. 

FIG. 1. - Dicksonia squanosa.Bestand (mit Schefflera digitata, Fuchsia ex. 
corticata, Freycinetia Banksii, Knightia excels a , Dysoxylum spectabile und Rhopa
lostylis sapida) in einem feuchten Tal bei H uia nachst Auckland (New Zealand). 

Photo L. CRANWELL. 

Bei Beriieksichtigung beider Generationen ergibt sich folgende Reihe der 
Lebensformen: 

1. Phanerophyten mit autotrophen Prothallien (Baum- und Kletter
fame, einige siidamerikanische Equiseta). 

2. Chamaephyten und Adnate mit wenigstens teilweise autotrophen 
Prothallien (viele isospore Fame, Lycopodium subgen. Urostachya p.p., 
Equisetwm subgen. Sclerocaulon = Hippochaete). 

3. Chamaephyten mit mykotrophen Prothallien (meiste Lyeopodien und 
Psilotales) . 

4. Hemikryptophyten mit autotrophen, kurzlebigen Prothallien (meic;te 
isospore Fame). 

5. Therophyten mit autotrophen, halb geophytisehen Prothallien (Ano
gramma). 

6. Geophyten und Helophyten mit selbstandigen, autotrophen Pro
thallien (viele Fame, wie Pteridium, Dryopteris subgen. Thelypteris und 
Gymnocarpium; Equisetum subgen. Malacocaulon = Euequisetum). 
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7) Geophyten mit geophytischen, mykotrophen Prothallien (Phylloglos
sum, Ophioglossaceae). 

8. Hydrophyten mit selbsHindigen, autotrophen Prothallien (Cera
topteris). 

9. Chamaephyten mit unselbstandigen Prothallien (Selaginella). 
10. Helo- und Hydrophyten, Geo- und Therophyten mit unselbsUindi

gen Prothallien (1 soetes, M arsiliaceae, Salvinia, Azolla). 

§ 3. Wasserhaushalt. - 1m Wasserhaushalt nehmen die Pteridophy
ten Zwischenstellungen zwischen den ganz vom Wassergehalt der Umge
bung abhangigen (poikolohydren 1)) Thallophyten und Bryophyten und 
den in verschieden hohem Grad ihren Wasserhaushalt regulierenden (ho
moiohydren 1)) Bhitenpflanzen ein. Die autotrophen Prothallien der mei
sten Filicineen und Equiseten, die Luftsprosse der meisten Farne und 
Equiseten, bei man chen Farnen (z.B. vie len Hymenophyllaceen und Was
serfarnen) auch die ganzen Pflanzen verm6gen Austrocknung ebensowenig 
zu ertragen wie die meisten Algen und Moosprotonemata. N ach DOSDALL 2) 
welken die Sprosse des sonst so widerstandsfahigen Equisetum arvense bei 
gleichen Wurzelbedingungen frliher als z.B. die von Phaseolus vulgaris 
und Helianthus annuus. 

Der osmotische Wert des Zellsafts der grlinen Gewebe schwankt nach 
WALTERS Messungen bei Schatten
farnen und Equisetum zwischen nur 
8 und 16 Atm. und bei h6herer Kon
zentration (BlechnumSpicant bei24, 
Polypodittm vulgare erst bei35 Atm.) 
sterben die meisten Farnblatter abo 
Dagegen vertragen die meisten 
Rhizome, selbst solche sehr hygro
philer Arten (z.E. Adiantum capil
lus-Veneris und Equisetum) , die 
Sporokarpien von M arsilia, die 
Sporen del' meisten Pteridophyten, 
die Knollenprothallien vieler Ophio
glossaceen und die Prothallienkn611-
chen von A nogramma- und Equise
tum-Arten langere Lufttrockenheit. 
Bei Anogramma (Gymnogramme) 
leptophylla und chaerophylla peren
nieren nur die Prothallien, wogegen. 

FIG. 2. -Selaginella tamal'iscina (oben aus· 
gebreitet, unten eingerollt) mit Cyclopho
rus lingua an sonnigen Felsen im n6rdli
chen Ussuri-Gebiet. - Photo LAZARENKO. 

') H. WALTER, Die Hydratur der Pflanze. J ena 1931. 
') L. DOSDALL, Water requirement and adaptation in Equisetum. Plant \Vorld 

XXII, 1919. 

Manual of Pteridology 25 
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die kurzlebigen Sporophyten nur in dauemd dampfgesattigter frostfreier 
Luft vegetieren 1). 

Die Sprosse mehrerer Selaginellen, wie der amerikanisehen S.lepidophyl
la 2), der afrikanisehen S. imbricata und cler ostasiatisehen S. tamariscina 
(Fig. 2), und die immergrunen Blatter vieler in vollem Sonnenlieht waehsen
der Fame (in geringem Grad z.B. viele Arten von Polyp odium, Asplenium, 
Phyllitis und W oodsia, in hoehstem Grad Arten von Pellaea, Ceterach, N 0-

tholaena (Fig. 4 und 12) und Cheilanthes, somit CHRISTS dieht spreusehup
piger "Cheilanthes-Typ") vermogen, obgleieh aueh ihr osmotiseher Wert 
normalerweise nur 13-17 Atm. betragt (bei Asplenium Ruta-muraria fand 

FIG. 3. - Trichomanes (Cardiomanes) reo 
nijorme mit sich bei Trockenheit oberwarts 
einrollenden Blattern, in dichter Matte 
auf Lava, nur durch Zweige von Metrosi· 
deros tomentosa und Horste von A stelia 
Banksii etwas beschattet. Rangitoto 

Island (New Zealand). 
Photo L. CRANWELL. 

WALTER bis 19,4, bei Cheilanthes
Arten bis 24 Atm.), naeh volliger 
Lufttroekenheit wieder aufzule
ben 3) . Die bei der Austroeknung 
erfolgende Einkrummung, welche 
wenig treffend als Xerotropismus, 
besser als Troekenstellung be
zeiehnet wird, erfolgt meist naeh 
oben (Selaginella, Polypodium, Ce
terach, Cheilanthes usw., aueh Car
diomanes renijorme, s. Fig. 3), sel
tener (z .B. A splenium-Art en) naeh 
unten. VieleArten vertragen mehr
monatige (einige Selaginellen mehr
jahrige) vollstandige Austroek
nung und leben naeh Wasserauf
nahme dureh die Blatter (bei 
C heilanthes, W oodsia, Elaphoglos
sum usw. besonders dureh Ver
mitt lung der Spreusehuppen, bei 
Selaginella der Ligula) wieder auf, 
wobei oft das doppelte, in einzelnen 

') GOEBEL, Entwicklungsgeschichte der Prothallien von Gymnogramme lepto

phylla. Bot. Zeitung XXXV, 1877und in Flora LXXII 1889. GAMS in Beitr. z. geo
bot. Landesaufnahme d. Schweiz XV 1927 p. 107 u . 356. 

0) LECLERC DU SABLaN, Sur la reviviscence du Selaginella lepidophylla. Bull. 
Soc. Bot. de France XXXV 1888. J. P . WOJENOWIC, Beitrage zur Morphologie, 
Anatomie und Biologie der Selaginella lepidophylla. Diss. Breslau 1890. J. C. TH. 
UPHOF, Physiological Anatomy of xerophytic Selaginellas. New Phytologist XIX 
1920. E. F. ANDREWS, Habits and habitats of the north american resurrection 
fern. Torreya XX 1920 . 

• ) V . BR. WITTROCK, Biologiska ormbunkstudier. Acta Horti Bergiani I 1891. 
A. BORZI, Xerotropismo nelle felci. N . Giorn. Bot. Ital. XX 1913. F. L. PICKETT in 
Bull. Torrey Bot. Club L 1923, LIII 1926 and Amer. Fern Journ. XXI 1931. 
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Fallen das 6-8 fache des Trockengewichts an Wasser aufgenommen wire!. 
Diese Dlirreresistenz des Laubes ist bei den Farnen aber seltener als bei den 
Moosen und wohl durchwegs eine sekundare Anpassung. 

FIG . 4. - Die xerophytische Nolholaena Fendleri KUNZE zwischen Lavabliicken 
in der Halbwiiste bei Tucson (5. Arizona). - Photo J. C. TH. UPHOF. 

§ 4. Temperatur. - Ais okologischer Faktor wirkt die Temperatur 
besonders indirekt liber den Wasser- und Stoffhaushalt , doch sind nament
lich viele Arealgrenzen thermisch bestimmt. Die meisten Baum- und Klet
terfarne sind auf das megatherme Tropengebiet beschrankt, doch erreichen 
Baumfarne z.E. am Kilimandscharo 2500, auf Celebes 2700 und in Ecuador 
3420 m Hohe. Slidlich reichen sie bis ins Kapland, Tasmania, Auckland, S.
Brasilien und Juan Fernandez (Fig. 5). Windende Fame fehlen zwar 
Europa und dem Mittelmeergebiet, doch reicht Lygodium iaponicum von 
Japan und Shensi bis Neuseeland und L. palmatum von New Hampshire 
und Pennsylvania bis S.-Chile. Die Mehrzahl der adnaten Pteridophyten, 
vor aHem der Hymenophyllaceen; ist sehr empfind1ich inbezug auf thermi
sche und hygrische Kontinentaiitat, doch reichen einige der "hyperozeani
schen" Hymenophyllum-Arten sehr we it nach Norden (Faer Oer, W.-Nor
wegen, Sachalin) und Sliden (S.-Georgia, Auckland, Campbell-I., Chatham
-I., Kerguelen) und auf den Bergen des tropischen Afrika, Asien und Ameri
ka steigen einige bis liber 3600 m, wobei sie gleich den hyperozeanischen 
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Moosen (s. Man. of Bryol. p. 340) und Flechten an entweder ganz frostfreie 
oder gut schneegeschniitzte Standorte gebunden sind 1). 

Nach absteigender Empfindlichkeit gegen Winterka1te ergibt sich f01-
gende Reihe: Baumfarne, Woodwardia und Trichomanes - Hymenophyl
lum peltatum und Asplenium marinum - Hymenophyllum tunbridgense 
und Aspleniwm lanceolatum - Gymnogramme leptophylla und Osmunda
Matteuccia und Phyllitis - Blechnum Spicant und Polystichum-Arten 
(Fig. 5). Die grosse Mehrzahl aller Pteridophyten jst an das Waldklima 
gebunden, doch gehen viele an lokalklimatisch begiinstigten Orten mit 
gutem Schneeschutz weit iiber die thermischen Waldgrenzen, sowohl 
Chamaephyten (Lycopodium andinum in Bolivia bis 5000 m, L. Saururus 
auf den Kamerun-Bergen bis 3300, auf der Quimzacruz-Kordillcre bis 
gegen 5200 m mit Polypodium stipitatum) , wie Hemikryptophyten im 
Schutz von Blacken und Felsspalten (viele Polypodiaceen auf den Gebirgen 
Siidasiens und Siidamerikas bis iiber 4000 m, besonders Arten von 
Cystopteris, W oodsia, Asplenium und Polystichum, so P. Duthiei im Hi
malaya bis ca. 5700 m, auf den Anden auch Pellaea und J amesonia) , 
Geophyten (Cryptogramma Stelleri im Himalaya bis iiber 5000 m, Bo
trychium Lunaria auf vielen Gebirgen bis zur Schneegrenze, in Granland 
bis 71 °40', in Siidamerika bis Patagonien), Helophyten und Hydrophyten 
(I soetes lacustre bis Magera 71 °7'). 

Hahengrenzen der in Granland, Europa, Nordafrika und Mittelasien 2) 
am hachsten steigenden Pteridophyten: 

'tl ~ ~ , '" ~tW >,~~ 
cu cu '" .~ cd 
81>0 ::; ~- cd ~ ::; ... ,.D.~ .!S • ~ cu ~ '" cd .... 

'" 'tl ~ cu ~ cu cd ,;.:...:: ..c: ::; cd ·s "..c: .... 
~ § '8 ..c: ... p. ,;.: ,;.: ... 

'" '" cd ~ 0 < ::; o cu ~~- cd 
800 EZ cd ... ..c: .~ ...:: Il. 
CflCfl, ~ cd " 

~ o ~ ~ '" !-< ::i 
-,.~ 

Botrychium Lunaria - - 3000 3000 - 3050! 3300 
Cystopteris tragilis 1255 1500 3000 3100 3700 3100 ca. 4500 
Athyrium alpestre . - 1870 2250 2800 - - -
Cryptogramma crisp a - 1500 2730 3000 - I - -
Polypodium vulgare. - - 2600 2250 - I 2800 -
Asplenium septentrionale. - ? 2820 2800 - ca. 2100 -

" 
viride . - ? 2950 2800 3700 3100 -

" 
Ruta-muraria - - 2900 2200 3700 3100: -

Lycopodium Selago . 940 11940 3120 2600 - ca. 27001 -
Equisetum variegatum 1255 ? 2545 2600 - -

') J. E. HOLLOWAY; Studies in the New Zealand Hymenophyllaceae. Trans. N. 
Zeal. Inst. LIV-LV, 1923-24. H. HANDEL-MAZZETTI, Symbolae SinicaeVI, 1929. 
Ferner die Arealkarten bei CHRIST (Geogr. d. Farne T. II, III), HOLMBOE (Natu
ren 1927) u. DEGELIUS (Acta phytogeogr. suec. VII 1935 p. 212). 

2) Nach N. HARTZ, R. JORGENSEN, BRAUN-BLANQUET, GROSSHEIM, MAIRE (Mem. 
Soc. sc. nat. Maroc XXXIII 1932) u.a., Mittelasien nach O. u. B. FEDTSCHENKO in 
Acta Horti Petrop. XXXVIII 1924 u. Bull. J ard. Bot. USSR 1927. 
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FIG. 5. - Die Pteridophyten-reichsten Hylaea-Gebiete (schwarz), die Pterido
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Die 6 am weitesten in die Arktis vorgedrungenen Pteridophyten sind 1) : 

Gronland und 

I 
Spitzbergen I Novaja Zemlja I Taimyr Ellesmereland 

Cystopteris tragi lis 81 °47' ca. 78° 73°20' 68°30' 
W oodsia glabella 81 °47' ca. 78° ca. 70° 
Lycopodium Selago 81°43' ca. 78° ca. 72" 74°27' 
Equisetum scirpoides. 69°33' 79°56' 73°20' ca. 72° 

variegatum 82° 17' ca. 78° 74°30' 74°27' 
arvense 82°29' ca. 79° 73°20' 74°51 ' 

In der Antarktis erreichen heute keine Pteridophyten den 60. Breitegrad. 
Bis zu den Falkland- und Auckland-Inseln (51-53°) gehen u.a. Trichoma
nes-Arten, Schizaea australis und Gleichenia cryptocarpa, bis etwa 55° (Fue
gia, St. Georgia, Campbell-I.) mehrere Hymenophyllum-Arten, Polyp odium 
australe, Blechnum tabltlare und penna-marina, Polystichum mohrioides. 
Arktis und Antarktis gemeinsam sind Hymenophyllum peltatum, Cystopteris 
fragilis und Polyp odium vulgare. 

Am resistentesten gcgen voriibergehend sehr hohe Hitzegrade sind die 
Rhizome einiger Geophyten und die Stammc einiger Baumfarne. So ver
mogen Equisetum-Arten und besonders Pteridium aquilinum nicht nur 
Waldbrande unbeschadet zu iiberdauern, sondern auch Uberschiittung mit 
vulkanischer Asche und Bimssteinen. Wieweit sic und einige Baumfarne 
selbst nach Uberstromen gliihender Lava noch auszutreiben vermogen, 
worauf die Beobachtungen W. SCHIMPERS u.a. am Gunung Guntur auf 
Java, von YOSHII am Komagatake, von BURKILL am Kilauea, von Ro
BYNS am Rumoka u.a. 2) deuten, bedarf weiterer Untersuchung. 

§ 5. Licht. - Das Lichtbediirfnis fUr die Sporenkeimung, das Wachs
tum und die Form der Prothallien, die Bildung der Gametangien und das 
Wachstum des Sporophyten ist schon sehr oft untersucht worder, 3). Die 
Prothallien wohl aller Pteridophyten, auch der in vollem Sonnenlicht wach
senden Xerophyten, sind an gedampftes Licht gebunden. Dass die Sporen 
der eigentlichen Geophyten (Ophioglossaceen, Pteridium, Equisetum u.a.) 
und der Chamaephyten mit geophytischen Prothallien (Lycopodium) in 

') OSTENFELD, Flora Arctica 1902. H. ROSENDAHL in Medd. om Gronland LVI 
1918. CHRISTENSEN in Amer. Fern J ourn. I 1921. M. RIKLI, Das Ausklingen der Pteri
dophytenflora in der Polaris. Ber. Schweiz. Bot. Ges. XLII 1933 u.a. 

2) J. BURKILL in Proc. Linn. Soc. London CXXXVIII 1926, Y. YOSHII in Bot. 
Magaz. Tokyo XLVI 544 1932, W. ROBYNS in Verh. Belg. Kolon. lnst. I 1932, 
ferner die S. 396 genannten Arbeiten tiber Krakatau. 

3) K. BITTNER, Uber Chlorophyllbildung im Finstern bei Kryptogamen. <Jsterr. 
Bot. Zeitschr. LV 1905. ISABURO NAGAI, Physiologische Untersuchungen tiber 
Farnprothallien. Flora CVI 1914. W. NIENBURG in Ber. Deutsch. Bot. Ges. XLII 
1924, A. MUSSACK in Beih. Bot. Cbl. Ll 1933. Dort auch die altere Literatur. 
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volliger Dunkelheit keimen, haben bereits HOFMEISTER, MILDE u.a. festge
stellt, aber dassel be gilt nach SCHELTING, LAAGE, H. FISCHER, NAGAI u.a. 
auch z.B. fUr die Osmundaceen, Polypodium vulgare u.a., wogegen z.B. 
viele Asplenien, Ceterach, Phyliitis, Aneimia u.a. Lichtkeimer sind. Die 
Prothallien der Osmundaceen, von Cryptogramma u.a. vermogen, wie schon 
BORODIN 1) gezeigt hat, auch im Dunkeln wenigstens Antheridien zu bilden. 
Den Einfluss verschiedenen Lichts haben BURGERSTEIN und STEPHAN 2) 
untersucht (s. auch S. 368-370). 

Farnprothallien und junge Sporophyten mit PrimarbHittern werden sehr 
regelmassig in Hohlen bis fast an die Chlorophyllgrenze bei einem relativen 
Lichtgenuss von 1/1000-1/1700 getroffen, ja selbst im voUig dunkeln Hoh
leninnern urn nur kurze Zeit brennende Lampen, so solche von Cystopteris 
tragilis und Polypodium vulgare, doch werden bei einem Lichtgenuss von 
unter 1/2100 keine Sori mehr gehildet 3). Fur die Bildung normaler Prot hal
lien mit befruchtungsfahigen Archegonien brauchen aber die meistell Pteri
dophyten mIt Ausnahme derer mit Knollenprothallien und fUr die normale 
Allsbildung des Sporophyten alle Pteridophyten Licht in verschiedener 
Menge. Wenn aber erst Rhizome gebildet und Reservestoffe gespeichert 
sind, vermogen nach KAROLINE BITTNER wohl samtliche Filicineen und 
einige Selaginellen, nicht aber die Lycopodien und Equiseten, auch in voIIi
ger Dunkelheit Blatter mit Chlorophyll zu bilden. An Stelle dorsivel1traler 
ProthaIIien und Selaginella-Sprosse werden im Dunkeln isolaterale gebildet. 
Das Lichtbedurfnis der Tropho- und Sporophyl1e der meisten Pteridophy
ten schwankt innerhalb sehr weiter Grenzen. Das Optimum der meisten 
Wald- und Felsfarne durfte nach den Messungen LAMMERMAYRS 4) u.a. bei 
einem relativen Lichtgenuss von 1/10-1/50 Iiegen. Meist in vollem Sonnen
licht wachs en z.E. Asplenium Ruta-muraria, Ceterach, Cheilanthes, CycloPho
rus (Fig. 2) und andere Xerophyten, einige Lycopodien (z.B. L. alpinum 
und inundatum) und die meisten Equiseten und Heterosporen mit Ausnahme 
einiger Selaginellen und in grosserer Wassertiefe lebender Isoeten und Pilu
larien. 

§ 6. Boden (Edaphismus). - Bei allen Archegoniaten schein en die 
ursprunglicheren Sippen saure mineralische und Humusboden vorzuziehen 
und alkalische Boden zu meiden, sodass die basiphilen (minimialkaIine 

1) 1. BORODIN in Bull. Acad. St. Petersb. XII 1868 . 
• ) A. BURGERSTEIN in Ber. Deutsch. Bot. Ges. XXXVI 1908. J. STEPHAN in 

Planta V 1928 u. Jahrb. f. wiss. Bot. LXX 1929. 
3) F. MORTON U. H. GAMS. H6hlenpflanzen. Spelaol. Monogr. V. Wien 1925. Dart 

die alteren Arbeiten. MAHEU et GUERIN in Bull. Soc. Bot de Fr. 1935 . 
• ) L. LXMMERMAYR in Jahrb. Gymnas. Leoben IX-X 1907-8, Denkschr. Akad. 

Wien LXXXVII-XCII 1911-15 u. Mitt. Naturw. Ver. Steiermark LIV 1918. 



392 H. GAMS, OKOLOGIE DER EXTRATROPISCHEN PTERIDOPHYTEN 

nach WHERRY) durchwegs von oxyphilen (mediaciden nach WHERRY, aci
dophilen nach AMANN, APINIS u.a. 1)) abzuleiten sind. 

Aus der bereits sehr grossen Zahl von aHerdings nur zum kleineren Teil 
einwandfreien und in vielen regionalen Vegetationsmonographien zerstreu
ten Aciditatsmessungen von. Pteridophytcnsubstraten geht folgendes her
vor: 

Die grosse Mehrzahl der Pteridophyten, insbesondere auch der tropi
schen, scheint euryion mit Optimum im sauren Bereich (meist zwischen 
pH 5 und 6). Das gilt fUr die meisten Isoetes- und Equisetum-Arten, viele 
Ophioglossaceen, Osmundaceen und Polypodiaceen, so Phegopteris Dryopte
ris (Amplitude pH 3,4-7,3), Pteridium aquilinum (von pH 3,2, welch en 
Wert RUTTNER an den Solfataren von Samosir auf Sumatra mass, bis 7,6 
nach F. CHODAT 2)), Polypodium vulgare (pH 4,5-8,5 nach WHERRY) und 
polypodioides 3). Euryion mit Optimum urn den Neutralpunkt (subneutro
phil) oder im alkalischen Bereich (eurybasiphil) sind die meisten Selaginel
len (so wohl alle europaischen Arten), Ceterach ojjicinarum, Polystichum 
lobatum und lonchitis, Camptosorus rhizophyllus 4), Equisetum hie male und 
maxzmum. 

Unter den stenoionen Pteridophyten iiberwiegen besonders in den war
men Landern, worauf zuerst WHERRY hingewiesen hat, die oxyphilen. Zu 
ihnen gehoren wohl ane Lycopodiaceae (die grosste, fast bis zum Neutral
pllnkt reichende Amplitude schein en das besonders weit verbreitete Lyco
podium Selago und das nahestehende nordamerikanische L. lucidulum auf
zuweisen), Schizaeaceae und Hymenophyllaceae, Blechnum Spica nt, Crypto
grammacrispa, Gymnogramme leptophylla u.a. Stenobasiphil sind dagegendie 
Kalk- und Dolomitfelsen bewohnenden Phyllitis, Adiantum, Cheilanthes 
usw. sowie wahrscheinlich aIle Salvinia und Azolla. Stenoneutrophil schei
nen mehrere Ophioglossaceen, die meisten W oodsia- und N otholaena-Arten, 
Cystopteris jrag£Z£s 5) und viele Asplenien, darunter die Serpentinfarne 6). 

I) E. T. WHERRY in Amer. Fern Journ. X-XI 1920-22 u. XVII 1927. J. J. Ro
BINOVE and C. D. LA RUE in Pap. Michigan Acad. sc. IX 1929. A. APINIS in Acta 
Horti bot. Univ. Latv. VIII-X 1935-36. 

') F. CHODAT, La concentration en ions hydrogenes du sol. These Geneve 1924. 
F. RUTTNER in Tropische Binnengewasser, Suppl. XI z. Arch. f. Hydrob. 1932. 
3) R. M. HARPER in Amer. Fern Journ. IX 1919. L. J. PESSIN in Ecology VI I, 

1925. 

4) E. J. HILL in Fern Bull. IX 1901. E. T. WHERRY in Journ. Washington Acad. 
sc. VI. 1916. 

5) A. MussAcK, Untersuchungen ij ber Cystopteris tragilis. Beih. Bot. Cbl. LI 1932. 
6) SADEBECK in Sitzungsber. Ges. f. Bot. Hamburg III 1887. LAMMERMAYR in 

Sitzungsber. Akad. Wi en 1926, Mitt. Naturw. Ver. Steiermark LXVII 1930 u. 
Pflanzenareale I 8 1928. SUZA und ZLATNIK in Bull. Acad. sc. Boheme 1928.MESSERI 
in N. Giorn. Bot. Ita!. XLIII 2. 1936. 
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Viele Farngattungen enthalten sowohl oxyphile wie neutrophile und 
basiphile Arten, so z.B. : 

oxyphil neutrophil basiphil 

Ophioglossum: arenarium vulgatum Engelmannii 
Dryopteris s. 1.: Oreopteris, cristata. Braunii, Goldiana Villarsii, Robertiana 

Phegopteris u.a. 
Asplenium: septentrionale und A diantum-nigrum, Ruta-muraria, viride, 

montanum cuneifolium, fallax fissum, Seelosii, u. a. 
Woodsia: ilvensis? alpina u.a. glabella 
Cryptogramma: crisp a u.a. Sielleri 
Cystopteris: fragilis regia und montana 

Die beiden Serpentin-Asplenien, von denen A. fallax HEuFLER 1856 = 

adulterinum MILDE 1865 von den beiden Entdeckern wohl mit Recht fUr 
einen Bastard des euryionen A. Trichomanes mit dem basiphilen A. viride 
gehalten worden ist, wogegen A. cuneifolium VIVIANI J 806 = serpentini 
TAUSCH 1839 von dem subneutrophilen A. Adiantum-nigrum abstammt 
und nach ZLATNIK Serpentinboden von pH 6,9-7,8 vorzieht, sind nach 
LAMMERMAYR u.a. nicht absolut serpentinstet, sondern kommen auch auf 
Magnesit, Granit und Sandsteinen vor. Die mit ihnen z.B. in Mahren, Steier
mark, von dessen Serpentinboden LAMMERMAYR 20 Farnarten anfUhrt, 
und in Oberitalien oft vergeseIlschaftete N otholaena M arantae wachst in 
den Siidalpen hauptsachlich auf neutralem Porphyrschutt. Die Vorliebe 
dieser Farne fiir Serpentin diirfte daher in erster Linie auf der neutralen 
Reaktion der meisten Serpentinboden, in zweiter auf der geringen Konkur
renz durch andere Pflanzen beruhen. 

Obligatorische Halophyten scheint es unter den Pteridophyten nicht zu 
geben, da selbst das oft als solcher angefUhrte Acrostichum aureum der 
Mangroven nach RUTTNER u.a. ebenso gut auch in alkalischem Siisswasser 
(pH 7,3-8,3) gedeiht und auch in der Mangrove nur wenig Salz speichert 1), 
die ziemlich zahlreichen in Brackwasser gefundenen Isoetes-Arten durch
wegs saures Siisswasser vorziehen und die hyperozeanischen Asplenien (s. 
S. 387.) wohl nicht wegen einer Vorliebe fUr Salzluft, sondern nelr wegen 
ihrer Frostempfindlichkeit in Nordeuropa an Strandfelsen gebunden sind. 

Ebensowenig scheint es wirklich diingerliebende Pteridophyten zu geben. 
Die I soetes-Arten sind streng an ungediingte Boden und oligotrophe Gewas
ser gebunden und meiden die eutrophen wohl weniger wegen ihrer Reak
tion als wegen des die Konkurrenz hoherer Hydrophyten f6rdernden Nahr
stoffgehalts. Die meisten Farne und aIle Lycopodien werden durch Bewei
dung und Diingung rasch vertrieben. Am widerstandsfahigsten sind auch 
hie gegen wie gegen Brande (S. 390) einige Geophyten, wie BotrychiumLuna-

1) H. WALTER U. M. STEINER in Zeitschr. f. Bot. XXX, 1936. Vgl. auch S. 437. 
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ria und Pteridium aquilinum, die auch in regelmassig gemahtenund bewei
deten Wiesen aushalten konnen. Schwache Beweidung begtinstigt auch 
Dryopteris Filix-mas und spimtlosa, Athyrium alpestre und die amerikani
schen Dennstaedtia punctilobula 1) und Hypolepis repens. Mehrere Asple
nien, Ceterach, Cystopteris, Cryptogramma crispa u.a. gehen im Schutz von 

FIG. 6. -Asplenium Trichomanes an einer 
Klostermauer in Vianden, Luxemburg. 

Photo VAN STEENIS. 

Trockenmauern (Fig. 6) tiber ihr 
nattirliches Areal hinaus und er
schein en daher in manchen Gegen
den als mehr oder weniger "he
merophil", sind jedoch z.B. gegen 
Rauchgase fast eben so empfindlich 
wie die meisten Moose und Flechten. 

Wirkliche Kulturlandbewohner 
sind, abgesehen von den Wasser
farnen der tropischen Reisfelder, 
nur einige Equisetttm-Arten, vor 
aHem E. palustre (niederdeutsch 
"Duwock") und E. arvense, das 
als lastiges Ackerunkraut und Be
gleiter von Wegen und Eisen bahnen 
dem Menschen von allen Pterido
phyten am weitesten sowohl in 

Wtistengebiete wie in die Arktis gefolgt ist 2). 

§ 7. Vegetative Vermehrung. - Vegetative Vermehrung ist beson
ders bei starker abgeleiteten Typen sehr verbreitet, sowohl beim Gameto
phyten (Sprossungen langlebiger Prothallien, z.B. bei Anogramma) wie 
beim Sporophyten, bei diesem sowohl durch unterirdische Rhizome, die bei 
Pteridium und Equisetum bis tiber 4 m lang werden (Fig. 14), und Wurzel
brut (z.B. bei Ophioglossum), wie durch oberirdische Sprossteile. Verbrei
tung durch losgeloste Rhizomstticke spielt namentlich bei helophytischen 
Equiseten eine Rolle 3). 

Rein vegetative Vermehrung durch Bruchblatter mit austreibenden 

1) H. J. LUTZ in Journ. of Agricult. Research XLI 7, 1930. 

') E. KORSMO, Unkrauter im Ackerbau der Neuzeit . Berlin (SPRINGER) 1930. 

Derselbe, Ugressfr6. Oslo (GYLDENDAL) 1935, WEHSARG in Arb. Deutsch. Landw. 

Ges. XXXL 1927, BUCHL! in Beitr. Geob. Landesaufn. d. Schweiz XIX 1936. Dber 

die Bekampfung des Duwocks: P. SORAUER in Zeitschr. f. Pflanzenkrankh. VIII 

1898, C. A. WEBER in Arb. d . Deutsch. Landw. Ges. LXXII 1902 u. Deutsch. 

Landwirtsch. Presse 1927, G. STOCKFLETH in Ill . Landw. Zeitung XXV 1905. 

3) R. SERNANDER, Den skandinaviska vegetationens spridningsbiologi 1901 p. 
170. E. CROSETTI e P. FONTANA, Sulla disseminazione di una crittogame vascolare 

alpina per mezzo delle correnti d'acqua. Boll. Nat. Siena XXVI 1907. 
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Achselknospen kommt bei Isoetes vor 1). VerHingerte Blatter mit einwur
zeIn den Spitzen sind besonders bekannt bei Camptosorus rhizophyllus (Fig. 
7) und sibiricus, Woodwardia radicans, Blechnum Sodiroi, Polystichum 
craspedosorum, Arten van Asplenium, Leptochilus, Fadyenia, Trichomanes 
u.a. Bei einzelnen Asplenien werden die sprossenden Blatter geradezu zu 
Auslaufern. 

Regelmassige Gemmenbildung findet sich bei vielen Tropenfarnen 
(Dryopteris proli/era, Asplenium 
viviparum u.a., bei Hymenophyl
laceae und V ittarieae auch an den 
Prothaliien) und der nordamerika
nischen Cystopteris bulbi/era 2), bei 
Psilotum 3), Lycopodium Selago, 
lucidulum, reflexum u.a., deren 
Gemmen abgeschleudert werden 
k6nnen 4). 

Ausnahmsweise Proliferation ist 
aber sehr viel weiter verbreitet 
und steht bei vielen Land- und 
Wasserfarnen ahnlich wie bei den 
viviparen Grasern wohl in ursach
lichem Zusammenhang mit den 
viel untersuchten Hemmungen der 
geschlechtlichen F ortpflanzung 
(Apogamie und Aposporie) infolge 
abnorm erh6hter Chromosomen
zahlen (naheres hieriiber in Kap. 
VI). Fur die Fernverbreitung sind 
vielleicht die "Dauerbrutknospen" 

FIG. 7. - CamptosoyUS rhizophyllus, das 
"wandernde Blatt" (walking leaf) auf 
saurem Boden von Quarz·Glimmerschiefer 
in West· Virginia (Jefferson Co., Keys 

Ferry). - Photo E. T. WHERRY. 

von Bedeutung, die GOEBEL (Or
ganogr. III) von dem philippinischen Cheilanthes varians beschreibt. 

§ 8. Sporenausstreuung und Verbreitungsagentien. - Die nor
male Verbreitungseinheit (Diaspore) der meisten Pteridophyten ist die 
Spore und das weitaus wichtigste Verbreitungsagens der Wind (Anemocho
rie). Bei den meisten Lycopodien und Farnen scheinen, abgesehen von der 

') K. GOEBEL, Uber Sprossbildung auf Isoetesblattern. Bot. Zeitung XXXVII 

1879. 
2) W. KUPPER in Flora XCVI 2, 1906. W. BALLY ebenda IC 1909. 

3) SOLMS-LAUBACH in Ann. J ard. bot. Buitenzorg IV 1884. 

') HEGELMAIER in Bot. Zeitung XXX 48, 1872. J. E. HOLLOWAY, Studies in the 

New Zealand .... Lycopodium II. Methods of vegetative propagation. Trans. N. 

Zeal. Inst. XLIX 1917. GOEBEL, Organographie III (2. Auf!. 1918, 3. 1933). 
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Emporhebung der Sporangien und Sori auf besonders ausgebildeten Spros
sen und Blattabschnitten und dem Kohasionsmechanismus des Leptospo
rangiaten-Annulus, besondere Ausstreuvorrichtungen zu fehlen 1). Die 
meisten sind wohl Ombrohydrochore (Regenschwemmlinge und Regenbal
listen 2)). 

Wie wirksam die Anemochorie ist, zeigt besonders die Wiederbesiedlung 
von Krakatau 3), wo schon 3 Jahre nach der Katastrophe von 1883 unter 
den erst en Ansiedlern 10 Polypodiaceen waren; 1897 waren OPhioglossum 
moluccanum und Lycopodium cernuum dazugekommen, 1919 je 1 Cyathea
cee, Hymenophyllacee, Schizaeacee, Marattiacee und Equi'ietacee. Die Ge
samtzahl der Pteridophyten stieg von 1919 bis 1929 von 49 auf 63. Ahnli
ches berichten SCHIMPER und ERNST von den Laven des Gunung Guntur auf 
Java, ROBYNS vom Rumoka in Kongo u.a. Es handelt slch aber immer urn 
Arten der Nachbargebiete. Eigentliche Kosmopoliten sind unter den Pteri
dophyten ebenso sparlich wie unter den Moosen (S. 454). 

1m Gegensatz zu den Lycopodien und meisten Filicineen werden die Spo
ren von Selaginella 4) und Equisetum aktiv ausgeschleudert. Die Stacheln 
der Makro- und Mikrosporen von Selaginella und die Elateren der Equise
tum-Sporen begiinstigen das Zusammenhangen mehrerer Sporen und damit 
die Wahrscheinlichkeit des Zusammenwachsen mehrer Prothallien undder 
Befruchtung. 

Ais Verbreitungseinheit (Diaspore) dienen in manchen Fallen ganze Spo
rangien, bei I soetes Bruchblatter mit den Sori, bei den Marsileaceen die 
Sporokarpien. Bei Isoetes und den Wasserfarnen iiberwiegt naturgemass. 
die Hydrochorie, doch sind bereits auch mehrere Falle von Zoochorie be
kannt. Die Sporen dreier amphibischer Isoetes werden in Siidafrika durch 
Regenwiirmer, vielleicht auch durch eine Schnecke verbreitet 5). Ob das 
hallfige Zusammenvorkommen der submersen I soetes mit Salmoniden 6) 
und Cypriniden (z.B. Brachsen) nur auf ahnlichen Anspriichen an den 
Gewassertypus beruht oder mit Verbreitung durch Fische zusammenhangt, 

') J. HIGGINS and C. E. WATERS, Ejection of Fern Spores. Asa Gray Bull. V 
1897. 

2) P. MULLER, Uber Samenverbreitung durch den Regen. Ber. Schweiz. Bot. 
Ges. XLV 1936. 

3) TREUB in Ann. J ard. bot. Buitenzorg VII 1888, PENZIG ebenda XVIII 1902, 
DOCTERS VAN LEEUWEN ebenda XXXI-XXXII 1921-22, A. ERNST in Viertel
jahrsschr. Naturf. Ges. Ziirich LII 1907 u. LXXIX 1934. S. auch S. 423. 

4) GOEBEL in Flora LXXXVIII 1901, NEGER ebenda CIII 1911. 

'J A. V. DUTHIE, The method of spore dispersal of three South African Species 
of Isoetes. Ann. of Botany XLIII 1929. 

6J H. MARCAILHOU-D' A YMERIC, Coexistence des I soetes et des truites dans la 
plupart des lacs de l' Ariege, des Pyrenees-Orientales et de l' Andorre. C. R. Congr. 
soc. sav. 1899, Paris 1900. 
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bleibt weiter zu untersuchen, ebenso, ob auchadnate Farne durch Tiere 
verbreitet werden 1). 

Die Makrosporen von M arsilia und Pilularia bilden einen Schwimmring 
aus Gallerte, der wohl nicht nar das Sch\\immen an der Wasseroberf1ache, 
sondern auch Transport durch Insekten und Wasservoge1 ermoglicht 2). In 

hnlicner Weise diirften auch die Glochidien der Massulae von Azolla mcht 
aur das Zusammenhaften von Makro- und Mikrosporen, sondern auch 
epizoische Verbreitung begi.instigen. Das europaische Areal von Salvinia 
natans zeigt einen deutlichen Zusammenhang mit den wichtigsten Vogel
zugsstrassen 3), und so dlirfte das zerrissene und unbestandige Areal der 
meisten Wasserfarne mit Epizoochorie in Verbindung stehen. 

§ 9. Allgemeine Keimungs- und Wachstumsbedingungen. - Die 
meisten Pteridophytensporen behalten ihre Keimfahigkeit sehr lange, viele 
Farnsporen 10-20 Jahre, manche jedoch, wie die chlorophyllreichen Spo
ren von Osmunda, nur wenige Tage. Die meisten Filicineensporen sind auf 
nassem Torf sowohl in gedampftem Licht, wie (namentlich die der Geophy
ten, s. § 5) auch im Dunkeln leicht zur Keimung zu bringen, diejenigen der 
meisten Lycopodien und Equiseten sehr viel schwerer 4). 

Die Sporen der stenooxyphilen Arten (s. § 6) keimen am best en in sehr 
verdiinnten sauren Nahrlosungen, die der subneutrophilen Cystopteris 
fragilis (s. S. 392) am besten in 1-2% Nahrlosang von pH 6,5, die von 
Equisetum arvense in Losungen mit einem osmotischen Druck von· 3,5 
Atm. 5). 

Auch die Prothallien der xerophytischen Farne wachsen nur in dauernd 
feuchter Luft und nicht nur die der Wasserfarne konnen auch direkt auf 
Nahrl6sung schwimmend kultiviert werden. Die Benetzbarkeit der Sporen 
ist verschieden, z.E. bei den meisten Lycopodien sehr gering, bei L. Selago 
aber gross. 

') G. E. MATTEI, Probabili rellfzioni biologiche fra Imenofillee ed anima1coli. 
Malphighia XXXI 1928. 

2) A. SCHULTZ, Beitrage zur Kenntnis der Entwicklung der Macrogametophyten 
von Pilttlaria globttlifera L. und M arsilia quadrifolia L. Planta XXV 1936. 

3) K. WEIN, Die Verbreitung der Salvinia natans im siidwestlichen Europa in 
ihren Beziehungen zum Vogelzug. Beih. LXI zu FEDDES Repert. 1930. 

') W. HOFMEISTER, Vergleich. Unters. 1851,inFlora XXV 1852u. Pringsh. Jahrb. 
III 1863. H. BRUCHMANN, Dber die Prothallien und Keimpflanzen mehrerer euro
paischer Lycopodien, Gotha 1898 u. in Flora CI 1910. N. LAGERHEIM in Arkiv f. 
Bot. VI 1906 u. Svensk Bot. Tidskr. II 3 1908. WUIST in Bot. Gazette IL 1910. A. 
LAAGE in Beih. Bot. Col. XXI 1907. H. FISCHER ebenda XXVII 1911. G. KLEBS 
in Sitz. ber. Akad. Heidelberg 1916-17. W. NIENBURG in Ber. Deutsch. Bot. Ges. 
XLII 1924. H. LASSER in Flora CXVII 1924. W. KARPOWICZ in Bull. Acad. Polon. 
1927. Die Marburger Dissertationen von W. Dopp 1927, E. GERHARDT 1927, H. 
WALDMANN 1928, W. STREY 1931, W. SCHMELZEl SEN 1932, K. H. GOBEL 1935 u.a. 

0) R. GISTL in Ber. Deutsch. Bot. Ges. XLVII 1929. 
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Nicht nur die perennierenden, mykotrophen Prothallien der Lycopo
dialen und Ophioglossaceen, sondern auch die autotrophen der Osmun
daceen, von Anogramma u.a. konnen jahrelang vegetieren und sich durch 
Sprossung vermehren, ohne dass es zur Befruchtung und Embryobildung 
kommen muss. Fur die Befruchtung ist immer Wasser, meist Regenwasser 
oder Tau, erforderlich, Bei den Isosporen erfolgt sie regelmassig auf dem 
Gametophyten, bei den Heterosporen mit zunehmender Selbstandigkeit, 
bei einigen Selaginellen, wo das stark reduzierte Mikroprothallium fruh 
abstirbt, manchmal schon auf dem Sporophyten 1). 

Die Ansicht LUSTNERS (Diss. Wiesbaden 1898), dass ein Zusammenhang 
zwischen Netzskulptur der Sporen und unterirdischer Keimung bestehe, 
konnte BRUCHMANN nicht bestatigen. Nach seinen Befunden keimen die 
Sporen mehrerer Lycopodien (z.B. L. annotinum und clavatum) erst nach 
einigen J ahren 2), die Prothallien werden erst nach 12-15 J ahren ge
schlechtsreif und bleiben etwa 20 Jahre am Leben. Auch die Prothallien 
und Protokorme der Ophioglossaceen vegetieren rein saprophytisch 
mindesten 8-10 Jahre. Damit stimmen die Beobachtungen finnischer For
scher, dass nach Brandrodung Lycopodien erst nach 30-35 Jahren wieder 
erscheinen, die Beobachtungen uber die Wiederbesiedlung vulkanischer 
Boden (§ 8) und von Gletschern verlassener Moranenboden, wo sowohl he
mikryptophytische wie geophytische Polypodiaceen schon nach wenigen 
Jahren (so Phegopteris Dryopteris und Phegopteris am Jostedalsbre nach 
spatestens 7 Jahren 3) wieder erscheinen, wogegen nach meinen Beobach
tungen an mehreren Alpengletschern Botrychium Lunaria erst nach mehr 
als 30 und Lycopodium Selago kaum vor 60 J ahren auftaucht, woran neben 
der lang en unterirdisehen Entwicklung auch die langsame Versauerung 
der anfanglieh meist neutral reagierenden Moranenboden schuld sein mag. 

Uber das Alter, welches die einzelnen Pteridophyten erreichen konnen, 
liegen wenig verlassliche Beobachtungen vor. Baumfarne, wie Todea 
barbara, erreichen in Kultur ein Alter von mehreren 100 Jahren. Lycopo
dien werden sieher mehrere Jahrzehnte, die meisten Hemikryptophyten 
und Geophyten wohl nur einige Jahre alt. Ceratopteris thalictroides und 
Salvinia natans sind meist einjahrig, konnen aber aueh mehrjahrig kul
tiviert werden. 

II. S Y n 0 k 0 log i e s. 1 a t. (= B i 0 con 0 t i k) 

§ 10. Sociabilitat und Dispersion. - Die Haufungsweise der Indivi
duen einer Art (Sociabilitat) und die Gleichmassigkeit ihrer Verteilung 

') F. LYON, A study of the sporangia and gametophytes of Selaginella apus and 
rupestris. Bot. Gazette XXXII 1901. 

oJ BRUCH MANN in Flora CI 1910. 
8J K. FAEGRI in Bergens Mus. Aarbok VII 1933. 
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(Dispersion) hangen in erster Linie von den Verbrcitungsmitteln (§ 7 und 
8) ab und sind daher ebenso sehr autokologische wie synokologische Ei
genschaften. Die grosse Mehrzahl der reinen Anemochoren und im be
sonderen die meisten mykotrophen Geophyten zeigen sehr geringe Ge
selligkeit und starke Uberdispersion, sodass z.E. die meisten Ophioglos
saceen nur in vereinzelten Individuen oder kleinen Gruppen wachsen. Bei 
den Adnaten, kriechenden Hemikryptophyten und Rhizomgeophyten 
kommt es dagegen durch vegetative Ausbreitung zunachst zur Bildung 
geschlossener Herden, gelegentlich von Hexenringen 1), dann von grossen, 
mehr oder weniger geschlossenen Vereinen mit deutlicher Unterdispersion, 
so insbesondere bei vielen Waldfarnen und Equiseten, ahnlich auch bei 
wurzelnden und schwimmenden Wasserfarnen. In der Regel werden nur 
die Gesellschaften dieser mehr geselligel1 Pteridophyten als eigene Ver
eine bewertet. 

§ 11. Wettbewerb (Competitio), Symbiose und Parasitismus. -
In Wettbewerb treten die Pteridophytenindividuen nicht nur mit solchen 
der gleichen Art und anderer Pteridophyten, sondern sehr oft auch mit 
andern Pflanzen der gleichen Lebensformenklasse, so Baumfarne mit 
Gymnospermen, Palm en und Dikotylenbaumen, Lycopodien mit Zwerg
strauchern, adnate Hymenophyllaceen und Vittarieen mit Moosen und 
Flechten, Equiseten mit Juncaceen und Cyperaceen, Ophioglossaceen mit 
Orchideen, I soetes mit Litorella, Salviniaceen mit Lemnaceen usw. Viel
fach Hihrt dieser Wettbewerb zu mehr oder weniger gesetzmassigen Ver
einigungen. 

Die besonders innigen Vergesellschaftungen mit Symbionten und Para
siten sind schon in Kap. III-V behandelt. Zur Erganzung seien noch einige 
FaIle von Schadigung durch andere Pflanzen angeHihrt: Die chasmophyti
schen Farne haben nicht nur unter der Konkurrenz von Bliitenpflanzen 
zu leiden, sondern werden ebenso wie die adnaten Farne nicht selten von 
adnaten Moosen und besonders Flechten (DiPloschistes- und Parmelia
Arten) iiberwuchert. Auf Dryopteris Filix-mas und M atteuccia habe ich wie
derholt Cuscuta europaea beobachtet. Die kanarisch-westmediterranc 
Orobanche trichocalyx solI nach DESPREAUX 2) auf Pteridium aquilinum 
schmarotzeI1. 

§ 12. Die Pteridophytenvereine. - Yom Devon bis ins Mesophyti
kum wurcle die gesamte Landvegetation der Erde von grossenteils phane
rophytischen Pteridophyten, vom Karbon an auch von Pteridospermen 
und vom Perm an auch von Gymnospermen beherrscht, doch treten spa
testens im Verlauf der permokarbonischen Vereisungen der Siidhemi-

') W. N. CLUTE, Fairy Rings formed by Osmunda. Fern Bull. IX 1901. 
0) BARKER, WEBB et BERTHELOT, Phytogr. Canar. III 185, 1836-50. 
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sphare (Glossopteris-Flora) aueh schon adnate und hemikryptophytisehe 
Formen auf. Heute beherrsehen Pteridophyten nur noeh ausnahmsweise 
ganze Biozonosen (besonders adnate, chasmophytische und helophytische), 
sondern treten meist in untergeordneten Vereinen (societies) in von Blii
tenptlanzen beherrschten Soziationen bzw. Konsoziationen auf. Fiir 
ihre Klassifikation gilt das im Man. of Bryol. p. 328-336 ausgefiihrte. In 
der folgenden Ubersicht sind nur Sporophytenmerkmale beriieksichtigt. 

I. Oberirdische 'Oberdauerungsknospen vorhanden ........................ 2. 
1+. Oberirdische 'Oberdauerungsknospen (ausgenommen in einigen Fallen 

blattburtige Brutknospen) fehlen ......................................... .4. 
2. Mit aufrechtem, oberirdischem Holzstamm (Phanerophyten): Baumfarne (§ 12). 
2+. Ohne aufrechten Holzstamm ........................................ 3. 
3. Oberirdische Achsen windend oder der ganze Stamm einer festen Unterlage 

angedruckt: Lianen- und A dnatenvereine (§ 13). 
3 +. Oberirdische Achsen aufsteigend oder auf meist loser Unterlage kriechend: 

Chamaephytenvereine (§ 14). 
4. 'Oberdauerungsknospen in der Bodenflache oder zwischen Gesteinsstticken: 

H emikryptophytenvereine (§ 15). 
4 +. 'Oberdauerungsorgane im Boden oder in Wasser (Kryptophyten) ........ 5. 
5. 'Oberdauerungsorgane (Knollen oder Rhizome) ganz im Boden eingesenkt: 

Geophytenvereine (§ 16). 
5+. 'Oberdauerungsorgane mindestens periodisch unter Wasser oder schwim-

mend: Helo- und Hydrophytenvereine (§ 17). 

§ 13. Baumfarnvereine. - Die meisten Dieksoniaceen und Cyathea
-ceen der immerfeuchten Regen- und Nebelwalder dersiidhemispharischen 
Gebirge bilden oft aus mehreren Arten (s. das Titelbild, Fig. 1,8 und S. 439) 
bestehende Vereine, die wohl zu einer einzigen Vereinigung (£ederatio) 
AlsopMlion zusammenge£asst werden konnen und meist mit anderen, oft 
dominierenden Phanerophytien, Epixylien (s. § 13) u.a. zu mehrschichtigen 
Soziationen verbunden sind, fiir die auf die Darstellungen HOLTTUMS, 
CHRISTS (Geogr. d. Farne) und die dort angegebene Literatur verwiesen 
sei. l\1ehrere Arten sind sehr widerstandsfahig gegen Feuer; einzelne ver
tragen auch leichten Frost. Einzelne Arten werfen das Laub ab (Al
.sophila comosa in Sikkim). Resistentere Arten reiehen bis S-Florida 1), 
S-Japan 2) (Cyathea boninsinensis, Alsophila acaulis) , Argentinien (Dick
sonia Sellowiana) , Kapland (Hemitelia capensis) und zu den Chatham
Inseln. 

Mehrere siidhemispharisehe Blechnum-Arten (besonders Bl. capense und 
tabulare) bilden mit ihren bis meterhohen Stammen reeht euryozisehe und 
weit verbreitete Vereine, die wohl als Blechnion subantarcticum zusammen-

1) UNDERWOOD in Proc. Ind. Acad. Sc. 1891, ABAXON in Ann. Rep. Smiths. Inst. 

1911, SMALL in Journ. E. Mitchell Sc. Soc. XXXV 1920, DOBBIE in Amer. Fern 
Journ. XIX 1929. 

') G. MASAMUNE, Floristic and geobotanical studies in the island of Yakusima. 
:lVlem. Taihoku Univ. 1934. 
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gefasst werden konnen. Das Blechnetum socialis der Anden von Bolivia 
und Ecuador erreicht liber der Waldgrenze 3000-4000 m Hohe. 

Eine weitere phanerophytische Vereinigung (Odontosorion) bilden die 
unbegrenzt fortwachsenden Stachelklimmer der vorwiegend westindischen 
Gattung Odontosoria (bramble ferns) 1). 

Ob sich auch unter den ahnlich undurchdringliche Dickichte bildenden, 
aber zumeist hemikryptophytischen und geophytischen Gleichenieta, die 
CHRIST sowohl mit den Odontosorieta wie mit den Pteridieta verbindet 
Phanerophytien befinden, ist mir nicht bekannt (s. S. 443). 

FIG. 8. - Farnwald in der Waiho-Schlucht, Wertland (New Zealand): links 
Vicksonia sp., d. lanata var. gregalis, in der Mitte Lycopodium volubile, rechts 

Blechnum procerum und Hemitelia Smithii, vorn Leptopteris superba. 
Photo TEICHELMANN. 

§ 14. Lianen- und Adnatenvereine. - Die meisten echten Farnlianen 
sind rein tropisch, so Stenochlaena palustris (Acrostichum scandens) , 
mehrere Dennstaedtia-und Lygodium-Arten, Blechnum (Salpichlaena) 
volt;bile, Lathyropteris madagascariensis u.a. Bis in extratrotlische Gebiete 
reichen Lygodium palma tum 2) und scandens und das neuseelandische 
Lycopodium volubile (Fig. 8). 

Die Adnaten, die meist zu unbestimmt als Epiphyten bezeichnet wer-

') J. MASSART in Bull. Soc. r. Bot. Belg. XXXIV 1905. 
O} SAUNDERS in Fern Bull. VIII-IX 1900-01, BLODGETT in Torreya I 1901. 
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den. obgleich viele von ihnen ebenso gut epipetrisch wachsen, gehoren 
ebenfalls zum weitaus grossten Teil den Tropen und feuchten Subtropen 
an, so die hochst spezialisierten Oleandren, Platycerien. und Drynarien (s. 
S. 429-433 und die klassischen Werke SCHIMPERS, GOEBELS und CHRISTS), 
ebenso die okologisch den Hymenophyllaceen ahnlichen Vittarioideen 1). 
Es scheint auch nur in den Tropen nereidische Farne. d.h. wasserbewoh
nende Felshafter, zu geben: einige siidamerikanische und malayische 
Asplenien, Polyp odium pteropus 2), Blechnum Francii und das west
afrikanische Elaphoglossum palustre. Die weitaus meisten Adnaten sind 
immergriin. Eine Ausnahme bildet z.B. Davallia canariensis 3). 

In extratropische Gebiete reichen, abgesehen von einigen Gelegenheits
epiphyten und Gelegenheitsepipetren (z.B. Selaginellen) nur einige vor
wiegend adnate Gattungen von Polypodiaceen und Hymenophyllaceen, 
von denen die meisten sowohl epixyl (epiphytisch) wie epipetrisch wach
sen, in den trockenern und kalteren Gebieten meist nur epipetrisch, so 
Cyclophorus lingua (Fig. 2) und Camptosorus sibiricus in Nordasien, C. 
rhizophyllus (Fig. 7) in Nordamerika. 

Von den vielen vorwiegend epiphytisch wachsenden Polypodien, die der 
Lebensform nach grossenteils an der Grenze von Chamaephyten, hemi
kryptophytischen Chasmophyten und eigentlichen Adnaten stehen. rei
chen nur ganz wenige in extratropische Gebiete, so Polyp odium polypo
dioides 4) in N .-Amerika bis Pennsylvania, P. line are in O'ltasien bis Japan 
und Ussurigebiet und das dank seiner Vielgestaltigkeit und Euryozie 
fast kosmopolitisch gewordene P. vulgare, der weitaus verbreitetste Farn
epiphyt der N ordhemisphare 5). 

Es wachst oft chasmophytisch mit Asplenien, Cystopteris usw. 6), selhst 
geophytisch in sauren Wald- und Heideboden, bildet aber auch einen ei
genen. wirklich adnaten Verein Polypodietum t'ulgaris, der sowohl an 
Baumen wie auf Fels mit Isobryalen- und Stictaceen-Vereinen in Kon-

') GOEBEL in Flora LXXXII 1896 u. N. F. XVII 1924, E. BRITTON and A. TAY
LOR in Torrey Bot. Club VIII 3 1902. 

2) GIESENHAGEN in Flora LXXVI 1892. A. ERNST in Ann, Jard. Buitenzorg VII 

21908. 
3) C. BOLLE, Standorte der Farne auf den Kanar. Inseln. Zeitschr. Ges. f. Erd

kunde Berlin 1863-66, 

4) SMALL in Torreya III 1903, R. HARPER in Amer. Fern J ourn. IX 1919, L. 

PESSIN in Ecology VI 1925. 
5) V. WITTROCK in Acta Horti Bergiani II 1894, P. FLICHE in Bull. Soc. Bot, de 

France XLIX 1902, A. SHADOVSKY in Trud. Bot. Mus. Petersb. X 1913, D. JOHN

SON in Bot. Gazette LXXII 1921, R. BENEDICT in Amer. Fern Journ. XII 1922, 
B. PETTERSSON in Mem. Soc. F. FI. Fenn. VI 1930 u.a. 

6) E. WETTER, Okologie des Felsflora kalkarmer Gesteine. J ahrb. St. Gall. Na
turw. Ges. LV 1918. F. FIRBAS in Beih. Bot. Zentralbl. XL 1924. E. OBERDORFER 

in Mitt. Bad. Landesver. f. Naturk. N. F. III 1934. 
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kurrenz tritt und nur mit ahnlichen Vereinen amerikanischer und ostasia
tischer Polypodien vereinigt werden kann. 

Das Areal der wohl ausnahmslos adnaten Hymenophyllaceen 1) nm
schliesst vollig das der eben falls adnaten Vittarioideen und das der Baum
farne, geht aber in allen Richtungen dariiber hinaus (Fig. 5). Wahrend sie 
in den tropischen und siidhemispharischen Regen- und Nebelwaldern gros
senteils epixyl wachsen, besonders auch auf Baumfarnen, und zusammen 
mit Vittarioideen und kleinen Polypodien eine Art epiphytischen Trocken
torfs (" urrn" auf Costarica) 2) bilden, leben sie im extratropischeh Gebiet 
fast ausschliesslich epipetrisch an kalkfreiem, dauernd bergfeuchtem Gestein 

FIG. 9. - Hymenophyllum tunbridgense an senkrechten. schattigen Sandsteinfelsen 
im Zickzackschliiff bei Grundhof. Luxemburg. - Photo VAN STEENIS. 

an vor direktem Sonnenlicht und Frost seschiitztcn Orten. Besonders 
weit reichen Trichomanes speciosttm (bis Alabama, Rio de J aneira, Irland, 
Japan, noch im Pliozan bis Bnlgarien), parvulum (his Japan und Wladi
wostok), caespitosttm uncI flabellatttm (S.-Afrika, Maskarenen, Chatham
u. Falkland-Inseln), Hymenophyllttm tunbridgense (bis Schottland, Mittel
deutschland, Westitalien und Kroatien, das ahnliche H. Fomini im Plioziin 
des Kaukasusgebiets), peltatum (bis zu den Faer bern und S. Georgia) und 

1) GIESENHAGEN, Die HymenophyIIaceen. Marburg 1890. HOLLOWAY, Studies 

in the ~ew Zealand Hymenophyllaceae. Trans. N. Zealand Inst. LIV-LV, 1923-24. 
2) C. WERCKLE in Soc. Nac. Agricult. Costaric. S. Jose 1909. S. auch S. 436. 
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multifidum (bis zu den Auckland-, Campbell- und Antipodeninseln, s. 
Fig. 5). 

Sowohl H. tunbridgense (Fig. 9) wie H. peltatum (= Wilsonii) 1) sind so 
regelmassig vergesellschaftet mit dem ahnlich, aber noch weiter verbrei
teten Lebermoos DiPlophyllum albicans, dass sie trotz ihrer Geselligkeit 
mehr als Charakterarten der ozeanischen Fazies des DiPlophylletum al
bicantis denn als Dominanten eines eigenen Hymenophylletums erscheinen. 

§ 15. Chamaephytenvereine. -- Abgesehen von den kurzstammigen 
Marattialen, Osmundaceen und Polypodiaceen, weIche von den phanero
phytischen zu den hemikryptophytischen iiberleiten, und den immergrii
nen Equiseten, weIche von ihren phanerophytischen Vorfahren zu Geo
phyten und Helophyten fUhren, gehoren hierher nur die Lycopodien, 
Psilotalen und Selaginellen. 

FIG. 10. - Lycopodium annotinum mit M edeola virginica und Aralia nudicaulis in 
einem Tal des Allegany State Park, Cattaranga County, W. New York. 

Photo LAURENCE E. HICKS. 

Von eigenen Lycopodium-Vereinen kann im extratropischen Gebiet 
kaum gesprochen werden, obgleich mehrere Arten, wie die weit verbrei
teten L. annotinum (Fig. 10) und clavatum, oft mehrere m2 bedeckende 
Herden bilden. Die weitaus meisten sind mehr oder weniger konstantc 

') L. V. HEUFLER in Verh. Zool. Bot. Ges. Wien XX 1870; F. GRAVES in Ann. of 

Scott. Nat. Hist. 1899; G. Rouy in Rev. Bot. syst. I; E. KLEIN, H. tunbr., Luxem
burg 1916; L. RODWAY in Proc. R. Soc. Tasmania 1913/14; MORTON u. GAMsin 
Spelaol. Monogr. V. 1925 p. 188. 



H. GAMS, OKOLOGIE DER EXTRATROPISCHD! PTERIDOPHYTEN 405 

und charakteristische Bestandteile von Ericaceen-Vereinen, so L. anno
tinum und complanatum von Myrtilleta, L. clavatum auch von anderen 
Vaccinieta und Calluneta, L. alpinum von Empetro- Vaccinieta und Loise
leurieta. An bestimmte Baumarten sind die Lycopodien ebensowenig ge
bunden wie die Waldfarne, wohl aber sind die von ihnen besiedelten Vac
einieta usw. ortlieh an bestimmte Nadelwaldkonsoziationen gebunden, 
sodass sie z.E. als lokale Charakterarten der Fichten-Konsoziation er
scheinen. konnen L. Selago uncllucidulum treten dank ihrer besonders gros
sen okologisehen Amplitude in sehr verschiedenen Chamaephytien und 
Hemikryptophytien der Heidewalder, Zwergstrauch- und Grasheiden bis 
zu eigentlichen Schneeboden auf 1). L. inundatum ist oft mit Andrnmeda 
polilolia, Oxycoccus und Drosera vergesellschaftet, meist auf naektem 
Torf in sauren Grasmooren (Rhynchosporion oder Scheuchzerion). 

FIG. II. - Psilatum triquetrum mit tief in Lava-Kliifte eingesenkten Rhizomen 
auf der rnsel Rangitoto (New Zealand). - Photo L. CRANWELL. 

Die Psilotalen (Psilotum und Tmesipteris) wachsen gleich vielen Ly
copodien in ihrem tropischen und australisch-neuseelandischen Haupt
areal epiphytisch (besonders auf Cyathea und Dicksonia) , daneben aber 
auch an und zwischen Felsen und im extratropischen Gebiet - Psilotum 
triquetrum bis Korea und S.-Japan - vorwiegend an Gestein, wobei sie 

1) J. W. TRAIL in Ann. Scott. Nat. Rist. 1910. 
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mit ihren tief eingesenkten Prothallien 1) und Rhizomen eine Zwischen
stellung zwischen Chamaephyten, Adnaten und Geophyten einnehmen 
(Fig. II). 

Die Selaginellen zeigen viel weniger als die Lycopodien Beziehungen zu 
Heiden und Heidewaldern als zu Chasmophytien und selbst Epipetrien. 

Nur die am weitesten nordwarts reichende und am h6chsten steigende 
S. Selaginoides (= spinulosa) wachst regelmassig in basiphilen Zwerg
strauch- und Grasheiden (Dryadeta, Cariceta usw.) bis zu Helophytien und 
Schneeb6den, meist in voUem Sonnenlicht. Die europaischen S. heivetica 
und denticulata, die ostasiatische S. tamariscina, die nordamerikanische S. 
rupestris u.a. wachsen vorzugsweise an beschatteten, massigfeuchten Fel
sen von neutraler bis alkalischer Reaktion und treten dabei weniger mit 
andern Getasspflanzen (am haufigsten mit Asplenien und Crassulaceen)als 
mit Moosen (Distichium, Ditrichum, Fissidens u.a.) und Flechten (be
sonders Cladonia) in Konkurrenz. Das Selaginelletztm helveticae, das ich 
aus dem Wallis beschrieben habe 2), geht in sekundaren Fragmenten einer
seits auf Felsflachen, andrerseits auf Alluvionen liber. 

§ 16. Hemikryptophytia. - Hiezu die mehr oder weniger streng an 
Felsspalten gebundenen Chasmophytia, die ohne scharfe Grenze einerseit" 
in die Farnwiesen, andrerseits in Geophytien libergehen. Unter den Chas
mophytien sind viele Arten von Asplenium liber weite Gebiete so konstant 
und charakteristisch, dass ich die alpin en Chasmophytia 1927 2) als As
plenion zusammengefasst habe, BRAUN-BLANQuET 3) als Asplenietales 
rupestres. Die von ihm und H. MEIER gegebene Gliederung, welche auch 
chamaephytische Chasmophytia umfasst, ist jedoch wenig natiirlich. 

Nach den Anspriichen an die Bodemeaktion, Warme und Feuchtigkeit 
ergeben sich folgende 6kologische Reihen: 

(Geophytische 
Cryptogrammeta) 

I 

W oodsieta (mikro. 
therm) 

I 

A splenion viridis 
(mikrotherm. 

hygrophil) 
I 

Oxyphiler Verband- Subneutrophiler -Basiphiler Verband-- Phylliteta und 
der Asplenieta sep- VerbandderCystop- der Asplenieta Ru- Adiantetum capilli. 
tentrionalis, lanceo- terideta tragilis tae·murariae Veneris 

lati u. montani 
I 

(Xerogeoph ytische 
Anogrammeta) 

( Geophytische 
N otholaeneta) 

(Cheilantheta und ___ Asplenieta 
Pellaeeta) glandulosi 

') A. A. LAWSON in Trans. R. Soc. Edinb. LljLII 1917, J. E. HOLLOWAY in 
Trans. New Zeal. lnst. Ll 1918 u. LIIl 1921. 

2) GAMS in Beitr. z. geobot. Landesaufn. d. Schweiz XV 1927 p. 554/5. 
3) H. MEIER et J. BRAUN-BLANQUET, Classe Asplenietales rupestres. Prodome 

des Groupements vegetaux II 1934. 
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Die 3 Hauptverbande umfassen eine grossere Zahl von Unionen , so der 
oxyphile die eurasiatischen Asplenieta septentrionalis mit dem Saxifrage
tum mixtae der Pyrcnaen, dem Phyteumetum serrati Korsikas, dem Pri
mttletum hirsutae der Westalpen usw., die atlantisch-westmediterranen 
Asplenieta lanceolati mit Cheilanth.es pteridioides, Antirrhinum asarina 
usw. und das nordamerikanische Asplenietum montani. 

Der subneutrophile Verband der Cystopterideta fragilis umfasst mehrere 
trotz ihrer z.T. fast kosmopolitischen Verbreitung bisher verkannte 
tTnionen mit mehreren Nebenreihen, so vor aHem die Union der Cystop
teris fragilis (besonders oft mit Asplenium Trichomanes und Crassulaceen, 
in Amerika auch mit Pellaea
Arten), der mikrothermcn Woodsia 
alpina und ilvensis, die ich entge
gen mehreren Literaturangaben in 
den Alpen wie in Skandinavien 
nur auf schwach saurem Gestein 
geseheI1 habe, des starker xerother
men Ceterach off£cinarum 1), der 
Serpentin-Asplenien (s. § 6), der 
mit diesen oft vergesellschafteten, 
aber auch einen eigenen, mehr geo
phytischen Verein bildenden 
Notholaena Marantae und der iib
rigen xeromorphen Notholaena-, 
Cheilanthes- und Pellaea-Arten 2) 
(Fig. 4 und 12). 

Der basiphile Verband der As

FIG. 12. - Standorte der extrem 
xerophytischen Farne Pellaea at yo

purpurea und glabella, Cheilanthes Feei 
und Notholaena dealbata in der sonst 
farnfreien Prairie von Minneapolis (Kan
sas) an Sandsteinbl6cken. 

Photo J . H. SCHAFFNER. 

plenieta Rutae-murariae umfasst eine grosse Zahl von namentlich in den 
Mittelmeerlandern sehr artenreichen, nach Norden rasch verarmenden 
Vereinen, wie die Potentilleta caulescentis und Clusianae, die vorwiegend 
westmediterranen Asplenieta fontani, an die sich die starker xerothermen 
A. glandulosi 3) anschliessen, das Asplenietum Seelosii der Dolomiten 4) 
und die illyrisch-ostalpinen Asplenieta fissi 5). Dem mehr mikrothermen 
und hygrophilcn Verband Asplenion viridis, der viel weiter nordwarts 

') L. DESSALLE et A. REYNIER in Bull. Soc . Sc. d. Basses-Alpes XIX (1919) 

1920 . 
• ) F . L. PICKETT in Bull. Torrey Bot. Club L 1923, LUI 1926 u. Amer. Fern 

Journ. XXI 1931. 
3) R. MOLINIER, Etudes phytosociologiques et ecologiques en Provence occiden

tale. Ann. Mus. d'Hist. nat. Marseille XXVII (1934) 1935. 
4) L. DIELS, Einige Bemerkungen zur Okologie des Asplenium Seelosii Leyb. 

Verh. Bot. Ver. Provo Brandenb. LVI 1914. 
'J HORVAT, Vegetationsstudien in den Kroatischen A1pen II. Bull. Acad. Yougo

sl. XXV 1931; MARzELLin Jahrb. d. Ver. z. Schutz d. Alpenpfl. VI 1934. 
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reicht und hoher steigt, gehoren u.a. Cystopteris montana und regia und 
W oodsia glabella. an. Sehr viel frostempfindlicher sind dagegen die Phy/
liteta 1) und das vorwiegend schattige, triefende Tuffstellen (stillicidia) 
bekleidende, aber auch recht diirrere<;istente Zwergformen ausbildende 
A diantetum capilli-Veneris 2). 

Die Asplenieta septentrionalts, Trichomanis, Rutae-murariae usw. be
siedeln in durchwegs stark verarmten Fragmenten oft Trockenmauern 3) 
(Fig. 6). 

Almlich wie die europaischen Asplenium-, Phyllitis- und Adiantum
Arten besonders tief in Hohien eindringen (s. § 5), ist d.ies auch in amerika
nischen Hahien der Fall 4), so auf Masatierra 5): Blechnum auriculatum, 
Dryopteris inaequalifolia, Histiopteris incisa, Hypolepis rugulosa u.a. 

An die mehr oder weniger streng chasmophytischen AsPlenieta usw. 
schliessen sich zunachst solche Farnvereine an, die sowohl chasmophy
tisch, wie als Bewohner von \Vald- und Heideboden wachsen: das weitver
breitete Asplenium Adiantum-nigrum mit seiner Waldsteppen bewohnen
den Serpentinrasse cuneifolium, Phyllitis Scolopendrium, das amerikanisch
ostasiatische Adiantum pedatum und vor aHem die zumeist immergriinen 
Polystichum-Arten, die wohl in mehrere Verbande zusammenzufassen sind. 
Auf der Siidhemisphare besonders weit verbreitet ist das Polystichetum 
capensis. Besonders viele Arten hat Siidostasien, wo mehrere Arten bis 
zur Sclmeegrenze steigen (P. Duthiei im Himalaya bis ca. 5700 m). Nur 
wenige (P. lonchitis, lobatum, angulare = setiferum und das oft, aber nicht 
immer sommergriine Braunii) reichen nach Sibirien und Europa, wo sie 
immer noch fragmentarische, sehr hoch steigende Vereine bilden (P. 
lonchitis auf den Alpen bis 2610, am Tianschan bis 2750 m), ahnlich P. 
lonchitis, scopulorum und acrostichoides in N.-Amerika. 

An diese immergriinen Vereine schliessen sich ais Ausstrahlung eines 
anderen immergriinen Verbandes der Siidhemisphare das frostempfind
liche, oxyphile, meist mit Myrtilleta und Piceeta verbundene Blechnetum 
Spicantis 6) und die grosse Federation der sommergriinen Waldfarne (Farn
wiesen, CHRISTS "Formation der bodenstandigen strunklosen Farne") oder 
das Ath;..rion an. Seine Vereine bilden okologische Reihen, die von den vor-

') F. MORTON in Osterr. Bot. Zeitschr. LXIV 1914 und LXXV 1925. V. VOUK 
ibidem LXV/LXVI 1915/16. G. LUSINA in Ann. di Bot. XV 1920. 

2) E. HOFMANN U. MORTON in Bot. Archiv XXIV 1929 . 
• ) W. WEST, Mural Ecology. Journ. of Bot. XLIX 1911. 
') S. PRICE, Some Ferns of the Cave Region of Stone County, Miss. Fern Bull. 

XII 1904. R. HARPER, The Fern grottoes of Citrus County, Florida. Amer. Fern 
Journ. VI 1916. 

5) C. SKOTTSBERG, Notes on the Vegetation in the Cumberland Bay Caves, Masa
tierra. Juan Fernandez Isles. Ecology XVI 1935. 

6) A. PALMGREN in Mem. Soc. pro Fauna et Flora Fenn. VII 1932. J. HOLMBOE in. 
Avh. Norsk. Vid. Akad. IX 1937. 
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genannten immergriinen Hemikryptophytien iiber sommergriine Hemi
kryptophytien zu Geophytien fiihren und regelmassig mit Vereinen an
giospermer Hochstauden (Aconiteta, Adenostyleta u.a.) nnd Hochgraser 
(Calamagrost~ta) in Wett bewerb treten und mit diesen zusammen Bestand
teile von Laub- undNadelwalqkonsoziationen ("Farn-Typen" der Finnen!)) 
bilden, .ohne doch enger an bestimmte Waldbaume gebunden zu sein. 

Die grosste okologische Amplitude und die weiteste Verbreitung im gan
zen holarktischen Waldgebiet haben die in den Waldern yom "Farntyp" 
oft vergesellschafteten Athyrium Filix-femina, Dryopteris Filix-mas und 
spinulosa s. lat., Jdeinere die mikrothermen Dryopteris fragrans und Mat
teuccia Struthiopteris, die nordamerikanisch-ostasiatischen Onoclea sensibilis 
und Osmunda CIJytoniana, die nordamerikanischen Dryopteris novebora
censis und marginalis, Athyrium thelypteroides, Dennstaedtia punctilobula 
u.a., die kaukasischen Dr. oreades, Raddeana u.a. Die M atteuccia-, Onoclea
und Osmunda-Arten bilden starker hygrophile bis helophytische Vereine; 
Dryopteris spinulosa, /ragrans und barbigera und Athyrittm alpestre subark
tisch-subalpine Vereine, die besonders in Krummholz-Konsoziationen auf
treten und im Schutz von Blacken und Schneegruben2)weit iiber die Wald
grenze steigen. 

Ais stenooxyphile Vereine von geringerer Verbreitung seien noch die der 
Dryopteris Oreopteris (oft mit Nardeta und Pteridieta) unel der ahnlich wie 
Blechnum Spicant in der Holarktis ganz isoliert dastehenden, sowohl auf 
saurem Sand wie in Sphagneta wachsenden Schizaea.pusilla (curly grass der 
nordamerikanischen Pine barrens 3)) genannt. 

§ 17. Geophytenvereine. - Die Geophytia umfassen unmittelbar an 
die Chasmophytia anschliessende Schuttvereine (Lithophytia) und die 
Vereine der Wald-, Heide- und Wiesenb6den besiedelnden autotrophen 
Rhizomgeophyten und mykotrophen Knollengeophyten. Schuttstrecker 
im Sinne SCHROETERS 4) sind die in § 15 genannte N otholaena M arantae, 
Dryopteris Villarsii und Cystopteris regia der Kalkalpen und vor aHem die 
Cryptogramma (= Allosorus)-Arten der Hochgebirge: die oxyphile, meist 
sehr artenarme Gerollvereine bildende Cr. crispa mit ihren Verwandten, 
wie der in N.-Amerika z.B. mit Cystopteris fragilis, Pellaea Bridgesii, densa 
und Breweri vergesellschafteten Cr. acrostichoides (Fig. 13) und die basi-

') A. K. CAJANDER in Acta forest. fenn. I 1909 u. XX 1921; Y. ILVESSALO 
ibidem XXXIV 1929; V. KUJALA in Comm. Inst. quaest. forest. Fin!. X 1926 u. 
XXII 1936 . 

• ) "A llosoreto-A thyrion alpestris" bei R. N ORDHAGEN in: Bergens Mus. Aarbok 1936. 
3) C. SAUNDERS in Linnean Fern Bull. IV 1896; E. BRITTON ibidem IV 1896, 

Bu1!. Torrey Bot. Club XXVIII 1901, Plant World IV 1901; R. BENEDICT in 
Amer. Fern Journ. III 1913 . 

• ) C. SCHROTER, Das Pflanzenleben der Alpen, Zurich 1908,2 Auf!. 1926 p. 709. 
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phile, im Himalaya bis 5500 m steigende Cr. Stelleri. Diese leitet mit ihren 
1m Gegensatz zu den vorigen nicht aufsteigenden, sondern horizontal 
kriechenden Rhizomen zu den Schuttwanderen 1) liber, deren Hauptver

FIG. 13. - Cryptogramma acyostichoides 
im kalifornischen Gebirge, ca 3000 m. 

Photo E. SMITH. 

treter die eben falls basiphile Dry
opteris (Gymnocarpium) Roberti
ana ist. In den Kalkalpen ist sie 
meist mit Rumex scutatus, Moeh
ringia muscosa, Valeriana mon
tana und Petasites niveus vergesell
schaftet 2). 

An diese Rohboden-Geophytien 
schliessen sich die autotrophen 
Geophytien der Humusbaden an, 
zunachst die der nachstverwand
ten Dryopteris Linnaeana = Phe
gopteris Dryopteris und ihrer 
asiatischen Verwandten (Dr. oya
mensis und remota). Erstere Art 
ist keineswegs, wie der zunachst 
nur diese Art bezeichnende Name 

Dryopteris (Eichenfarn) besagt, an Eichenwalder gebunden, sondern 
wachst, meist mit Hylocomieta und Myrtilleta, in sehr verschiedenen 
Laub- und Nadelwaldern, in den en ein besonderer "Dryopteris-Typ" un
terschieden wird, sowie zwischen Blacken bis liber die Waldgrenze 3). 

Noch weniger an bestimmte Walder gebunden ist die stenoxyphile, hau
fig auch auf sauren Rohbaden und trotz ihrem Namen nur ausnahmswei
se auch unter Buchen wachsende Dryopteris Phegopteris (= Phegopteris 
polypodioides) und die mit ihr in N.-Amerika oft vergesellschaftete Dr. 
(Phegopteris) hexagonoptera. 

Ahnlich euryion wie Dr. Linnaeana (s. 392), aber zufolge der meist tiefer 
(5-20 cm tief) liegenden, bis liber 4 m langen, sehr derben Rhizome (Fig. 
14) viel widerstandsHihiger ist das kosmopolitische Pteridium aquilinum 
(= Pteris aquilina), das keineswegs nur trockene bis massig feuchte, 
nicht oder wenig beschattete Humusbaden, sondern auch sehr verschieden
artige mineralische Boden besiedelt und namentlich auf brandgerodeten 
Flachen sehr grosse Ausdehnung erlangt, ebensogut in den tropischen 
Alang-Alang-Wiesen (I mperatetum cylindricae) und Gleichenia-Heiden 

1) Siehe Note 4 Seite 409. 
2) H . JENNY, Vegetationsbedingungen und Pflanzengesellschaften auf Fels

schutt. Beih. Bot. Cbl. XLVI 1930. 
3) A. PRESCOTT in Fern Bull. XIX 1911; A. K. CAJANDER in Acta forest. fenn. 

XX 1921; V. KUJALA in Comm. Inst. forest. Finl. X 1926; C. MALMSTROM U. K. 
LUNDBLAD in Skogsfors6ksanst. Exkurs. led. XI /XII 1926/27; R. CHING in Con
trib. BioI. Labor. Sc. Soc. China IX 1933. 
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(in Ostasien u.a. mit Osmunda japonica und Botrychium lanuginosum) , 
wie in den verschiedensten Laub- und Nadelwaldern (besonders Querceta, 
Castaneeta, Pineta und Junipereta), Ericaceen- und Ginsterheiden 1). 

Zur Bekampfung des in manchen Weidegebieten (W.-Europa, Austra
lien, Neuseeland u.a.) zu einem lastigen Weide un kraut gewordenen 
Pteridium sind besondere Mahmaschinen gebaut worden 2). 

FIG. 14. - Pteridium aquilinum in einem finnischen Hainwald mit Milium, 
Aegopodium, Geranium silvaticum, Oxalis usw. - Nach V. Ku] ALA 1926. 

Viele Analogien mit diesen Polypodiaceenvereinen haben die Equiseteta. 
Das hygrophil-oxyphile Equisetum silvaticum wachst oft mit Dryopteri
deta in versumpfenden Waldern. E. hiemale und maximum wachsen be
sonders in Laubwaldern mit Polysticheta und Cariceta; E. pratense 3) und 
arvense ahnlich wie Pteridium und oft mit ihm zusammen in verschiedenen 
Waldern und Heiden, sowie apophytisch als Ruderalpflanzen. Die iibrigen 
sind vorwiegend Helophyten, doch vermogen einige, wie E. palustre und 
ramosissimum, auch oberflachlich sehr trockene Standorte zu besiedeln. 

1) J. VALLOT in Rev. gen. de Bot. 1896; GILLOT et DURAFOUR in·Bull. Soc. Nat. 
Ain 1904; L. A. BOODLE in Journ. Linn. Soc. XXXV 1904; T. W . WOODHEAD, Diss. 
Ziirich 1906; M. BDsGEN in Zeitschr. f. Forst· u. Jagdwesen 1915; F . CHODAT, 
These Geneve 1924; V. Ku] ALA in Comm. Inst. forest. Finl. X 1926; TH. BIELER in 

C. R. Acad . Paris CLXXXV 1927; C. E. ANGST in Publ. Puget Sound BioI. Stat. V 

1927; H. LUTZ in Yale School Forest. Bull. XXXVIII 1934; H. CONARD in Amer. 

MidI. Natur. XVI 1935 u.a . 
2) N. Brit. Agriculturist LXXXVIII 1936, Scott. Farmer XLIV 1936, Nature 

24. X 1936. 

3) A . MAILLEFER in Bull. Soc. Vaud. sc. nat. LVIII 1934. 
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Eine Zwischenstellung zwischen Hemikryptophyten, Geophyten und 
Therophyten nimmt Anogramma (Gymnogramme) leptophylla ein (s. GOE
EELs S. 386 genannte Dissertation). Inden winterfeuchtenSubtropen wachst 
sie gesellig auf im Winter feuchten, im Sommer durren Wald- und Fels
boden, an ihrer Nordgrenze in den Sud- und Zentralalpen nur in dauernd 
frostfreien Felskluften mit Ceterach, Asplenien und wintergrunen Moosen 
(Timmiella, Targionia, Sphaerocarpus u.a. 1)). 

FIG. 15. - Botrychium onondagense UND. 
in der Nadelstreu eines Thuja-Bergwalds 
bei Quebec in Kanada.- Photo MOUSLEY. 

Die Ophioglossaceen bilden im 
Gegensatz zu den autotrophen Rhi
zomgeophyten meist keine selb
standigen Vereine, sind aber auch 
wie die eben falls mykotrophen Or
chideen, mit denen sie oft zusam
men wachsen, von der ubrigen 
Vegetation sehr wenig abhangig. 
Nach CHRIST "wimmeln sie derart 
universell und zerstreut uber die 
ganze Erde hin, dass kaum ein 
Punkt zu finden sein durfte, wo 
nicht eine oder mehrere Formen 
vorkommen"; aber dennoch sind 
die meisten sehr wenig gesellig. So 
habe ich das von allen am weitesten 
verbreitete Botrychium Lunaria in 
den verschiedensten Wiesengesell
schaften von der F estuca vallesiaca
Steppe bis zu regelmassig gemahten 
und beweideten Agrostis- und Tri-
setum-Wiesen (dort die bis 30 cm 

hohe f. robustum SCHUR, meist mit Orchis-Art en zusammen) und bis in die 
hochalpinen Elyneta (f. nanum CHRIST, oft mit Nigritella) gesehen. 

Wesentlich geselliger scheint nur das von seinem nordamerikanischen 
Hauptareal bis Brasilien und Eurasien ausstrahlende B. virginianum zu 
sein, das in nordamerikanischen Laubwaldern recht hohe Frequenz erreicht, 
so in einem von CAIN 2) in Indiana untersuchten Urwald mit 76% die 
hi:ichste der dortigen Farne. Auch im Ostbaltikum wachst es gesellig in 
Laubwaldern, besonders auf Schlagflachen 3). 

Die meisten ubrigen Botrychien wachsen ahnlich wie B. Lunaria ganz 

') MILDE in Bot. Zeitung XX 1862, GAMS in Bull. Soc. Murith. XXXIX 1916, 
Spelaol. Monogr. V 1925 u. Beitr. Geobot. Landesaufn. XV 1927. 

2) ST. A. CAIN in Amer. Midland Nat. XV 5 1934. 
3) N. MALTA, Zur Verbreitung der Gattungen Ophioglossum und Botrychium in 

Lettland. Acta Borti Bot. Univ. Latv. III 1928. 
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vereinzelt in Waldern (Fig. 15) und haufiger in voll besonnten Mager
wiesen, oft an recht ungewohnlichen Standorten 1). 

Die "universelle und dabei ganz lokale, stets auf weite Zwischenrau
me getrennte Verbreitung bei einer unersch6pflichen, minimalen Variation" 
der OPhioglossum-Arten nennt CHRIST "das grosste Ratsel in der Geogra
phie der Farne". Das von allen Arten auf der N ordhemisphare am weites
ten verbreitete O. vulgatum ist entschieden neutrophil 2) und wachst daher 
am haufigsten in neutralen Sumpfwiesen (in Mitteleuropa besonders in 
Molinio-Phragmiteta mit Colchicum und Orchideen), doch habe ich es auch 
in trockenen Kastanienwaldern und im Uberschwemmungsgiirtel von V oral
penseen gefunden, SKU J A 3) auf einem Brachacker. Die Bodenanspriiche 
der nordamerikanischen Arten behandeln BENEDICT und WHERRY 4). Das 
von KOMAROV 5) von Thermen am Vulkan Uzon auf Kamtschatka beschrie
bene O. thermale wachst auf warmem, tonigem Kalkboden. 

§ 18. Helo- und Hydrophytenvereine. - Sowohl die vorwiegend 
chamaephytischen Lycopodialen (s. § 14), wie teils phan'ero-bis hemikrypto
phytische (Gleichenia, Schizaea, Woodwardia, Dryopteris u.a.) undgeophyti
sche Farngattungen (Thelypteris) enthalten mehr oder weniger streng an 
das Sumpfleben angepasste Helophyten. Wahrend die Osmunda-Arten 
(Fig. 5 und 16), Schizaea pusilla, Woodwardia (Lorinseria) areolata u.a. in 
erster Linie Waldpflanzen sind, die aber doch oft in Mooren, namentlich 
Sphagnum-Mooren wachsen, ist W oodwardia (A nchistea) virginica bereits 
eine eigentliche Sumpfpflanze, die z.B. in den nassen Mooren von Bailey 
Pont in Connecticut mit ihren Rhizomen ausgedehnte, teils untergetauch
te, teils flutende Matten bildet 6). 

Der am weitesten verbreitete Sumpffarn ist Thelypteris palustris (= As
pidium oder Dryopteris Thelypteris), die sowohl auf der Nord-, wie auf der 
Siidhemisphare vorzugsweise nasse Schwingmoore mit schwach saurer 
Reaktion bewohnt, regelmassig mit Sphagna, Carices und Eriophora, in 
N .-Amerika besonders auch mit W oodwardia virginica, Scirpus america-

1) J. H. SCHAFFNER in Ohio Natur. X 1909, E. J. WINSLOW in Am. Fern Journ. 
IV 1914. D. L. DUTTON in Fern Bull. XVIII 1920. 

') W. N. CLUTE in Fern Bull. IX 1901, R. C. BENEDICT in Am. Fern Journ. IV 
1914, BENEDICT, SHELPS and WHEELER ibidem V 1915, E. T. WHERRY ibidem XI 
1921, G. CHANVEAUD in Bull. Soc. Bot. de France LV 1908, A. GIUGNI-POLONIA 
in Verh. Schweiz. Naturf. Ges. 1914, W. KOCH in Jahrb. St. Gall. Naturw. Ges. 

LXI (1925) 1926. 
3) Sieh Seite 412 Note 3. 
4) Sieh Note 1 Seite 392. 
5) W. L. KOMAROV in Feddes Repert. XIII 1914 u. Flora Kamtsch. I 1927. 
6) S. POWER, Floating Islands. Bull. Geogr. Soc. Philadelphia XII 1914. 
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nus, Hypericum-Arten und Eupatorium perfoliatttm 1). Ahnlich verhalten 
<;ich Dryopteris cristata und die tropische Dr. gongylodes. 

FIG. 16. - Osm unda cinnamomea in Sphagnum.2Vloor, Cranberry Island, Buckeye 
Lake, Licking County, Ohio. 1m Vordergrund Oxycoccus macrocarpus, zu 
beiden Seiten Busche von Toxicodendron vernix. - Photo JOliN H. SCHAFFNER. 

FIG. 17. - Equiselum praealtum Raf. = 
hiemale var. affine an einem Bachufer. 
Columbus , Ohio. Nachs t E. arvense die in 
den oestlichen Verein. Staaten verbreitet· 
ste Art. - Photo JOHN H. SCHAFFNER. 

Die helophytischen EqHiseta bil
den 3 6kologische Gruppen: die ge
schlossene Sumpfwiesen (Cariceta, 
Junceta usw.) bewohnenden E. pa
lustre, ramosissimum usw., die 
vorzugsweise Mineralb6den an 
fliessenden Gewassern besiedeln
den und bis ins Hochgebirge und 
in die Arktis vorgedrungenen E. 
van:egatum und scirpoides (ahnlich 
verhalten sich auch das vorzugs
weise waldbewohnende und in 
Auenwaldern besonders haufige 
E. hiemale und seine Verwandten 
in N.-Arrierika und Asien, Fig. 17) 
und das weit in stehende und 
fliessende Gewasser vordringende 
E. limosum (= E. heleocharis und 

1) M. L. FERNALD, A Study of Thelypleris paluslris. Contrib. Gray Herb. Har. 

vard Univ. 1929. H. CONARD in Amer. Midland Naturalist XVI 1935. 
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fluviatile), das allein oder mit Phragmites, Schoenoplectus- und Carex-Arten 
ausgedehnte, torfbildende Bestande bildet. Einige vorwiegend an perio
disch tiberschwemmten Orten wachsende Equiseta (E. litorale, M oorei, 
trachyodon u.a.) sind wohl hybridogen 1). 

Die Isoetaceen und Marsileaceen bilden 6kologische Reihen, welche von 
nur vortibergehend tiberschwemmten Geophyten tiber Amphiphyten zu 
dauernd submersen Arten oligotropher Gewasser fiihren. Die I soetes-Arten 
teilte bereits A. BRAUN in Terrestria (I. hystrix, Duriei u.a.), Amphibia 
(viele Arten besonders in den westlichen Mittelmeerlandern, S.-Afrika und 
N.-Amerika, so I. Dodgei und Engelmannii, Fig. 18) und Aquatica (I.la
custre, ecltinosporum und Verwandte). Von den terrestrischen und amphibi
schen Vereinen, die sich nicht scharf trennen lassen, beschreib en BRAUN
BLANQUET und MCOR 2) aus N.-Afrika die von I. hystrix mit funcus capitatus 
und Cicendia und von'I. adspersum mit M arsilia pubescens und N itella capitel
lata; aus S.-Frankreich die von I. 
setaceum mit M arsilia pubescens, 
Pilularia minuta und f uncus pyg
maeus und von I. Duriei mit fun
cus capitatus und A ira capillaris. 
Den meisten V creinen des west me
diterranen "I soetion" gemeinsam 
sind u.a. Riccia-Arten, f uncus 
bufonius, Lythrum hyssopifolium 
und M entlta pulegium, welche zu
sammen mit M arsilia strigosa auch 
in den 6stlichen Mittelmeerlandern 
und bis in die Kaspi-Niederung 
ganz ahnliche Vereine bilden 3). Al
len diesen Vereinen und auch denen 
anderer Marsileaceen und der sub
mersen I soeten gemeinsam ist, dass 
sie weiches Wasser vorziehen und 
wohl schwachen Chlorid-, aber 
keinen h6heren Karbonatgehalt 
vertragen. Die stidhemispharischen 
Arten wachsen u.a. mit Ophioglos
sum-, Eriocaulon- und Xyris-Arten 

FIG. 18. - I saeles Engelmannii A. Br., 
North Carolina, Haywood Co. 

Photo H. C. BLOMQUIST. 

1) O. HOLMBERG in Bot. Notiser 1920, G. SAMUELSSON in Vierteljahrssch r. Nat. 

Ges. Zi.irich LXVII 1922, A. BECHERER in Candollea IV 1929, ]. KCrMMERLE in 

?liag. Bot. Lap . XXX 1931. 

2) ] . BRAUN-BLANQUET, Un joyau fioristique et phytosociologique "I'Isoetion" 
mediterraneen. Comm. S. 1. G. M. A. XLII 1936. M. MOOR, Zur Soziologie der 
Isoetalia. Beitr. z. geobot. Londesaufn. d. Schweiz XX 1936 u. Prodr. d. Pflges. 
4, 1937. 

3) H. GLUCK, BioI. u . morpho Unters. III 1911 u. in Beih. Bot . Cbl. XXXIX 
1923. B. KELLER, F. LEISLE u.a. in Rastitelnost Kasp. Nismennosti I 1936. 
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zusammen, so I. Welwitschii im Hochland von Benguella. Ahnlich verhiilt 
sich auch Phylloglossum Drummondii. Die Sporokarpien vieler Marsilia
Arten (bei M. hirsuta auch Rhizomknollchen) und die Rhizomknollen 
vieler Isoeten vertragen langdauernde Austrocknung; so konnte DURIEU 
Knollen von I. Duriei, hystrix und setaceum nach 2-6 und WITTROCK 
solche des mexikanischen I. Pringlei noch nach 11 Jahren zum Austreiben 
bringen 1). Diese ephemeren, amphibischen Geophyten gehoren daher zu 
den am weitesten in die Wiisten Afrikas, Asiens und Australiens vordrin
genden Pteridophyten. 

1m Gegensatz zu dies en diirreresistenten I soeto-M arsileeta zeigen die 
Pilularia-Arten und die dauernd submersen I soeten eine vorwiegend ozeani
sche Verbreitung 2). Ihre Vereine konnen als I soeto-Litorellion zusammenge
fasst werden, da die europaischen I. lacustre und echinosporum ebenso 
regelmassig mit Litorella lacustris, wie die nordamerikanischen Arten mit 
L. americana und das siidamerikanische I. Savatieri mit L. australis verge
sellschaftet sind. AIle wachsen am haufigsten auf sandigem Boden in sau
rem Wasser von pH 4,5-6,8 (ebenso die sie regelmassig begleitenden Lobe
lia Dortmanna und Elatine-Arten), doch ertragen sowohl I. lacustre und 
echinosporum wie I. macrosporum auch neutrale bis alkalische Reaktion 3) 
und gehen bis ins Brackwasser, ahnlich auch die nordamerikanischen I. 
riparium und saccharatum, welches z.B. am Wicomico River in Maryland 
mit Tillaea aquatica und Sagittaria subulata zusammen wachst 4). 

Wahrend die europaische Pilularia globulijera, die ebenfalls dem Isoeto
Litorellion angehort, weniger hoch steigt und nordwarts reicht als die bis 
zum Nordkap reichenden Isoetes-Arten, erreicht P. Mandoni auf den boli
vianischen Anden 5000 m Hohe. Isoetes hYPsophilum hat HANDEL
MAZZETTI aus einem westchinesischen Gebirgssee im 3600 m. Rohe be
schrieben (Symb. Sin. VI 1929). 

In schroffem Gegensatz zu den I soeten und genannten Marsileaceen stehen 
die vorwiegend freischwimmenden (pleustischen) Arten von Ceratopteris, 
Salvinia und Azolla, die ganz an sich stark erwarmende, nahrstoffreiche, 
alkalische Gewasser gebunden sind und nur ausnahmsweise auch Landfor
men bilden. Die Tropenkosmopoliten Ceratopteris thalictroides 5), Salvinia 
natans 6), Azolla pinnata u.a. wachsen iihnlich wie die Lemnaceen, Pistia, 

') v. BR. WITTROCK in Acta Horti Berg. I 1891, C. R. BARNES in Bot. Gazette 
1895, H. GLUCK in Flora CXV 1922. 

2) A. DONAT in Pflanzenareale 18 1928 u. III 8 1933, S. THUNMARK in Acta 
phytogeogr. suec. II 1931, G. SAMUELSSON ibidem VI 1934, E. OBERDORFER in Ber. 
Naturf. Ges. Freiburg i. Br. XXXIV 1934, K. JONS in Schr. Naturwiss. Ver. 
Schlesw. Holst. XX 2,1934. 

3) ]. IVERSEN in Bot. Tidsskr. XL 1929, N. C. FASSETT in Trans. Wisconsin 
Acad. XXV 1930, L. R. WILSON in Ecol. Mon. V 1935 . 

• ) G. H. SHULL in Bot. Gazette XXXVI 1903. 
0) Y. YABE and K. YASUI in Bot. Mag. Tokyo XXVII 1913. 
6) K. YASUI in Bot. Mag. Tokyo XXIV 1910 and Ann. of Bot. XXV 1911. 
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Eichhornia, und Trapa und oft mit diesen (auch einigen M arsilia Arten) 
somit als Glieder des Lemnion, sehr gesellig, oft auch als Unkrauter von 
Raisfeldern. Die meist unbestandigen Vorkommnisse von Salvinia und 
Azolla ausserhalb der Tropen und Subtropen sind meist durch Ornithochorie 
zu erklaren (§ 8). Da Azolla filicu10ides bis ins mittlere Pleistozan auch 
am Niederrhein und Don wuchs 1), so braucht ihr neuerliches Auftreten 
in Europa nicht nur auf Einschleppung aus Aquarien zu beruhen. 

III. A n g e wan d teO k 0 log i e 

§ 19. Humus- und Torfbildung, Leitfossilien. - Als Humus- und 
Torfbildner stehen die heutigen Pteridophyten hinter den Laubmoosen und 
Cyperaceen zuruck. Die meisten Waldfarne, insbe'londere die des Athyrion, 
geben einen nur schwach sauren, relativ fruchtbaren Mullboden, in dem 
nur ausnahmsweise starker saurer Trockentorf gebildet wird. Mikrosko
pisch sind solche Boden leicht an den Treppentracheiden und glatt en Athy
rium-Sporen zu erkennen. 

Die einzigen Pteridophytentorfe, die heute so verbreitet sind und solche 
Machtigkeit erreichen, dass sie in Moorprofilen ausgeschieden werden, sind 
von Equisetum limosum (leicht kenntlich an den glanzendschwarzen Rhizo
men mit derben Epidermen aus isodiametrischen Zellen und Tracheiden 
mit breiten Spiralbandern) und Thelypteris palustris (kenntlich an den 
Treppentracheiden und stachligen Sporen) gebildet. Der W oodwardia-Torf 
(S. 413) scheint noch nicht genauer untersucht. 

Die Sporen, die sich wohl von allen Pteridophyten dank ihrem hohen 
Gehalt an Sporenin 2) sehr gut erhalten und zufolge der charakteristischen 
Skulpturen in den meisten Fallen bis zum Genus, in. vielen (Lycopodium, 
Isoetes, Thelypteris u.a.) bis zur Art bestimmbar sind, finden in der beson
ders von LAGERHEIM 3) begrundeten quantitativen Mikrofossilanalyse stei
gende Verwendung, sowohl in palaozoischen, mesozoischen und tertiaren 
(s. HIRMER), wie in quartaren Ablagerungen. Als fazielle Leitfossilien be
nutzt worden sind insbesondere die namentlich in eiszeitlichen Sediment en 
haufigen Mikrosporen von Selaginella selaginoides 4), in interglazialen See-. 
ablagerungen Sporen von Salvinia und Azolla (s. § 17), in spat- und post-

') P. A. NIKITIN in Trudy Komm. Tschetv. Per. III 1933, F. FLORSCHUTZ in 
Verh. Geol.-Mijnb. Gen. v. Nederl. IV 1919, Nederl. Kruidk. Arch. 1928 u. Geol. 

en Mijnbouw 1935. 
2) F. ZETZSCHE und Mitarbeiter in Ann. d. Chemie 1926 u. Helvet. Chim. Ac· 

ta XIV-XV 1931-32; O. KALIN, Diss. Bern 1933; F. KIRCHHEIMER in Centralbl. f. 
Mineral. 1932, Bot. Archiv XXXV 1933 u. Ber. Schweiz. Bot. Ges. XLII-XLIV 

1933-34. 
3) N. LAGERHEIMin Geol. F6ren. F6rh. Stockholm XXIV 211,1902; feruer die 

Pollenatlanten von G. ERDTMAN in Arkiv f. Bot. 1923 u. H. MEINKE in Bot. Ar

chiv 1927. 
4) W. BEI]ERINCK in Proc. Akad. Amsterdam XXXVII 1933 u. Nederl. Kruidk. 

Arch. XLIII 1933; F. FIRBAS in Biblioth. bot. CXII 1935. 
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glazialen auch solche von Isoetes 1). Bei seinen Mikrofossilanalysen aus 
feuerlandischen Mooren hat AVER 2) die Sporen von Hymenophyllum, 
Asplenium, Blechnum, Cystopteris und Lycopodiumgetrennt gezahlt und aus 
den mit ihrer Hilfe konstruierten Diagrammen Schliisse iiber die Verschie
bung der Regenwaldgrenzen gezogen. 

§ 20. Nutzpflanzen. - Die Pteridophyten haben zwar viel geringere 
wirtschaftliche Bedeutung als die Coniferen, Palmen, Gramineen u.a., fin
den aber doch vielerlei Verwendung: Ais Speise dient Starkemehl aus Stam
men und Rhizomen von Baumfarnen (neuerdings auf Hawaii auch indus
triell verwertet 3) und aus den ~hizomen mehrerer Waldfarne, so in den 
verschiedensten Landern (z.E. Neusee1and, Japan und Kanaren) von 
Pteridiztm aquilinum mit der tropischen var. esculentum, dann die Rhizom
knollen von Equ£setum arvense, die noch im 18. Jahrhundert auf Island und 
in Norwegen als jardneter, stukneper usw. allgemein gegessen und vermah
len wurden 4), die Sporokarpien der australischen Marsilia nardu und 
Drummondii, die als nardu oder addo ein wichtiges Vol,ksnahrungsmittel 
bilden. Die fleischigen Blatter von Ceratopteris werden als Gemiise gekocht 
(friiher auch die von Ophioglossum, z.B. in Siidschweden als herrekiU), Azolla 
ahnlich wie Eichhornia als Schweinefutter und Griindiinger gesammelt 5). 

Die siissschmeckenden Rhizome von Polyp odium vulgare werden nicht 
nur wie P. glycyrrhiza gekaut, sondern es werden aus ihnen wie auch aus 
denen von Matteuccia, die in Skandinavien auch als Ziegenfutter dienen, 
bierahnliche Getranke hergestellt (siril-drikke in Norwegen). Zur Likor
bereitung (Capillaire, Syrupus ad longam vitam )sind namentlich in 
Frankreich Asplenium Trichomanes, Ruta-muraria u.a. verwendet wor
den 6). Die Cumarin-reich en Polypodium phymatodes (Malaya) und pustu
latum (Australien) werden zum Parfiimieren gebraucht. 

Mehrere Polypodiaceen finden seit dem Altertum allgemeine Verwen
dung als Anthelminthica (Rhizoma filicis von Dryopteris Filix-mas, ahnlich 
von der amerikanischen Dr. marginalis und der siidafrikanischen Dr. atha
mantica = uncomocomo), gegen Leber-, Milz- und Harnleiden (besonders 
Phyllitis Scolopendrium, z.B. in Siidtirol auch Asplenium septentrionale = 
Harngras, ahnlich auch Ceterach, Botrychium und Lycopodium). Zum Blut
stillen werden die Spreuschuppen von Alsophila- und Cibotium-Arten und 
besonders mehrere Equisetum-Arten gebraucht, von denen Aufgiisse auch 
neuerdings gegen Rheumatismen und Tuberkulose empfohlen werden. 

') E. OBERDORFER in Ber. Naturf. Ges. Freiburg i. Br. XXXI 1931. 
0) V. AUER in Acta Geogr. V 2, Helsingfors 1933. 
3) A. MARQUES in Agron. colon. VI 1922. 
4) J. HOLMBOE in Avh. Norske Vid. Akad. 1929. 
0) A. CHEVALIER in Rev. bot. appl. et agronic. colon. 1926, s. auch Amer. Bot. 

X 1906 p. 7l. 
0) E. ROLLAND, Flore populaire 1896; P. SEBILLOT, LeFolklore de FranceIII 1906;. 

ROLAND DE BONAPARTE, Usage et folk·lore des fougeres. La Nature XLVII 1919. 
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Mehrere Farne (u.a. Polyp odium und Botrychium) und Lyeopodien werden 
sowohl als Aphrodisiaea (aueh beim Vieh) wie als Abortiva verwendet 1) 2). 

Das Sporenmehl von Lycopodiwm (seltener aueh von Equisetum) wird 
seit altersher zu Pudern und Feuerwerk beniitzt. Teehnisehe Verwendung 
finden mehrere Baumfarne zu Bauzweeken (so Dicksonia Sellowiana in 
Brasilien zu Zaunen), zu Zigarrenkisten und Hiiten (besonders auf den 
Philippinen 3), die Liane Stenochlaena palustris zu Sehiffstauen, die woll
ahnlichen Spreusehuppen mehrerer mittelamerikaniseher und malayischer 
Baumfarne, sowie des ostasiatisehen Cibotium barometz und der makarone
sisehen Culcita macrocarpa (feto abrum der Azoren) als Poistermaterial. 

Besonders die immergriinen Equiseten dienen als Scheuermaterial fUr 
Metall (Zinnkraut), die Blatter vieler Waldfarne (besonders Pteridium) als 
Streu, auch zum Abhalten von Ungeziefer, Lycopodium clavatum und anno
tinum zum Milchseihen, zu Kranzen u.a. Zu dekorativen Zweeken finden 
viele Farne Ostasiens, der Mittelmeerlander (z.E. Adiantum capillus-Vene
ris und Pteris cretica) und Amerikas (z.B. Polystichum acrostichoides, Christ
mas fern) Verwendung, ahnlieh aueh mehrere Selaginellen. DasAufstellen 
oder Aufhangen der Auferstehungsfarne (resurrection ferns) Selaginella 
tamariscina in Ostasien und lepidophylla in Amerika bangt wie die ahn
liche Verwendung von Anastatica mit magisehen Vorstellungen zusammen. 

§ 21. Zauberpflanzen. - HILDEGARD von Bingen im 12., BRUNFELS 
und BOCK im 16. Jahrhundert bezeichnen die Waldfarne als die vornehm
sten aller Zauberpflanzen: "Kein kraut ist da meer hex en werck und teuf
fels gespenst mit getriben wiirt" (BRUNFELS). Bis ins 17. Jahrhundert war 
der Glaube in Europa allgemein verbreitet, dass in der Johannisnaeht ge
sammelter "Farnsamen" Wunderwirke. Die SynodevonFerraraerIiess 1612 
ein Verbot "ne q uis ea noete filiees filieumque semina colligat". Ahnliehe V or
stellungen wurden auch an die Rhizomknollen von Equisetumgekniipft 2) • 

. Zu den besonders heilsamen und zauberkraftigen "Rutae" werden seit 
alter Zeit Asplenium-, Adiantum- und Botrychium-Arten gezahlt. Asple
nium Trichomanes und Ruta-muraria galt en u.a. ahnlich wie Polytrichum 
als "Widerton", d.h. als Mittel zu Gegenzauber. Zu Liebeszauber, zur F6r
derung wie auch zur Verhinderung von Milchproduktion u.a. werden Lyco
podium-Art en und ganz besonders Botrychium Lunaria als eine der noeh 
heute z.E. in mehreren Alpenlandern volkstiimlichsten Zau berpflanzen 
verwendet 4). 

1) S. Note 5 S. 418 und die folgenden: 
0) H. MARZELL, Unsere Heilpflanzen. Freiburg 1922, nliheres in den pharmako

gnostischen Werken von TseHIRcH u.a. 
3) R. C. BENEDICT in Amer. Fern lourn. V 1915; C. B. ROBINSON in Philipp. 

lourn. Sc. Bot. VI 1911. 
0) H. MARZELL, Die Mondraute (Botrychium lunaria) als Kraut des Mondes. 

Schweiz. Archiv f. Volkskunde XXXI 1931. 



CHAPTER XIII 

THE ECOLOGY OF TROPICAL PTERIDOPHYTES 

by 

R. E. HOLTTUM (Singapore) 

§ 1. Introductory and Historical. - By far the greatest bulk of 
literature on pteridophytes is systematic or morphological. Scattered 
through this literature is a good deal of information relevant from an 
ecological standpoint, but it is very scattered, and much of it may doubt
less have been overlooked. The task of examining it all is an impossible one. 
The ecological literature is in a similar case, as references to the ecology of 
pteridophytes are usually contained in papers of a more or less general 
nature. The number of papers restricted to a consideration of the ecology of 
pteridophytes is extremely small. On the other hand, there is much rele
vant information to be found in papers which do not mention pteridophytes 
as such; as an example may be cited comparative studies of conditions of 
light, moisture and temperature in the various strata of the forest. The 
literature therefore is a vast one; not more than a small fraction of it can 
be cited, and it is feared that a good deal of it has been overlooked. 

The only considerable summary of information on the ecology of pteri
dophytes is in CHRIST'S work Die Geographie der Farne (Jena 1910). In that 
book is a list of all the more important literature up to 1910; nearly all of it 
is systematic. Among the many papers cited, the only one of more than 
passing interest from an ecological standpoint is COPELAND'S Comparative 
Ecology 0/ the San Ramon Polypodiaceae (Philippine Journal of Science, 2C, 
1907). I know of no other paper of any length devoted entirely to the ecolo
gy of tropical pteridophytes. 

Of more recent general ecological works which are important, the follow
ing may be cited 1): 
SHREVE, F., A Montane Rain Forest. Carnegie Institution of Washington, 

1914. 
McLEAN, R. C. Studies in the Ecology of Tropical Rain-forest. J ourn. 

Ecol. 7: 5-54,121-172.1919. 
BROWN, W. H. Vegetation of Philippine Mountains. Manila 1919. 

') Cf. also SCHIMPER'S Pflanzengeographie, 3rd. edition by F. C. VON FABER 

n ena 1935), pp. 327-588. 
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DAVIS, T. A. W. and P. W. RICHARDS. The vegetation of Moraballi Creek, 
British Guiana. Journ. Ecol. 21: 350-384 (1933) and22: 106-155 (1934). 

ALLEE, W. C. Measurement of Environmental Factors in the Tropical Rain 
forest of Panama. Ecology, 7: 273-302. 1926. 

OLIVER, W. R. B. New Zealand Epiphytes. Journ. Ecol. 18: 1-50. 1930. 
COCKAYNE, L. The Vegetation of New Zealand. Die Vegetation der Erde, 

XIV. 2nd edn. 1928. 
The following works on ferns, chiefly of a systematic nature, have eco

logical information: 
CHRISTENSEN, C. and R. E. HOLTTUl\1. The Ferns of Mount Kinabalu. 

Gardens Bulletin, S. S. 7, part 3. 1934. 
HOLTTUM, R. E. On Stenochlaena, Lomariopsis and Teratophyllum in the 

Malayan Region. Gardens Bulletin, S. S. 5: 245-313. 1932. 
The subject of the ecology of tropical pteridophytes i':l of far too wide a 

scope to be dealt with adequately in a short chapter of this nature. Ferns 
and their allies have assumed almost all the forms of growth and of adap
tation found among flowering plants 1), except that at the present day they 
have few representatives of tree habit, and they have not produced species 
which are able to endure quite such extremes of desert and arctic conditions 
as certain phanerogams. A full account of the ecology of ferns would 
therefore be almost a treatise on ecology as a whole. 

There are certain generalisations which may be made as a preliminary to 
a consideration of the subject in detail. In the first place, pteridophytes are 
rarely dominant in any vegetation. There are exceptions, naturally; but 
though such exceptions may be important from a vegetation standpoint, 
they are concerned with a very small proportion of species of ferns. Ferns 
are in fact largely dependent on other plants to provide them with the 
conditions of shelter and support which they need; and they are rarely so 
abundant as to have a profound effett on the other units of the vegetation, 
which WOuld not be greatly modified if the ferns were all removed. The few 
cases in which ferns are dominant are not permanent or climax vegetation 
units, but of a more or less temporary successional nature. 

The second generalisation which one may make is that the existence of 
fern plants is ultimately dependent on the occurrence, at least seasonally, 
of conditions in which the gametophyte generation can live and develop, 
and the youngest stages of sporophyte growth become established. We are 
accustomed to see and to marvel at the greatly varied form and adaptation 
of the sporophytes, which are the ferns as we know them, but indeed there 
must be nearly as much variety of adaptation among the gametophytes. It 
is true that if a prothallus of Platycerium grew upon the forest floor, the 
resulting sporophyte, if produced, would find itself in uncongenial sur
roundings, and would not develop very far; but it is also true that the 
Platycerium prothallus must be able to develop in relatively exposed 

') See GA!I1S, this Manual pp. 382-384. 
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positions on a tree trunk, in which prothalli of many ferns would be unable 
to exist. How much specialisation exists in the gametophyte generation is 
little known, and there is scope for a great deal of experimental investi
gation of the subject. Most of the investigations so far carried out have 
been morphological rather than physiological or ecological. 

The third generalisation is that in each main vegetation type existing in 
various parts of the world, though the species of ferns and Lycopods may 
vary from continent to continent, their growth forms and the parts they 
play in the vegetation complex are very much the same. Thus SHREVE'S 
description of the rain forest of Jamaica gives a picture of fern growth 
closely paralleled by that of BROWN in the Philippines. There are naturally 
the extreme types of specialisation in form and structure, which are different 
in the different groups of ferns in different parts of the world; but the main 
types remain the same, though represented by different species or genera. 

In the present chapter it is impossible to do more than describe briefly 
the principal roles played by pteridophytes in the various types of vege
tation, and to mention in particular some of the more remarkable cases of 
ecological specialisation. As by far the greater proportion of fern species 
exist in the moister parts of the tropics, it is appropriate to devote this 
chapter to tropical regions alone. In this connection it may be remarked 
that the present writer's personal experience is almost entirely concerned 
with the vegetation of the Malayan region. He cannot write from first hand 
experience of the American and African tropics, and he cannot hope to 
consult all the relevant literature on the ferns of those regions. As above 
remarked, the available literature indicates that ecologically the pteri
dophytes are essentially similar throughout the tropics, and therefore it is 
hoped that the present account will not be of a seriously unbalanced nature. 

§ 2. Spore Dispersal. 1) - This subject is one that borders on the 
general distribution of ferns. It is well established that spores may be 
distributed freely by wind, and the factor which limits the ability of a fern 
to spread and establish itself on new ground is not the ability to travel over 
long distances, but the ability to survive during the process of transport. 
PICKETT 2) showed that spores of C amptosorus rhizophyllussurvived through
out the winter, and this must be the case also with most of the ferns of 
seasonal climates. Fern spores carried by winds in the tropics must be able 
to withstand full exposure to sun and relatively dry air during the day for 
considerable periods if they are to travel far. It is very probable that some 
cannot withstand these conditions, as for example the extremely thin
walled spores of Lomagramma. Few observations of this nature seem to 
have been made. 

§ 3. The Gametophyte Generation. - In conditions of shade of the 
forest, a considerable proportion of fern spores must be able to germinate; 

1) See also GAl\lS, in this Manual, p. 395. 2) Amer. ] ourn. Bot. 1: 477-498. 1914. 
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perhaps all except those which require conditions of extreme moisture. It is 
the ferns which grow in exposed places - the more xerophytic epiphytes, 
and the terrestrial sun-ferns - which require specialised adaptations to 
more or less adverse conditions. Probably no prothallus will grow under 
conditions of full exposure to the sun. Even where the adult sporophytes 
are fully exposed, it is always found that they begin life in some more or less 
sheltered spot, where the sun shines only for a short time during the day or 
where protection is afforded by a rock crevice or a hole in the ground. In 
climates with a wet and dry season, the growth of the prothalli will take 
place in the former, and the young plant must have become sufficiently 
established at the onset of the dry weather. Even in Malaya, where there is 
no long dry season, there is a large mortality of young sporophytes pre
cariously starting life in exposed positions. TREUB 1) noted that on the bare 
pumice of Krakatau, after the eruption of 1883, the first covering was of 
Cyanophyceae, and that the prothalli of ferns grew on the gelatinous sub
stratum so formed. This condition appears to be a general one in Malaya 
on newly exposed earth surfaces (such as steep banks) which are unsuitable 
for the growth of seedlings of phanerogams. But even with the assistance of 
the Cyanophyceae, prothalli growing on banks fully exposed to the open 
air, though sheltered from the sun, must be able to withstand a considerable 
amount of drying. PICKETT 2) made some observations on the prothalli of 
Camptosorus rhizophyllus, which grows on dry limestone ledges and on 
rocks in stream beds, and Asplenium platyne7tron, a fern of open woods on 
high ridges and dry hillsides. He found that under experimental conditions 
the prothalli had marked drought resistance, and that they would survive 
prolonged drought of the degree of severity found in nature, so long as they 
were not exposed to direct sunlight. I have not seen comparable obser
vations made on tropical ferns. 3). 

The climbing ferns which start life in the very moist low levels of the 
tropical forest are an interestlllg case. Lomagramma prothalli for example 
are invariably found on constantly moist rocks beside small streams in 
deep shade. The young plants creep over the rocks with long slender rhizo
mes, increasing in size up to a limit; the adult form of the plant is developed 
only when a rhizome meets a tree and climbs up it. The large fronds 
produced on the high-climbing rhizome are able to exist under moderately 
dry air conditions, and it is evidently the requirements of the prothal1i 
which limit the positions in which these ferns can grow. If the prothalli 
could grow on the bark of a tree, the species would be much more abundant 
There must be a great deal of specialisation of prothalli to growth on rock 
or soil surfaces, on humus, among bryophytes, or on bark; or to various 
conditionE: of moisture and acidity. 

') Ann. Buitenz. 7: 213-223. 1888. 
0) L.e . 
• ) See also GAMS, in this Manual, p. 385. 
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The Ophioglossaceae present a special case, on account of the sapro
phytic nature of the prothalli, and the obligate presence of mycorrhiza; 
Lycopodium, Psilotum and Tmesipteris also come into this category. 
CAMPBELL 1) made some interesting observation on the prothalli of tropical 
species of Ophioglossum. He found those of O. pendulum abundantly 
present (to the extent of several hundred) between the old leaf bases of a 
plant of Asplenium Nidus, 30-40 cm below the crown of living leaves. Such 
prothaHi must have existed for many years. In Singapore they grow 
commonly among the old leaf-bases of Platycerium, and it is usually only 
when the Platycerium plant is in an old and enfeebled condition that the 
sporophytes of O. pendulum begin to appear. CAMPBELL found that in
fection by the mycorrhizal fungus took place from the substratum at a very 
early stage. The prothalli of the terrestrial Ophioglossaceae are wholly sub
terranean (with few exceptions), and the young sporophytes are also 
provided with an endophytic fungus. CAMPBELL 2) also records the pre
sence of an endophytic fungus in the green prothalli of four species of Glei
chenia, and of other primitive ferns. 

The prothalli of Lycopodium may be either entirely subterranean as in 
L. clavatum and most terrestrial species; or they may have an exposed 
green upper part, as in L. cernuum; in the epiphytic species the prothallus 
is slender and branched, the branches extending through the humus sub
stratum of dead bark etc in which the whole is embedded. All have endo
phytic fungi, though L. cernuum and others are able to carryon photo
synthesis. 

§ 4. Lowland tropical Rain-forest. - I. General. - A number of 
descriptions of this type of forest have been written from various parts of 
the world, and all give a similar picture as regards the general conditions 
under which pteridophytes live, though the species of trees and other plants 
vary from place to place. There are naturally sub-types of evergreen forest, 
some more open and some more shady, and within these the conditions 
available for pteridophytes vary. It is impossible here to do more than 
indicate the genaral nature of the pteridophytes and the positions they 
occupy in the vegetation. 

As regards physical conditions of humidity, temperature and light, 
several series of observations have been published. All of these indicate 
that there is a gradual change from the ground level to the crowns of the 
tallest trees. The humidity of the air is at a maximum near the ground, and 
the light intensity, daily range of temperature, and air movements are at a 
minimum. In primitive high forest of the Malayan lowlands, HAINES 3) 

') Ann. Buitenz. 21: 138. 1907. 
2) Amer. Naturalist, 42: 154, 1908. 
3) Bull. Rubber Res. lnst. of Malaya No.4. 1931. 
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found that the temperature at the soil surface did not vary more than 1°C 
during three months, the temperature being about 25°C. At a height of only 
one metre above ground level the temperature range was 7° C, the mean 
remaining about the same. The range of temperature at a depth of 5 cm in 
soil exposed to the full SUD reached a maximum of 45°C, with a greatest 
daily range of 20°C; this indicates the degree of protection afforded by the 
forest. 

BROWN has described similar conditions in Dipterocarp forest in the 
Philippines. DAVIS and RICHARDS have described forest in the lowlands of 
British Guiana; they also found great constancy of conditions on the forest 
floor, the air very still, humidity never falling below a rather high value, 
and little change of temperature. Light has been measured among others 
by MOREAU 1) in African forest, ALLEE in Panama, "and CARTER 2) in 
British Guiana; the intensity at ground level is of the order of .1 to 1 per 
cent of the full light outside the forest. 

In such forest, which affords the maximum range of conditions for plant 
growth, pteridophytes grow on the ground, on rocks, as low-level epiphytes 
on the bases of tree trunks, as climbers reaching moderate or great heights 
on the trees, and as high-level epiphytes in the lighter and more fluctuating 
conditions of the crowns of the larger trees. The degree of specialisation of 
form and structure also goes in approximately the above order, the most 
specialised types being the high-level epiphytes. 

Il. Terrestrial ferns are many and varied in form. Their abundance 
usually depends on the amount of light, and in typical high forest they are 
scattered, never forming close patches except sometimes in lighter places 
(though here they may often be crowded out by other plants) and near 
streams. Most terrestrial forest ferns have a short stock, erect or creeping, 
and rather large fronds. A considerable proportion of them show some 
dimorphism; thi'l usually takes the form of a somewhat contracted lamina 
in the fertile fronds, which stand erect, on longer stipes than the broader 
sterile fronds which bend away in a rosette around them. If there is a fairly 
pronounced dry season, the fertile fronds are often produced then and not 
at other times. This form of dimorphism undoubtedly helps the distri
bution of spores, raising the sporangia well above the surrounding leaves and 
exposing them to drier air and any slight wind that may exist. Tree ferns 
usually show no such dimorphism, but their fronds are raised to a higher 
level in the vegetation. They are not usually abundant except near streams 
or in the lighter parts of the forest. They are more frequent on mountains, 
where a moister air is combined with a greater light intensity. Terrestrial 
forest ferns are always rather thin in texture (except those that grow in the 
more open type of forest). 

') J OUfll. Linn. Soc. Zoo!. 39: 285. 1935. 
2) See ;VloREAu's paper. 
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SHREVE measured transpiration rates of terrestrial shade ferns and found 
them greater than those of typical herbaceous plants of the forest floor. He 
also estimated that Diplazium celtidijolium transpired through the epiderm
al surface at least as much as through the stomata. McLEAN found that 
the xylem supply of shade ferns is sufficient for only the limited transpi
ration occurring in the forest and quite inadequate to supply requirements 
of transpiration of the leaves if placed in dry air. Thus ferns of this type are 
specialised to allow of considerable degree of transpiration in an atmosphere 
of high humidity. Some of them have a limited degree of adaptability, and 
may respond to drier conditions by reduction of leaf size and increased 
thickness of lamina. 

FIG. I. - Dryopteris dissecta with Cyathodium cavernarum on damp rocks inside 
birds'-nest cave near Niah (Sarawak). This association received only light of low 

intensity; association furthest from mouth of cave. - Photo P. M. SYNGE. 

The largest ferns of the terrestrial type are the species of A ngiopteris, 
which may reach enormous dimensions. They are usually only found in 
rather moist situations, often near streams. When exposed to dry weather, 
the leaves collapse owing to lack of turgor of the swollen base of the stipe; 
they have fairly considerable power of recovery after wilting. Whether the 
collapse of the fronds is of any advantage is doubtful. The smallest plants 
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of the terrestrial class are some species of Trichomanes, and Selaginellas, 
which are usually confined to this habitat, though a few species are 
adapted to more exposed positions. Selaginellas never occupy a dominant 
place in any vegetation, though the climbing species may form small 
thickets. 

III. Rock ferns. There are certain species of ferns which differ in no 
essential respect from the terrestrial forest species just mentioned except 
that they grow onlyon rocks. They may have a creeping rhizome which is 
firmly attached to rocks on steam-banks, the roots often reaching down 
into crevices or to moss-covered places; or they may have short erect stocks 
usually growing in crevices of rock. In the Malay Peninsula, rocky places in 
the forest, except in the case of limestone hills, are rare and almost 
confined to the banks of streams, and rock-ferns are therefore not abun
dant. A few species seem to be confined to limestone, but most are not 
specialised as regards the kind of rock; the requirement seems to be adequate 
aeration for the roots. Such ferns, if of any size, must have a fairly moist 
atmosphere, and the usual streamside position supplies this; alternatively, 
they must have the power to rest in dry seasons. Limestone rock ferns of 
regions with even a moderate dry season may lose their leaves when ter
restrial ferns do not. The species of Adiantum appear to be mostly rock
ferns; of these, A. tenerum and others have articulate leaflets which are 
deciduous. 

IV. Climbers. Climblllg species of ferns may be divided into the more 
hygrophytic types, which only climb a short distance and are confined to 
the lowest stratum of the forest, and those which climb up the trunks of the 
tall forest trees. The low climbers, being rooted in the earth, are not greatly 
different in type from terrestrial ferns, but commonly have smaller leaves 
which without the climbing stem would be little raised above the ground 
level. The high climbers are a very specialised class, and among them are 
some remarkable species, notably of the genera Lomariopsis, Teratophyl
fum and Lomagramma. These ferns have often two types of leaves, one 
borne by the parts of the plant in the lowest layers of the forest, and the 
other on the high-climbing parts; the former I have termed bathyphylls 1), 
a name more suitable than juvenile leaves or "water-leaves", which assume 
more than we know about their nature. The upper leaves may be termed 
acrophylls. The bathyphylls of Teratophyllum are very various in form, and 
are characteristic for the various species; in fact, it is sometimes easier to 
discriminate species from their bathyphylls than from their acrophyl1s, 
which, climbing into the upper air, have assumed a rather uniform simply 
pinnate type. The uniformity of this type led to the indiscriminate lumping 
of many species together, and to a failure to distinguish the remarkable 
differences between the genera concerned. The bathyphylls are usually 

') Gardens Bulletin S.S. 5: 246. 1932. 
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more compound than the acrophylls, thinner in texture, and are borne by 
slender rhizomes creeping on rocks, on the ground or on the lowest parts of 

FIG. 2. - Teratophyllum aculeatum var. mono 
tanum:, bathyphylls on tree trunk in forest. 

Malay Peninsula, alt. 1200 m. 
The photograph shows how the downwardly di· 
rected pinnae grow outwards awa y from the 
trunk, to catch the light; the upper pinnae are 
closely pressed to the trunk. In young stages of 
this species, only the downward-growing pinnae 

are developed . - Photo R. E . HOLTTUM. 

tree trunks. It has been as
sumed by KARSTEN 1) and 
CHRIST that one of their 
functions is to act as water
absorbing organs. They have 
certainly some power of 
water absorption, but it is 
fairly certain that the plant 
depends far more on its very 
well-developed root system 
than on its bathyphylls for 
water supply. The bathy
phylls of climbing stems lie 
close to the supporting tree 
trunk, the rachis horizontal, 
but any leaflets below the 
rachis usually stand ob
liquely away from the trunk, 
thus facing more towards the 
light. Stomata are borne by 
the parts not in close contact 
with the trunk. In the case 
of Teratophyllum aculeatum, 
the youngest stages have 
only the lamina on the lower 
side of the rachis developed. 
The fertile fronds of these 
ferns are acrostichoid, and 
again are very much alike. 
They are borne on the higher 
parts of the climbing stem, 
where there is drier air and 
the spores are sure of dis
persal. But they are not at 
all common, and it seems 
likely that they are only 
produced when a rather pro

nounced dry season affects the humidity of the air in the forest; or it may be 
that the fall of a neighbouring tree exposes the upper parts of the fern 
suddenly to unusually dry conditions. These climbing ferns make the best of 

1) Ann. Buitenz. 12: 143. 1895. 
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bdh worlds; they have their roots in the moist bottom of the forest, and de
velop there a frond system suited to such conditions; and by their strong 
climbing stems they climb to a lighter place, on the trunks of trees which 
may otherwise be without tenants, and there produce suitable larger and 
more resistent sterile and fertile fronds. None of them climb to the full 
height of the crown of the trees, except Stenochlaena, which never starts 
life in the very shady tall forest, but in more open forest or scrub. 

V. Low-level epiphytes. These are essentially delicate ferns, found only 
in moist or shady conditions. In most ordinary high forest the conditions 
do not seem to be sufficiently moist for the full development of this group. 
It is only when one comes near a stream, so that very high constant 
humidity occurs, that one finds them at all abundantly. They are best 
developed in the mountain forest (see below). With this proviso, some 
further observations on them may be given here. Some of them are found 
both on rocks or trees, but most seem to be specialised to either the one or 
the other substratum. Hymenophyllaceae are largely found in this class; 
they often form pure patches on the trunks of trees, or the species may be 
mixed, and bryophytes also occur along with them. Some of them have the 
power of curling up when dried and remaining so for a time without harm, 
but others cannot withstand this. There is little published information on 
the behaviour as regards resistence 
to drying of tropical Hymenophyl
laceae. It is clear that they are on 
the whole very exacting, and it is 
only in the most humid places that 
they are abundant, where atmos
pheric saturation must be nearly 
complete for considerable periods, 
or where spray or dew maintain 
their surface moist during a large 
part of the time. Other low-level 
epiphytes are less hygrophytic. 
Antrophyum, with its spongy 
mass of very hairy roots and suc
culent leaves, comes into this 
group; also Asplenium tenerum, 
with a spongy mass of outward
growing roots and a miniature 
nest-habit. Such root-masses ab
sorb a large amount of water and 
tide the plants over rainless periods. 

FIG. 3. - Antrophyum callaejolium, 
growing abundantly on andesite rocks, 
G. Kanaga, Java. Common on rocks where 
such occur, in the absence of rocks it will 

also grow on tree trunks. 
Photo VAN STEENIS. 

VI. High-level epiphytes. These epiphytes grow on the branches of the 
crowns of the tallest trees in the forest. They have to withstand rather dry 
conditions during the day, and may have to pass many days without rain, 
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since few localities are without a short dry season. Similar habitat condi
tions are found on isolated trees in the open, provided that the crowns are 
sufficiently shady; the ferns of this group are therefore most commonly 
seen and most accessible on such trees, upon which they often grow near 
the ground. Palms with persistent leaf-bases afford peculiarly favourable 
positions for such ferns. They become weeds in an Elaeis plantation. Some 
of them may even grow on rocks, in exposed or lightly shaded places. They 
have developed a variety of methods of protection against drought, and 
include some of the most remarkable of all ferns. Some members of the 
group are not very resistent and they accordingly occupy the more shady 
positions. Among these less xerophytic plants are the epiphytic species of 
Lycopodium, which hang pendulous below the large tree branches, often 
rooting in a group of other epiphytes, in the less exposed parts of the 
crown. 

FIG. 4. - A splenium africanum: Nigeria, 
Shasha rainforest, one of the most fre
quent epiphytes. - Photo P. RICHARDS. 

Most high-level epiphytes start 
their life in association with bryo
phytes, which are often the pioneers 
of epiphytic vegetation, affording 
shelter and moisture for fern prothalli 
and for orchid seedlings. The hardier 
ferns which are first established may 
in turn afford shelter for others. For 

FIG. 5. - Very young Platycerium Ste
maria and young A splenium africanum on 
Cola sp., Shasha Forest Reserve, Nigeria. 
- In the interior of the forest this species 
is found only at great heights above the 
ground, in the tops of tall trees: in more 
open situations however (where the light 
intensity is higher) it may be found close 
to the ground level, as is a general oc
currence among "high level epiphytes". 

Photo RICHARDS. 

example, the enormous spongy mass of roots of Asplenium Nidus affords 
shelter for other species such as OPhioglossum pendulum, other species of 
Asplenium etc. and the water trickling down from it after heavy rain will 
be utilised by other epiphytes which are not actually growing upon it. 
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Thus is developed a vegetation upon the substratum provided by the 
branches of the dominant trees. The epiphytes are opportunists which 
have made use of this precarious site. unusable by other plants; they are 
adapted to it, and to no other. They may be subdivided into various groups 
according to their methods of combating the enemy of drought. 

a. Nest-epiphytes. Asplenium Nidus is the chief of these. In its capacious 
nest are caught fallen leaves; through a layer of these grow each successive 
crop of Asplenium fronds, holding the accumulating mass securely between 

FIG. 6. - Asplenium Nidus, showing nest-form and mass of roots and humus 
below. Rainforest nr. Tjibodas, G. Gedeh, Java. - Photo P. SYNGE. 

their bases, where the leaves gradually rot, the roots of the fern penetrating 
among them. In this way gigantic masses of roots and humus are developed 
over long periods of years, continuing until their weight breaks the branch, 
or the tree itself falls. 

b. Bracket-epiphytes are similar in effect, but instead of a nest or cup 
the humus collectors are short sessile bracket leaves or in some cases the 
enlarged bases of ordinary leaves. These grow over the creeping rhizome 
of the fern (itself protected by a thick layer of scales), collect humus and 
protect the roots. The Drynaria group are the chief representatives of this 
type. Platycerium is a different type with overlapping erect bracket leaves, 
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and (usually) pendulous leaves bearing the fertile areas. In both the Dry
narta and Platycerium groups the bracket leaves are persistent, but the 

others are deciduous and may be 
shed in the dry season (where such 
occurs). 

c. Simple coriaceous leaves. These 
leaves are usually small in size, often 
simple, thick and coriaceous in 
texture, with some water storage 
capacity and restricted transpira
tion, often covered with hairs or 
scales. The species of Cyclophorus 
(see GIESENHAGEN) 1), and Elapho
glossum, are the most striking of 

FIG. 7. - Platycerium grande . Botanic the group. Cyclophorus may have 
Garden, Brisbane, Queensland. The erect trichome hydathodes capable of 
bracket-fronds curl back towards the tree . 
as they die, holding the dead leaves they absorbmg water; excretory hydath-
have collected. - Photo E. H. WILSON. odes are also present in many species. 

Drymoglossum piloselloides repre
sents a very reduced fleshy type, which often grows right to the ends of 
the branches of a tree, sometimes even covering the leaves where these are 
long-lived, clinging very closely with its numerous root hairs. Ihese ferns 
can withstand considerable exposure to drought, sometimes becoming 
flaccid and shrivelled in dry weather. The rhizomes are often wide-creeping 
and are almost always well protected with scales; the fronds are often 
articulate, and are shed when old. They are often associated with orchids, 
and together the epiphytes may make a very dense covering on the branches 
of the tree, the leaves protecting the roots from extreme exposure. The 
roots often grow in a close thin mat with lichens, algae and bryophytes. 

d . Succulent rhizome. Almost all the larger epiphytic ferns have a rather 
stout fleshy rhizome, which doubtless serves to some extent for water 
storage, but there are a few ferns in which this is especially developed. 
The most remarkable cases are those in which the fleshy rhizome offers 
shelter to ants; they are comparable to phanerogams such as H ydnophy
tum. Polypodium sinuosum and allied species, and Lecanopteris, are the 
chief examples; KARSTEN 2) mentions (and figures) also a very curious. 
species called P. imbricatum, with a segmented thin flattened rhizome, 
up to 12 cm wide and only 8 mm thick. He does not say that it is ant
inhabited. The P. sinuosum group have scaly rhizomes and are lowland 
plants; Lecanopteris have naked rhizomes and are found only on moun
tains; but all are functionally similar. DOCTERS VAN LEEUWEN 3) records 

') Der Farngattung Niphobolus. 1901. 
2) L.c. 
3) Ber. der deutsc:h. bot. Ges. 47: 90. 1929. 
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that the sporangia of these ferns have many oil drops in the thin wall
cells, and that for this reason they are sought by ants, which distribute the 
spores to places suitable for germination. It is very doubtful whether the 
ants protect the plants in any way, and it is certain that the plants can 
grow in the absence of ants; but probably the ants do them some service 
in bringing food to the roots. The more elaborate species of the P. sinuosum 
group have large crustose rhizomes, covering a branch of a tree, but they 
never attain the enormous size of Lecanopteris. Old trees in mountain 
forest sometimes have a large proportion of the crown branches covered 
with a growth of this fern, the horny black rhizomes, lacking leaves, having 
a fungus-like aspect. Only the growing tips of the plant have fronds, but 
the older parts, often dead, continue to act as ant-nests. The ants also 
bring other small seeds (of orchids, Dischidia etc.) which likewise have oil in 
their coats; these germinate in the crevices of the rhizome and there find 
shelter for their roots. In this way the fern may be the beginning of a mass 
of epiphytes. 

CHRIST refers to two interesting ferns from Tropical America, Polypo
dium Brunei and P. bi/rons. Both these bear tuberous growths on the rhi
zome, and it is probable that they serve as water-storage organs. The tu
bers are hollowed in the upper surface, and afford some protection for roots. 
HOOKER also mentions that the tubers of P. bijrons are ant-inhabited. 

e. Less specialised types. There are many larger-leaved epiphytes, 
usually not occupying the more exposed positions, and often taking ad
vantage of the shelter afforded by nest-ferns and other pioneers, which are 
less elaborately adapted to epiphytic life than those already mentioned. 
They usually have rather fleshy rhizomes, but their leaves are often fairly 
thin in texture. Pinnae, or whole leaves, are often deciduous. 

£. Nutrition 0/ high-level epiphytes. This is a problem which needs further 
study. The character of the bark of the tree may have an important in
fluence on the ability of the pioneer epiphytes to settle, and in some cases 
may determine the presence or absence of epiphytes. Many epiphytes are 
humus collectors, and so develop what amounts to a soil for their roots. 
Others make use of the smaller-scale humus collection of lichens and 
bryophytes. Mineral elements and nitrogen must be provided to a small 
extent by bark decomposition, but still it seems surprising that there is a 
sufficient supply. A recent publication of LAUSBERG 1) may perhaps throw 
some light on the subject. Dealing with certain herbaceous plants, he finds 
that the leaves excrete on their surfaces a relatively large amount of 
mineral salts. If tree-leaves behave in the same way, the nutrition of 
epiphytes like Drymoglossum is largely explained. The excreted salts 
would be washed down the branches and trunks by rain, and will in part 
be available for any epiphytes which may be present . 

• ) Jahrb. Wiss. Bot. 81: 769. 1935. 
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The water supply of these epiphytes is the crucial factor in their 
existence. They are only found abundantly in the moist tropics, and in 
continuously moist warm temperate climates such as that of New Zealand. 
Though they are well protected against water loss, and can tolerate con
siderable loss of water without injury, there are limits to their endurance; 
they cannot survive a very prolonged dry season, and they must have a 
considerable amount of rain during the growing season. Even in the most 
equable climate, rainfall is intermittent, and between rains the regular 
heavy nightly dew must be an important factor in the water supply of 
such epiphytes. 

VII. Riverside ferns. River-sides afford conditions of high humidity 

FIG. 8. - Dipteris Lobbiana on rocks in streambed, lahore, 100 m, The narrow 
coriaceous leaf-segments are typical of many ferns of this habitat , which is subj ect 

to frequent flooding with swiftly-flowing water. - Photo R. E. HOLTTUM . 

combined with more light than exists in the depths of the forest. They 
are therefore especially suited to epiphytes of all kinds, and the wealth 
of these surpasses by far that of ordinary forest. Especially is this the case 
where the river is not too wide; where the trees on the banks lean over and 
almost meet overhead, and where primitive high forest on either side 
protects these from drying winds. "High-leYCl" epiphytes are found in the 
more exposed positions, and often quite low down, and they may occur 
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on rocks also. Deeper under the shade and nearer the water, on the lower 
parts of the tree trunks, are masses of Hymenophyllaceae and other 
hygrophytes. Small trees on the bank are often laden on all their branches 
with pendulous bryophytes, among which are small ferns and sometimes 
epiphytic Selaginellas. 

The river banks have also their characteristic fern-flora, and in this 
there is often a distinct zonation. Where the banks are rocky, the rocks, 
which are subject to inundation from time to time by floods, are sometimes 
covered with ferns of the Dipteris Lobbiana type, with creeping rhizome 
on the rock surface and erect fronds with narrow leaflets. There are also 

FIG. 9. - Trichornanes papillaturn on each bank of forest stream, Malay Penin' 
sula, 1500 m. - Photo R. E . HOLTTUM. 

other smaller ferns (such as Lindsaya spp. in Malaya). Where the bank is 
not rocky, different types of ferns occur, often forming a close coytr. 
Higher up the bank are other ferns which will not withstand frequent 
submersion, but which require the moist and relatively light conditions 
of this situation; not all of these are specialised to river banks, but many 
are so. Where the forest has been cleared, and only secondary growth, or 
a mere fringe of trees, remains, the wealth of species is much less. The chief 
reason is doubtless the wind, which prevents the attainment of the 
necessary degree of humidity. In Malaya, there is a remarkable species 
which is confined to the banks of tidal streams, beyond the reach of salt 
water, but where there is a regular rise and fall of water level. Tectaria 
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FIG. 10. - Polypodium taeniatum and Hymenophyllum holochilum on small tree 
beside stream, Penang, 700 m. - Photo R. E. HOLTTUM 
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semibipinnata grows in the mud, so that at low tide it is fully exposed, 
but at high tide often almost completely submerged. 

§ 5. Mangrove. -- The larger trees of well-grown mangrove often bear 
the usual high-level epiphytes. The more hygrophilous low-level epiphytes 
are usually only found in areas of mangrove furthest from the sea; here 
they are often very abundant, much as on riverside trees. A few ferns, 
notably Humata parvula, seem almost confined to this habitat. 

FIG. 11. - A crostichum aureum, which normally grows in salt water, in chemic
ally controlled not-salt water near Depok (W. Java) with Susum anthelminthicum 
(right). This fern often persists in areas which were formerly tidal, but have been 

artificially cut off from contact with the sea. - Photo v AN STEENIS. 

The most characteristic fern of the mangrove is of course Acrostichum 
aureum (and allied species). These ferns grow in the drier parts of the 
mangrove area, though they will stand immersion by the tides. They 
grow most vigorously in open places, and after clearing they may form 
such dense thickets that the establishment of the tree species becomes 
difficult. Like other mangrove plants, these ferns transpire freely. COPE-
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LAND records that the stomata occupy 35% of the lower surface. Young 
plants of these species are often found in sheltered places on rocky sea 
shores, but in such positions they rarely attain any size. 

§ 6. Mountain plants in the moist tropics. - 1. Mid-mountain 
forest. - BROWN divides mountain forest in the Philippines into mid
mountain and mossy forest, and this is a good general distinction, but 
naturally the topography of ridge and valley make considerable local 
differences of conditions; and the vegetation near the summit of a small 
mountain will be very different from the vegetation at the same altitude 
on a larger mountain. Also windward and leeward slopes may have quite 

FIG. 12. - Virgin forest on the East side of Mt. Gedeh in West· Java, about 2000 m 
above sea-level. Dryopteris spec. div. along a forest-path. 

Photo DOCTERS VAN LEEUWEN. 

different conditions of moisture. Mid-mountain forest is lower in stature 
than lowland forest and therefore tends to be lighter at the ground level. 
It is also usually moister on account of more or less regular mist and cloud. 
The pteridophyte vegetation is very similar to that of the lowland forest, 
but usually much richer, especially as regards terrestrial ferns and low
level epiphytes. Tree-ferns are also frequent in the undergrowth, but the 
most conspicuous growth of these (usually confined to a few robust 
species) is in clearings and beside streams, where light is stronger. The 
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flora generally is different in species from the lowland forest. The high
level epiphytes are sometimes enormously developed on the old trees, 
forming masses of humus larger than the branches on which they rest; 
ferns have a conspicuous place among such epiphytes, but are accompanied 
by a great variety of angiosperms. 

FIG. 13. - Belgian Congo: Ituri, Lubero, 2000 m. Typical growth of tree ferns 
in a rather open place in valley forest (Cyathea Manniana etc.). 

Photo H. M. KING LEOPOLD III. 

II. Mossy Forest 1). In mossy forest the conditions are extremely moist, 
owing to regular cloud and mist. There are certainly several types of mossy 
forest, according to conditions of exposure, temperature, degree of clouding 
etc. In some cases hepatics predominate (often in large masses) and in 
others mosses form almost a pure covering on the trees. The mosses only 
occur abundantly in the most humid localities. Mossy forest of whatever 
type always consists of short trees, often close together. It is usually most 
developed on ridge tops; not in valley bottoms, where conditions for tree 
growth are more favourable and higher forest occurs. BROWN found that a 
hair hygrometer recorded 100% humidity all the time in the mossy forest , 
but he moted that the hairs became wet with mist, and in the drier periods 
this was slow in evaporating. He concluded that the humidity never fell 
much below the maximum. The light is not so strong as might be expected, 
on account of the clouding. SHREVE in Jamaica dealt with a forest almost 

') See RICHARDS, Journ. Ecol. 24: 340-356. 1936. 
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approximating to mossy forest, but stated that complete saturation was 
a transitory state even in the most humid situations. 

The mossy forest typically consists of a single layer of tree-crowns, with 
sparse undergrowth. The trunks of the trees are bryophyte-covered to a 

FIG. 14. - Old secondary forest on the S. side of Mt. Guntur (Goentoer) in 
West- Java, about 1500 m above sea-level. Cyathea species, one of the more robust 
tree-ferns, which can stand exposed conditions. - Photo DOCTERS VAN LEEUWEN. 

greater or less extent, and also bear numerous hygrophytic epiphytes in
cluding Hymenophyllaceae, Grammitis, and the small species of Poly
podium. The exposed parts of the crowns may bear very xerophytic 
epiphytes. The terrestrial vegetation includes a number of ferns, and also 
sometimes the terrestrial Lycopods, which however are more abundant 
in the open thickets on ridges. The ferns are typically of a rather xerophy
tic type. In Malaysia the species of Plagiogyria are characteristic; these 
have erect fertile fronds, but their most remarkable feature is the slimy 
covering of the young expanding fronds and the white aerophores which 
penetrate it. A similar condition is found in some other ferns 1), of several 
genera, most of which inhabit similar situations. The mucilage is secreted 

') GOEBEL. Ann Buitenz. 36: 84. 1926. 
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by glands on the surface or on scales. It protects the very young fronds 
from desiccation, but in many cases it would seem to be quite superfluous 

FIG. 15. - Lycopodium pinijolium in moss forest on G. Gegerbentang (1750 m) 
he young sterile branches at first horizontal, later pendulous. - Photo VAN STEENIS. 

for this purpose, and is dispensed with by most ferns. It may be of value in 
sudden dry weather. 

SHREVE'S remarks on the conditions of "montane rain-forest" apply 
to the moister mountain forest generally. "The prolonged occurrence 



442 R. E. HOLTTUM, THE ECOLOGY OF TROPICAL PTERIDOPHYTES 

of rain, fog and high humidity, at relatively low temperatures, places 
the vegetation of a montane rain-forest under conditions which are so 
unfavourable as to be comparable with the conditions of many extremely 
arid regions. The collective physiological activities of the rain-forest 
are continuous but slow; those of the arid regions are rapid, but confined 
to very brief periods". "The desert plant loses far more water per unit area 
than does the plant of the rain forest" (each under the normal condition in 
which it grows). 

The reason for the dwarfing of the trees, and for the peculiar character 
of some of the terrestrial plants (such as Plagiogyria) is probably the ac
cumulation of a raw acid humus similar to that of "hochmoor" in colder 
climates. VON FABER 1), speaking of the craterplants of Java, noted that 
the epiphytes grew in a very acid substratum compo'ied chiefly of moss, in 
which little nitrification took place. He found this quite different from the 
humus of Asplenium Nidus in the mid-mountain forest at Tjibodas. Spha
gnum is not usually well developed in mossy forest, as the light is inade
quate, but it is often abundant in more open places on mountain ridges. 

§ 7. Sun-ferns of tropical lowlands. - These ferns are fairly sharply 
distinct from the forest ferns, though they vary in the degree of exposure 
they will tolerate. They may be divided into the two main groups of long
creeping and short-creeping or tufted ferns. The former often form almost 
pure patches of vegetation, and may be important from a successional 
standpoint. The latter are only locally dominant, and usually occur along 
with other plants, though they may also play an important part in the 
establishment of new vegetation. The most interesting observations on the 
colonisation of new ground by sun-ferns were those of TREUB 2) on Kra
katau three years after the great eruption. He recorded that ferns composed 
almost the whole of the vegetation of the island (other than the strand
flora) at that time, but gives little information as to their relative abun
dance. One of the species found by TREUB was Pityrogramma calomelanos, 
an American species which has become well established in Asia and is one 
of the first plants to occupy bare ground. 

The establishment of sun-pteridophytes can best be seen on newly cut 
earth banks, or on abandoned clearings. WARDLAW 3) described the co
lonisation of an abandoned St. Lucia banana plantation, the soil of which 
had become impoverished. Under these conditions Cyathea sp. and 
Cecropia ,grew abundantly, the former equalling in height the stunted 
banana plants after two years. WARDLAW also remarked that on slightly 
weathered rock surfaces, landslides, cuttings etc. Gleichenia spp., Lygo
dium spp. and Lycopodium cernuum cover the ground. All these are surface-

') Die Kraterpflanzen Javas, Buitenzorg. 1927. 
0) L.c. 
a) J ourn. Ecol. 19: 60-64. 1931. 
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rooting plants, and if conditions are moist enough for the prothalli to 
develop, they soon become established. 

In Malaya a continuous growth of Gleichenia spp. is also found in places 
where a hard compacted soil (often resulting from abandoned cultivation) 
offers little opportunity for the establishment of angiosperm seedlings. 
The prothalli develop in the more sheltered positions, on banks or in hol
lows, and once established the ferns spread rapidly. Pteridium cannot 
colonise such hard surfaces as Gleichenia, as it has a subterranean 
rhizome, whereas that of Gleichenia is superficial. But Pteridium, when 
established, can withstand burning, which kills Gleichenia entirely. 

FIG. 16. - Gleichenia linearis (two varieties) on edge of forest near Singapore. A 
typical thicket-forming tropical sun-fern . - Photo R. E. HOLTTUM. 

Pteridium tends to become established as a thicket-fern in rather poor 
sandy soils and where the vegetation has been burnt; it is especially 
characteristic of areas which are subject to periodical clearing for culti
vation, and in such cases Cibotium barometz may be associated with it; 
Cibotium has a thick prostrate caudex which is not killed by light burning. 

Lycopodium cernuum does not grow luxuriantly in the full sun, but 
may accompany Gleichenia in thickets. It has found its optimum condition 
in some old Hevea plantations in which the soil, having been clean-weeded 
for years, has become very hard. When weeding ceases, the Lycopodium 
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may become established, and under the light shade of the Hevea trees it 
often grows more luxuriantly than Gleichenia. L. cernuum spreads very 
rapidly by means of runners which root and produce new erect shoots; in 
fact, almost any prostrate branch may root, and so renew its vigour. The 
species is clearly specialised like the Gleichenias to a compacted soil sur
face, the result of heavy rain on cleared ground. If that surface is broken 
up by cultivation, seedlings of many plants are easily established; the 
soil may not be seriously impoverished, but its physical condition is un-

FIG. 17. - Blechnum orientale and Scleria in the solfatares near Samosir (Su
matra, Lake Toba) . In the foreground Eleocharis dulcis . Blechnum orientale is a 
tropical sun-fern tolerating a very wide range of conditions. - Photo K.HERMANN. 

suitable for most plants. On the most exposed steep cuttings of roadsides 
it may take years for a covering of ferns to become established. Gleichenia 
rhizomes will start to grow over the bare surface from the neighbouring 
vegetation, during the wetter weather, to be dried off by a few weeks of 
bright sun. 

A Gleichenia thicket may persist for a considerable time, but in the 
ordinary course of events it i<; gradually invaded by trees and shrubs; some 
of the hardier of these may have become established at the same time as 
the fern, but develop much more slowly. The young trees in time produce 
a low secondary forest, in which the Gleichenia persists (often associated 
with Nepenthes) in a less vigorous condition, its fronds often growing 
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much longer than in the open, and climbing some distance up the trees. 
In wetter places, Stenochlaena palustris is a thicket-forming fern, which 
in time forms a dense mass of lianes on the trees which are established in its 
protection. These ferns clearly form an important preliminary stage in the 
development of new vegetation on unfavourable sites. 

The Lygodiums, where they occur, are a distinctive feature of the 
secondary scrub vegetation. Sporangia are only borne on the parts of thE: 
fronds fully exposed to sun and air. Young plants may often be seen also 
in moderately shady forest, but in such places they usually remain dwarfed. 
Lygodiums resemble in habit some of the climbing orchids which need 
shelter from the shade of shrubs for their roots, but only flower on the 
branches which proiect freely into the air above the bushes. 

Where good high forest has been cleared, quite different conditions 
prevail from those of the abandoned cultivated areas already mentioned. 
The soil, though rapidly deteriorating on the sudden exposure to sun and 
rain, is rich and of good texture. If the clearing is not planted with a crop 
which effectively covers the ground, it at once becomes invaded by sec
ondary forest trees of many kinds, which become rapidly established. Glei
chenia and other ferns often gain a footing, but in the dense growth they 
do not usually form a prominent feature. Sometimes Nephrolepis becomes 
established and may form dense thickets, its slender runners forming 
a very rapid means of propagation. 

There are certain ferns which are characteristic of swampy ground, and 
are abundant where such is kept free from tree growth. Some of these have 
creeping rhizomes and tend to form thickets; others are short-stemmed 
species, invading the vegetation where they have opportunity. 

Water-ferns are few and nearly all are sun-plants. Ceratopteris grows 
freely in shallow water, but never seems to be a dominant plant. Azolla 
and Salvinia are locally abundant as floating plants, and M arsilia with its 
floating leaves is found in rice-fields and other shallow water. Polyp odium 
pteropus is recorded by ERNST 1) as a facultative water-fern. It usually 
grows on rocks beside streams or in stream beds, where it is occasionally 
submerged. 

§ 8. Mountain fern-thickets. - These are very similar in aspect to 
the fern thickets of the lowlands, but are formed chiefly of different 
species (though some, such as Gleichenia spp. and Pteridium, have 
a great altitudinal range). They are always developed in clearings, the 
species varying with the altitude and degree of exposure. SHREVE describes 
thickets in Jamaica which are very similar in aspect to those found in 
Malaya; the American Odontosorias are matched by the thorny Hypolepis 
and Dennstaedtias of the Malayan region. Lycopodium casuarinoides and 

') Ann. Buitenz. 22; 103. 1908. 
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FIG. 18. - Polydium Feei var. vulcanicum on an old lava-stream in the crater 
of Mt. Gedeh in v.·est-Java, about 2600 m above sea-level. Poorly developed subal
pine vegetation, Anaphalis iavanica, Gahnia iavanica Z. et M., Gaultheria jragan
tissima, and the lichen: Siereocauion graminosum. - After DOCTERS VAN LEEUWEN_ 
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other specIes are locally important constituents of such thickets. The 
thickets are usually gradually invaded by tree growth (often from the 
edges) but on exposed ridges and summits they may persist for long periods 
and are perhaps to be regarded as a kind of sub-climax vegetation type. 
Among ferns of this group perhaps M atonia pectinata is the most interes
ting. It is confined to exposed ridges and summits of mountains in the 
Malayan region, growing sometimes in quite dense thickets in sunny places, 
but also in open ridge forest, where it may attain a large size. Sometimes 
it grows in association with Sphagnum. GATES 1) has described a Sphagnum 
bog in the tropics. Such bogs are not i'1frequent on Malayan mountains. 
Ferns of the section Eugleichenia are often associated with them, also 
other ferns of similar habit (H ypolepis etc.). 

Tree-ferns of the more resistant types often form almost pure patches 
of vegetation in valley clearings, but they give way in time to forest. Their 
trunks, covered with a thick mass of roots, afford shelter for epiphytes. 

The ferns on the upper slopes of the volcanoes of Java are of considerable 
interest. Polyp odium Feei var. vulcanicum may form a close pure terrestrial 
growth almost up to the crater's edge and is one of the few members of the 
Vaccinium association which forms the woody vegetation approaching 
most nearly to the crater. In form, it is a typical "high-level" epiphyte 
with coriaceous leaves. The other ferns which come nearest to the crater 
are typical mountain ridge ferns. 

§ 9. Evergreen rain-forests of the subtropics. - We may take New 
Zealand as a typical example of this type of vegetation, as it has received 
more study than most other regions. The general aspect of the vegetation 
is often very similar to that of Malaya, except that the species are different 
and their number, especially of the epiphytes, is less. This vegetation has 
been well described by COCKAYNE, OLIVER and others. COCKAYNE writes of 
ferns in lowland forest: "Ferns, as a whole, are of particular physiognomic 
importance. The most conspicuous are the tree ferns, especially Cyathea 
dealbata, C. medullaris (sometimes 15 m high and the fronds 6 m long), 
Hemitelia Smithii, Dicksonia squarrosa (slender and not particularly tall) 
and Dicksonia fibrosa. Of the smaller ferns, Blechnum discolor is specially 
physiognomic, occurring as it does in far-reaching colonies". The terrestrial 
vegetation of M etrosideros robusta forest of the North Island sometimes 
consists of a dense growth of Hymenophyllaceae, including Trichomanes 
reniforme and Hymenophyllum flabellatum. In Metrosideros Lucida forest 
of the South Island Hymenophyllaceae also abound. At Franz J asef 
glacier, the end of which is 213 m above sea-level, this forest comes to 
within a few metres of the ice; the forest here contains H emitelia S mithii 
of low stature, several Hymenophyllaceae, Hypolepis tenuifolia, Histiopte-

1) Journ. Eco!. 3: 24-30. 1915. 
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ris incisa, Blechnum procerum, B. lanceolatum, Asplenium bulbijerum, A. 
jlaccidum, Polystichum vestitum, Polypodium diversijolium, P. Billardieri, 
Lycopodium volttbile. The approach of such a wealth of pteridophytes to a 
glacier is a remarkable phenomenon. 

Ferns play an important part in the developmental stages of vegetation, 
fern-thickets of Pteridium, Gleichenia etc. grading into shrub thickets. 
The Pteridium is evergreen as in the moist tropics, and forms a permanent 
dense thicket difficult for other species to enter. Blechnum procemm may 
cover steep slopes, especially in river gorges. The sun-ferns sometimes 
develop a different habit when they occur in Leptospermum fore~t. The 
Pteridium becomes a scrambling liane, other species are less xerophytic 
in habit, and some are sterile. In Sphagnum bogs Gleichenia and Lyco
podium spp. occur, the former being important members of transition 
stages to scrub. 

The epiphytes are of essentially the same character as the tropical ones, 
but the more specialised types are absent. All true epiphytes are found in 
rain forest; few occur where the rainfall is less than 60 cm. They are various
ly adapted to conditions of greater or less humidity and light, but as el
sewhere there is no rigid zonation. Moisture rather than shade is the es
sential factor for Hymenophyllaceae, though they will tolerate considerable 
shade. Insufficient light prohibits the growth of the sun-loving epiphytes. 
Two of the Hymenophylla only occur on tree-fern trunks, which are also 
favoured by some of the other ferns, and by Tmesipteris. Some of the Hy
menophyllaceae are more resistent to drought than others and climb higher 
on the trees. The root-hairs of a number of the epiphytes contain fungus 
hyphae; whether these have any function in the nutrition of the ferns is 
unknown. The only species comparable with the more resistant tropical 
epiphytes are Cyclophorus serpens and Polyp odium diversijoliftm; these 
may grow on rocks as well as on trees. Two species of Lycopodium hang 
pendulous below the branches of trees in the same way as the tropical 
epiphytic species. Podocarp forest, with a dense canopy of foliage, contains 
the greatest variety of epiphytes. 

§ 10. Pteridophytes of less favourable climates. - In less fa
vourable climates than those of the moist tropics and subtropics, fern 
growth is a less conspicuous element in the vegetation, and the species 
occurring must be able to withstand, to a greater or less degree, and for a 
greater or less period, conditions of drought or cold, or both. There is no 
sharp division between one climate and another, and it is difficult to divide 
the various classes of pteridophyte floras. 

Other regions with similar climates possess a fern flora of similar aspect 
to that of New Zealand. Tasmania, the Canary Islands, parts of Japan, and 
of the coastal regions of South America, which have equable oceanic 
climates, have a considerable wealth of ferns, but the number of epiphytic 
species is less than in the tropics. 
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'The Monsoon regions border on the continuously moist tropics, and 
there is a gradual change from one to the other, the dry season lengthening 
and increasing in intensity. In such climates there is abundance of rain in 
the wet season, and it is a question of the ferns being able to exist during 
the drought; this they usually do by adopting a deciduous habit. The leaves 
of terrestrial ferns may shrivel, unless they are in sheltered localities or 
near streams, in which case this may be unnecessary. Epiphytes may lose 
their leaves, a process facilitated in many cases by articulation of pinnae 
or stipes. In some cases, fleshy leaves of epiphytes are not shed, but curl 
up, and in this wilted condition are able to continue to exist. Drynarias 
lose their vegetative leaves and retain the dead bracket leaves, which 
protect the rhizome and roots. In some cases this shedding of leaves and 
resting is obligatory; in others it depends on external conditions. GOEBELl) 

remarked that the Drynarias of Java retained their leaves throughout the 
dry season if the plants were in sheltered positions, and were also ever
green in hothouses in Europe. D. Fortunei, however, loses its leaves sea
sonally even in the uniform hothouse climate. Parallel cases might be 
cited in phanerogams; e.g., a bare stage is obligatory in Bombax mala
baricum but not in Tectona grandis, though both are normally deciduous in 
seasonal climates. In some cases one species replaces another as a uniform 
climate is replaced by a seasonal one. Thus, in the seasonal climate of 
the north of the Malay Peninsula, Platycerium grande takes the place of 
P. coronarium, which is abundant in the south. P. grande will grow in 
the uniform climate of Singapore, but will not reproduce itself; P. coro
-narium cannot withstand a prolonged dry season. A deciduous habit is 
resorted to by different ferns in conditions of different severity; and within 
the same region different habitats vary in the conditions of exposure and 
dryness. A limestone rock-fern may need to drop its fronds in a short dry 
season during which most terrestrial ferns can continue to vegetate; 
another rock-fern may wilt but retain its leaves in a living condition. In 
the mountains of the monsoon regions, rain is more abundant than in the 
low country, and the dry season less severe; conditions approximate more 
to those of the mountains of the continuously moist regions. 

If the wet season is shorter or has less rain, the conditions for pteri
dophyte development are less favourable. Epiphytes are the first group to 
disappear. Terrestrial ferns become chiefly confined to woodlands, where 
such exist, except for a limited number of xerophytic species. In open 
country, and on high mountains beyond the limit of tree growth, a re
markable series of xerophytes occur; these are perhaps best developed on 
the Andes, the species of J amesonia being particularly notable. These ferns 
have short-creeping rhizomes, often rooting deeply, the stipes slender and 
wiry, the lamina reduced, often much dissected, the small segments often 

1) Ann. Buitenz. 39: 142. 1928. 
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concave beneath, the surfaces waxy, scaly or hairy, sometimes very hea
vily protected. CHRIST gives a list of such plants, including J amesonia, 
Doryopteris and Aneimia from the Andes, Pellaea from Mexico and South 
Africa, Mohria from the Kalahari and East Africa, Actiniopteris from 
Abyssinia and India, Platyzoma from Australia, Adiantum capillus-veneris 
from Mesapotamia and central Asia, Onychium melanolepis from Sinai, 
Ceterach olficinale from Morocco, Cheilanthes farinosa from Somaliland. 
These ferns are the nearest approach to desert plants which occur among 
pteridophytes. Adiantum capillus-veneris (as well as some of the others 
mentioned) is very widely distributed, and may grow in exposed rocky 
places in wetter climates; it is found for example in Penang. According to 
CHRIST the other principal fern-type of the high Andes is Elaphoglossum, 
the fronds of which are simple and entire. The woodland forms are broad 
and often almost glabrous; the species of the exposed uplands are reduced 
in size, thick in texture, and very heavily protected with a covering of 
scales and hairs. Some species of Cyclophorus in China are similar in form 
and habitat. 

A few species of Lycopodium are also adapted to dry conditions on the 
Andes; they have fleshy or coriaceous leaves, often curling up in drought. 
Some remarkable species ofSelaginella have a similar habit. S.lepidophylla 
is perhaps the most notable of these; it occurs in Mexico, and the plants 
roll themselves into the form of close valls during dry weather, persisting in 
this condition for long periods, and uncurling during the infrequent rainy 
periods. 
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An mer k un g: Herrn CARL CHRISTENSEN, der im 18. Kapitel dieses \Verkes die 
Klassifikation bearbeitet hat, bin ieh fur die Kontrolle der giltigen Namen und 
fur zahlreiehe Hinweise zu grossem Dank verpfliehtet. Das der Tabelle zugrunde 
gelegte System entsprieht dem CHRISTENsENsehen. Die Namen der bei der IS. Fam. 
(Polypodiaceae) noeh angegebenen Unterfamilien sind in jenem Kapitel des 
Handbuehs naehzusehen. W 
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damals iiblichen statistischen Art eine Ubersicht iiber den Anteil der 
Fame an der Gefasspflanzenflora einzelner Gebiete. Wenn G. BAKER 
seine Abhandlung (2) mit der Feststellung beginnt, dass wir von keiner 
grossen natiirlichen Pflanzenordnung die Verbreitung so gut kennten, wie 
von den Farnen, so nimmt er damit ihr Ergebnis vorweg. Er will sagen, 
dass von keiner gross en Gruppe die herbarmassig niedergelegten Grund
lagen fUr die Darstellung der Verbreitung so vollstandig und - nicht zu
letzt dank W. HOOKERS und seiner eigenen Bemiihungen - so kritisch 
durchgearbeitet seien wie von den Farnen. In der Einleitung legt er kurz 
die klimatischen Ursachen der Verteilung der Fame dar, die durch ihr 
Fehlen oder ihre Zahl und Uppigkeit "with the precision of an hygrometer" 
die trocknen und feuchten Gebiete der Erde anzeigen. Die 1. kurze Tabelle 
stellt diese Beziehungen - unter Vergleich mit der Temperatur - zu
sammen. Es werden darin 10 "Distrikte" unterschieden, die, obwohl 
man sie hauptsachlich als Vegetationsbereiche ansehen muss, vielfach mit 
den von CHRIST spater umrissenen Farn-"Florenreichen" zusammen
fallen. Den Hauptteil der Abhandlung bildet die 2., etwas uniibersicht
liche Tabelle mit der vollstandigen Aufzahlung der von BAKER anerkann
ten Arten und ihrer Verbreitungsgebiete. Zum Schluss werden die ein
zelnen Distrikte noch kurz floristisch charakterisiert, mit Betonung des 
statistischen Gesichtspunktes. Endemismus und Disjunktionen (auch 
schon einzelne Grossdisjunktionen) werden kurz beriihrt. So miissen 
wir diese Abhandlung BAKERS als die eigentliche Begriindung der Wis
senschaft von der Geographie der Fame ansehen. Das zwei Jahre spater 
veroffentliche Handbuch LYELLS (3) bringt einen Fortschritt durch seine 
iibersichtliche und ins einzelne gehende Aufzahlung der Areale, mit Her
vorhebung der Endemen, aber keine Vertiefung der allgemeinen Gesichts
punkte. - PALACKYS kurze (tschechisch geschriebene) Arbeit (5) umfasst 
zwar als erste die gesamten Pteridophyten, zeigt in ganz grossen Ziigen 
auch die vorweltliche Verbreitung, bietet aber weder tatsachlich noch 
theoretisch N eues. 

Trotz dieser Vorganger konnte CHRIST 1910 in seiner "Geographie der 
Fame" (9) noch schreiben, dass bis dahin keine "einlassliche Darstellung 
der Farnverbreitung" gegeben worden sei. CHRIST hat das Verdienst, durch 
Vergleich der Farn- und Bliitenpflanzen ausdriicklich mit der Vorstellung 
aufgeraumt zu haben, dass die Farnpflanzen (und die Sporenpflanzen 
iiberhaupt) vermoge der unbegrenzten Verbreitbarkeit ihrer Wander
organe weite und unbestimmte Areale, also eine diffusere, weniger cha
rakteristische Verbreitung als die Bliitenpflanzen hatten. Fiir die volle 
Erkenntnis von der Bedeutung des Endemismus und der Disjunktion 
bei den Farnen und fUr die Festlegung der Farn-Florenreiche ist das Werk 
des schweizerischen Pteridologen bis heute die Hauptgrundlage geblieben. 

§ 3. Die Bedeutung der Umwelt fUr die Farnverbreitung. - Ihr 
Wohngebiet wird den Pteridophyten in starkem Masse von klimatischen 
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Bedingungen vorgeschrieben: sie sind im allgemeinen mesotherme Hy
grophyten. Erst bei einem Regenfall von mehr als 200 cm im Jahre ent
falten sie ihre ganze Hille; aIle Erdstriche, die nicht mindestens 60 cm 
Niederschlag empfangen, sind arm an Pteridophyten, da die Ausbildung 
xeromorpher Sippen nur in beschranktem Masse erfolgt ist; die meisten 
sind Schattenpflanzen, so dass das Areal der Pteridophyten nahezu mit 
dem Waldareal zusammenfallt. "Der baumlose hohe Norden, das Step
pengebiet Zentral- und Vorderasiens, die Prarie Nordamerikas, der Wiis
tengiirtel vom Indus bis Marokko, die Pampas, die GeroHfelder Patago
niens und die peruanisch-chilenische Kiiste, Zentral- und Westaustralien, 
Siidwestafrika sind fast ohne Farne (und Pteridophyten iiberhaupt), und 
innerhalb der Waldgebiete sind grosse Hochlander und trockene Gebiete 
nur von kleineren, xerophytisch angepassten Arten bewohnt, wahrend 
nur in den sie durchfurchenden Schluchten im Schutz von Galleriewaldern 
ein iippigeres Farnleben moglich ist" (9). Kiistenlander, Halbinseln, wie 
Florida, Inseln, wie Wight und Irland, die Canarpn und Azoren, Mada
gaskar, die Maskarenen und Seychellen, die Philippinen und Borneo, 
Neu-Guinea, Neu-Caledonien, Tasmanien, Neu-Seeland, Juan Fernandez, 
Hawaii, sind bevorzugte Sammelpunkte der Pteridophyten. 

Ihre Hauptmasse, besonders die der Farne und von dies en wieder der 
stattlichen, vor allem baumformigen, ist auf die warmen Erdgebiete 
beschrankt. Von den eusporangiaten Farnen gehen nur die kleinen Ophio
glossaceae, von den leptosporangiaten hauptsachlich Polypodiaceae, ferner 
Osmunda-Arten, wenige kleine Schizaeaceae und winzige Hymenophyl
laceae bis in die kalten nordlichen Gebiete, wahrend in die fill Farnwuchs 
ausserst geeignete gemassigte Siidhemisphare viele tropische Gattungen, 
selbst Cyatheaceae, vordringen. Die unter gleichmassigeren Bedingungen 
lebenden Wasserfarne (M arsiliaceae, Salviniaceae) sind stark verbreitet 
in den nordlichen aussertropischen Zonen, und untergetaucht lebende 
Arten der Gattung Isoetes findet man fast auf der ganzen Erde, am haufig
sten ausserhalb des Aquatorialgiirtels. 

Alpine und arktische Farne gibt es nur wenige, ebenso streng deser
tische, weil alle Extreme in Temperatur und Trockenheit den Farnen 
widerstreben. Hochnordisch ist die Gattung W oodsia. Zu den Alpinen 
gehoren vor aHem die kleinen Pflanzchen der Gattung Polystichum, die 
in China und im Himalaya bis in die Schneeregion bei mehr als 5000 m 
Hohe vordringt; in den Anden, von 3400 m an aufwarts, zahlreiche -
eben falls winzige - Vertreter von Elaphoglossum, J amesonia u.a. 

Ahnlich den Filicales verMlt sich die grosse Gattung Selaginella. Sie 
ist fast ganz auf die schattigsten und feuchtesten Stellen des tropischen 
und subtropischen Regenwaldes beschrankt; aussertropische Verbreitung 
haben nur wenige Arten, von denen S. selaginoides arktisch-alpin ist. Wohl 
am weitesten nach Siiden - bis Tasmanien - ist S. Preissii vorgedrungen. 
Die bekannten, im trocknen Zustande eingerollten Rosetten von S. lepi-
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dophylla und Verwandten, S. rupestris, borealis, mongholica u.a. mit mehr 
oder weniger ausgesproehenem Xerophyteneharakter bewohnen troekene 
Gebiete der Neuen und Alten Welt. Von Lycopodium finden die zahl
reiehen epiphytisehen Arten natlirlieh nur in den RegenwaJdern, sei es 
der heissen oder der slidliehen temperierten Zone, glinstige Existenzbedin
gungen; die am Boden waehsenden haben aber oft ein auffallend geringes 
Warmebedlirfnis; sie kommen daher vorzugsweise ausserhalb des Tro
penglirtels oder innerhalb auf den hohen Gebirgen - in den Anden manehe 
an der Sehneegrenze - vor. L. Selago geht im den Alpen bis zu Hohen 
von 3 I 20 m. Vielleieht spielt bei diesel' Besehrankung aber aueh die Ver
breitung der Pilze eine Rolle, mit denen die Lyeopodien in Symbiose leben. 

Von den Gattungen der Psilotales ist die monotypische T mesipteris 
in Australien, auf seinen Inseln und Neu-Seeland verbreitet und geht von 
da - bis zu den Philippinen - in die Tropenzone liber. Die Gattung 
Psilotum ist mit 2 Arten in den Tropen und Subtropen beider Hemispharen 
zerstreut, nach Norden bis Japan und Florida, naeh Sliden bis Neu-See
land. Die Vertreter beider Gattungen sind Humusbewohner. 

Die Equisetales neigen offen bar von allen Pteridophyten am meisten 
naeh der oligothermen Seite hin und haben aueh das geringste Bedlirfnis 
naeh Luftfeuchtigkeit; viele lie ben aber feuehten Boden oder leben sogar 
im Wasser. Die meisten Arten der einzigen Gattung Equisetum sind ausser
halb der Tropen beheimatet. Equisetum arvense, variegatum, silvaticum und 
scirpoides dlirften von allen Pteridophyten am weitesten naeh Norden 
gehen, bis Gronland, Island und Spitzbergen und bis ins arktisehe Amerika 
und Sibirien. In den Alpen steigen einzelne Arten bis 3000 m auf. (Vergl. 
S.385-390). 

§ 4. Die Merkmale der Areale. A. Die G r 0 sse u n d Z 0 n ale 
Ve r t e i 1 u n g. 

a. K 0 s mop 0 lit i s e h e un d z 0 n e n u m f ass end e Sip pen. 
- Die Grosse der Pteridophytenareale ist ebenso verschieden wie die der 
Angiospermen. K 0 s mop 0 lit i s e heArten gibt es langst nieht so viele, 
wie man bei der leichten Verbreitbarkeit der Sporen voraussetzen konnte; 
kaum 2~ Dutzend Farngattungen, die in der Tabelle (S. 460) etwa unter den 
Arealtypen 24-28 angefiihrt sind, bewohnen den Erdball in annahernder 
Gesamtausdehnung. Einige der weitest verbreiteten Arten sind folgende: 
Pteridium aquilinum, wohl zugleieh der geselligste Farn, kommt in allen 
Klimaten vor, vom Aquator bis zum Polarkreis und slidwarts bis Neu
Seeland. Noeh weiter naeh Norden, bis Gronland, dringt Cystopteris fragilis 
vor, der andrerseits bis ins tiefe Slidamerika und in die slidl. gemassigte 
Zone der Alten Welt geht. Annahernq gleieh kommt ihm Asplenium 
Trichomanes. Neben Pteridium ist Osmunda regalis "der universelle Farn 
sehleehthin" (s. S. 389). Fast kosmopolitiseh - mit Ausschluss trockner 
Gebiete - sind Lycopodium Selago und clavatwl'lt. 
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Selbst in der Tropenzone, der Hauptverbreitungszone der Pterido
phyten, gibt es nur wenige urn den ganzen Erdball herumgehende Arten 
( Pan t r 0 pis ten ). Am allgemeinsten und gleichmassigsten sind ver
breitet: Gleichenia linearis; Pteris vittata, quadriaurita, biaurita; Histiopteris 
incisa; Asplenium praemorsum; Nephrolepis cordi/olia, awta, exaltata; 
Acrostichum aureum (in der Mangrove); Dryopteris gongylodes, dentata; 
Didymochlaena lunulata; Doryopteris concolor. Pantropische Gattungen gibt 
es in erheblich grosserer Zahl, wie die Arealtypen 1 und 12-28 cler Tabelle 
ausweisen. 

Einige Cryptogramma-Arten sind z irk u m pol are Glazialpflanzen. 
Woodsia ilvensis, alpina und glabella; Dryopteris dilatata, cristata und spi
nulosa bewohnen das subarktische Europa und N ordamerika nnd als Re
likte die Gebirge des gemassigten Teiles der Nordhalbkugel. Von den 200 
Farnarten des nordamerikanisch-eurasischen Waldgebietes haben sich etwa 
20 % gleichmassig in diesem ganzen Ge biet auszubreiten vermocht, wie M at
teuccia, Athyrium Filix-/emina, 0Phioglossum vulgatum; dazu Lycopodium 
annotinum, alpinum und complanatum, das bis in die alpine Region der Tro
penzone vorstosst; schliesslich Equisetum pratense, palustre, hiemale, varie
gatum, scirpoides. N ur sechs, noch dazu mono- oder oligotypische Gattungen, 
gehOren allein der nordlichen gemassigten Zone an. (Arealtypus 64, 65). 

Vorwiegend s ti d 1 i c h - gem ass i g t, aber in der Alten und Neuen 
Welt bis in die Tropen vordringend, ist Polystichum capense, Blechnum 
capense und tabulare. Allein den tie fen S ti den (Arealtypus 66-68) 
bewohnen nur sieben - wiederum monotypische - Gattungen, Todea, 
Thyrsopteris, Serphyllopsis, Cardiomanes, Leptolepia, Loxsoma und die 
Lycopodiacee Phylloglossum, keine davon aber aIle Landmassen zugleich. 
Aus grosser en Gattungen sind nur Polystichum mohrioides und Blechnum 
penna marina zirkumpolarantarktisch. 

B i pol are Sippen gibt es unter den Pteridophyten nattirlich nur 
sehr wenige, da die Zahl ihrer aussertropischen Vertreter an sich schon 
recht gering ist. "Arktische Spur en in der Subantarktis" nennt CHRIST einige 
kleine Botrychium-Arten (Botrychium Lunaria). Von den Filicales ist am 
auffalligsten die leptosporangiate Farngattung Pleurosorus (Arealtypus 
63) mit drei schwach getrennten Arten, von denen die eine in den 
Gebirgen Stidspaniens, die anderen teils in Neu-Seeland und Australien, 
teils im stidlichen Chile vorkommen. 

b. End e men. - Der Endemismus spielt bei den Pteridophyten eine 
frtiher ungeahnte Rolle, vornehmlich bei den heterosporen, die ihr Wohn
gebiet in der Regel nur ausdehnen k6nnen, wenn Sporen beiderlei Ge
schlechts die gleiche Verbreitung erfahren. Bei den etwa 700 Selaginella
Arten ist eine Verbreitung tiber das Mediterrangebiet, von den canarischen 
Inseln bis Syrien (5. denticulata) oder tiber Costarica-Guiana-Nordargenti
nien (5. radiata), tiber Japan-China-Ostindien-Java (5. involvens) , tiber Su
matra-Java-Borneo-Neuguinea (5. intermedia) schon weit zu nennen; sie 
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kommt kaum zwanzigmal vor. Am weitesten verbreitet sind die syste
matisch etwas isoliert stehende 5. helvetica, namlich in den Gebirgen 
Mittel- und Siideuropas, bis zum Kaukasus, ferner in Persien, dem Amur
gebiet, der Mandschurei undin Japan; und 5. proniflora (=5. Belangeri) , 
von Ostindien iiber die Sundainseln, Philippinen und Neu-Guinea bis 
Queensland. Die iiberwiegende Zahl der 5elaginella-Arten hat nach unserer 
heutigen Kenntnis eine sehr enge Verbreitung; zahlreich sind die Insel
endemismen, doch wird auch von den die Kontinente bewohnenden 
Arten allermeist eine enge oder sehr enge Beschrankung angegeben. Wie 
weit in der Gattung 5elaginella der Endemismus den durchschnittlichen 
Pteridophytenendemismus iiberwiegt, zeigen folgende Tatsachen: Ma
dagaskar weist rund 46 % Endemen aller Pteridophyten auf, aber 70 % 
in der Gattung 5elaginella, und fUr Neu-Guinea ist das Verhaltnis derselben 
Sippen 60 % und 80 % . 

.Ahnlich liegen die Arealverhaltnisse bei der viel artenarmeren Isoetes, 
was die verbreitungshemmende Wirkung der Heterosporie urn so mehr 
betont, als diese Gattung vorziiglich Wasser- und Sumpfpflanzen enthalt. 

Von den isosporen Pteridophyten weist die monotypische Psilotaceen
gattung Tmesipteris - besonders neben dem pantropischen Psilotum -
ein verhaltnismassig beschranktes Areal auf: Australien und die benach
bart en Inseln, Neu-Caledonien, einige polynesische Inseln, die Philippinen. 
Equisetum ist mit stark beschrankten Arten im Himalaya, in Japan, in 
Peru und Mexico vertreten. Die Schilderung des Endemismus der Filicales, 
wie sie CHRIST bereits gibt, trifft in ihren Grundziigen auch nach un serer 
heutigen Kenntnis noch zu. In dieser grossen Klasse kann man alte und 
junge Typen mit Sicherheit bezeichnen und so zwischen dem konserva
tiven und progressiven Endemismus gut unterseheiden. Beide weisen, wie 
bei den Bliitenpflanzen, zahlreiehe Fane engster, oft punktartiger Verbrei
tung auf. "So gut wie die Canaren unter den 5tatice ihre Nobiles haben, die 
auf einem einzigen Felsen vorkommen, so sehr sind die edlen Polystichum 
Webbianum, falcinellum, drepanum auf einzelne Punkte in Madeira und 
Matonia sarmentosa auf einige Hohlenstandorte bei Sarawak auf Borneo 
isoliert" (9). Alte Endemismen sind noch Archangiopteris Henryi und 
N eocheiropteris palmatopedata in Y linnan; die Gattung Dipteris, von deren 
halbem Dutzend Arten nur eine (D. conjugata) liber das ganze indiseh
malayische Gebiet verbreitet ist; Loxsoma Cunninghami in Neu-Seeland 
und die nahe verwandten drei Loxsomopsis-Arten, je in Costarica, Ecuador 
und Bolivien; Thyrsopteris elegans auf Juan Fernandez. Botrychium kommt 
in ganz Afrika mit einer auf die Grasregion des Kamerunberges besehrank
ten Art vor. - Als Musterbeispiele fUr Neuendemismus nennt CHRIST die 
zahl,eiehen Polystichum-, Polypodium- und Athyrium-Formen Chinas, 
Aneimia und Doryopteris in Brasilien, Elaphoglossum in den Anden. Bei 
den artenreichen Cyatheaceen-Gattungen Alsophila, Hemitelia, Cyathea 
ist strenger Endemismus die Regel' mane he sind auf einzelne Vulkane 
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beschrankt. Da zur Beurteilung dieser Verhaltnisse die Artenzahl von 
Bedeutung ist, wird sie in Spalte e der Tabelle berlicksichtigt. 

B. Die mer i d ion ale V e r t e il u n g. - Der Begriff "Disjunk
tion" in seiner alteren, allgemeinen Fassung hat wohl Spekulationen liber 
die Verbreitungsmoglichkeiten der zerstreut lebenden Sippen anregen, aber 
auf die Entstehungsgeschichte der Pflanzenareale uberhaupt kaum ein 
Licht werfen konnen; erst seine Fassung im IRMscHER'schen Sinne der 
"Grossdisjunktion" hat hier weitergefiihrt. Da IRMSCHERS Schemata 
zugleich eine ubersichtliche Vorstellung von der Verbreitung geben, so sei 
der Versuch gemacht, diese Schemata auf die Hauptmenge der Pteri
dophytengattungen anzuwenden, wobei die oben erorterte Bedeutung der 
Tropenzone fur diese Pflanzengruppe besonders hervorgehoben wird. Die 
folgende Tabelle ergibt auch leicht eine Ubersicht liber die Verbreitung der 
Familien; auf die der Gattung untergeordneten Sippen konnte bei der 
Beschrankung des Raumes nicht eingegangen werden. 

Obersicht iiber die Verbreitttng der Pteridophyten. 

b. c. d. e. t· 
Systematische Stellung 

Filicales 
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I. Rein Irupi;:h 
a. Ind. ganzen 
Tropenzone (pan· 
tropisch 

{ I. Didymochlaena I 15,12 
1. I 23 4 2. lthycaulon 10 15,1 

3. Lomariopsis 20 15,12 

b.Mit einer 
Lucke 

2. I 2 4 4. Loxoscaphe 8 15,10 

f 5. Cyclopcltis 6 15,12 
3. I 34 

\ 6. Syngramma 20 IS,. 

f 7. Drymoglossum 6 15,14 
4. 23 4 8. Hymenolepis 13 15,14 

\ 9. Monogramma 2 15,7 

c. Mit zwei 
LUcken 

{ 10. Adian topsis 16 IS,. 
II. Anisosorus 2 15,5 

5. I 2 12. Microstaphyla 3 15,15 
13. Trachypteris 2 IS,. 

c. 

to 

~ 
'" " ... 
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10. 
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13. 
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1~INI~I~I~I~I~lrol~121=1~1~1~1 !2 1:£1~1~1~1~1c;;1 

6. 3 14. Hemionitis 8 15,6 14. 

15. Helminthostachys 1 15. 
16. Phanerosorus 2 8 16. 
17. Cystodium 1 13 17. 
18. Acrophorus 3 15,12 18. 
19. Acrosorus 5 15,14 19. 
20. Aglaomorpha 11 15,14 20. 
21. Christiopteris 3 15,14 21. 
22. Craspedodictyon . 6 15,6 22. 
23. Diplaziopsis 1 15,10 23. 
24. Diplora 4 15,10 24. 
25. Davallodes 12 15,3 25. 
26. Grammatopteri· 

dium 2 15,1' 26. 
27. Hemigramma 6 15,12 27. 

7. 34 28. Leptochilus 10 15,14 28. 
29. Lomagramma 14 15,12 29. 
30. Merin thosorus 1 15,1' 30. 
31. N ema topteris 2 15,1' 31. 
32. Platytaenia 1 15,2 ? 32. 
33. Prosaptia 15 15,14 33. 
34. SchizQstege 3 IS,s 34. 
35. Sc1eroglossum 7 15,14 35. 
36. Stenolepia 1 15,10 36. 
37. Sphaerostephanos 5 15,12 37. 
38. Stenosemia 3 15,12 38. 
39. Scyphularia 7 15,3 39. 
40. Taenitis 3 15,2 40. 
41. Tapeinidium 12 15,2 41. 
42. Vaginularia 6 15,7 42. 

Id d. I\Ii~ d rei 
LUcken 

43. Danaea 30 3 43. 
44. Regnellidium 1 6 44. 
45. Loxsomopsis 3 10 45. 
46. Hymenophyllopsis 2 11 46. 
47. Metaxya 1 14 47. 
48. Adenoderris 2 15,12 48. 
49. Amphiblestra 1 IS, 5 49. 
50. Anan thocorus 1 IS, 7 50. 
51. Anaxetum 1 15,14 51. 
52. Anetium 1 15,7 52. 
53. Anopteris 1 IS,s 53. 
54. Atalopteris 3 15,12 54. 
55. Camptodium 2 15,12 55. 
56. Campyloneurum 25 15,14 56. 
57. Cochlidium 10 15,14 57. 
58. Craspedaria 10 15,14 58. 
59. Cyc10dium 2 15,12 59. 
60. Dictyoxiphium 1 15,2 60. 
61. Enterosora 1 15,14 61. 

8. 62. Eschhatogramme 4 15,14 62. 
63. Fadyenia 1 15,12 63. 
64. Goniopteris 70 15,12 64. 
65. Hecistopteris 1 15,7 65. 
66. Holodictyum 2 15,10 66. 
67. Hypoderris 4 15,12 67. 
68. Jamesonia 18 15,6 68. 
69. Llavea 1 15,6 69. 
70. Marginariopsis 1 15,14 70. 
71. Maxonia 1 15,12 71. 
72. Neurocallis 1 IS,s 72. 
73. Odontosoria 12 15,2 73. 
74. Olfersia 1 15,12 74. 
75. Ormoloma 2 15,1 75. 
76. Paltonium 1 15,14 76. 
77. Phlebodium 2 15,14 77-
78. Plecosorus 2 15,12 78. 
79. Polybotrya 24 15,12 79. 
80. Pterozonium 4 15,6 80. 
81. Rhipidopteris 4 15,15 81. 
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1~INIMI~I~I~I~lrol~I~I=I~ldl~1 !!i 1~1~1~lil~I~1 

I 
82. Saccoloma 1 15,1 82. 83. Saffordia 1 15,6 83. 84. Soromanes 1 15,12 84. 85. Stigmatopteris 2~ 15,12 85. 86. Trismeria 2 15,6 86. 

{ 87. Ochropteris IS,s 87. 9. 2 
88. Psammiosorus 15,3 88. 

89. Archangiopteris 4 2 89. 90. Macroglossum 2 2 90. 
91. Chris tensenia 2 3 91. 92. Matonia 2 8 92. 93. Arthromeris 1~ 15,14 93. 94. Cerosora 1 15,6 94. 
95. CheHan thopsis 1 15,6 95. 
96. Diacalpe 1 15,12 96. 
97. DictyocJine 1 15,12 97. 
98. Egenolfia 10 15,12 98. 
99. Heterogonium 4 15,12 99. 100. Lecanopteris 9 15,14 100. 10. 3 101. Lithostegia 1 15,12 101. 

102. Luerssenia 1 15,12 102. 
103. Neocheiropteris 2 15,14 103. 
104. Oreogrammitis 1 15,14 104. 
105. Parasorus 1 15,3 105. 
106. Peranema 1 15,12 106. 
107. Photinopteris 1 15,14 107. 
108. Psomiocarpa 1 15,12 108. 
109. Pycnoloma 3 15,14 109. 
110. QuercifiJix 1 15,12 110. 
111. Tectaridium 1 15,12 111. 
112. Teratophyllum 9 15,12 112. 

113. Platyzoma 1 7 113. 
114. Stromatopteris 1 7 114. 
115. Aspleniopsis 1 15,6 115. 
116. Cionidium 1 15,12 116. 

4 117. Dendroconche 1 15,14 117. 11. 118. DieIJia 6 15,2 ? I1R. 
119. Hemipteris 1 15,5 119. 
120. Neurosoria 1 15,6 120. 
121. Oenotric.hia 3 15,1 121. 
122. Sadleria 7 15,9 122. 
123. Thysanosoria 1 15,12 123. 

IIa II. Tropisoh u. 
ausserlrop. 
a. Pan t r 0 p. 
u, i. der nor d 1 
Zone 

r 
Antrophyum 

~~ 15,7 124. 
125. Bolbitis 15,12 125. 
126. Coniogramme 20 15,6 126. 

. 3 . 127 . Ctenitis 150 15,12 127. 
12. 1 234 128. Loxogramme 35 15,14 • 12ti. 

129. Microlepia 45 15,1 129. 
130. Nephrolepis 30 15,3 130. 
131. Stenoloma 13 15,2 131. 
132. Tectaria 200 15,12 132. 

23 . 
1 234 133. Onychium 6 15,6 133. 

12a. 

lib b. Pan t r 0 p. 
u.i. d. s ii d 1. 
Zone 

13. 1 234 134 
1 2 . 

. Doryopteris 35 15,6 134. 
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1~INI~I~I~I~I~lrol~181=1~1~1~1 !1 I~I~I~I~I~I~I 

14. 1 234 135. Dic.ksonia 17 13 135. 
1. .4 

~ 
136. Marattia 50 3 136. 

15. 1 234 IOC · 2 • 4 137. Hemitelia 14 137. 

lIe c. Pan t r 0 p. u. 
i.der nOrd\. u 
s ii'd 1. Zone 

· 3 . 
16. 1 234 138. 01eandra 35 15,4 138. 

2 . 

f 139. A1sophila 30e 14 139. 
· 3 . 140. Ceratopteris 2 15,6 140. 

17. 1 234 l141. 
Diplazium 375 15,10 141. 

. 4 142 . Lindsaya 150 15,2 142. 
143. P1atycerium 8 15,14 143. 

1 
18. 1 234 144. Pityrogramma 20 IS,. 144. 

· 2 . 

r Dicranopteris 5 7 145. 
146. Cyathea 300 14 146. 

· 3 . 147. Acrostichum 3 15,5 147. 
19. 1234 148. Cyclophorus \00 15,14 148. 

· 2 . 4 149. Schizoloma 25 15,2 149. 

1150. Vittaria 80 15,7 150. 
151. Psilotum 2 20 151. 

1 .. 

~ 
152. Schizaea 30 5 152. 

20. 1 234 
12 . 4 153. Dennstaedtia 70 15,1 153. 

r Sticherus Ig~ 7 
· 3 . 155. Ctenopteris 15,14 154. 

21. 1234 156. Grammitis fgc 15,14 155. 
1 2 . 4 157. Histiopteris 4~ 15,5 156. 

158. Hypo1epis 15,1 157. 
158. 

· 23 . 
22. 1234 159. E1aphog1ossum 40C 15,15 159. 

12 . 

1 . 3 . 
23. 1 234 160. Lygodium 40 5 160. 

· . 4 

1 . 3 . f 161. Pellaea 80 15,6 161. 
24. 1 234 

12 . 4 \ 162. Azolla f 16 162. 

· 23 . 
25. 1234 163. Leptogramma \( 15,12 163. 

· 2 . 

· 23 . 
26. 1234 164. Dryopteris 150 15,12 164. 

· 2 . 

1 23 . { 165. Marsilia 65 6 165. 
27. 1 234 

· 2 . 4 166. Pteridium 15,5 166. 

r Botrychium 3C 167. 
168. Ophioglossum 50 168. 
169. Hymenophyllum 300 9 169. 
170. Trichomanes ~gg 9 170. 
171. Adiantum IS,. 171. 
172. Asplenium 650 15,10 172-
173. Athyrium 180 15,10 173. 
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1~INI~I~I~I~I~I~I~121~1~ldl~1 ~ I:£I~I~I~I~I~I 
174. Blechnum 180 15,. 174. 
175. Cheilanthes Ig~ 15,6 175. 

1 23 . 176. Cyclosorus 20 15,12 176. 
28. 1 234 111- Cystopteris 18 15,10 111-

1 2 . 4 178. Notholaena 60 15,6 178. 
(kosmopolitisch) 179. Polypodium 50 15,1' 179. 

180. Polystichum 225 15,12 180. 
181. Pteris 250 15,5 181. 
182. Thelypteris 500 15,12 182. 
183. Equisetum 2~ 17 183. 
184. Lycopodium 180 18 184. 
185. Selaginella 700 19 185. 
186. Isoetes 65 21 186. 

lId d. In den Tropen 
ei n e Liicke 

1 23 . { 187. Osmunda 1~ 4 187. 
29. 1 23 

1 2 . 188. Woodsia 38 15,11 188. 

1 
30. 1 23 189. Aneimia 90 5 189. 

1 2 . 

· 23 
31. 1 23 . 190. Salvinia 10 16 190 . 

1. . 4 

2 .. 
32. 23 . 191. Anogramma 7 15,6 191. 

2 . 4 

1 23 
33. 1 . 3 192. Phyllitis 8 15,10 192. 

1. 

· 2 .. 
34. 1 34 193. Cu1cita 10 13 193. 

. 4 

3 . { 194. Plagiogyria 30 12 194. 
311. 34 195. Cibotium 12 13 195. 

196. Gymnopteris 9 15,6 196. 

36. 34 197. Paesia I" 15,5 197. 
. 4 

37. 1 23 198. Pleopeitis 90 15,1' 198. 
12 . 

23 . 
38. 234 199. Davallia 35 15,3 199. 

2 . 4 

· 3 . 
39. 234 200. Phymatodes toC 15,1' 200. 

2 . 4 lincl. Selliguea) 

· 3 . 
1201. 40. 234 Angiopteris 100 2 201. 

.4 

· 3 . 
41 234 202. Lepisorus 25 15,14 202. 

2 . 

42. · 234 203. Arthrol'teris 15 15,3 203. 
1 .. 4 

43. 234 204. Gleichenia E 7 
2 . 4 

204. 
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I~INIMI~I~I~I~I~I~I~I=I~I~I~I ~ 1:£ I~ I~ I~ I~ I~I 
205. Cyrtomium 12 15,12 205. 

. 3 . 206 . Drynaria 
~~ 15,14 206. 

44. 234 207. Humata 15,3 207. 
208. Microsorium 4C 15,14 20R. 

(incl. Colysis) 

45. 234 209. S tenochlaena ~ 15,IS 209. 
2 . 

lIe e. In den Tropen 
I. wei LUcken 

46. 1 2 210. Anaf'eltis 1: 210. 
12 15,14 

47. 12 211. Lonchitis 8 15,s 211. 
. 2 

1 23 
48. 1 . 3 212. Woodwardia 10 15,9 212. 

23 
49. 23 213. Hypodematium 3 15,12 213. 

2 . { 214. Actiniopteris 15,s 214. 
SO. 23 

2 . 215. Ceterach 6 15,10 215. 

3 { 216. Dipteris 8 15,13 216. 
51. 34 217. Cheiropleuria 1 15,14 217. 

218. Leucostegia 20 15,3 218. 

{ 219. Doodia 8 15,9 219. 
51. 34 

.4 220. Tmesipteris 3 20 220. 

IIf f. In den Tropen 
d rei LUcken 

1. 
53. 1. 221. 

12 
Marginaria 25 15,14 221. 

12 
54. 1 222. 

4 
Pilularia 6 6 222. 

55. 223. Gymnogramme 
2 

60 15,6 223. 

{ 224. Bommeria , 
15,6 224. 

56. 
225. Phanerophlebia 9 15,12 225. 

57. 226. Lophosoria 14 226. 

58. 2 227 . Mohria 3 5 227. 
2 

123 
59. 3 228. lIIatteuccia 3 15,8 228. 

3 { 229. Brainea 1 15,9 229. 
60. 3 230. Drymotaenium 2 15,14 230. 

231. Lemmaphyllum 5 15,14 231. 
232. Monachosorum 1 15,12 232. 
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61. · 4 233. Leptopteris 6 4 233. 
· 4 

III. Rein ausser-
trop,,_" 

1 2 3 . 
62. 234. Cryptogram rna 7 15,6 

1 2 . 

. 2 . 
63. 235. Pleurosorus 3 15,10 

· 4 

1 . 3 . { 236. Cam ptosorus 2 
64. 

\ 237. Onoclea 

15,9 

15,8 

. 3 { 238. Monacbosorella 2 

65. 239. Pleurosoriorsis 1 
240. Saxiglossum 1 
241. Sinopteris 2 

15,12 
15,10 
15,14 
15,6 

66. 242. Todea 4 
. 2 . 4 

{ 243. Serphyllopsis 
67. 

244. Thyrsopteris 

\1 

13 

{245. Cardiomanes 
68. 246. Loxsoma 

247. Lepto1epia 
· 4 248.1 Phylloglossum 

11 
10 

15,1 
18 

§ 5. Die Florengebiete, die CHRIST fiir die Filicales unterscheidet, las
sen sich auf die Gesamtheit der Pteridophyten iibertragen. Sie sollen 
deshalb in enger Anlehnung an ihn mit den notig erscheinenden Erwei
terungen gekennzeichnet werden. 

1. Die Flo r a des k a I t gem ass i g ten nor d I i c hen W a I d
g e b i e t e s beider Halbkugeln mit dem arktisch-alpinen Element setzt 
sich zusammen aus besonderen Arten, die aIle im Sliden Verwandte haben, 
und aus solchen des siidlicheren temperierten und sogar tropischen Wald
gebietes selbst. Uber die Zahl der Farnarten, die das ganze zirkumpolare 
temperierte Florengebiet durchziehen, vergl. § 4, A, a (S. 455). In der Alten 
Welt ist dessen Farnflora ungemein gleichformig, aber im feuchten Osten 
und besonders Westen gehauft, wahrend in Nordamerika die meisten 
Farne dem feuchten Waldland im Osten angehoren, hinab bis zum Golf 
von Mexico und an die Grenze der trocknen Hochlander. 1m pazifischen 
Westen dehnt sich dieses Florenreich nur iiber den hoheren Norden aus, 
von Oregon aufwarts; die kalifornische Kiiste rechnet bereits zur me xi
kanischen Flora. 

Die floristische Schilderung der Untergebiete, wie sie CHRIST so an
schaulich gibt, muss hier unterbleiben. Erwahnt sei iiber CHRIST hinaus, dass 
die Gattung Equisetum und auch Lycopodium in dem nordlichen Waldgebiet 
eine verhaltnismassig nicht geringe Rolle spielt und von den etwa 65 I soetes-

234. 

235. 

236. 

237. 

238 . 
239. 
240. 
241. 

242 . 

243. 

244. 

245. 
246. 
247. 
248. 
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Arten mehr als 20 dort auftreten, vorzuglich im neuweltlichen Anteil. 
2. Die M e d i t err a n flo ram i t d e mat I ant i s c hen 

W est ran d E u r 0 pas u n d d e m K auk a sus. Erstere, die 
noch in Syrien gut vertreten ist, tragt - entsprechend dem sommer
trockenen Klima - deutlich xerophilen Charakter, und gerade auch die 
endemischen Mittelmeerfarne geh6ren der Gruppe der klein en Felsen
Asplenien an. In den h6heren Gebirgen erscheinen die Arten der n6rd
lichen Waldregion. Die vom Klima unabhangigere Gattung Isoetes bildet 
auch in dieser Flora einen recht merklichen Einschlag. Der vom Golfstrom 
beherrschte atlantische West rand Europas hat seine eigene Farnflora, in 
die sich allerdings Mittelmeertypen einmischen. Die atlantische leitet sich 
in letzter Linie von dem altafrikanischen Gebiete abo Besonders hervor
zuheben ist Irland, dessen Farnflora durch ihren siidlichen Charakter in 
so hoher n6rdlicher Breite einzig auf der Erde dasteht. Der Kaukasus 
lasst an seinem West- und Ostfuss mediterrane und desertische Einfliisse 
erkennen; seine Wald- und Alpenregion aber ist noch ganz mitteleuro
paisch, mit einigen Endemismen und einer fern-6stlichen Spur. Unsere 
Waldfarne sind namentlich am feuchten Ostrande des Pont us machtig 
vertreten. 

3. Die war m tern per i e r t e chi n e sis c h-j a pan i s c h e 
Flo r a reicht vom Tsin ling shan bis zum Hochplateau von Tibet, von 
dem zahlreiche Taler und Schluchten in das innere China hinablaufen. 
Die Siidgrenze dieses reichen Florengebietes schiebt sich weiter nach 
Siiden vor, als CHRIST es angenommen hatte, bis Nordburma und Tonkin, 
wenn hier die Durchsetzung mit malayischer Flora auch schon starkere 
Geltung bekommt. Wie fiir die Bliitenpflanzen, so ist dieses Floren
reich auch fUr die Farne "ein wahres Reich der Mittel> (9), ein Zentrum 
allerersten Ranges. Uberhaupt gehen wohl nirgends auf der Erde die 
geographischen Eigentiimlichkeiten der Bliitenpflanzen und der Farne 
so genau parallel wie hier. Die hervorstechendste besteht darin, dass in 
beiden Gruppen der Reichtum von Arten erstaunlich, die punktf6rmige 
Zerstreuung und Vereinzelung der Arten und selbst der Individuen zum 
grossen Teil aber verbliiffend ist. Gleichlaufend damit geht ein Auftreten 
vielgliederiger Formenreihen und Formenkreise, die sich im Laufe der 
seit langem ungest6rten Entwicklung des Landes, unterstiitzt von seiner 
edaphischen und klimatischen Mannigfaltigkeit, herausgebildet haben. 
Hier kann sich also ein alter Endemismus (Archangiopteris, Neocheiropteris, 
Dipteris u.a.) mit einem reichen progressiven (Polystichum, Polyp odium S. 

lat. Cheilanthes, Dryopteris u.a.) zusammenfinden. CHRIST schatzt, dass die 
Annahme von 800 Farnarten in China nicht zu hoch gegriffen sei. Von 
diesem Reichtum gehen nach allen Seiten Ausstrahlungen, reichlich nach 
Westen, dem Fusse des Himalaya entlang, auch nach Osten in das be
nachbarte Japan, weniger bis zu den Philippinen, Borneo und Java. Die 
erheblich armere Farnflora Japans hat ihren eigenen Zusammenhang mit 
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dem malayisehen Arehipel iiber die Liukiu-Inseln und Formosa; auf 
Saehalin und Korea, wohl auch auf Jeso, mischt sich die Farnflora des 
nordliehen Waldgebietes mit den japanisehen Typen. Der Farnende
mismus Japans ist wesentlich ein Neuendemismus, der sich an die chi
nesisehe Flora anlehnt. Die Halbinsel Korea hat vorwiegend eine japa
nische Farnflora, nur im Gebirge und im Norden ein nordasiatisches Ge
prage. 

4. Die in dis e h - m a I a y i s e h e Farnflora umfasst das ganze 
Monsungebiet der altweltlichen Tropen bis nach Hawaii und den ost
lichen Gruppen der polynesischen Inselflur und ist trotz dieses gewaltigen 
Umfanges eine gesehlossene Einheit. Ihrem Reichtum, der sich nach den 
Randern zu allerdings abschwacht, ist nur die Fiille der tropisch-ameri
kanischen Farnflora zu vergleichen. Allein das Zentrum des Gebietes, 
die insulare Malaya samt der Halbinsel Malakka, weist heute sieher weit 
i.iber 1500 Arten auf. Vorderindien entbehrt, sogar in seinen klimatisch 
bevorzugten Teilen, wo aueh ein sehwaeher Endemismus waltet, vieler 
bezeiehnender malayiseher Leitfarne, wahrend ein namhafter xerophiler 
Anteil meist afrikaniseher oder aus Amerika tiber Afrika gewanderter 
Arten eindringt. Die trockene Nordhalfte Ceylons teilt noch den verarmten 
und afrikaniseh-xerophytisehen Charakter des Dekkan-Plateaus. In dem 
Hochwald der Insel wiederholt sieh die Farnflora der feuchteren stidliehen 
Gebirge Vorderindiens, aber mit starker Bereicherung an echt malayischen 
Formen. 

Den Himalaya-Abhang, besonders Sikkim, Assam und die zum ehi
nesischen Plateau aufsteigenden oberen Flusslaufe von Obertonkin, Ober
Annam, Yiinnan, soweit sie mit tropischem Regenwalde erfiillt sind, be
zeiehnet CHRIST als die Nordgrenze der indisch-malayischen Farnflora. 
Hier mischen sich in den eisernen malayischen Bestand merklich chinesi
sche Elemente, und ein deutlieher Endemismus macht sich geltend, der 
im oberen Regenwalde von Yiinnan dureh sehr alte Typen gekennzeiehnet 
ist (vergl. S 456). Nach Nordwesten zu, bei Simla, ist die Farnflora reeht 
verarmt und natiirlich xerophil betont. 

Der stidlichste Rand Chinas, also Honkong und die nahen Taimosehan
Berge des Festlandes, gehort vorwiegend zur indo-malayischen Flora. 
Formosa, dessen grossere nordliche Halfte schon ausserhalb der Tropen 
liegt, hat in seinen waldigen Gebirgen eine reiche, in ziemlieh gleichen 
Teilen aus malayisehen und ehinesisehen Elementen gemisehete Farnflora. 
Der Endemismus dieser Kontinentalinsel ist neu und eben falls jenen beiden 
Floren angelehnt. In Tonkin, Stid-Annam und Siam ist der malayische 
Einfluss herrsehend. 

Die ganze Fiille der malayisehen Flora findet sich auf der Halbinsel 
Malakka, an deren Stidspitze die archaistische Farnkolonie des Mt. Ophir 
hervorragende Endemen beherbergt; vieles davon ist Borneo gemeinsam, 
jencr grossten der Sundainseln, von der allein weit tiber 800 Arten und 
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Varietaten von Farnen, z.T. ausgezeichnete Endemismen, bekannt sind, 
ferner wohl ein Dutzend Lycopodium-Arten und etwa 20 Selaginella, davon 
beinahe die Halfte endemisch. In dieser fast aller xerophilen Elemente 
entbehrenden hygrothermen Flora bergen selbst die hoheren Gebirgs
stufen nur wenige boreale Formen. Das australe Element zeigt sich in 
Spuren. Sumatra schliesst sich auch in seiner Farnflora der Malayischen 
Halbinsel eng an, weist fast nur weit verbreitete Arten und wenige En
demen auf. Java ist in seinem immerfeuchten Westteil viel reicher, vor 
allem auch an Baumfarnen; sein Endemismus ist malayischer Neuendemis
mus. In dem trocknen Ostjava treten die Farne sehr zuruck. Ostliche 
Typen sind im ganzen auf Java noch selten. 

Anders ist es schon auf Celebes. Der Grundstock der Farnflora ist auch 
hier eine rein malayische Auslese, doch bestehen hervorragende Bezie
hungen zu Polynesien und Melanesien, zu dem eine ganze Flur von Inseln 
hinuberleitet. Uber die schmale Brucke von Celebes fiihrt dieser Wander
zug weiter nach den Philippinen, wo sich der Artenreichtum der ma
layischen Farnflora mit mehr als 600 Arten wiederum zu einem Hohepunkt 
steigert. Selaginella ist mit etwa 30 Arten vertreten, von denen nur der 
siebente Teil uber die Inselgruppe hinausgeht. Besonders ausgezeichnet 
ist die Farnflora der Philippinen durch die grosse Einheit des ganzen 
Archipels, in dem sich auch die leitenden, z.T. hochst origin ellen endemi
schen Arten uber die ganze Inselgruppe hin erstrecken. Abgeleitete For
mengruppen oder -kreise urn eine pragnante Art sind, wie bei gewissen 
Blutenpflanzen, z.B. Elatostema, auf den Philippinen eine haufige Er
scheinung. Der Austausch ihrer Flora mit Borneo ist gering, ebenso mit 
Formosa. Die Bergregion besitzt einen reicheren Anteil kontinentaler 
Arten aus der chinesisch-japanischen Flora. Australische Einstrahlungen 
sind wohl starker als auf den Sundainseln. 

Fi.'Lr Neu-Guinea, das auch heute noch langst nicht eingehend erforscht 
ist, gab BRAUSE bereits 1921 fast 1000 Farnarten an, von denen rund 
600 - hauptsachlich Bergarten - als endemisch bezeichnet wurden. 
Eine der bemerkenswertesten ist die monotypische Gattung Papuapteris, 
eine hochalpine Pflanze, die noch die Jamesonien der Anden hinter sich 
lasst. 250 Arten kommen zugleich in der Malaya vor; uberhaupt hat die 
Farnflora von Neu-Guinea ein entschieden malayisches Gesicht. Ferner 
bestehen starke Beziehungen zu den Philippinen, Polynesien, Indien und 
Ceylon, Neu-Caledonien und Australien, schwachere zu China-Japan 
und Formosa. Die Gattung Selaginella wies 1921 bereits 58 Arten (48 
endemisch) auf, Lycopodium 22 (7 endemisch). An Neu-Guinea schliesst 
sich Nordost-Australien eng an. 

Aus Neu-Caledonien strahlt eine Menge von Arten nach den Neu-He
briden, Viti und Samoa aus; die Insel ist der Brennpunkt des polynesisch
melanesischen Bezirkes der malayischen Farnflora, mit einem "h6ch5t 
kraftigen und dabei (wegen der tiefen und reichlichen Blattfiederung) 
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bizarren Endemismus". Dies~ Variante der malayisehen Farnflora ist 
dureh eine Anzahl uralter xerophytiseh veranlagter Typen eharaekte
risiert. Bedeutend ist schon die Einstrahlung neuseelandiseh-australiseher 
Formen. Schizaea fistulosa ki:innte man fast zirkumantarktiseh nennen. -
Von den etwa 130 Farnarten der N eu-Hebriden sind die allermeisten 
neuealedoniseh und ostmalayiseh; daneben ist ein sehwaeher Neoende
mismus zu erkennen. - Viti, der gri:isste und zugleieh zentralste der po
lynesisehen Arehipele, hat - besonders auf der feuehten Passatseite -
eine weniger originelle Farnflora als Neu-Caledonien, und viele ihrer 
eigentiimliehen Arten teilt die Viti-Gruppe noeh mit Samoa. Dem extre
men aquatorialen Regenwaldklima Upolus entsprieht die energisehe 
Stammentwieklung aueh bei sonst stammlosen Gattungen. Trotz der sehr 
artenreiehen Farnflora der Samoa-Inseln sind diese doeh kein Floren
zentrum, sondern ein Sammelpunkt allgemein in dieser Inselflur ver
breiteter ostmalayiseher Arten. Der nieht sehr bedeutende Endemismus 
ist neogen. Tahiti, dureh ungeheure, nur hi:iehst liiekenhaft von Atollen 
durehsetzte Zwisehenraume von der Malaya getrennt, weist dennoeh eine 
durehaus malayisehe Farnflora, mit einigen eigenartigen Endemismen auf. 

Wenn irgend einer Inselgruppe, so gebiihrt der von allen Festlandern 
und gri:isseren Inseln weit abliegenden Hawaiisehen die Bezeiehnung 
ozeaniseh. Da ausserdem die vulkanisehen Gebirge 3000 m iibersteigen, 
ist ihre Farnwelt ausserordentlieh reich. Ubermaehtig ist der Endemismus 
alter Typen, die aber keine Monotypen sind, sondern sieh dureh einen 
neueren Entfaltungsprozess in Formengruppen aufli:isen, so dass fast 3/4 
aller Gefasskryptogamen von Hawaii Endemen sind. Die dazwisehen noeh 
auftauehenden {remden Arten sind fast durehweg pantropiseh oder doeh 
tropenvag und seheinen - aueh die amerikanisehen - den Weg hierher 
iiber die alte Welt gefunden zu haben. 

5. Die au s t r a lis e h - n e use e I and i s e h e Flora. - Wah
rend die Nordostspitze Australiens noeh voll der malayisehen Flora an
gehi:irt, und in den Troekengebieten seines Inneren und des Siidwestens 
die Pteridophyten bedeutungslos sind; ist das temperierte Regenwald
gebiet Ostaustraliens, Tasmanien und Neu-Seeland mit Auekland- und 
Campbell-Insel zu einer Floreneinheit zusammel1zufassen, in der iiber
rasehenderweise trotz der siidliehen Lage nieht l1ur eine der iippigsten 
und massigsten, sondern aueh systematiseh interessantesten Farnfloren 
auf tritt, ein "Farnmikrokosmus", wie CHRIST Neu-Seeland nennt. Die 
Ursaehe liegt in der iiberaus feuehten Atmosphare und der fUr solche 
Breiten ungewi:ihnliehen Ausgegliehenheit des Klimas. Xerophyten treten 
hier natiirlieh ganz zuriiek. 

Dieses Florenreieh, in Sonderheit Neu-Seeland, weist reiehliehen Alten
demismus auf; nieht wenige seiner F ormen streifen in die westliehe Halb
kugel oder doeh bis Sud-Afrika hinuber: zwei Hinweise darauf, dass die 
australiseh-neuseelandisehe Farnflora (wie die entspreehende Phanero-
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gamenflora) das "Relikt einer grosseren Stidflora ist, die zur Tertiarzeit 
oder frtiher sich ausbildete, ausstrahlte und jetzt noch die ozeanischen 
Punkte besetzt halt, die ihr klimatisch ihre Existenz sichern". (9). 

6. Die t r 0 pis c h - a f r i k ani 5 c h e Farnflora der Waldgebiete 
ist arm und ebenso eintonig-gleichartig, wie das Land orographisch und 
klimatisch homogen ist; "localisierte Seltenheiten scheint es im schwarzen 
Kontinent nicht zu geben" (9). Trotz eines sparlichen Altendemismus und 
ziemlich gut entwickelten, allerdings auf wenige Gattungen beschrankten 
Neoendemismus bietet das tropische Afrika nicht das Bild eines Zentrums, 
sondern einer Kolonie, die von der Malaya und Stidamerika aus spat und 
sparlich besiedelt worden ist. Eine spezifische Einwirkung in umgekehrter 
Richtung ist kaum zu sptiren. Selbst die Hochgebirge des tropischen 
Afrika ermangeln in ihrer nach oben hin an tropischen Elementen im
mer mehr verarmenden Farnflora der Ftille und Originalitat, bis auf die 
bedeutende Beimischung aus der stid- und randafrikanischen xerophilen 
Gebirgsflora. 

7. Die a fr i k ani 5 c h e S ti d - un d Ran d fl 0 r a ist an Pteri
dophyten nicht minder reich und originell als an Bltitenpflanzen. Und wie 
sich die stidafrikanische Phanerogamenflora von der tropisch-afrikanischen 
aufs scharfste unterscheidet, so auch die Farnflora. "Nichts kontrastiert 
energischer mit den frondosen, breit angelegten Gestalten der Waldflora, 
als die xerotherm eingestellten Felsen- und Buschheidefarne, als die halb, 
ja vollig desertisch ausgestatteten kleineren, kompakten Arten mit po
lierten Spindeln und zottiger Bekleidung, Bewohner eines Klimas und 
einer Unterlage, die ebenso trocken sind wie das tropische Tiefland 
feucht, ebenso gebirgig wie das Kongobecken tieflandisch" (9). Und wie 
jene phanerogame Xerophytenflora Stidafrikas zugleich die Randflora 
des Kontinentes darstellt, die tiberall da, wo das Randgebirge heute noch 
vorhanden ist, zutage tritt und erst im Mittelmeergebiet ausklingt, so 
auch die Farne der Stid- und Randflora, von denen einzelne noch langs der 
atlantischen Ktiste bis Island hinauf und weiter zu verfolgen sind. 

Auch auf den Kranz der Inseln, die im Osten und Westen das afri
kanische F estland umgtirten, zeigen sich deutliche Reste der altafrikanischen 
xerophytischen Randflora. 1m Osten erweist sich ihn~ Expansivkraft so 
stark, dass sie mit einzelnen bezeichnenden Arten bis nach Arabien, Vor
derindien und sogar China und Java tibergreift; auch im Norden erstreckt 
sie sich weit nach dem gemassigten, ja ktihlen Europa. Der Gesamtcha
rakter dieser Inselfloren hat freilich seine eigene Auspragung, meist als 
deutlicher Mischcharakter. Sehr genau ist uns heute durch die Bearbeitung 
C. CHRISTENSENS die Mascarenen-Region mit ihrem Kernsttick Madagaskar 
bekannt. Von den rund 500 Pteridophytenarten dieser Insel sind 232 
(46, 3 %) endemisch, davon etwa 40 ohne nahere Beziehungen zu Nach
barfloren. Ftir den ganzen Archipel (Madagaskar, Comoren, Mascarenen, 
Seychellen) erhoht sich die Zahl der Endemen noch urn annahernd 60. 
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Demgegeniiber finden sich etwa ein Dutzend kosmopolitische und etwa 
20 pantropische Arten. Das afrikanische Element steuert etwas mehr als 
100 Arten bei (davon beinahe 30 siidafrikanisch); fast genau soviele das 
,,6stliche" Element (Afrika und dem trop. Asien, besonders der Malaya, 
viele auch der Polynesia gemeinsam); etwa 25 das "westliche" (afrika
nisch-amerikanische) Element und etwa 10 das "siidliche" Element, d.h. 
Arten der siidlichen temperierten Zone. Die vier atlantischen Archipele 
im Nordwesten Afrikas (die Canaren, Madeira, die Azoren und Kapverden) 
beherbergen in ihren h6heren Gebirgen mehrere mitteleuropaische und in 
den tieferen Lagen zahlreiche Mittelmeerfarne. Einige Arten geh6ren der 
afrikanischen Randflora an. Die Kapverden haben noch tropische Formen, 
bis zu echten Epiphyten. Die grosse Zahl endemischer Farne entspricht 
der hohen Selbstandigkeit der atlantischen Flora iiberhaupt. 

Die kleineren ozeanischen Inseln im Westen der Siidhalfte von Afrika 
"haben von jeher durch ihre, wie von allen Winden zusammengewehte 
Flora die Aufmerksamkeit auf sich gezogen" (9). Die Farnflora von Ascen
sion ist palaotropisch, iiberwiegend afrikanisch. St. Helena nennt CHRIST 
"ein Wunder von Endemismus" (darunter wenige Altendemen). Sonst 
ist die Farnflora der Insel deutlich altafrikanisch, mit sehr heterogenen 
ozeanischen Einfliissen, auch einigen amerikanischen Beimengungen. Das 
von BAKER behauptete Oberwiegen des amerikanischen Elementes auf 
Tristan da Cunha lehnt CHRIST ab; nach ihm ist die Farnflora auch hier 
im ganzen afrikanisch mit sparsamem antarktischen und noch schwache
rem trop.-amerikanischen Einfluss. 

Die Gruppe St. Paul-Neu-Amsterdam, die zwar dem australischen 
Festlande naher als dem afrikanischen liegt, hat von den Mascarenen doch 
noch geringeren Abstand, woraus sich der Mangel an klaren Beziehungen 
zur australisch-neuseelandischen Farnflora und der (indirekte) Einfluss 
der siidafrikanischen erklart. Ausserdem sind antarktische, malayische 
und trop.-subtropische amerikanische Einschlage bemerkbar. 

8. Die m e x i k ani s c h - k ali for n i s c h e Farnflora umfasst 
das ausserst xerophytische Hochland von Mexiko mit seinen Gebirgen, 
ohne die tropischen Galleriewalder, und klingt nach Nordwesten durch die 
Chaparales von N eu-Mexiko und Arizona in Kalifornien aus. Haupt
sachlich auf dem inneren mexikanischen Plateau entfaltet sich bis auf die 
diirrsten Standorte eine der eigenartigsten Floren der Welt, in der die 
Farne fast durchweg nur mit stark xerophilen, vielfach neuendemischen 
Arten vertreten sind. Zwergiger Wuchs, drahtartig starre Ausbildung, 
Beschuppung, Haarbekleidung oder Wachsbelag, lederig-dickes Blatt
gefUge treten als Verdunstungsschutz mit oder fUr einander auf; einzelne 
Arten leben hier noch epiphytisch. Diese mexikanische Flora herrscht 
auch in Arizona, Neu-Mexiko und auf der siidkalifornischen Halbinsel; 
"aber auch Kalifornien bis etwa zum 43°. n6rdlicher Breite, bis an das 
Waldgebiet Oregons hinauf, ist dieser xerophilen Flora untertan" (9). 
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Die meisten Waldfarne N ordost-Amerikas fehien hier. In entgegengesetzter 
Richtung aber dringen zahireiche Xerophytenformen der mexikanisch
kalifornischen Farnflora bis ins Innere von Nordamerika vor. 

9. Der t r 0 pis c h - arne r k ani s c hen Farnflora ist ein Reich
tum der Gestaltung eigen, der dem malayischen kaum nachsteht, auch an 
Starke des Endemismus nicht. Wenn auch die Neotropen solcher Rraftge
stalten wie der Drynarien und Platycerien fast oder ganz entbehren, so 
weist die Gattung Pteris in Siidametika Riesenformen auf, wie sie in der 
Malaya bei dieser Gattung nur selten zu finden sind. Die neotropische 
Farnwelt hat "einen Charakter der Frondositat, eine Tendenz zu moglichst 
grossen, breiten und dabei reichgeteilten Blattspreiten, welche von jeher 
die Reisenden begeistert hat" (9). 

Am weitesten nordlich erstreckt sich die geschlossene tropisch-ame
rikanische Waldflora in Mexiko, dessen offenes Binnenland von zahl
reich en Schluchten mit tropischem Galleriewald durchsetzt ist. In diesen 
ist eine Menge von Farnen vertreten, die allgemein durch das tropische 
Amerika bis Brasilien und zu den Antillen gehen. Reines der tropischen 
Gebiete Mexikos sondert sich farnfloristisch heraus; der atlantische 
und der pazifische Abhang des Hochlandes sind wenig verschieden. Etwa 
der vierte bis dritte Teil der Arten mogen endemisch sein. 1m Siiden geht 
diese Flora durch das waldige Chiapas nach Guatemala iiber, das prag
nanter Endemen fast ganz entbehrt, und erlischt im wesentlichen in der 
tiefen Depression Nicaraguas. 

Dagegen ist die Landenge von Costarica mit ihren mehr als 3000 m 
hohen Vulkanen durch die feuchten Luftstromungen zweier Meere hoch
begunstigt. Das fordert so machtigen Wuchs der Farne, wie er sonst in der 
Neuen Welt nicht wieder erreicht wird. Die Arten des Regenwaldes, die 
schon einen starken Einschlag aus Siidamerika bekommen, sind bis in 
.die Hohen hinauf massgebend; nur in einer mittleren Lage bei San Jose 
und Rarthago treten Xerophyten auf. Zur andinen Flora steht eine erheb
Hche Zahl z.T.' nivaler Formen der hohen Gebirgsgipfel in Beziehung. 
Einigermassen ist auch noch antillischer Einfluss spur bar. Doch ist Costa
rica auch.die Statte eines "glanzenden, allgegenwartigen" Endemismus 
zum Teil mit hervorragenden Archaeotypen. "Es durfte kaum ein Land 
im tropi'schen Amerika gefunden werden, in welch em sich so viele Floren
bestandteile von Grenzgebieten neben so viel endemischen Farnen zu
sammendrangen" (9). 

Westindien, durch die kleinen Antillen und Trinidad mit dem Festlande 
in Verbindung, bietet einen wahren Inbegriff der tropisch-amerika
nischen Farnflora dar. CHRIST spricht von der "relativen Vollstandigkeit 
an tropisch-amerikanischen Arten, die Westindien besitzt". Alle gross en 
und viele kleinen lnseln dieses Archipels sind gebirgig; die Gebirgssippen 
sind neben manchen andinen Arten vielfach Endemen. Uberhaupt ist 
der Farnendemismus Westindiens nicht auffallend gering, wie GRISE BACH 
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meinte. Die FarnHora der ganzen Inselgruppe ist recht homogen, ein Zug, 
der stark an die Philippinen erinnert (vergl. S. 466). Das Zentrum der antil
lischen Farnflora ist nach neueren Nachweisungen URBANS und CHRIS
TENSENS nicht Jamaika, wie CHRIST angenommen hatte, sondern ohne 
Zweifel Hispaniola mit etwa 650 Arten. Die Farnflora von J amaika und 
Sudost-Kuba ist freilich nur wenig armer und auch sehr ahnlich, aber die 
Gebirge Hispaniolas haben einen hoheren Prozentsatz andiner Arten. 
Weniger Besonderheiten bietet Portoriko. 

Auf der Halbinsel Florida, die nicht in die Tropen hineinreicht, kommt 
doch eine reichliche Auswahl alIgemein verbreiteter tropisch-amerika
nischer Farne vor, die aIle auch in Westindien vorhanden sind. Doch 
wachsen sie nicht auf der Ostseite der Halbinsel, die durch eine Inselflur 
mit .Westindien verbunden ist, sondern in den Hammocks der Westkuste, 
den zwischen Nadelwald eingestreuten Laubwaldkomplexen. Wenige 
Arten tropischer Herkunft gehen bis Alabama, Texas und in die mittleren 
Staaten der Union hinauf. 

Die tropische Farnflora des ungegliederten sudamerikanischen Kon
tinents ist - wie die des alIein vergleichbaren Afrika - im ganzen 
ziemlich homogen, von Guayana bis Rio Grande do SuI, Paraguay und dem 
nordlichen Argentinien. Eine Oase mit reicher Eigengestaltung der 
Farnflore - wie seiner Flora uberhaupt - steUt das orographisch und 
klimatisch ausgezeichnete Gebiet des Roraima- und Duida-Gebirges dar; 
es sei nur eine so eigentumliche Form wie Hymenophyllopsis erwahnt. 
Dem Farnwuchs wenig gunstig ist die grosse Hylaa. Ihren periodi
schen Uberschwemmungen sind einige Gruppen der Gattung Trichomanes, 
Polyp odium-Art en u.a. durch Kletterwuchs angepasst. Selbst in dem 
bereits subandinen Bolivien ist die Trivialitat nur wenig gemildert: 
kaum ein Sechstel des Artbestandes, noch dazu alIgemein-neotropischen 
Gattungen angehorig, ist endemisch. 1m immergrunen Walde der gebir
gigen Kustenprovinzen Siidbrasiliens kommt eine bedeutende Zahl cha
rakteristischer Arten hinzu, zum Teil Ausstrahlungen der andinen Flora 
oder bereits Vertreter der siidlichen gemassigten Fazies. In Paraguay 
erfahrt die tropische Farnflora wegen der siidlichen Lage.und der ge
ringen Erhebung des Landes eine "fast normal zu nennende Abschwachung" 
(9), die in Nordargentinien ganz allmahlich zum Erloschen fiihrt. 

10. Die s ii d bra s iIi ani s c h e Cam p 0 s flo r a zeigt noch
mal eine wunderbare xerotherme Anpassung. In die Senkungen, besonders 
mit Waldbestand, ist eine immer noch stattliche Zahl von Regenwald
farnen vorgedrungen und in die Hochgebirge ein gewisser andiner Be
standteil. Zur eigentlichen Camposflora gehort vor alIem die extrem 
xerophile Gattung Aneimia, die hier eines ihrer Zentren hat, ebenso wie 
Doryopteris. 

11. Die And e n flo r a. Wahrend durchaus nicht aile Hochgebirge 
der Tropen eine eigene Farnflora hervorgebracht haben, hat die der 
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Anden, die nordwarts bis Costarica und Mexiko, seitlich bis Slidbrasilien 
und Westindien vorgedrungen ist und im tiefen Sliden in die antarktische 
Flora libergeht, eine besondere Pragung. Stellenweise geht zwar die ame
rikanische Waldflora bis in die subalpine Stufe hinein, und es fehlen nicht 
einige kleine nordamerikanische A splenium-Art en, mit A. viride und 
Trichomanes verwandt. Die eigentlichen Andenfarne aber sind ausserst 
eigenartig, aufs scharfste angepasst an das hochalpine, ja nivale Klima. 
Eine der charakteristischsten Gattungen ist Elaphoglossum mit einfachen, 
zungenf6rmigen, in der Hochregion grundstandigen, durch aile Mittel 
xerophil ausgestalteten, meist starr lederigen Blattern. Von ihrem an
din en Hauptgebiet strahlt sie nicht nur liber die Hochlander Amerikas 
(ausgenommen Kalifornien und die Vereinigten Staaten), sondern liber 
Afrika bis tief nach Polynesien in identischen oder homologen Arten aus: 
"ein energisch sich ausdehnendes, weil trefflich ausgerlistetes Geschlecht" 
(9). ] amesonia, Gymnogramme, Cheilanthes, Aneimia, Notholaena, Pellaea, 
seien noch genannt. Dass auch die Farnflora eines so langen, durch aIle 
Breiten der Slidhalbkugel hingestreckten Hochgebirges nicht gleichartig 
ist, bedarf kaum einer Erwlihnung. 

12. Die slid chi len i s c h e Farnflora entfaltet sich in dem sehr 
regenreichen Gebiete slidlich des 37. Breitengrades zu ausserordentlicher 
Uppigkeit. Echte Baumfarne werden aIlerdings durch Blechnum mit meter
hohen Stammen ersetzt. Einige Arten sind hier endemisch, andere, denen 
sich Gleichenia hinzugeseIlen, gehen bis in den tiefen antarktischen Sliden 
hinab. Durch einige Polystichum- und Asplenium-Arten hangt die slid
chilenische Flora mit der neuseelandisch-australischen zusammen. 
Nirgends in Slidamerika ist die Gattung Hymenophyllum so vielfaltig; 
von ihren Arten ist etwa die Halfte endemisch. Trotz ihrer urn mehrere 
Breitengrade n6rdlicheren Lage einer trockenen Festlandkliste gegenliber 
schliesssen sich die Juan Fernandez-Inseln dem feuchten valdivischen 
Florengebiet an. Doch kommen Baumfarne vor, hauptsachlich die alten
demische verzweigte Dicksonia Berteroana und die uralte, auf Masafuera 
beschrankte Thyrsopteris elegans, die einzige Art ihrer Gattung, mit zu
weilen mannesstarkem Stamm. 

13. Die ant ark tis c h e Farnflora lasst sich bei der weiten Zer
streuung der winzigen, von Pflanzen bewohnbaren Landreste des ehema
ligen antarktischen Kontinents mit der des Hohen Nordens natlirlich 
nicht vergleichen; kaum 10 Arten spricht CHRIST wirklichen antarktischen 
Charakter zu, vor aHem Blechnum tabulare und B. penna marina; Poly
stichum· mohrioides; Polypodium australe; Schizaea australis und fistulosa, 
die aber fast aIle nach Norden die Grenze der Antarktis weit liberschreiten. 

Der Men s c h hat durch Zurlickdrangung des Waldes in weitem Masse 
e ins c h ran ken d auf die Verbreitung der Pteridophyten, besonders der 
Farne, gewirkt. Ant h r 0 p 0 c h 0 r e Farne gibt es nur sehr wenige und in 
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sehr beschranktem U mfange: Ceratoptens ist ein Un kraut der Reisfelder ; in 
Costarica findet sich auf den Ziegeldachern eine merkwiirdige Pflanzen
gesellschaft zusammen, zu der auch einige Polyp odium-Art en gehoren 
(9, S. 333). In Europa hat das calciphile Asplenium Ruta-muraria, urspriing
lich Felsenpflanze, in Mauerritzen eine weite kiinstliche Verbreitung 
gdllnden. Equisetum arvense und palustre sind als Unkrauter fast Kos
mopoliten geworden. (Vergl. S. 394). 



CHAPTER XV 

GEOGRAPHIE UND ZEITUCHE VERBREITUNG DER FOSSILEN 
PTERIDOPHYTEN 

von 

MAX HIRMER (Mtinchen) 

Bei der Beurteilung der geographischen Verhiiltnisse der vorzeitlichen 
Pflanzenwelt ist es eine selbstverstandliche N otwendigkeit, gleichzeitig die 
stratigraphische d.h. zeitliche Aufeinanderfolge ins Auge zu fassen. Nicht 
selten haben ja Pflanzen oder Pflanzengruppen zu gewisseri Zeit en der Erd
geschichte eine mehr oder minder weite Verbreitung tiber die Erdoberflii
che besessen, um in Laufe der Erdepochen allmiihlich auf ein mehr oder 
minder beschriinktes Areal zurtick gedriingt zu werden. 

Was in Hinblick auf die geographischen Verhaltnisse der fossilen Pflanzenwelt 
derzeit das brennendste Problem ist, ist der Umstand, dass wir bis ins Alt·Tertiar 
hinein verfolgen konnen, dass eine Pflanzenwelt von subtropischem bis warm·tem· 
perierten Charakter sich bis in hohe nordliche Breiten ausgedehnt hat, und dass 
weiterhin fossile Pflanzen auch aus Gebieten bekannt sind, die heutigentags der 
Antarktis angehoren. Wenn auch an dieser Stelle darauf naher einzugehen un· 
moglich ist, so muss doeh aueh hier betont werden, dass eine grosse Menge Tat· 
sachen in betreff der geographischen Verbreitung der fossilen Pflanzenwelt, die 
noeh vor wenigen J ahren unverstandlieh crsehienen, heute begreiflich werden, so· 
bald man die WEGENER'Sehe K 0 n tin e n tal· V e r s chi e bun g s· The 0 r ie 
ins Auge fasst. 

Hier sei in dies em Zusammenhang nur beispielsweise hingewiesen auf die voll· 
kommene Gleichformigkeit der Pflanzenwelt von Beginn des Auftretens der ersten 
Landpflanzen im Obersilur bis zum Erloschen der Psilopl).yten.Flora zu Ende des 
Mitteldevons und weiterhin auf die ebenso grosse Gleiehf6rmigkeit der oberdevoni· 
schen und unterkarbonisehen Floren, ganz gleichgliltig, ob man die Florenraume 
Europas und Nordamerikas sowie Sibiriens und Ostasiens oder Slidamerikas, Slid· 
afrikas und Australiens ins Auge fasst. Die enorme Gleichformigkeit, sie sieh aber. 
mals gegen Trias·Ende und zu Beginn der Jura.Zeit wieder in der Geschichte der 
vergangenen Pflanzenwelt bemerkbar macht, sei gleichfaHs hier hervorgehoben. 
Desgleichen die bis in die Arktis reiehende Ausdehung subtropischer bis warm· 
temperierter Pflanzen noeh bis zum Ende des alteren Tertiars. 

Nicht zuletzt sprieht ein gewichtiges Wort zugunsten.der genannten Theorie die 
Tatsache der Gleichformigkeit der Floren der heute slidhemispharisehen Gebiete 
von Slidamerika, Afrika und Australien mit der Flora Indiens vom Ende der Kar· 
bonzeit und dureh das ganze Perm und das Mesozoikum hindurch. 

Wenn bis jetzt die ehedem auf der Erde und vor aHem zu gewissen Zeitepoehen, 
vorhandene und - gemessen an den heutigen Verhaltnissen - fast unverstandliehe 
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Gleichftirmigkeit der Pflanzenwelt im Bereich weitester Erdgebiete hervorgehoben 
wurde, so muss doch andererseits auch darauf hinge wiesen werden, dass sich z.B. 
schon im jiingeren Palaeozoikum, etwa von Beginn, vor aHem aber von Ende des 
Oberkarbon ab zweifellos eine Anzahl Florenprovinzen herausmodelliert haben, die 
allerdings spater, vor allem gegen Trias-Ende zufolge der schon oben erwahnten 
Gleichf6rmigkeit wieder sehr strak verwischt worden sind. Es muss auch weiterhin 
noch darauf hingewiesen werden, dass, wenn auch in der Oberkreide und im Alt
Tertiar - wie weiter oben schon bemerkt - eine subtropische bis warm gemassigte 
Pflanzenwelt sich weit nach Norden hin, ja selbst bis ins Gebiet der hohen Arktis 
hinein aufdecken lasst, dennoch mer i d ion a I bereits eine Differenzierung vor 
sich gegangen zu sein scheint. 

Soviel iiber a II gem e i n e Probleme der histOlischen Pflanzengeographie. 

Fiir die im folgenden des naheren darzustellenden pflanzengeographi
schen Verhaltnisse der fossilen Pte rid 0 p h Y ten sei als besonders 
wichtig nochmals zusammengestellt : 

I. Die erdweite Gleichmassigkeit der Pflanzenwelt vom Pteridophyten
Beginn (Obersilur) bis zum Ende des Unterkarbons. 

II. Dass im Oberkarbon und vor aHem kurz vor Beginn der Permzeit 
sich zweifellos eine Anzahl, in ihren Elementen deutlich voneinander ver
schiedene Florenraume heraus gebildet haben, namlich 

I. Der e u ram e r i s c h e Flo r e n r a u m, umfassend N ordameri
ka und Europa. 

2. Der An gar a-F lor e n r a u m, beginnend im \Vesten mit den 
Gebieten der Dwina und Petschora iiber den Ural hinweg bis in die Gebiete 
des Amur und Ussuri, mit einer siidlichen Grenze im Gebiet des Russischen 
Tarbagatai und siidlich der gross en Kohlenbecken von Kusnetzk und 
Minussinsk. 

3. Der Cat hay s i a-F lor e n r a u m, umfassend die Gebiete von 
Shansi und Korea in Ostasien, seine typische Pflanzenwelt im oberst en 
Oberkarbon und im Unterperm entwickelnd. Diesem Florengebiet diirfte 
auch noch Sumatra zugeh6ren, wovon eine Flora aus der Zeit des stephani
schen Oberkarbons bekannt ist. 

4. Der Go n d wan a-F lor e n r a u m, umfassend die Gebiete des 
mittleren und siidlichen Siidamerika nebst der Antarktis, ferner Siid- und 
Mittelafrika, sodann Indien siidlich des Himalaya-Bogens und Australien 
nebst Tasmanien und Neuseeland. 

III. Wenn die Florenelemente des Gondwana-Raumes zu Ende der Kar
bon- und wahrend der Permzeit im wesentlichen auf die gerade oben ge
nannten Gebiete beschrankt waren und sich zu dieser Zeit lediglich noch 
Beziehungen zur Flora des Angara-Raumes aufdecken lassen, so ist kein 
Zweifel, dass vom Beginn der Trias an ein Hereinstr6men der Gondwana
Elemente in das euramerische Gebiet statt hatte, wie umgekehrt auch ein 
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Wandern von Pflanzen aus dem euramerischen Florenraum nach den 
Gondwana-Gebieten unverkennbar ist. 

Was die Belegung der hier skizzierten Grundlinien der pflanzengeographischen 
VerhliJtnisse der ausgestorbenen Pflanzenwelt betrifft, so ist klar, dass die hier 
gemachten Angaben unmoglich allein an Hand der pflanzengeopgraphischen Ver
haltnisse der Pteridophyten herausgeschalt werden konnen und in ihr volles Licht 
erst kamen, wenn neben der Darstellung der Verhaltnisse bei den Pteridophyten 
auch die primitiveren Gymnospermen-Gruppen herangezogen werden konnten. 

Die folgende Uebersicht beschrankt sich im allgemeinen auf eine systematische 
Aufzahlung der Pteridophyten-Gattungen unter Angabe ihrer zeitlichen und geo
graphischen Verbreitung 1). 

Es ist dabei selbstverstandlich, dass die fossile Pflanzenwelt des euramerischen 
Pflanzenraums wesentlich besser bekannt ist als die der tibrigen Erdteile. Urn aber 
ein klares Bild davon zu geben, we1che Pflanzen in den Angara-, Cathaysia-, und 
Gondwana-Florenraumen massgebend gewesen sind, sind einige diese Raume be
treffende listenformige Zusammenstellungen der systematischen Uebersicht an
geschlossen. 

Von der sehr grossen in Frage kommenden Lit era t u r sei in ernster Linie 
auf die glanzende Darstellung von A. C. SEWARD: "Plant Life through the ages." 
verwiesen. Was neuere Veroffentlichungen tiber n i c h t-euramerische Florenrau
me betrifft, seien genannt die Arbeiten von B. SAHNI ftir Indien, von A. B. WAL
KOM ftir Australien, von A. L. Du TOIT ftir Afrika, M. ZALESSKY ftir den Angara
Raum, von T. G. HALLE und S. KAWASAKI ftir das Cathaysia-Gebiet, von W. J. 
J ONGMANS und W. GOTHAN ftir Sumatra. Zusammenfassende Darstellungen finden 
sich in einigen der Abschnitte "Palaobotanik" (v. M. HIRMER) in "Fortschritte 
der Botanik". Zusammenfassende Darstellungen tiber den euramerischen Floren
raum sind fUr das Palaeozoikum in erster Linie W. GOTHAN zu danken. An neuesten 
Untersuchungen tiber das Mesozoikum der Arktis seien noch die Arbeiten von A. 
C. SEWARD und M. T. HARRIS aufgeftihrt. 

1) Die hinter dem Gattungsnamen in Klammern beigefi.igt(Zahl bezeichnet _ 
wo moglich - die Zahl der bis jetzt beschriebenen Arten. 



PSILOPHYTALES 

Erste Landpflanzen; alteste Pteridophytengruppe. Erdweit verbreitet 
sowohl iiber die nordhemispharischen Gebiete: N ordamerika (sudlichstes 
Ost-Kanada und westliche Vereinigte Staaten: Wyoming) u. Europa: 
Schottland, N ord- u. Mittel-N orwegen, N ordfrankreich, Belgien und Rhein
lande (H unsruck, Gegend von Siegburg bei Bonn und Elberfeld) und Bohmen 
als auch im Bereich der heute sudhemispharischen Gebiete des alten Gond
wana-Florenraumes: Viktoria in Australien, Sudafrika und Sudamerika 
(Falklands-Inseln). Beginnend im Obersilur und erloschend im oberen Mit
teldevon. Nach aHem was bis jetzt bekannt ist, waren die Psilophytales 
bis zum Beginn des Mitteldevon die einzigen Landpflanzen, sind aber be
reits als Heide-artige Massenvegetation aufgetreten. Erhalten z.T. in aus
gezeichneten strukturbietenden Resten (aus dem Old-Red-Sandstein von 
Aberdeen in Schotland) teils in inkrustierten "Abdriicken" unter Erhal
tung organischen Materiales. 

Bekannt sind folgende: 
Rhynia (3), Hornea (1), Taeniocrada (1), Yarravia (2), Hedeia (1), Buche

ria (1), Zosterophyllum (3), Hicklingia (1), Loganella (1); Sporogonites (3) 
Pseudosporochnus (1) Psilophyton (ca. 4), A rthrostigma (1), Dutoitia (1), 
Dawsonites (1); Asteroxylon (2), Thursophyton u. Hostimella ferner als 
Ubergangsform zu den L ycopodiales: H aplostigma (1) und als tJ bergangs
formen zu den Filieales: Pectinophyton u. Protopteridium (vgl. S. 555) 

L YCOPODIALES 

Eine im Florenbild des jungeren Palaeozoikums, vor aHem in Karbon, 
zufolge der vielen baumformigen Arten tonangebende Pteridophyten
Gruppe. Von der Mitte des Perm ab allergrosstenteils nur noeh durch 
krautige Formen vertreten und im Florenbild zuriicktretend, wenn auch 
durch aHe Zeiten als Gruppe im ganzen nachweisbar. 1m Oberdevon und 
vor aHem im Unterkarbon nicht nur in den Gebieten der Nordhemisphare 
sondern auch im Bereich des Gondwana-Florenraumes hervorragend ent
wickelt. 

A. Lepidophyta: 
Lepidodendron reich an Arten im euramerischen Karbon, einschliesslich 
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dem der Arktis, ferner eine Anzahl von Arten in den anderen paHiozoi
schen Florengebieten: Sumatra, Cathaysia-Raum (Shansi und Korea), An
gara-Raum und Gondwana-Raum, hier teils in Formen nahestehend denen 
des euramerischen Raumes, teils in eigenen. - Lepidophloios vorwiegend 
karbonisch und euramerisch, wenn auch dem Gondwana-Gebiet nicht feh
lend, so im Oberkarbon von Brasilien. -- Sigillaria. Unterkarbon bis obe
res Rotliegendes, hauptsachlich im euramerischen Florenraum und hier 
sehr artenreich, jedoch auch mit einigen Arten, insbesondere des Subsigilla
ria-Kreises, in den anderen Florenraumen. - Bothrodendron offen bar rein 
karbonisch und euramerisch; was unter diesem Namen aus dem Bereich 
der Gondwana-Gebiete beschrieben ist, durfte bestenfalls damit verwandt, 
sicher nicht identisch sein. - Porodendron. Oberdevon bis Unterkar
bon, Arktis, Europa und Angara-Raum (Kirgisen-Steppe). Pleuromeia 
(ca. 3) Untertrias von Europa, Ostasien und vielleicht auch von Sud
afrika. 

B. Palaeozoische Lycopodiales von mehr minder baumformiger 
Gestalt 1): 

Haplostigma Oberdevon bis Unterkarbon des Gondwana-Raums. -
Archaeosigillaria. Oberdevon u. Unterkarbon v. Nordamerika bzw. Europa; 
hieher wohl auch die "Protolepidodendron"-Arten des Oberdevons v. Neu
Sudwales. - Cyclostigma Oberdevon u. Unterkarbon von Europa u. 
Nordamerika sowie von Australien. -- Heleniella u. Helenia Oberdevon 
des Donetz, letztere auch Perm d. Ural. - Eleuterophyllum und Lepi
dodendropsis Unterkarbon, ersteres in Europa, letzteres ebenda und im 
ostl. N ordamerika. - Protasolanus u. Thaumasiodendron, beide aus dem 
Unterkarbon von Mitteleuropa. - Asolanus, Omphalophloios u. Ulo
dendron aus dem Oberkarbon von Europa u. Nordamerika, letztere 
Gattung auch aus dem Unterkarbon v. Neu-Sudwales angegeben. -
Pinacodendron u. Phialophloios beide im Oberkarbon von Mitteleuropa, 
letzteres Monotyp des Saargebietes. - Maroesia Oberkarbon (Stefan) v. 
Sumatra. - Gattungen des Angara-Florenraumes sind: Angarodendron, 
Caenodendron, Caragandites, Demetria, Eichwaldia, Lophiodendron, M ichee
via, Paikhovia, Rimnocladon, Signacularia, Viatcheslavia, die meisten pcr
misch, einigc unterkarbonisch oder vom Unterkarbon bis ins Perm rei
chend. - Cyclodendron Perm v. Sudafrika. -

c. Krautige Lycopodiales: 
U nter diesen die altesten Vertreter der Lycopodiales; sodann finden sie 

sich ferner im Karbon neben den in jener Zeit so zahlreichen baumf6rmi
gen Gestalten der Gruppe und stellen von der Trias ab bis zur Gegenwart 
wieder allein das Kontingent der Lycopodiales. 

') Nicht festgestellt, ob ligulat oder eligulat. 
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Baragwanathia Obersilur v. Australien (Victoria); Drepanophycus Un
terdevon des Rheinlandes (Siegburg); Protolepidodendron (3) Mitteldevon v. 
Mitteleuropa; Lycopodiopsis Perm von Brasilien; Leptophloem Oberdevon 
u. Unterkarbon von N ordamerika u. Australien; Poecilitostachys Buntsand
stein v. Frankreich; Lycostrobus Rhat. v. Schonen. Dies aHes Formen unsi
cherer SteHung innerhalb der Gruppe. 

Lycopodites vom Oberdevon ab; Selaginellites vom Oberkarbon ab; 
Nathorstia und Isoetites von der Unterkreide ab bekannt. 

D. Samentragende Lycopodiales: 
Lepidocarpon Unter- und Oberkarbon v. Mitteleuropa; Miadesmia 

Oberkarbon von England. 

ARTICULATALES 

Eine im Gegensatz zu den neuzeitlichen Verhaltnissen im Mesozoikum 
uns insbesondere im Palaozoikum reich und mannigfaltig entwickeltc 
Gruppe. Wenn auch die Mehrzahl der Gattungen und Formen des PaHlo
und Mesozoikums aus dem euramerischen Florengebiet bekannt ist, so 
spielen gewisse Articulatales auch in den heute grosstenteils der Siidhe
misphare angeh6renden Gondwana-Gebieten keine geringe Rolle, und 
zwar - im Gegensatz zu den Lycopodiales, die im Gondwanaraum reich
lich nur wahrend des Oberdevon u. Unterkarbon entwickelt waren -
vorwiegend im jiingeren Palaeozoikum und noch durch das ganze Meso
zoikum hindurch. 

A. Protoarticulatineae: 
Calamophyton Mitteldevon v. Elberfeld, Hyenia ebenda u. Norwegen. 

B. Pseudoborniineae: 
Pseudobornia Oberdevon d. Baren-Insel. 

C. Sphenophyllineae und Cheirostrobineae: 
Sphenophyllum Bgt. formenreiche Gattung, nicht nur vom Oberdevon 

bis zum Rotliegenden im euramerischen Florenraum, sondern auch im 
oberst en Karbon und Perm der Angara-, Cathaysia- und Gondwana-Flo
renraume. - Cheirostrobus Monotyp aus dem Unterkarbon von Schottland. 

D. Equisetineae: 
1. Asterocalamitaceae: Asterocalamites. Unterkarbon der ganzen 

Nordhemisphare wie auch des Gondwana-Florenraumes. - Autophyllites' 
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Pothocitopsis u. Sphenasterophyllites unbedeutende Gattungen des Karbons 
v. Mitteleuropa. 

2. Calamitaceae: Mesocalamites u. Proto calamites, beides Ubergangs
formen zw. Asterocalamites u. Calamites, bisher nur aus dem Unterkarbon 
u. unterem Oberkarbon Europas bekannt. Calamites l ) hervorragend wichti
ge Gattung des Karbons und Rotliegenden sowie mit Resten im Zeckstein, 
in der mannigfaltigsten Weise erhalten; vorwiegend euramerisch, selten 
im Cathayisa- u. Gondwana-Florenraum; im Angara-Raum vorwiegend 
durch Paracalamites vertreten. 

3. Equisetaceae: Equisetites yom Karbon bis zur Gegenwart, iiberall; 
Phyllotheca artenreich; Charakterpflanzen des jiingeren :palaozoikums 
(insbesondere des Perms) der Angara- und Gondwana-Florenraume; 1m 
Gondwana-Gebiet sowie in Europa u. Asien auch im Mesozoikum. 

4. Anhang: Articulatales unsicherer Stellung: 
Neocalamites JungpaHiozoikum des Cathaysia- Angara- u. Gondwana

Florenraumes, im Mesozoikum noch im Gondwana-Gebiet sowie in Europa 
u. Nordamerika. - Schizoneura 1m Jungpalaozoikum vorwiegend im 
Gondwana-, sparlicher im Cathaysia-Gebiet; im Mesozoikum gleichfalls im 
Gondwana-Gebiet sowie in Nordamerika, Europa u. Asien. - Lobatannu
laria Perm der Angara- und vor allem des Cathaysia-Florenraumes. 

CLADOXYLALES 

~ur aus dem alteren Palaezoikum (Mitteldevon bis Unterkarbon) von 
Europa bekannte Pflanzengruppe mit den Gattungen Cladoxylon u. V oel
kelia. 

F1LICALES 

A: Eusporangiatae: 
I. Aneurophytineae: Die hieher geh6rigen Gewachse, die zunachst unter 

die Samen-tragenden Pteridospermen eingereiht wurden, stellen einen 
Vorlaufer-artigen, aber offen bar bereits heterosporen Farn-Typus von 
baumformiger Gestalt dar. Aneurophyton (1) aus dem oberen Mittel-Devon 
von Elberfeld. - Eospermatopteris (1) aus dem Oberdevon von New Yark. 

') Beziiglich der Hilfsgattungen zu den Stammen (Athropitys, Calamodendron, 
A throdendron) , zu den Blatt-tragenden Zweigen (Asterophyllites, Annularia, u.a.), 
zu den Bliiten (Calamostachys, Palaeostachya, Metacalamostachys, Cingularia u.a.) 
sowie der Wurzeln (Astromyelon u.a.) vgl. Abschnitt Art i cuI a t a Ie s (S. 514-517) . 
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2. Coenopteridineae: rein pal a e 0 zoisch (Ober-Devon bis Unter
Perm); die iiberwiegende Zahl der - meist in strukturbietenden Resten 
bekannten - Gattungen und Arten ist in Mit t e l-E u r 0 p a gefunden; 
nur wenige stammen von Nor d-A mer i k a, der Ark tis, von S i
b i r i e n und von Au s t r ali e n. 1m Einzelnen gilt Folgendes: 

a. Zygopteroideae: 
I) Stauropteridaceae: Stauropteris (2) Unterkarbon v. Schott land, 

Mittl. Ober-Karbon v. Mittel-Europa. 

2) Etapteridaceae: Dineuron (2) Unterkarbon v. Schottld. u. Mittel
Frankreich; - Metaclepsydropsis (2) Unterkarbon v. Schottld. u. Thii
ringen; - Diplolabis (1) Unterkarbon v. Schottld., Schlesien u. Mittel
Frankr.; - Zygopteris s. str. (einschl. Botrychioxylon) Mittl. Oberkarbon v. 
Nord-Engld. u. Rottlieg. v. Sachsen; - Asteropteris Ober-Devon v. New 
York; - Etapteris (6) Unterkarbon-Rotlieg. v. Mittel-Europa; - Coryne
pteris einschl. Alloiopteris (ca. 20) Mittl. Oberkarbon v. Mittel-Europa; -
Gymnoneuropteris (1) Unterkarbon v. Karnten; - Cephalotheca (3) Ober
devon d. Baren-Insel. 

3) Clepsydraceae: Clepsydropsis (1) Unterkarbon v. Thiiringen; -
A sterochlaenopsis Un ter karbon d. Kirgisen -Steppe; - Protoclepsydropsis ( 1 ) 
Unterkarbon v. Schottld.; - A ustroclepsis (1) Oberdevon bezw. Unterkar
b!Jn v. Australien; - Ankyropteris (7) Mittl. Oberkarbon bis Rotlieg. v. 
Mittel-Europa; -Asterochlaena (2) Rotlieg. v. Chemnitz; -Menopteris (1) 
ebendaher. 

b. Botryopteroideae: 
I) Botryopteridaceae:Botryopteris (5) Unterkarbon bis Rotliegend. v. 

Mittel-Europa; - Grammatopteris (2) Rotlieg. v. Mittel-Frankr. u. Sach
sen. 

2) Tubicaulidaceae: Tubicaulis (3) Mittl. Oberkarbon bis Rotlieg. 
v. Mittel-Europa. 

c. Anachoropteroideae: 
Anachoropteridaceae: Anachoropteris (1) Mittl. Oberkarb. v. Europa; 

- Gyropteris (1) Unterkarbon v. Niederschlesien; - Zeilleria (ca. 6) Un
terkarbon bis Mittl. Oberkarb. v. Europa. 

3. Marattiineae: Vom Karbon bis zur J etzt-Zeit reichende Farn
Gruppe mit einem H6hepunkt der Entwickelung gegen Ende der Karbon
Zeit und im Rotliegenden und einem weiteren H6hepunkt wahrend der 
oberen Trias und des Beginns der Jura-Zeit. Wenn auch wahrend des Pa
laozoikums der Euramerische Florenraum und wahrend des Mesozoikums 
die heute der Nordhemisphare angeh6rigen Gebiete (Europa, das N6rd
lichere Asien sowie Nord-Amerika das Gross der Marattiineen hervorge-
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bracht hat, so muss doch hervorgehoben werden, dass Marattiineen weder 
im PaHio- noch im Mesozoikum den Gondwana-Gebieten gefehlt haben. 1m 
Einzelnen gilt Folgendes: 

a. Pecopteroideae: bei den paHiozoischen Formen sind sowohl eine 
grosse Menge (vielfach struktur-bietend erhaitener) Stammreste (Psaro
nius, Megaphyton, Caulopteris, Stipidopteris) als eine Menge von verschie
den en Gattungen (Asterotheca, Scolecopteris, Diplasterotheca, Acitheca, Cros
sotheca z. T., Tetrameridium, Ptychocarpus, Danaeites u.a.) in Form fruk
tifizierender Wedel-Reste bekannt. Nur wenige im Mesozoikum. 

S tam m-R est e: Megaphyton (ca. 10) Oberkarbon (Westfal) bis Rot
liegendes v. Europa u. Nord-Amerika; entsprechende Strukturbiedende 
Reste (distiche Psaronius) (ca. 9) nur aus dem Rotliegenden v. Europa be
kannt. - Caulopteris (nebst Stipidopteris) (ca. 25) Oberkarbon (Westfal) 
bis Rotliegendes v. Europa u. Nord-Amerika; entsprechende struktur
bietende Reste (quirlige u. schraubige Psaronius (ca. 25) aus dem Ober
karbon (Westfal u. Stefan) von Europa sowie dem Permo-Karbon v. Bra
silien; ferner Perm des Angaraflorengebietes und Untertrias v. Baden. 

Wed e I-R est e: Asterotheca (ca. 25) vielleicht schon ab Unterkarbon, 
sicher ab Oberkarbon (Westfal) bis Lias; im PaHiozoikum in Europa u. 
Nordamerika, sowie in Ostasien (Cathaysia-Flora) und Sumatra; ferner im 
nord!. Sudafrika (Sud-Rhodesia). - Scolecopteris (ca. 4) Oberkarbon 
(Westfal) bis Rotlieg. v. Europa u. Nordamerika. - Diplasterotheca Rot.
lieg. v. Mittel-Frankr. - Acitheca (1-3) Oberkarbon (Stefan) bis Rotlieg. 
Europa u. Sumatra. -Ptychocarpus (ca. 5) Oberkarbon (ob. Westfal) bis 
Rotliegendes von Nordamerika, Europa, Ostasien, sowie von Sumatra u. 
Sud-Rhodesia - Crossotheca (z. Teil) Oberkarbon-Rotlieg. von Europa 
u. Nordamerika - Tetrameridium (1) Oberkarbon (Westfal) v. Oberschle
sien. - Danaeites (1) Oberkarbon (Westfal) d. Saargebietes. - Parapecop
teris (1) Oberkarbon (Stefan) v. Mittel- u. Siid-Frankreich. - Bernouillia 
(3) u. Merianopteris (1) Keuper v. Mittel-Europa.-

h. Danaeoideae: nur an Hand der (wenig durchgefiederten) Wedel und 
erst seit dem Mesozoikum bekannt. 

Marattiopsis (ca. 7) Rhlit bis Unterkreide von Europa u. Ostasien sowie 
Gronland. - Danaeopsis (3) Obertrias von Europa u. Nordamerika. 

Anhang: die unter Weichselia gehenden Wedelreste sind erdweit yom 
Wealden bis zur Mitte1-Kreide verbreitet; zugehOrige Stammreste: Para
doxopteris. Hieher auch die Gattungen: N athorstia weitverbreitet im Meso
zoikum u. Rienitsia Trias v. Australien. 

4. Ophioglossineae: kaum fossil bekannt; mit Sicherheit jedenfalls 
erst von Eo z li nan: 0Phioglossites eozaenicum, Eozan v. Verona, dem 
rez. O. lusitanicum nahestehend. (Der gelegentlich immer wieder in der 



DER FOSSILEN PTERIDOPHYTEN 483 

Literatur wiederkehrende Versuch die Angehorigen der karbonischen (liber 
wiegend unterkarb.) Gattung Rhacopteris in Beziehung mit den Ophioglos
sineen zu bringen, ist ganz abwegig). 

Filicales Leptosporangiatae: 
1. Osmundaceae: 
In Wedel- und Sporangien-Resten bereits seit dem Karbon bekannt. 

in Stammresten seit dem Perm nachweis bar. Permische Stammreste, 
besonders von dem primitiveren protestelischen Bau-Typ in vergleichs
weise besonders grosser Gattungs- und Arten-Flille aus dem Angara-Floren
raum bekannt. Wedelreste im mittleren Mesozoikum (Oberste Trias und 
Alt-Jura) erdweit verbreitet. 

a. S tam m res t e: Anomorrhoea (1), Bathypteris (1), Chasmatopte
ris (1), Jegosigopteris (1), Petscheropteris (1), Thamnopteris (4) und Zaless
kya (4) samtliche aus dem Perm des Angara-Florenraumes, die meisten yom 
Ural, einige aus dem Petschora-bezw. dem Kusnezk-Becken. Die siphono
stelischen bezw. diktyostelischen Osmundites (ca. 7) seit dem Jura be
kannt, aus Europa u. Nordamerika sowie den Gondwana-Gebieten (Neu
seeland und Paraguay). 

b. Wedelreste: Sporangien allein (Todeopsis u. Sturiella) 
schon aus dem Unterkarbon von Zentr.-Frankr. bekannt. Wed e 1 r e s
t e selbst erst seit dem Oberkarbon nachgewiesen: Discopteris (5) Ober
karbon (Westfal u. Stefan) v. Europa; -Kidstonia (1) Oberkarb. v. Klein
asien. Mesozoisch: Todites nebst den entsprechenden sterilen ResteD" 
Cladophebis in sehr zahlreichen Arten erdweit yom Keuper aufwarts. -
Speirocarpus (4) Mittl. Keuper v. Nordamerika u. Europa. Osmundites yom 
Lias aufwarts u. weit verbreitet, im Alttertiar auch noch im Gebiet der 
heutigen Arktis. 

2. Schizaeaceae: 
In Vorlaufern schon seit der Mitte des Oberkarbon, in ganz typischen 

Formen seit dem Rhat nachgewiesen. 
Senjtenbergia (3) Oberkarbon (Westfal) v. Europa; - Klukia (5) Rhat 

bis Wealden v. Europa bis Ostasien; - Norimbergia (1) Lias v. Franken; 
- Schizaeopsis (1) Unterkreide v. Virginien und Schizaeopteris Oberkreide 
v. Japan; - Lygodium Unterkreide bis Miozaen v. Europa, Nordamerika 
u. Ostasien. Moglicherweise zugehorig auch die im Wealden erdweit, auch 
liber die Gondwanagebiete verbreitete Ruffordia sowie Pellet.iera. Zuge
horige stammreste vielleicht: Tempskya (5) aus der Unterkreide v. Nord
am erika u. Europa. 

3. Marsiliaceae: 
Fossil n i c h t mit Sicherheit nachgewiesen. 

4. Gleicheniaceae: 
Der rezenten Gattung zweifellos nahestehende Formen sind bereits aus 
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dem Mittl. Keuper und dem Lias bekannt; e c h t e Gleichenien (Gleiche
nites s. str.) kennt man seit der Unterkreide und zwar von der Sekt. Eu
Gleichenia aus d. Unterkreide von Mitteleuropa sowie von Gronland ei
nerseits u. Patagonien andererseits; Sekt. Mertensia (4) ebenfalls aus der 
Unterkreide von Mitteleuropa u. Nordamerika sowie der Arktis (Spitz
bergen u. Gronland) und v. Argentinien. Die nur foss. Sekt. Didymosorus 
(6) von der Unterkreide bis zum Eozan, in Mitteleuropa u. Gronland. 

Zum Verwandschafts-Kreis der Gleicheniaceen gehoren auch noch neben 
der mesozoischen !vI ertensites (3) des Mittl. Keuper v. Virginia u. Lunz 
eine Anzahl palaozoischer Gattungen; so: Oligocarpia (6) Oberkarbon 
(Westfal.) v. Mitteleuropa; Monocarpia Oberkarbon (Stefan) v. Sumatra; 
Shansitheca Stefan bezw. Perm v. Ostasien (Shansi) u. Sud-Rhodesia; 
ferner Boweria, Sturia u. Dendraena, samtl. drei aus dem Oberkarbon v. 
Mitteleuropa. 

5. Matoniaceae: 
1m Mesozoikum erdweit verbreitet und zu dieser Zeit auch die grosste 

.Formen-Mannigfaltigkeit erreichend. Yom oberen Jura ab Areal-Reduk
tion. Phlebopteris (4) Mittl. Keuper bis Unterkreide, Gronland u. ostl. U. 
S.A., Europa, Nord-Afrika, Ost-Asien und Australien; - Selenocarpus (1) 
nur Lias v. Franken; - Matonidium (2) Ober-Jura bis Unterkreide v. Eu
ropa u. Indien; -Matoniella (1) Unt. Oberkreidev. Mahren. 

6. Hymenophyllaceae: 
Vorkommen in der Vergangenheit noch etwas problematisch, was bei 

der extrem angepassten Familie auch nicht Wunder nehmen kann. Die 
hieher gerechneten fossilen Formen konnen ebensogut dem Dicksoniaceen
Kreis angegliedert werden, bezw. dazu Vorlaufer darstellen. 

Hymenophyllites Oberkarbon (Westfal) v. Europa und wieder im RMt-
Lias von Polen sowie von Argentinien. 

7. Loxsomaceae: 
Vielleicht gehort hieher Stachypteris aus dem Mittl. Jura v. England. 

8. Dicksoniaceae und Cyatheaceae: 
Sowohl in Stamm- als in fruktifizierenden Wedelresten seit der Trias be

kannt, von den Gebieten der Nordhemisphare und denen des Gondwana
Florenraumes. 

S tam m res t e: Protopteris (8) Wealden bis Tertiar v. Gronland u
Europa; - Rhizodendron und Oncopteris Kreide v. Mittel-Europa. 

Wed e 1 res t e: Coniopteris Trias u. Jura, erdweit verbreitet, Arktis, 
Europa bis Ostasien und Gondwana-Gebiete; eben so die jurassische Ebo
racia; Gonatosorus u. Alsophilites, beide aus dem Jura v. Polen. 

9. Dipteridaceae: eine ahnlich wie die Matoniaceae im Mesozoikum 
weitest verbreitete und wesentIich formenreichere Familie als dies die 
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heute form- und arealbeschrankten Nachziigler ahnen lassen. 1m Bereich 
des Gondwana-Florenraumes ist die Familie mit einer Anzahl von Arten 
dreier Gattungen vertreten. 

a. Camptopteroideae: Camptopteris (2) Mittl. Keuper bis Rhat v. 
Mittel-Europa; - Dictyophyllum (ca. 16) artenreiehste Gattung, Obertrias 
bis Unterkreide, Europa bis Ostasien, Australien, Neuseeld. u. Siidamerika 
(Chile); - Thaumatopteris (2) Rhat u. Lias v. Mittel-Europa; - Clathropteris 
Obertrias bis Unterkreide v. Nordamerika, Europa, Nordafrika, Asien bis 
Ostasien, und Siidamerika (Chile); - Oishia (1) Rhat-Lias von Ostasien. 

h. Dipteroideae: Hausmannia u.Protorhipis sehr artenreieh; in Vor
laufern vielleicht schon yom Rotliegenden ab; sieher yom Rhat ab, im 
ganzennordhemispharischen Gebiet undin Australien; - Podoloma Eozan 
v. Siidengland, der rez. Dipteris coniugata nahestehend. 

c. Goeppertelloideae: Goeppertella, Lias von Europa u. Asien (Tonkin). 

10. Polypodiaceae: 
Diese heute sowohl in Hinblick auf Vielgestaltigkeit wie auf Gattungs

und Artenfiille grosst-entwickelte Farn-Familie scheint erst vergleichsweise 
spa t in Erscheinung getreten zu sein. Die altesten sind Davaltia aus dem 
Lias v. Polen; weiterhin Asplenium aus der Unterkreide v. Gronland; 
ferner die Pterideen Adiantum (ebendaher und auch aus dem Jura v. 
Ostasien bekannt) sowie Onychiopsis (der rez. Cryptogramma nahestehend) 
aus dem Wealden von Europa und Ostasien, von Siidafrika u. Siidame
rika; - Polypodium wird gleichfalls schon ans dem Jura v. Nordamerika 
(Oregon) angegeben. Aus dem Tertiar kennt man ferner noch ausser den 
schon von alteren Zeit en her bekannten oben genannten noch die Gat
tungen Onoclea, Aspidium, Nephrodiltm, Scolopendrium, Cheilanthes u. 
Drynaria. 

II. Salviniaceae: 
Fossil nur in der Gattung Salvinia bekannt, in einer Anzahl Arten seit 

der Ober-Kreide. 

Filices incertae sedis: 
Die hierher gehorigen Formen, die wohl (mindestens zum grossten Teil) 

den eusporangieten Filices angehoren oder doch zwischen diesen und den 
leptosporangiaten Filices vermitteln, sind zu nieht geringem Teil wiehtige 
Leitpflanzen, sowohl in stratigraphischer als z. T. auch pflanzengeografi
scher Hinsieht. Genannt seien: 

Archaeopteris (11) Oberdevon. Oestl. Nordamerika, Baren-lnsel und Eu
ropa bis zum Donetzbecken. - Rhacopteris: Untergr. Anisopteris (ca. 14) 
Unterkarbon von Europa und des Gondwana-Florenraumes (hier mit Lepi
dodendron tonabgebend), nur mit wenigen Arten ins Oberkarbon herein
reichend; Eurhacopteris (1) Oberkarbon v. Mitteleuropa. - Hymenotheca (4) 
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Oberkarbon. Renaultia (II), Dactylotheca (8), Myriotheca (2), Cyclotheca (I), 
Sphyropteris (6), Urnatopteris (2) u.a. samtliche dem Oberkarbon des eura
merischen Florenraumes angehorend, z. T. (Dactylotheca) bis ins Rotlie
gende reichend. - A nomopteris (I) und N europteridium (5) beide aus dem 
Buntsandstein v. Europa. Inwieweit N europteridium validum und ahnliche 
der Gondwanagebiete wirklich zu N europteridium im Sinn der europai
schen Arten gehOren, steht dahin. - Chiropteris (3), Obertrias bis Kreide von 
Europa u. Amerika sowie der Gondwana-Gebiete. 

Palaeozoische Pteridophyten im 
Be rei c h des An gar a-F lor e n r a u m e s 

Lycopodiales (Anordnung alphabetisch) 
A ngarodendron Obrutschewi 
Caenodendron primaevum 
Caragandites rugosus 
Demetria asiatica 
Eichwaldia biarmica 
H elenia inopinata 
Knorria anceps 

mamillaris 
Lepidodendron kirgisicum 

" ostrogianum 
" Schmalhauseni 

Veltheimianum 
spec. 

Lepidostrobus (? Bothrostrobus) spec. 
Lophiodendron superum 

" tyrganense 
Micheevia pulchelia 

rimnensis 
uralica 

Paikhovia Tschernowi 
Porodendron tenerrimum 
Rimnocladon minutum 
Signacularia N oinskii 
Tomistachys thyrsiculus 
Viatcheslavia vorcutensis 

Art i cui a t a I e s. 
Sphenophyllum denticulatum 

Stuckenbergi 
A sterocalamites scrobiculatus 
Calamites gigas 

J iingeres Palaeozoikum 
(Perm) 

I~ 2 I 3 ~I~ ~ ~ : ~ : ~_ ~ 
- + -----------
-+ + -----=1=--
----+-------
----+-------
----+-------
---- + --------
-+----------
--+---------
-----+------

+ + -1-
- + - - - -- - - - - --
------+-----
--+---------
+----------
+-----------, T-----------
----+-------
- + -----------
+----------
----+-------
------+-----
----- + -------

------ + --1-------+---1--++-------
--1--1+--;--1-
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Palaeozoische Pteridophyten im 
Be rei c h des An gar a-F lor e n r a u me s 

Paracalamites decoratus 
" izylensis 
" Kutagorae 

laticostatus 
robustus 
sibiricus 
similis 
striatus 

A thropitys linearis 
A nnularia asteriscus 
d. A nnularia spec. 
Lobatannularia Schtschurowskii 
Phyllotheca bardensis 

" deliquescens 
" eq uisetoides 
" macrostachya 
" pauciflora 
" peremensis 

Sokolowskii 
stellifera 
spec. div. 

Equisetites Czekanowskii 
Anhang: 

Taibia tyrganensis 

F i Ii c a I e s S. S t r. 
Asterochlaenopsis kirgisica 
Psaronius sibiricus 
Tschernowia synensis 
A nomorrhoea Fischeri 
Bathypteris rhomboidalis 
Chasmatopteris principalis 
] egosigopteris ] aworskii 
Petscheropteris splendida 
Thamnopteris GWJ1nne- Vaughani 

" 

kazanensis 
Kidstoni 
Schlechtendahli 

Zalesskya diploxylon 
" fistulosa 
" gracilis 

uralica 
Cladophlebis adnata 

" tychtensis 
"Pecopteris" synica 

Jungeres Palaeozoikum 
(Perm) 

~1~I~c~.! ~~~ 6 7 8 9 

------+-
---d. + -------
---+--------
------+-----
------+-----
---+--------
---+--+-----
----+-------
------+-----
------+-----
------- + - + ---
----+-----------d.-+ + +---
--------+---
----+-------
--1------ + ---
----+-------
------+-----
--1- ---- + - + ---
--------+-+-
--------+---

------+-----

-+----------
------+-----
---- + --------
----+-------
---+-------

----+-------
--1---- + -----
---+--------
--1- + --------
--1-- + -------
----+-------
----+-------
----+-------
---- + -1------

+-1-
- + 

=1==+==t=I==I=----+--+ --+ 



'" Korea Sh.n,' ~'.' "ozo.'"h •• ,,," ophyhn .. - Ktl~l~ 
Y I SU I so 1mB ere I c h d e ~ Cat hay S! a -'" E U Florenraumes In Ost-Aslen 

= ~~ U 1 0 und auf Sumatra en 

Lycopodiales: 
- - x - - - - - - - Lepidodendron aculeatum 
- - - - 1 - - - - -

" 
Gaudryi 

X - - - - - - - - -
" 

mesostigma 
X - - - - - - - - -

" 
molle 

- X X - - - - - - 1 
" 

oculis felis 
X - - - - - - - - -

" 
Posthumi 

- - X - - - - - 2 ? 
" 

spec. 
- - - - - - - - - 1 Lepidostrobus spec. 
- - X - - - - - - - Lepidostrobophyllum latisquamum 
- - X - - - - - - -

" 
longitriangulare 

- - X - - - - - - -
" 

spec. 
- - X - - - - - - - Sigillaria acutangula 
- - X - - - - - - -

" 
d. semipulvinata 

- - X - - - - - - -
" 

yajidoensis 
- - X - - - - - - -

" 
spec. A 

- - X - - - - - - - spec. B 
- - X - - - 1 - - - ? Sigillariostrobus spec. 
X - - - - - - - - - lYI aroesia rhomboidea 
X - - - - - - - - - Stigmaria asiatica 
X - X - 1 1 1 - - -

" 
ficoides 

- - X - - - - - - - rugulosa 
X - - - - - - - - - ? Lycopoditf;s spec. 

Articulatales: 
- - - - - - - 2 - - Sphenophyllum costae 
d. - X - - - 2 - - -

" 
emarginatum 

- - - - - - - 1 - - " 
fimbriatum 

- - X - - - - - - -
" 

macrophyllum 
- - X - - - - - - - ,. macrotruncatum 
X - X - 2 - 3 - - -

" 
oblongifolium 

- - X - - - - - - -
" 

orientale 
- - X - - - - - - -

" 
pseudo costae 

- - X - - - - 2 - -
" 

rotundatum 
- - - X - - - - 2 2 

" 
sino-coreanum 

- - - X - - - - - -
" 

speciosum 
X - X - - - 2 2 - -

" 
Thonii 

- - X - - - ? 1 2 1 
" , var. minor 

X - X - ? - - - - 2 
" 

verticillatum 
- - - X - - - - - - spec. 
- - - - - - 1 1 - - Bowmanites laxus 
X - X - - - 1 - - 3 

" 
spec. 

- - X - - - - - - - Calamites d. Cisti 
X - X - - ? 1 - - -

" 
Suckowi 

X - - - - - - - - -
" 

jubatus 
- - - - - - - - - 1 Asterophyllites longifolius 
X - - - - - - - - -

" ( Calamocladus) spec. 
- - - - - - - - 2 1 A nnularia crassiuscula 
- - - - - - - 3 ? -

" gracilescens 
- - - X - - - - - -

" 
maxima 

- - X X - - ? 2 - -
" 

mucronata 
- - X - - - - - - - " 

orientalis 
- - - X - - - - - -

" 
papilioniformis 

- - - - 1 - - - - -
" pseudo stell at a 

- - - X - - - - - -
" 

Shirakii 
X - X - - 3 ? - - -

" 
stellata 

X - - - - - - - - -
" 

spec. 



as Korea Shansi .. - Ktl~l~ 
as 

Yu I SU I so e 
~~~~~-~~-= ulo ulolulo <Il 

- - - ? - - - - 3 3 
- - - x - - - - - 1 
- - x - - - - - - -
- - - x - - - - 1 -
- - x - - - 3 1 - -
- - X - - - - 2 - -

X - - - - - - - - -
X - - - - - - - - -
- - - X - - - - - -
- - - X - - - - - -
- - - X - - - - - -
- - - X - - - - - -

X - - - - - - - - -

X - X - - - - - - -

X - - - - - - - - -
X - - - - - - - - -
X - X - - - - - 2 -
- - - - - - - - - 2 
- - - X - - - - 3 3 
X - X - - - - - - -
X - - - - - - - - -
X - - - - - - - - -
X - X - - - - - - -
X - - - - - - - - -
X - - - - - - - - -

X - - - - - - - - -
d. - X - - - 2 3 - -
- - - - - - - 1 - ? 
- - X - - - 2 - - -
- - - X - - - - - -
- - X - - - 3 - - -
- - - X - - - - - -

Abkiirzungen in der Floren-Liste : 
Kt: K 0 t e n-Schichten von Korea 
J : J i d o-Schichten von Korea 
K : K 0 b 0 s a n-Schichten von Korea 

Palaeozoische Pteridophyten 
im Bereich des Cathaysia-
Florenraumes in Ost-Asien 

und auf Sumatra 

Lobatannularia ensifolia 

" 
heianensis 

" 
inaequifolia 

" 
lingulata 

" 
sinensis 

M acrostachya huttoniaeformis 
Palaeostachya incrassata 
Calamiten-Bliiten incert. gen. 
Neocalamites M eriani 
Schizoneura striata 
? Schizoneura Polyfolia 
Phyllotheca d. australis 

Filicales: 
A sterotheca arborescens 

" 
Candolleana 

" 
d. Cisti 

" 
d. Daubrei 

" 
hemitelioides 

" 
Norinii 

" 
orientalis 

" 
oriopteridia 

" 
spec. A 
spec. B 

A citheca polymorpha 
Scolecopteris Verbecki 
Ptycocarpus unitus 
Monocarpia Posthumi 
Oligocarpia Gothani 
Shansitheca K idstoni 

palaeosilvana 
Discopteris kogendoensis 
Cladophlebis Nystroemi 
Shirakia bilobifolia 

Yu: Y u e hem e n k 0 u-Schichten von Shansi (u: untere, 0: obere.) 
SU: Un t ere S hi h hot s e-Schichten von Shansi (u: untere, 0: obere) 
SO: 0 b ere S h i h hot s e-Schichten von Shansi (u: untere, 0: obere) 

Die Zahlen in den Spalten bezeichnen den Haufigkeitsgrad (3 = maximal). 
Das Vorkommen von Djambi auf Sum a t r a gehiirt dem obersten Oberkar

bon (Stefan) an. 

Es entsprechen: 
Gebiet von Shansi (China): Gebiet von Korea: dem geologischen Alter 

nach: 
Obere S hi h hot s e-Schichten K 0 b 0 sa n-Schichten wohl 0 b ere sUn t e r

Per m, keinesfalls j lin
ger als Mittel-Perm. 

Untere S chi h hot s e-Schichten J i d o-Schichten Un t ere sUn t e r
Per m. 

Y u e hem e n k 0 u -Schichten K 0 t e n-Schichten entweder noch u n t e r. 
s t e sUn t e r-P e r m
oder S t e £ ani s c h e s 
o b e r k arb 0 n. 



490 MAX HIRMER, GEOGRAPHIE UND ZEITLICHE VERBREITUNG 

.: .: .: 
.... 0 >:I 0 0 ., > 0 .0 .0 ..... QJ ;;- .... .... 
;;;en~ <:i CIl CIl S 
I:E I ~.~~ ~.~ .... 

.... ~ • .0 .0 QJ 

Pteridophyten derpaliiozoischen QJ Cl) .... .... .... il< 

Schichten des gesamten .0 
..., Cl) Cl) 

Cl) ..., .0 ..., 
Gondwana-Florenraumes 0 .~ 

0 .: .0 

~ ~ 0 

...; ...; ...; 
...; >:I ...; Cl) .: ...; Cl) 

...; >:I ...; Cl) 

S ...; S S ..., Cl) .... ..., Cl) .... ..., QJ .... 
en ;a <: <: en ;a <: <: en ;a <: <: ., 

.: 
., 

.: 
., 

>:I <: .... Cf) ui <: .... ui ui <: .... ui ui 

Psilophytales: 
Thursophyton Milleri +--1-
H ostimella spec. +--1-
Sporogonites Chapmanni +---

" 
Chapmanni fo. minor +--I- I 

Hedeia corymbosa +--1-

Yarravia oblonga +- - 1-

" 
subsphaerica +- - 1-

Zosterophyll!{m australicum +- - 1-
Dutoitia pulchra - -+ -
Psilophytales von Rhynia-Typus - - - + 

L ycopodiales: 
Baragwanathia longifolia +- - -

H aplostigma irregulare - - + d. 
Cyclodendron Leslii - - + -

" 
Mathieui - - + -

Cyclostigma australe +- - -

" 
spec. +- - -

"Protolepidodendron" line are +- - -
yalwalense +- - -

Leptophloem australe +- - -
Lepidodendron australe +- + -

" 
Clarkei +- - -

" 
d. dichotomum +- - -

" 
d. nothum (= ? L. australe) - - - + 

" obovatum - - - (+) - - - (+) 
" 

Osbornei + - - -

" pedro anum - - - + - - + + 
" 

rimosum - - - (+) - - - (+) 
" 

d. scutatum + - - - - - - -

" 
Veltheimianum + - - d. 

" 
'Vereenigingense - - + 

" 
Volkmanniamtm + - - d. 

Lepidostrobus spec. - - - (+) - - - (+) 
Lepidophyllum spec. - - - (+) - - - (+) 
Knorria spec. + - - (+) - - - (+) 
Lepidophloios laricinus - - - (+) 
Sigillaria australis - - - + 

" 
Brardi - - + + 

" 
mUralis - - - + 
spec. - - + - - + + + 

"Bothrodendron" spec. - + - -
Ulodendron minus +-'-1-
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.: .: 
.... .: 0 .: 

0 0 ,D 0 ::; 
~ 

:> :> .... ,D 
.~ '" '" 0:1 .... S (fJ "'~ ~.;!l~ 0:1 '" .... 1:0 ' 
.... - ',D ~B", 

Pteridophyten derpaliiozoischen '" '" 
.... .... il< 

Schichten des gesamten ,D ..., '" '" .... 

Gondwana-Florenraumes 0 
..., ,D ...., 

'" .~ 0 .: ,D 

::g ~ 0 

...; 
.:1...; 

...; ...; 
...; .: ...; '" '" .: ...; '" S ...; S ...; S ...., '" ""' ..., 

"'I""' 
...., '" ..... 

(f) ii ~ ~ (f) ii~ ~ (f) ii ~ ~ ::; ::; ::; 
~ 

.: cJi cJi ~ 
.: . 

cJi ~ 
.: cJi ...... ...... (fJ ...... (fJ_ 

Ulodendron spec. +- - -
Lycopodiopsis Derbyi - - - + 
Stigmaria ficoides +- - - - - + -

" 
spec. +- - (+) - - - (+) 

Megasporen von Lepidophyten - - - + 
Articulatales: 

Sphenophyllum oblongifolium - - + + 
" 

Thonii - -- + -

" 
Thonii var. minor - - + -

" 
speciosum + ++ -
spec. ? - - - - - + -

A sterocalamites scrobiculatus +- - + 
Calamites Suckowi - - - (+) - - - (+) 

varians +- - - + - - -
d. Calamites spec. - - - + 
Calamostachys spec. - - - (+) - - - (+) 
Annularia australis - - - + 
Neocalamites C arreri - - - + 
Equisetites calamitinoides - - - + 

(? Schizoneura) morenianus - - - + 
Phyllotheca australis + - + + 

" 
deliquescens + - - + 

" 
Etheridgei + - - -

" 
Griesbachii - +- -

" 
indica - + - -

" 
robusta + +- -

" 
uluguruana - - + -

" 
Whaitsi - - + -

" 
Zeilleri - - + -

" 
spec. + - + -

Schizoneura africana - - + -

" 
gondwanensis + + + ? 

" 
Wardi - + - -

" 
spec. + - + + 

A ctinopteris bengalensis - + - -

F ilicales: 
1. C 0 e n 0 pte rid ace a e. 

A ustroclepsis australis +-- -
Botrychioxylon spec. +-1- -

2. Mar a t t i ace a e. 
Psaronius brasiliensis 

I 
- --I + 

Tietea singularis -- + 
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~ ~ 
~ .... 0 ~ 0 0 

::; :> 0 ,.Cl 
,.Cl - <lJ :> .... .... S .~ 

<lJ oj 
(fJ en~ ~.;!l~ 

oj en .... 
~]~ ,,.Cl , ~:O<lJ 

Pteridophyten der palaeozoischen <lJ <lJ .... .... .:. Po; 
,.Cl 

...., <lJ <lJ 
<lJ Schichten des gesamten +> ,.Cl +> 

0 .~ 

~ 
,.Cl 

G on d wa na-FI ore nra u m es ;:g 0 0 ;:J 

...; ...; k 
...: 

<lJ <lJ <lJ 
k ~ S ...; >:: ...; S k >:: k S +> <lJ ..... 

-< +> <lJ ..... +> <lJ ..... 
en :.a -< en :.a -< -< en :.a -< -< " " " -< >:: rfl .,: -< >:: r.iJ r.iJ -< >:: r.iJ r.iJ >-< >-< >-< 

A sterotheca arborescens - - + -

" 
spec. A - - + -
spec. B - - + -

Ptychocarpus ttnitus - - + -

" 
unitus var. emarginata - - + -

3. 0 s m u n d ace a e. 
Cladophlebis? australis +- - -

Roylei ..L +- -
" I 

spec. - - + -

4. d. Gleicheniaceae 
Shansitheca d. Kidstoni - - + -

5. Inc e r t a e sed i s. 
A rchaeopteris H owittii +- - -
Rhacopteris inaequilatera - 4-- -

" 
intermedia +- - -

" 
cf. M achanecki - - - + 

" 
ovata +- - -

" 
? Roemeri +- - -

" 
septentrionalis +- - -

" 
Szajnochai - - - + 

" 
Weissiana - - - + 

" 
Wilkinsoni +- - -

" 
spec. +- - -

N europteridium plantianum - - - + 
" 

validum - + + + 
" 

tasmanense +-- -

(+) bedeutet, dass nicht feststeht, ob das betreffende Siidamerikanischer Vor
kommen dem Unter- oder Oberkarbon bzw. Perm zuzurechnen ist. 

Die Vorkommen-Angaben (der Erdteile) sind ausgefiillt nur in denienigen for
mationsgruppen, in welchen die betreffenden Pflanzen iiberhaupt vorkommen 
kiinnen. 
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III 

"0 III 

'" '" 
.~ "0 

cd cd 
III 

.~ 

.~ .~ 

... III ... ... ~ ... 
E-< E-<.;!l , ~ 

Pteridophyten der mesozoischen .:. ,,J:l ... , 
Schichten des gesamten III ... III ... .... III .... III 6 on d wan a- FI orenrau m es I': ,J:l I': ,J:l 

:::> 0 :::> 0 

..; ..; ..; 
..: I': ..; III ..; I': ..; III ..; I': ..; III 

.... III '+< S .... III '+< S .... III '+< S 
'" ;a -< -< Vi ;a -< -< Vi ;a -< < ::> I': ::> I': ::> I': -< ...... {jj ui -< ...... ui ui -< ...... ui ui 

Lycopodiales: 
d. Pleuromeia spec. - - + -
Lycopodites gracilis - + - - - - - -.. victoriae + - - - - - - -.. spec. A - - - - +- - -.. spec. B - - - - +- - -

Articulatales: 
Neocalamites Carreri - - + - + - + -

koerensis - - - - +- - -
Equisetites approximatus - - - + .. Nicoli +- - -.. d. platyodon - - +1-.. rajmakalensis d + - -

.. rotiterum +- - -

.. wontkaggiensis +- - -
spec. div. +- +- +- +- +- - -

Pkyllotkeca australis +- - - +- - -.. concinna +- - -.. Hookeri +- - -
.. minuta +- - -.. spec. +- - -

Sckizoneura d. atricana +- - -.. gondwanensis cf. ++ 1- - + +-.. spec. IX (Seward) - - +- +- +-.. spec. ~ (Seward) - - +-.. spec. +- - -

Filicales: 
1. Mar a t t i ace a e. 

A sterotkeca denmeadi +- - -.. Fttcksi - - - + 
? .. Hillae +- - -
M arattiopsis macrocarpa - +- -.. Muensteri - - + ? 
Danaeopsis cackeutensis - - - + 
N atkorstia alata - - - + .. willcoxi +- -

Rienitsia spatkulata +- - -
Weickselia reticulata - +- -

2. 0 s m u n d ace a e. 
Osmundites Dunlopi +- - -

I .. Gibbiana +- - -

.. Kolbei --+- I 
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Q) 

"0 Q) 

<Il <Il 
..... "0 

cd cd 
Q) ..... 

..... . .... ... ., 
... ... ::s::: ... 

E-< E-< .~ , ::s::: 

Pteridophyten der mesozoischen ~ ',.c ... 

Schichten des gesamten 
., ... ., ... 
.... ., .... ., 

G ond wan a- Fl orenrau m es 1'1 ,.c 1'1 ,.c 

::> 0 ::> 0 

,.; ,.; ..; 
1'1 ..; 

., 
1'1 ,.; Q) 

1'1 ..; <1J 
..; 8 ..; 8 ..; 8 .... ., .... .... ., .... ..... ., < <Il :; <: <: <Il :; <: <: <Il :; <: ::s 1'1 ::s 1'1 ::s 1'1 <: ...... ui ui <: ...... ui ui <: ...... ui ui 

? Osmundites-Stamme +---
Todites Goeppertiana -- +-

" 
Roesserti -- +-

" 
Williamsoni +- - + 

" 
spec. +- -1-

Cladophlebis d. A lbertsi +- -1-

" 
antarctica -- - + 

" 
australis +- - 1- +- - + +- - -

" 
Browniana -- + d. 

" 
concinna - - +-

" 
denticulata ++ ++ 

" 
indica - +-1-

" 
johnstoni +- - -

" 
nebbensis - - +1-

" 
oblonga - - - + 

" 
Roylei d. - - - +- - -

" 
tasmanica +- - 1-

" 
spec. (d. sublobata) - - - + 
spec. +- - -

3. S chi z a e ace a e. 
d. Klukia exilis - - - + 
Rullordia acrodentata +- - -

" 
Goepperti +- - + 
Mortoni +- - -

4. G lei c hen i ace a e. 
Gleichenites (Microphyllopteris) acutus + - - 1- d. - - -

" 
gleichenoides + + - 1- +- - -
d. micromerus - - - + 

d. Gleichenites (Microphyllopteris) pectinata + - - -
Gleichenites rewahensis - + - - -

" 
sanmartini - - - + 

Gleichenia spec. - - - + 
5 . Mat 0 n i ace a e. 

Phlebopteris polypodioides + - - 1-

M atonidium indicum - + - -
. H Y men 0 p h Y 11 ace a e. 

Hymenophyllites M endozaensis - - - + 
" 

spec. - - - + 

6 

7 .Dicksoniaceae 
Coniopteris arguta - - - + 

" 
delicatula + - - '-

" 
hymenophylloides + + - + 

" " 
var. australis + - - -

I " 
d. Zobata + - - - - - - + 
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Coniopteris d. nephrocarpa --- - + 
Eboracia lobi/olia ++ - d. 

8. Dip t e rid ace a e 
Dictyophyllum acutilobum +- - -

" 
Carlsoni - - - + 

" 
Davidii +- - -

" 
? obtusilobum +- - -

" 
rugosum +- - -

? Dictyophyllum spec. +- - -
Clathropteris polyphylla - - - + 
Protorhipis Buchii ++ - -
H ausmannia dichotoma - +- -

" 
d. Pe!letieri +- - -

" 
Wilkinsi +- - -

9. Pol y pod i ace a e. 
Onychiopsis M anteUi - - + -
d. Onychiopsis psilotoides - - - + 

lO.Incertae sed i s. 
Chiropteris copiapensis - - + + 

" 
cuneata - - + 1-

" 
Etheridgei + - - -

" 
lacerata + - - -

" 
tasmanica + - - -

Zeilleri - - + -
? Chiropteris spec. + - - -

N europteridium moombracense + - - -

In samtlichen Tabellen betreffend den Gondwana-Florenraum bedeutet A ustr. 
neben Australien auch noch gegebenenfalis Tasmanien und Neuseeland. 

Die Vorkommen-Angaben (der Erdteile) sind ausgeftillt nur in denienigen for
mationsgruppen, in welch en die betreffenden Pflanzen tiberhaupt vorkommen 
konnen. 



CHAPTER XVI 

PSILOPHYTINAE 

von 

RICHARD KRAUSEL (Frankfurt a. M.) 

Geschichte, Allgemeines. - Die Gruppe hat ihren Namen nach der 
Gattung Psilophyton erhalten, die DAWSON bereits vor etwa 80 J ahren 
im Unterdevon Kanadas entdeckte, und von der er spater einen Wieder
herstellungsversuch veroffentlichte. Aber lange Zeit fan den seine Angaben 
wenig Beachtung. Man konnte ihm an anderen Stellen Irrtiimer nachweisen 
und bezweifelte so auch sein Psilophyton. Heute wissen wir, dass seine Re
konstruktion im Wesentlichen richtig war. Es brauchte lange Zeit zu dieser 
Einsicht. Wahrend auf dem Gebiete der Karbonflora und auch fUr die 
des Oberdevons grosse Fortschritte zu verzeichnen waren, blieben die 
Pflanzen der alteren Devonzeit eine terra incognita oder wurden, wo sie 
Bearbeiter fanden, vollig falsch, z.B. als Algen gedeutet. Den ersten we
sentlichen Fortschritt brachte die Untersuchung des norwegischen Devons 
durch NATHORST und vor allem HALLE (1916), neuerdings durch H0EG fort
gesetzt. Dann erschienen die grossartigen Untersuchungen von KmsToN & 
LANG (1917-1924). Begiinstigt durch die einzigartige Erhaltung der 
Pflanzen in dem verkieselten Torfbett von R h y n i e in S c hot t I and, 
konnten sic Morphologie und Innenbau weitgehend aufklaren und zum er
sten Male wieder Rekonstruktionen wagen. Seitdem ist der Umfang des 
Schrifttumes gewaltig angeschwollen. Neue Arbeiten von LANG und COOK

SON schlossen sich an. Die langst bekannte Devonflora B 0 h men s 
wurde von KRAUSEL & WEYLAND revidiert, die weiterhin in einer Reihe 
von Arbeiten neue und altere Funde im deutschen Devon bekannt machten, 
ohne bislang zu einem Abschluss gekommen zu sein. Dariiber hinaus sind 
die Psilophyten (und sonstige Devonpflanzen) heute zu einem beliebten 
Gegenstand der Betrachtung geworden. Unter Verzicht auf Einzelheiten 
sei auf einen Bericht von 1936 verwiesen 1), von dem aus leicht eine Uber-

') KRAUSEL, R. Neue Untersuchungen zur palaozoischen Flora: Rheinische De
vonfloren. - Ber. D. Bot. Ges. 54, 1936, 307. 

HALLE, T. G. On Drepanophycus, Protolepidodendron and Protopteridium, with 
notes on the Palaeozoic flora of Yunnan. - Palaeont. Sinic. AI, Fasc. 4, 1937. 

LANG, W. H. On the plant-remains from the Downtonian of England and Wales. 
- Phil. Transact. Roy Soc. London B 227, 1937,245. 

PRINCIPI, P. La vita vegetale nei primi periodi della storia della terra. - Atti Soc. 
Sci. Genova 1,1936,189. 
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sieht des gesamten, die Psilophyten betreffenden Schrifftums gewonnen 
werden kann. 

Die Psilophyten beschranken sich durchweg auf Schiehten, die n i c h t 
j u n g era 1 s mit tel d e von i s c h sind. In Australien kommen sie 
zusammen mit den nach der palaontologischen Lehrmeinung angeblich auf 
das Silur beschrankten Graptolithen vor. Besonders kennzeiehnend sind 
sie aber fUr das Unterdevon. Man kennt sie aus Europa und Asien, Nord
und Sudamerika, Sudafrika und Australien. Offenbar waren sie damals 
weI t wei t v e r b rei t e t und fUr diese Zeit ebenso kennzeiehnend, 
wie spater etwa die Gymnospermen oder seit der Kreide die Angiospermen. 

Die allgemeine Bedeutung der Psilophyten beruht also einmal darauf, 
dass sie die a 1 t est e nun s b e k ann ten G e f ass p f 1 a n zen 
darstellen, zum andern aber auf ihrem e i n f a c hen B a u. Anfangs ge
machte Versuche, diesen als abgeleitete Reduktions-oder Anpassungser
scheinung zu deuten, k6nnen angesichts der Zahl der bisher bekannten 
Formen als widerlegt gelten. So einfach gebaute Pflanzen wie Hornea 
nahern sich dem Sporophyten gewisser Moose, andererseits umfassen die 
Psilophyten Vorlauferformen, die morphologisch zu den verschiedenen 
Gruppen der hOheren Pteridophyten hinfUhren, fur deren Ableitung sie den 
Schlussel geben. Damit stellen sie ein s tam m e s g esc hie h t 1 i c h e s 
Mat e ria 1 a 11 ere r s ten Ran g e s dar, woriiber im Abschnitt 
"Phylogenie" mehr zu finden ist. 

Psilophytales 

Kleinwiichsige Pflanzen ohne echte Blatter und Wurzeln, in Rhizom und Luft
sprosse gegliedert. Sporangien, soweit bekannt, mit mehrschichtiger Wandung, 
mit oder ohne Kolumella, ohne besonderen Offnungsmechanismus, isospor, end
standig an den Luftsprossen oder an kiirzeren Verzweigungssystemen, Sprosse un
verzweigt bis gabelig oder ± monopodial bis sympodial verzweigt, blattlos, nackt 
oder mit Driisen oder Dornen besetzt, Rhizom verschieden gestaltet, knollenfiirmig 
bis kriechend verzweigt, Achsen, soweit bekannt, protostelisch, der Xylemteil rund 
bis sternfiirmig zerkliiftet, mit Schrauben- und Ringtracheiden, vielleicht auch 
schon Tiipfelzellen vorhanden, Phloem das Xylem umgebend, aus gestreckten, 
diinnwandigen Zellen aufgebaut, Epidermis mit Spaltiiffnungen, diese wie bei den 
hiiheren Pflanzen gebaut. 

Fam. I. Rhyniaceae 

Rhizom und Luftsprosse gabelig verzweigt, nackt, Sporangien endstandig, mit 
mehrschichtiger Wandung, ganz von den durch Tetradenteilung gebildeten Sporen 
erfiillt. 

Rhynia KmsT. & LANG, 2 Arten im mittleren Old Red Sand stein von Schottland. 

Fam. II. Horneaceae 

Rhizom knollenfiirmig, gelappt, Luftsprosse gabelig verzweigt, nackt, Sporangien 
endstandig, mit Kolumella. 

Hornea KmsT. & LANG, 2 Arten, mittleren Old Red von Schottland. 
Sporogonites HALLE, Formgattung fiir isolierte endstandige Sporangien yom 

Typus I und II, Unter-Mitteldevon. 

Manual of Pteridology 32 
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Yarravia LANG & COOKS., ahnlich dem vorigen, Sporangien aber zu mehreren 
im unteren Teil synangienartig vereinigt, Obersilur(?). Australien. 

Cooksonia LANG, desgleichen, Sporangientrager aber gegabelt, Obersilur, Eng
land. 

Fam. III. PSilophytaceae 

Rhizom kriechend, wie die Luftsprosse gabelig verzweigt, diese nackt oder mit 
Drusen besetzt, ihre Enden ± eingerollt bezw. die Sporangien tragend, diese so 
endstandig, meist gruppenfiirmig vereinigt, Protostele klein, rund, Epidermis 
mit Spaltiiffnungen. 

Psilophyton DAWSON, mehrere Arten im Unterdevon, weit verbreitet, Alte und 
Neue Welt. 

Dawsonites HALLE, fruchtende Sprosse unklarer Herkunft, aber yom Bau der 
Psilophyton-Fruktifikation. 

Taeniocrada WHITE, Sporangien am Ende kurz verzweigter Seitensprosse, 
mehrere Arten in Unter-Mitteldevon, T. decheniana massenhaft im "Haliseriten
schiefer" des rheinischen Unterdevons. 

Hicklingia KmST. & LANG, Luftsprosse nackt, buschelfbrmig beieinander stehend, 
am Ende keulenfbrmige Sporangien tragend, Unterdevon. 

Fam. IV. Zosterophyllaceae 

Luftsprosse bei einigen ± buschelfbrmig angeordnet, wenig verzweigt, Sporan
gien an kurzen Seitenasten sitzend, ± ausgepragt zu Standen vereinigt. 

Zosterophyllum DAWS. Sporangien zu kleinen ahrenahnlichen Standen vereinigt, 
± nierenfbrmig,sich mit breitem Querriss bffnend, 3 Arten im Obersilur( ?), Austra
lien, Unterdevon, Schottland, Rheinland. 

Barinophyton WHITE, Pectinophyton H0EG, Bucheria DORF, verzweigte, fruchten
de Sprosse mit ± einseitig orientierten Sporangien. 

Fam. V. Sciadophytaceae 

Luftsprosse thallusartig-sternfbrmig vereinigt (vergl. Thallomia HEARD aus dem 
Silur?), selten verzweigt, voneiner sehr schmalen Stele durchzogen, oben kbpfchen
artig verdickt, die Vermehrungsorgane (Sporangien?) tragend. 

Sciadophyton STEINM., Unterdevon des Rheinlandes, Kanada. 
Dutoitia HOEG, Sudafrika (Stellung sehr zweifelhaft). 

Fam. VI. Asteroxylaceae 

Luftsprosse im unteren Teil mehr monopodial, im oberen mehr gabelig verzweigt, 
die unteren dicht mit schuppenartigen Blattern besetzt, diese nach oben immer 
kleiner werdend, obere Sprosse schliesslich nackt ("Thursophyton"- und "Hostimel
la"-Stadium). Stele sternfbrmig, ohne oder mit Innengewebe (Mark ?), mit Ab
zweigungen zu den Blattern, aber nicht in diese eintretend, Sporangien klein, birn
fiirmig, am Ende der obersten (ob aller?) nackten Spross-Systeme. 

Asteroxylon KmsT. & LANG, 2 Arten, Mitteldevon, Schottland, Rheinland. Hier
her wahrscheinlich viele der als Thursophyton NATH. (beblattert) und Hostimella 
POT. & BERNH. (nackt) bezeichneten, sehr haufigen, aber nur im Abdruck erhalte
nen Stucke. 

Fam. VII. Pseudosporochnaceae 

Luftspross hochwiichsiger als bei den iibrigen, Anatomie unbekannt, Hauptachse 
bis zur halben Hbhe unverzweigt, dann sich buschelfbrmig in wenige Aste teilend 
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diese gabelig verzweigt, seitlich mit buschelformig sich gabelig aufteilenden feineren 
Sprossen, deren letzte Enden die langlich-schmalen Sporangien tragen. 

Pseudosporochnus (STUR) POT. & BERN., Mitteldevon d. Alten und Neuen Welt. 

We iter werden noch die wichtigsten "Vorlaufer-Formen" zusammengestellt, 
deren Bau zu den hoheren Pteridophyten uberleitet, aber doch ± psilophyten
artige Primitivzuge aufweist. Sie lassen sich an Asteroxylon bezw. Pseudosporoch
nus anschliessen. 

Fam. VIII. Drepanophycaceae 

Drepanophycus GOEPP. (Arthrostigma DAWS.), Sprosse bis zu mehreren cm dick, 
mit sehr dunner Stele, unregelmassig mit dorn-oder stachelartigen Blattern besetzt, 
diese mit Leitstrang, z.T. nierenfCirmige Sporangien tragend, hauiig im Unterdevon 
d. Alten und Neuen Welt. 

Baragwanathia LANG & COOKS. dem vorigen ahnlich , Blatter aber lang, schlaff, 
Obersilur( ?), Australien. 

Haplostigma SEWARD, nur vegetative Sprosse bekannt, Sudafrika. 
Hieran schliessen sich Formen wie Protolepidodendron KREJCI mit Gabelblattern, 

Unterbis Mitteldevon, Barrandeina STUR mit verzweigten Blattern und Duisbergia 
KR. & WEYL., Mitteldevon, letztere mit komplizierter gebauter Stele (ahnlich 
Schizopodium HARRIS, Australien). Sie aile zeigen schon ± deutliche Anklange an 
die echten Lycopodiales. 

Fam. IX. Protopteridiaceae 

Protopteridium KREJCI, Mitteldevon (Milleria LANG), Sprosse noch unregel
massig raumlich verzweigt (z. T. Hostimella-Typus), Stelenbau und Sporangien
anordnung aber an Farne und Pteridospermen erinnernd. 

Hieran schliessen sich Formen wie A neurophyton KR. & WEYL. (Eospermatopteris 
GOLDRING) und Cladoxylon scoparium KR. & WEYL. aus dem Mitteldevon, die 
gewohnlich schon zu den Farnen gerechnet werden. 

Zum Schluss seien die Gattungen zusammengestellt, fur die Wiederherstellungs
versuche vorliegen: Psilophyton (DAWSON), H ornea, Rhynia, A steroxylon (KIDSTON 
& LANG, KRAUSEL & WEYLAND), Taeniocrada, Zosterophyllum, Sciadophyton, 
Pseudosporochnus, Drepanophycus, Protolepidodendron, Barrandeina, Duisbergia, 
Protopteridium, Aneurophyton, Cladoxylon scoparium (KRAUSEL & WEYLAND). 
Sie sind zum grosseren Teil in der auf S. 496 genannten Schrift zusammengestellt. 



CHAPTER XVII 

L YCOPODIINAE 

by 

]. WALTON (Glasgow) and A. H. G. ALSTON (London) 

Introductory. - Without giving a detailed account of the earlier 
systems of classification in which divisions of this group were included a 
few examples may be given to illustrate how the present system of clas
sification has evolved. DILLENIUS in his Historia Muscorum (1741) 
distinguished Selago, Lycopodium, Selaginoides, and Lycopodioides as 
distinct genera. Selaginoides included Selaginella Selaginoides, while Ly
copodioides included other species of Selaginella. Calamaria was the name 
given to what is now termed Isoiftes. Homospory or heterospory and the 
presence or absence of a ligule were not recognised as of important diagnost
ic value until near the end of the following century. LINNAEUS in the 
Species Plant arum (1753) included the Lycopods among the Mosses 
while I soiftes was placed with the Filices. SPRENGEL in the Systema Ve
getabilium (1827) recognised the existence of dimorphic sporangia but 
did not regard it as of diagnostic value. He included Psilotum and Ly
copodium in the Lycopodeae but his Lycopodium included Selaginella as 
well as Lycopodium. ENDLICHER (1836) classified the Lycopods as follows: 

Ordo xxv Isoeteae (Isoiites, Stigmaria and Lepidodendron Veltheimianum). 
Ordo XXXVI Lycopodiaceae (Psilotum, Lycopodium, Lycopodites, Selaginites. 

Lycopodium including Selago, Lepidof.is, and Stachygynandrum). 
Ordo XXXVII Lepidodendreae (Lepidodendron, Ulodendron, Lepidostrobus, Car

diocarpon) . 

That there were two kinds of spores in certain species of Selaginella 
was known to DILLENIUS, but the exact nature of the megaspores was long 
disputed and some botanists thought that they were gemmae. The nature 
of the spores of Lycopodium was shown by LINDSAY in 1792, who germinat
ed those of L. cernuum; they were previously thought to be pollen grains. 
BEAUVOIS created his genera Stachygynandrum, Diplostachium, and Se
laginella for those species which he knew to have megaspores - "semences" 
as he called them. ROBERT BROWN in 1820 used the presence of megaspores 
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for his main sectional division, and BRONGNIART (Hist. Veg. Foss. 1837) 
recognised heterospory in Stachygynandrum (= Selaginella Spring) and 
Isoetes. He considered however that secondary wood in Sigillaria was an 
index of gymnospermous affinity, a mistake that WILLIAMSON corrected. 
Recently it has been shown that some Selaginellae of the rupestris group 
have megaspores only. The number of megaspores is very variable; 
sporangia with a single spore are found in S. monospora, while DUERDEN 
records as many as 42 in cones of S. Willdenovii. The fossil Selaginellites 
Suissei had 16 to 20 megaspores in each sporangium. The arrangement of 
the sporangia has been little studied and may be useful for separating 
groups of species. 

STUR in 1875 detected the presence of a ligular put on t.he leaf cushion of 
Lepidodendron and compared it with the pit which contains the ligule in 
Selaginella and I soetes. SOLMS-LAUBACH demonstrated the presence of the 
ligule in a structurally preserved Lepidodendron in 1892. SPRIJ'G (1842-50) 
in his classic monograph dealt very fully with the Lycopodiaceae. He 
recognised four genera, 1. Lycopodium, 2. Selaginella, 3. Tmesipteris, and 
4. Psilotum. He subdivided the genera into sections and groups of species 
and drew attention to the dorsal rhizophores of the Selaginellae with ar
ticulate stems. SPRING'S work was followed by BAKER'S Fern Allies (1887) 
which separates the Selaginellaceae from the Lycopodiaceae but leaves 
Psilotum and Tmesipteris in the former. In PRITZEL'S classification (in 
Engler and Prantl, 1900) the Lycopodiales are divided into the two groups 
Eligulatae (incl. Lycopodiaceae and Psilotaceae) and Ligulatae (incl. Se
laginellaceae, Lepidodendraceae, Bothrodendraceae, Sigillariaceae, and I soe
taceae). LOTSY in 1909 divided those Archegoniates in which the sporophyte 
is the conspicuous part of the life-history into two divisions based on the 
numbers of flagella on the spermatozoid. As the nature of the spermatozoid 
in the majority of the groups is unknown, for they are fossils, this classifi
cation has little to recommend its adoption. It also has the effect of placing 
Isoetes in closer proximity to the Ferns than to the Lepidodendraceae and 
Selaginellaceae with which it agrees closely in several important morpholo
gical characters. The Psilotaceae are now placed in the Psilotales. 

The following system of classification is based very largely on that given 
by HIRMER (Handbuch d. PaHiobotanik, 1927) for the fossil representatives 
of the group. 

Lycopodiales 

Microphyllous pteridophytes with usually frequently branched axes, upright or 
creeping. Sporangia borne singly on the upper side of the fertile leaf, near to its 
base. Sterile leaves and fertile leaves not differing greatly in structure. Sporangium 
with wall consisting of several layers (Eusporangiate type). Gametophytes small, 
tuberous. 
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Div. I Eligulatae (a) Homosporeae. 

Fam. I. Lycopodiaceae 

Shoots generally of radial construction. Leaves arranged in spirals or whorls, 
rarely dimorphic. Fertile leaves usually aggregated in definite cones. Sporangia 
homosporous. Gametophytes tuberous, green or colourless, with mycorrhiza. Sperm 
biciliate. 

Gen. I Lycopodium. - A large genus containing both terrestrial species char
acteristic of acid soils in the temperate regions, and tropical epiphytes. Sporangia 
compressed, unilocular, dehiscing by a single slit, solitary in the axils of more or 
less modified leaves. The classification given here mainly follows that of HERTER, 
though Urostachys, which he raised to generic rank in his later papers, is kept as a 
subgenus. Subgenus 1. UROSTACHYS. Branching regularly dichotomous. Stems 
rooting at the base only. 

This subgenus, which is sometimes separated as a genus, contains the great major
ity of the species of Lycopodium. It may be divided into three sections, as follows: 

Sect.!. Selago. Erect terrestrial species. Leaves and sporophylls similar. 
Sect. 2. Subselago. Pendent epiphytes. Leaves and sporophylls similar. Leaves 

gradually diminishing in size towards the apex of the stem. 
Sect. 3. Phlegmaria. Strobili strongly differentiated from the vegetative part. 
Subgenus II. CLA VA TOST A CHYS. Branching apparently monopodial, owing 

to unequal dichotomy. Strobili terminal, peduncled. Leaves multifarious. Strobili 
1-20, creeping plants. 

A subgenus containing the cosmopolitan and variable L. clavatum and several 
other temperate or mountain species. 

Subgenus III. COMPLANATOSTACHYS. Branching apparently monopodia!. 
Strobili terminal, usually peduncled. Leaves distichous and dimorphous. Strobili 
terminal 1-20, rarely more, creeping or climbing plants. 

The species of this subgenus show a parallelism with Selaginella in their dim
orphous leaves: this is especially marked in L. volubile, a climbing species. In L. 
casuarinoides the apices of the leaves are hyaline and deciduous. 

Subgenus IV. CERNUOSTACHYS. Branching apparently monopodia!. Plants 
with tree-like branches springing from a creeping stem, which roots at intervals. 
Strobili 50-100, not peduncled. Valves of the sporangium unequa!. 

A small and very distinct group containing only the common tropical L. cernuum 
and a few allied species. 

Subgenus V. INUNDA TOSTA CHYS. Branching apparently monopodia!. 
Sporophylls similar to the leaves; strobili termina!. 

The European L. inundatum and the north American L. alopecuroides belong to 
this subgenus. . 

Subgenus VI. LATERALISTACHYS. Branching apparently monopodial; 
strobili latera!. 

There are only two species in this subgenus. L. laterale and L. diffusum; they are 
natives of Australia and New Zealand. 

Gen. II. Phyllog)ossum. - Small plant with a very short axis arising from an 
annually produced tuber. The leaves terete, subulate, arranged in a tuft round the 
base of the axis. Roots arise above the tuber but below the leaves. Axis terminates 
in a strobilus of the Urostachys type. Sporangia homosporous, unilocular, dehiscing 
by a longitudinal slit. Sporophylls broadly ovate, imbricated. 

A single species, P. Drummondii is found in Australia and New Zealand. This 
genus is very similar to Lycopodium, especially to L. cernuum, in its mode of 
development, but different from most species in its vegetative characters. It has 
been suggested by BOWER that Phylloglossum should be regarded as a permanently 
embryonic form of Lycopod. Its chief interest lies in the discussion of the morphol
ogy:of the tuber. Miss SAMPSON considered that it was a modified branch, while 
WORSDELL compared it with the rhizophore of Selaginella. OSBORN has shown that 
accidentally detached leaves will grow and form adventitious tubers. Tubers are not 
confined to this genus of Lycopods but have been recorded in Lycopodium luberosum. 
HOLLo WAY considered that the protocormous tubers of certain oth er species of 
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Lycopodium were xerophytic adaptations rather than persisting rudiments of a 
primitive organ. 

Gen. III. Spencerites (Carboniferous). - Sporophyll peltate with a leaf.like 
umbo. Eligulate. Spores winged. Only the cone known. 

Note: - While it is true that the fossil plants Pinacodendron, Lepododendropsis, 
and Cyclostigma are heterosporous, it is still possible that they may prove to be 
Ligulatae. The structure of the base of the leaf in those genera is not known. The 
majority of their leaves were fertile and the ligule if it were present in the usual 
position on the abaxial side of the sporangium would not be seen on the stem after 
the abscission of the leaves. 

Div. II. Ligulatae (a) Heterosporeae. 
a. Herbaceous types. 

Fam. II. Selaginellaceae 

Genus Selaginella. - Shoot usually creeping and dorsi ventral with leaves in four 
ranks. Ligule present at base of each leaf and sporophyll. In most species three 
roots are present at the base of the stem axis in the sporeling. The rest of the root 
system is produced from rhizophores, special branches of the shoot system. The 
roots and rhizophores fork dichotomously. Heterosporous, gametes biciliate. 

I. Subgenus EUSELAGINELLA. Leaves and sporophylls uniform. 
1. Group of S. Selaginoides .Sporophylls spirally arranged. 
The most primitive group of species with uniform leaves. There are only two 

species, S. Selaginoides, which is widespread in the north temperate zone, S. dejlexa 
a closely allied species from Hawaii. S. Selaginoides is the only species in which sec· 
ondary xylem elements have been recorded. The stele is solid at the base of the 
shoot, with a central pith in the upper part. The root system arises from a swollen 
knot at the base of the hypocotyl which may be compared with the rhizophoric 
part of I soetes. 

2. Group of S. pygmaea. Strobili tetragonous. Leaves decussately arranged, at 
least in the lower part of the stem. 

The two species, S. pygmaea and S. gracillima are annuals. Miss DUTHIE has shown 
that anisophylly may be brought about in S. pygmaea by one-sided illumination, 
and it has been suggested that isophylly is secondary rather than primitive in this 
species. S. gracillima has a radial stele with, solid core of xylem. 

3. Group of S. uliginosa. Strobili tetragonous. Leaves decussate. 
A single species, S. uliginosa with, according to Miss STELE, a well-developed 

solenostelic rhizome and erect aerial shoots; the erect shoots have four steles. 
4. Group of S. rupestris. Strobili tetragonous. Leaves linear, spirally arranged. 
A group of xerophytic species with many narrow, needle-shaped, spirally 

arranged leaves, and a single banded stele. 
II. subgenus STACHYGYNANDRUM. Leaves dimorphous, sporophy s 

uniform. 
This group contains the vast majority of the species of Selaginella, namely those 

with uniform sporophylls and some or all of the leaves dimorphous. 
Series 1. Dec u m ben t e s. Prostrate species with their main stems rooting 

throughout. Connected with Eusela"ginella by S. sanguinolenta which may have 
either uniform or dimorphic leaves. GOEBEL and SUESSENGUTH have shown that 
dimorphic leaves are induced by wet conditions in this species. Some of the species 
of this group have hairs on the surface of the leaves, e.g. S. hispida, S. Lindenii, 
S. aUigans climbs by means of rhizophores whiCh develop disc-like pads similar 
to those of the tendrils of Parthenocissus tricuspidata. S. serpens is well known 
for the periodic changes in the colour of its leaves. 

Series 2. As c end e n t e s. Su berect species, often with a single banded stele; 
usually with conspicuous rhizophores in the axils of the lower branches. 

S. trachyphylla is remarkable for the rough papillose surface of the leaves. 
Series 3. Sa r men t 0 s a e. Suberect scandent or rarely prostrate, polystelic 

species, with distant, entire leaves. 
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S. Willdenovii and S. eaesia are remarkable for the metallic sheen of their leaves. 
This is due to the presence of particles in the cutin of the epidermis which reflect 
certain rays of light. S. pieta is normally variegated. 

Series 5. C a u I esc e n t e s. A large group of erect species. The simple erect 
part of the stem is usually homophyllous and the branched frond·like part hetero· 
phyllous. Some species S. Braunii, S. Vogelii, and S. hi/armis have unicellular hairs 
on their stems and branches. S. haematodes, S. umbrosa, and S. erythropus are 
remarkable for their bright red stems. The winged megaspores of S. eauleseens are 
specially noteworthy. Banded steles are usual. 

Series 6. C i r c ina t a e. A small group of xerophilous species derived either 
from the C a u I esc e n t e s or from the Dec u m ben t e s through some such 
species as S. siamensis. s. lepidophylla and s. pili/era are sold under the name 
"Resurrection plant". The stems curl up when dry and expand when moistened. S. 
pallescens is known to have a banded stele. 

Series 7. Art i cui a t a e. A group of tropical American species with articulate 
stems. The articulations are often very conspicuous in dried specimens and (ac
cording to HARVEY-GIBSON) are due to hypertrophy of the middle layers of the 
cortex. According to HIERONYMUS they enable the plant to propogate itself vegeta
tively, by the breaking up of the stems. An important character seems to be that the 
rhizophores are dorsal and extra-axillary in this group while they are ventral and 
axillary in the other groups. Two steles are usual, but 3-5 are sometimes found. 

III. Subgenus HOMOSTACHYS. Leaves dimorphous. A small group of species 
with creeping stems and loose strobili. The sporophylls are equal in S. helvetica, 
and dimorphous in the other species S. pallidissima, S. Savatieri, and S. Rothertii. 
They are probably allied to S. denticulata which has a variety with dimorphous 
sporophylls that is found in wet places. 

IV. Subgenus HETEROSTACHYS. Sporophylls dimorphous. A large group of 
heterophyllous species characterised by their strongly dimorphous sporophylls. 
The sporophylls are of two kinds, the large sporophylls on the upper surface of the 
stems in the same plane as the small, median leaves, and the small sporophylls on 
the lower surface on the same plane as the large leaves. Vegetative reproduction has 
been reported by Miss BANCROFT in two Indian species, and tubers in S. abyssinica 
by CHIOVENDA. 

Selaginellites Zeiller (Extinct) (e.g. S. Suissei Zeill., S. primaevus Gold.). 
Leaves heterophyllous as in Selaginella. Ligule not detected. Heterosporous. 

Fam. III. Isoetaceae 

Axes short, erect, with crowded, acicular leaves all of which may be fertile. 
Base of axis swollen with a meristem which produces roots in regular succession. 
Roots dichotomously forked. 

Isoetes. Axis very short. Rhizophoric part of axis lobed, root producing meristem 
in grooves between lobes. All the leaves may be fertile. Heterosporous, gametes 
polyciliate. The mos.t recent classification of the species is that of PFEIFFER (Ann. 
Miss. Bot. Gard. IX, pp. 29-232), which is based on the sculpturing of the mega
spores. 

N athorstiana (Cretaceous). Axis very short. Lower part of leaf bearing axis 
sterile, upper part fertile. Spores unknown. Rhizophoric region obscurely lobed. 
Roots in vertical series. 

Pleuromeia (Triassic). Axis short, leaf-bearing part of axis elongated, the older 
part with widely separated leaf scars. Sterile leaves long. Fertile leaves short, 
almost orbicular, grouped at distal end of axis. Rhizophoric base of stem lobed. 
Roots distributed uniformly over lobes. Heterosporous, ligulate. 

Note. Some authors have considered that the evidence is in favour of the 
sporangium being on the abaxial surface of the sporophyll. This evidence is not 
reliable. Shrivelled or compressed leaves of Isoetes appear to have the spore mass 
projecting on the abaxial surface. The apparent projection of the spore mass in 
Pleuromeia can easily be accounted for by supposing that the softer tissues have 
been compressed by the surrounding sediment. 
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Fam. IV. Miadesmiaceae (Carboniferous) 

Axes slender, branched. Small leaves with large ligules. Heterosporous. 
The sporangium invested with an integument covered with multicellular hairs. 
Miadesmia. Only genus. 

b. A rborescent types. 

Fam. V. Lepidodendraceae (Palaeozoic) 

Trees with main trunk bearing a crown of branches. Branching often apparently 
dichotomous. Leaves vary in size on the same plant, larger leaves on the trunk and 
main branches, smaller leaves on the ultimate branches. Leaves deciduous with a 
persistent base. Ligule present in a pit on the leaf base. The surface of the trunk 
and branches is covered with the contiguous diamond-shaped leaf bases. The leaf 
scar shows the smaller scars of vascular bundle and two parichnos strands. Cones 
borne terminally on the ultimate branches or on special lateral peduncles on the 
trunk or main branches. Microsporangia and megasporangia in the same cone or in 
different cones. The basal part of the axis (Stigmaria) rhizophoric. There are four 
main rhizophoric branches each of which may branch equally. The roots are distri
buted regularly over the rhizophore and its branches. The rhizophoric meristems are 
situated at the extremities of the root bearing branches (cf Pleuromeia). 

Lepidodendron (inc!. Lepidophyllum, Lepidostrobus, Stigmaria (in partem), Knor
ria, Aspidiopsis, Aspidiaria etc.). 

Leaf cushion rhombic with leaf scar in the middle or upper part of it. 
Lepidophloios (inc!. H alonia). Leaf cushion drooping so that the leaf scar appears 

to lie below the centre of the leaf cushion. Cones borne on the ends of peduncles on 
the trunk and main branches. 

Fam. VI. Lepidocarpaceae (Carboniferous) 

Cones bearing megasporophylls. Each megasporophyll with a single megaspore 
in the sporangium. Prothallus developed in the megaspore before the sporophyll 
or spore become detached. Sporangium enclosed in an integument. Micropyle in 
the form of a slit-like opening over the upper surface of the megasporangium. 
Lepidocarpon. 

Fam. VII. Bothrodendraceae (Carboniferous) 

General habit like Lepidodendron. Leaves attached to the young branches by 
diamond shaped leaf cushions. As the branches matured the leaves became detach
ed and the leaf bases became gradually stretched flat and obliterated. As a result 
the leaf scars appear widely separated on the almost smooth surface of the branch. 
Leaf scar shows the scars of leaf trace and usually two parichnos strands. The ligular 
pit may be seen on the branch surface at some distance from the leaf-scar. Two 
vertical rows of branch scars are present on the trunks and main branches which 
probably represented the points of attachment of cone peduncles. Heterosporous. 

B othrodendron. 
Note. In the surface characters of the shoots and the behaviour of the leaf 

cushions Bothrodendron is intermediate between Lepidodendron and some species 
of Sigillaria. 

Fam. VIII. Sigi\lariaceae (Palaeozoic) 

Trees with unbranched or rarely branched axes. Leaves long (up to 1 metre in 
length) attached to the later formed part of the trunk or branches, separating when 
older by an absciss layer. The persistent leaf bases with various arrangements. 
Leaf scar shows scar of leaf trace and two parichnos strands. Cones borne on special 
peduncles. Cone peduncles grouped in zones on the trunk and branches. Rhizophoric 
base similar to Lepidodendron. 



506 J. WALTON AND A. H. G. ALSTON, LYCOPODIINAE 

Sigillaria. 
Group I. Eusigillaria. Leaf cushions always clearly marked and distinct. 
Sub-group Favularia. Leaf scars distinct on six-sided leaf cushion and arranged 

in numerous vertical series. 
Sub-group Rhytidolepis. Horizontal boundaries becoming less pronounced or 

disappearing entirely. The leaf bases joining to form vertical ribs on the stems and 
branches. 

Group II. Subsigillaria (incl. Clathraria and Leiodermaria). Leaf cushions never 
united to form ribs and in some species so indistinct that the leaf scars appear to be 
situated on a smooth stem surface. 

Lycopodiales Incertae Sedis. 

I. Herbaceous types. Ligules or ligular pits not demonstrated (Some heteros
porous) Lycopodites. spp. 

2. a. Arborescent types with leaf cushions. Ligules or Ii gular pits not demonstrat-
ed. Palaeozoic. 

A rchaeosigillaria 
Omphalophloios 
Ulodendron 
Phialophloios 
Thaumasiodendron 
Leptophloem 
A rctodendron 
Porodendron (probably = Bothrodendron) 
Etc. 
2. b. Arborescent types without clearly marked leaf cushions or ligular pits. 
Cyclostigma (Heterosporous) Palaeozoic 
Pinacodendron 
Asolanus 
Protasolanus 
Lycostrobus (Heterosporous. Cone only, Mesozoic). 
Note. Cyclostigma includes Cyclostigma Kiltorkense Haughton sp. and does not 

include such forms as C. Kidstoni and C. Wijkianum of some authors which are 
definitely known to be ligulate, and must be included in Bothrodendron. The pres
ence or abscence' of parichnos scars on the leaf scar is not a safe criterion. There are 
beautifully preserved specimens of Lepidophloios Scoticus in which the parichnos 
marks are not visible. 



CHAPTER XVIII 

PSILOTINAE 

von 

MAX HIRMER (Miinchen) 

Die Gruppe, von der fossile Formen bis jetzt noch nicht bekannt geworden 
sind, umfasst die beiden lebenden Gattungen: Psilotum Sw. und Tmesipteris 
Bernh. J ede der beiden Gattungen umschliesst nur eine geringe Anzahl 
Arten. Die Gruppe ist, worauf spater noch einzugehen sein wird, in ihrer 
phylogenetischen SteHung die am meisten umstrittene, insoferne sie in Be
ziehung einerseits zu den Lycopodiales, anderseits zu gewissen Articulatales, 
insbesondere, zu SphenophyUum, sowie natiirlich auch zu den Psilophytales 
gebracht worden ist. Erst durch die neueren und neuesten Entdeckungen 
an den devonischen Psilophytales konnte - ohne dass damit gesagt werden 
soH, dass die Gruppen stammesgeschlichtlich irgendwie n a her mitein
ander in Beziehung stehen - eine gewissen Klarheit in die Ausdeutung der 
morphologischen Verhaltnisse der Psilotales gebracht werden, und sic her 
steht jedenfaHs fest, dass es sich beiden Psilotales urn eine derjenigen Pte
ridophyten-Gruppen handelt, die wie die Articulatales und Lycopodiales 
in den Komplex der m i k r 0 p h Y 11 e n Pteridophyten gehort. 

1. Gam e top h Y t. Die erst vor weniger als 20 Jahren entdeckten Gameto
phyten von Psilotum und Tmesipteris haben miteinander gemeinsam, dass sie -
ebenso wie das ti brigens ftir die J ugendzustande des Sporophyten zu trifft - unterir
disch lebende, chlorophyllfreie Holosaprophyten sind, ausgertistet mit einer endo
trophen, letzten Endes auch exotrophen Mykorrhiza. welch letztere durch Infek
tion der Rhizoiden erreicht wird. Die Gametophyten beider Gattungen stimmen in 
ihrer G e sam t e r s c h e i nun g weitgehend tiberein, sind radiar zylindrisch 
und haufig mehr oder minder gabelig verzweigt; sie haben sehr langsam wachsende 
Apikal-Meristeme an den jeweiligen Gabelteilstticken ihres Gesamtkorpers, sind 
ringsum mit langen, aber einzelligen Rhizoiden besetzt und tragen die Geschlechts
organe, sowohl die Antheridien als die Archegonien, tiber ihren Gesamtkorper ver
teil t. 

Hervorzuheben ist, dass der Gametophyt von Psilotum offen bar bipolar gabel
teilig ist, im Gegensatz zu dem offensichtlich un i polar gestalteten Gametophyten 
von Tmesipteris. 

Die Tatsache der B i polaritat des Gametophyten von Psilotum ist insoferne von 
hervorragendem Interesse als der Gametophyt von Psilotum so mit die primitivste 
Grund-Gestaltung aufweist, die iiberhaupt moglich ist. 
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Die offen bar aus e i n e r Epidermiszelle hervorgehenden ') Ant her i die n 
sind gross und von kugeliger Gestalt und springen insbesondere bei Psilotum er
heblich iiber die Oberflache des Gametophyten hervor; es ist aber zu betonen, dass 
die j un g e n Antheridien-Anlagen noch kaum iiber die Oberflache hervortreten. 
Die in grosser Zahl im Antheridium gebildeten S per mat 0 z 0 ide n sind mehr 
minder keulenformig und schraubig-gewunden und polyziliat. Letztere Eigentiim
lichkeit, die zweifellos nur die stammesgeschichtlich fortgeschrittenen Pterido
phyten charakterisiert, ist insoferne von besonderem Interesse als sie sich hier bei 
Gametophyten findet, deren Gesamtorganisation offensichtlich noch eine noch 
primitive ist. Die Arc h ego n i e n, deren Oeffnung offen bar durch Abbrechen 
des oberen Halsteiles erfolgt, sind bei den beiden Gattungen insoferne etwas ver
schteden gebaut als bei Psilotum die Halsreihe aus 6, bei Tmesipteris aus 4 Etagen 
von Zellen besteht. Zahlenverhaltnisse der Halskanalzellen sowie Existenz der 
Bauchkanalzelle sind nicht mit Sicherheit ermittelt. 

2. S P 0 r 0 p h Y t. Der E m b r y 0 ist exoskop, d.h. der Sprossscheitel der 
bei be ide n Gattungen nur un i polaren Sporophyten-Anlagen ist dem Halsteil 
des Archegoniums zugekehrt. Der Fussteil erreicht in alteren Embryonalzustanden 
gegen den Gametophyten hin insoferne eine Oberflachen-Vergrosserung, als er 
mehr minder weitgehend lappig zerteilt sein kann. Was aus der Embryonalanlage 
hervorgeht, ist, wie schon eingangs betont, ein zunachst blatt- und chorophyllloser· 
Holosaprophyt von u n i polarer Gesamtfassung. Es sei hier schon darauf hinge
wiesen, dass die Gesamtgestaltung des jungen Sporophyten weitehendst an die 
Gestaltung der primitiveren Psilophytales wie Rhynia u.a. erinnert. 

Die spa t ere n Z u s tan d e des Sporophyten zeigen bei stets unipolarer 
Grundgestaltung eine Differenzierung in ausgesprochen rhizomartige, chloro
phyllfreie und mit Mykorhiza versehene sowie ringsum mit Rhizoiden besetzte 
Rhizome, denen jede echte Wurzelbildung fehIt und anderseits in beblatterte 
und letzten Endes Sporophylle tragende, mehr oder minder gabelteilige Licht
sprosse. Den Uebergang zwischen Rhizom und eigentlichen Lichtspross vermit
telt eine oft iiber eine Anzahl Centimeter ausgedehnte Uebergangszone; diese ist 
in ihrem unteren Teil noch vollig blattlos urn an ihrem oberen Teir mehr minder 
weitgehend mit Schuppenblattchen besetzt zu sein I). 

An den eigentlichen L i c h t s pro sse n ist die Be b I at t e run g bei den 
beiden Gattungen verschieden. Bei Psilotum sind die Laubblatter lediglich auf 
kleine leitbtindellose Schuppen reduziert; bei Tmesipteris finden sich wohl-entwi
ckelte Blatter von lederiger Textur und von Anfang an vertikaler Ausrichtungder 
Spreite. In die Blatter von Tmesipteris tritt ein Leitbiindel ein, das aber nicht zu 
ihrer Spitze, sondern nur etwas bis zur Mitte weit durchzieht. 

Die W u c h s for m d e r L i c h t s pro sse ist eine verschiedene; sie ist 
bei Psilotum in der Regel aufrecht und ziemlich reichlich gabelteilig, bei Tmesipteris 
dessen Lichtsprosse nur wenig gabelteilig sind, sind samtliche Formen von T. tan
nensis halb aufrechte oder hangende Epiphyten, wahrend T. Vieillardi aufrechten 
Wuchs hat. 

Die xeromorphe B I at t s t r u k t u r bei Tmesipteris bezw. die Reduktion der 
Schuppen bei Psilotum erscheint verstandlich in Hinblick auf die Tatsache, dass 
abgesehen von T. VieiUardi samtliche Arten Epiphyten sind. 

A nat 0 m i e: Die offensichtlich primitivste Fassung der S tel e liegt bei den 
Lichtsprossen von Psilotum vor, die stellat-protostelisch sind bei wechselnder Zahl 
(3-10) der Sternvorspriinge im Querschnitt. Protoxylem exarch, gelegentlich 
Spuren von Sekundarxylem. Kern der Protostele nicht mehr aus Tracheiden son
dern aus Sklerenchym gebildet. Bei Tmesipteris besteht die Stele aus einer Anzahl 
urn das zentrale Mark geordneter Biindel, die in ihrem Inneren in der Regel selbst 
noch etwas Parenchym enthaIten, bei T. VieUardi sind die Verhaltnisse insoferne 

') Dies scheint wenigstens sicher fiir Tmesipteris festzustehen. 
2) Diese Dbergangszonespringtauffalligerins Auge bei Tmesipteris, wo am eigent

lichen Lichtspross-Teil echte Laubblatter gebildet werden wahrend bei Psilotum 
sich auch am oberen Lichtspross-Teil nur Schuppenblatter bilden. 
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noch primitiver als bei T. tannensis als markstandig Xylemstrange vorhanden 
sind, - ein wohlletzter Rest einer urspriinglich - wie jetzt noch bei Psilotum -
protostelischen Gesamtfassung des Xylems. Das Phloem bei Tmesipteris ist kein 
einheitlicher Zylindermantel sondern umgibt mehr minder vollstandig jedes der 
einzelnen Stelen biinde!. 

Die im Querschnitt aus nur wenigen Tracheiden bestehenden B 1 at t s p u r
s t ran g e im Lichtspross von Tmesipteris (bei Psilotum sind wie oben bemerkt 
- iiberhaupt keine Blattspuren entwickelt) sind entweder solid oder haben etwas 
Parenchym in der Mitte. 

Hervorzuheben ist, dass die Parenchymstellen zwischen den einzelnen Xylem
biindeln der Stelenperipherie von Tmesipteris keinerlei Beziehung zu den Blatt
spurabgangen aufweisen also keineswegs Blattliicken darstellen. In der Ueber
gangsregion von Rhizom zu Lichtsprossen reichen die Blattspurstrange lediglich 
bis an die Ansatzstelle der auf Schuppen reduzierten Blatter, - eine Erscheinung 
die in der gleichen Ausfiihrung bei der Psilophytale Asteroxylon mackiei festgestellt 
ist. 

V e get a t i v eVe r m e h run g kann bei Psilotum triquetrum zufolge Brut
kiirperbildung aus den Rhizoiden der Rhizome stattfinden. Es handelt sich urn 
Zellkiirper, die zunachst und auch noch nach Abliisung von der Mutterpflanze chlo
rophyllfrei sind und holosaprophytisch leben, die aber nach allmahlicher Erstar
kung chlorophyllhaltige Lichtsprosse entwickeln kiinnen. 

Die S p 0 r 0 p h Y 11 e sind in ihrer Deutung sehr umstritten. Tatsache ist, dass 
bei Psilotum ein dreiteiligcs Sporangium zwischen den Teilen des in 2 Stummel 
kollateral geteiltcn Schuppenblattes sitzt, und dass bei Tmesipteris ein zweiteiliges 
Sporangium zwischen den kollateralen Teilstiicken des in etwa ein Drittel seiner 
Lange geteilten Sporophylls angebracht ist. Es handelt sich somit im Prinzip bei 
be ide n G attungen urn e i nun d die s e 1 b e Erscheinung, die nur dadurch 
ausserlich starker verschieden erscheint, dass bei Psilotum die Sporophylle wie die 
vegetativen Blatter auf keine Stummel reduziert sind im Gegensatz zu Tmesipteris, 
wo vegetative Blatter und Sporophylle bei vertikaler Ausrichtung breitflachig ent
wickelt sind. Es ist aber zu betonen, dass bei Psilotum un d Tmesipteris die vege
tativen Blatter einfach, die Sporophylle dagegen kollateral geteilt sind. Vergleichs
weise belanglos ist, dass die Sporangien bei Psilotum in der Regel 3-teilig, bei 
Tmesiptel'is nur 2-teilig sind, wobei, -- beilaufig be merkt, - es im Prinzip nicht 
viel anders ist, wenn man die Sporangien, statt sie als geteilt aufzufassen, als Spo
rangiengruppen von 2 bezw. 3 weitgehendst miteinander verwachsenen Sporangien 
betrachtet. 

Das Lageverhaltnis und die morphologische Beziehung des Sporangiums bezw. 
Synangiums zu dem sterilen laubigen bezw. schuppigen Teil des Sporophylls wird 
wohl am besten erfasst, wenn mann annimmt, dass das G e sam t sporophyll der 
Psilotaceen als ein serial geteiltes aufzufassen sei, wobei der a b axiale noch einmal 
kollateral teilende Abschnitt laubig bezw. schuppig ausgebildet und wobei der 
a d axial stehenden Abschnitt fertil und zum Sporangiophor wird,an dessen Distal
ende das erwahnte 2 bezw. 3 geteilte Sporangium bezw. das 2 oder 3 teilige Synan
gium getragen wird. Der Tragerstiel des Sporangiophors, des sen Lange stets exakt 
der ungeteilten Strecke des kollateral geteilten abaxialen Sporophyll-Abschnittes 
entspricht, ist so weitgehend mit dem letzteren verwachsen, dass es den Anschein 
hat, als sasse das Sporangium bezw. das Synangium zwischen den kollateralen Teil
half ten des abaxial serialen Teilstiickes. 

Es ist offensichtlich, dass eine derartige Auffassung die Sporophyll-Gestaltung 
der Psilotaceen in weitgehendem Masse mit der vieler A rticulatales, insbesondere 
von Sphenophyllum, in Beziehung bringt, wobei ausdriicklich betont sein solI, dass 
es sich dabei znnachst lediglich urn eine rein formale morphologische Konvergenz 
im morphogenetischen Sinn handeln kann, nicht aber urn Dinge, die als Ausdruck 
einer phylogenetischen und somit engeren Beziehung der genannten Gruppen 
gedeutet werden brauchen. 

Die S p 0 ran g i e n wan d ist mehrschichtig, wobei der Inhalt der inneren 
Schichten im Laufe der Entwicklung des Sporangiums weitgehendst fiir die Aus
bildung der Sporen mit verwandt wird. Das Exothezium (ausserste Sporangium
wand) weist keine besondere \Vandverdickung auf, wohl aber sind die Seitenwande 
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verholzt. Tapetenzellen sind nicht entwickelt. Dagegen ist das sporogene Gewebe 
selbst durchsetzt von einer Anzahl steriler Zellen die den Sporenmutterzellen ho
molog sind, physiologisch jedoch die Funktion der Tapetenzellen erfiillen. 

3. Z u r S tam m e s g esc hie h t e. Es ist ganz offen bar, dass die Psilo
tales in vieler Hinsicht morphologisch ausserordentlich interessante Verhaltnisse 
bieten und dass das Verstandnis dieser Verhaltnisse erst gegeben wird unter Her
anziehung fossiler Formen gleichgiiltig, ob man diese nun stammesgeschichtlich 
damit enger verwandt auffasst oder nicht. 

1m folgenden sei nochmals zusammenfassend herausgestellt, was die Gruppe der 
Psilotales an besonders interessanten Struktllren aufweist. 

1. Prinzipielle Gleichheit zwischen Gametophyt und 
d e m b I a ttl 0 sen ] u g end z u s tan d des S p 0 r 0 p h Y ten; dass 
der eine der Haplophase angehort und selbstredend Geschlechtsorgane tragt, 
wahrend der andere der Diplophase angehort, tut nichts zur Sache. Das wesentliche 
ist, dass beide, Gametophyt und junger Sporophyt, in einer Gestaltung vorliegen, 
die bei den einfachsten der altesten uns bekannten Pflanzen: den Psilophytalen 
Rhynia u.a. durch die ganze Phase des Sporophyten und wohl sic her auch des uns 
derzeit noch nicht bekannten Gemetophyten vorgelegen haben. 

2. B i pol are G est a I tun g des Gam e top h y ten von Psi I 0-

tum: Es ist ganz offensichtlich, dass wie schon oben hervorgehoben, Bipolaritat 
den primitivsten Gestaltungstypus verwirklicht. 

3. S P 0 r 0 p h Y II g est a I tun g. Es ist schon darauf hingewiesen worden, 
dass nach der hier vorgetragenen Auffassung iiber die der Sporophyllgestaltung 
zugrunde liegende seriale und kollaterale Teilung weitgehende formale Beziehungen 
aufgedeckt werden zu den Verhaltnissen, wie sich bei vielen Articulatales, insbe
sondere bei Sphenophyllum und Verwandten finden. 

Es sei hier aber noch darauf hingewiesen, dass es mangels exakter, unter dieser 
Fragestellung durchgefiihrter entwicklungsgeschichtlicher Untersuchungen zur 
Zeit nicht zu entscheiden, wohl aber sehr gut vorstellbar ist, dass der Sporophyll
Gestaltung a II e r mikrophyllen Typen ein prinzipiell gleicher Gestaltungsvor
gang, eben der der serialen Durchteilung der Gesamt-Sporophyll-Anlage zugrunde 
liegt; es ist nicht von der Hand zu weisen, dass es sehr wahrscheinlich ist, dass sich 
die Sporophyll-Gestaltung aller Lycopodiales auf einen ahnlichen Vorgang zuriick
fiihren lasst wie sich ja auch - urn einen Blick in den Bereich der Gymnospermen 
zu werfen, - die Gestaltung der Megasporophylle der Coniferen auf einen prinzi
piell gleichen Vorgang: den der primaren Serialteilung hat zuriickfiihren lassen. 

Wlewohl es sich bei derartigen Gestaltungsvorgangen gegebenenfalls nur urn for
male Konvergenzen im Sinn rein m 0 r p h ogenetischer Vorgange handeln kann, 
ist doch anderseits m6glich dass die hier angedeuteten der Sporophyllgestaltung 
der mikrophyllen Typen voraussichtlich zugrunde liegende seriale Teilung, eben 
weil sie voraus sicht lich a II e n mikrophyllen Typen gemeinsam ist, als Ausdruck 
ihrer p h Y I 0 genetischen engeren Beziehungen untereinander gedeutet werden 
kann. 

Beziiglich der Literatur sei Verwiesen auf die Darstellungen in F. O. BOWER 
(Primitive Land Plants) und K. GOEBEL (Organographie) sowie auf die schon en 
Einzeluntersuchungen von A. A. LAWSON, J. E. HOLLOWAY und B. SAHNI. 



CHAPTER XIX 

ARTICULATAE 

von 

MAX HIRMER (Miinchen) 

Wahrend derzeit nur noch die einzige Gattung Eq'Uiset'Um mit kaum mehr 
als 30 Arten lebt, hat die Gruppe der Articulatales zur Zeit des jiingeren 
Palaeozoikums eine vergleichsweise sehr erhebliche Formenfiille und Man
nigfaltigkeit entwickelt. Eine grosse Anzahl von z. T. artenreichen Gat
tungen ist aus dieser Zeit auf uns gekommen, teils an Hand struktur
bietender Reste, teils an Hand von inkohltem Material oder im Abdruck. 
Ueber die Zeit des eigentlichen Hohepunktes der Kraft-Entfaltung der 
Articulatales hinaus haben sich weiterhin noch bis ins Mseozoikum eine 
Anzahl Gattungen erhalten; so sind besonders aus der j iingeren Trias noch 
stattliche Formen bekannt. Wenn heute nur krautige Formen existieren, 
wahrend noch aus dem alteren Mesozoikum, vor allen aber dem jungeren 
Palaozoikum viele viel stattlichere und z. T. sogar baumformige Articula
tales bekannt sind, so dad daraus nicht generall auf einen allmahlichen 
Schwund der konstitution ellen Kraft der Gruppe geschlossen werden. Sind 
doch krautige, unseren kleineren Schachtelhalmen recht ahnliche Formen, 
schon aus dem Karbon bekannt, und war - wie das ubrigens auch fUr die 
Lycopodiales gilt - die Existenz der grossen baumformigen Typen an die 
im Karbon u. Rotliegenden herrschenden Klimaverhaltnisse angepasst und 
allergrosstenteils zufolge des zur sind diese Permzeit einsetzenden Klima
Umschwunges umgekommen. 

Fur die S p e z i e 11 e S y s t e mat i k der Gruppe gilt Folgendes. 
Bekannt sind: 

J) Protoarticulatineae 
1. Calamophytaceae: 1 

Calamophyton KR. u. WLD. (Mitteldevon). 
2. H yen i ace a e: 

Hyenia NATH. 

II) Pseudoborniineae 
Pseudoborniaceae: 
Pseudobornia NATH. (Oberdevon) 
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III) Sphenophyllineae 
1. Cheirostrobaceae: 

Cheirostrobus SCOTT (Unterkarbon) 
2. S P hen 0 p h Y II ace a e: 

Sphenophyllum BGT. (Oberdevon-Alttrias; hauptsachlich Karbon u. Perm) 

IV) Equisetineae 
1. Asterocalamitaceae: 

Asterocalamites SCRIMP. (Oberdevon- Unterkarbon) 
Pothocitopsis NATH. (Unterkarbon) 
Autophyllites GRD. EURY (Oberkarbon) 
Sphenasterophyllites STERZEL. (Oberkarbon) 

2. C a I ami t ace a e: 
Protocalamites SCOTT (Unterkarbon) 
Mesocalamites HIRMER (Unter- zu Oberkarbon-Grenze) 
Calamites SUCKOW (Oberkarbon u. Rotliegendes) 

Arthropitys GOEPP. } 
Arthrodendron WILL u. SCOTT Strukturbietende Stamm- u. Zweigreste 
Calamodendron BGT. 
Astromyelon WILL. } 
Myriophylloides H. u. C. Wurzelreste 
Pinnularia L. u. H. 
Asterophyllites BGT. } 
A nnularia STBG. 
Lobatannularia KAWASAKI Blattreste u. beblatterte Zweige 
Calamariophyllum HIRMER 
Calamostachys SCRIMP. ) 
Palaeostachya WEISS 
M etacalamostachys HIRMER BI" t 
Cingularia WEISS u en 
M acrostachya SCHIMPER 
Huttonia STBG. 

3. E C1 u i set ace a e: 
Equisetites STBG. (Karbon-Altkreide). 
Equisetzlm L. (Jung-Kreide bis Jetzt) 
Phyllotheca BGT. (Oberstes Karbon bis Unterkreide) 

4. Anhang: 
N eocalalamites HALLE (Trias) 
Schizoneura SCHIMPER (Oberstes Karbon- Jura) 

I. Protoarticulatineae: Von den echten Articulaten dadurch unterschieden, 
dass weder in der Stammverzweigung noch in der Blattanordnung derjenige Exakt
heits-Grad erreicht ist, der die echten Articulatales charakterisiert. Sowohl bei 
Calamop"yton KR. u. WLD. als bei Hyenia NATH. ist der oberirdische Stamm un
regelmassig gabelig verzweigt; an den unteren Stammteilen Blatter noch nicht wir
telig sondern noch unregelmassig gestellt; erst in den hoheren Verzweigungsgraden 
cchte Wirtelstellung der Blattchen; diese mehrfach gabelteilig. Sporophylle schild
formig, bei Calamophyton mit je einem, bei Hyenia mit je mehrerer Sporangien an 
jeder Schildhalfte, Bei Hyenia entspringen die Lichtsprasse starken Rhizomen, in 
Quirlen zusammenstehend, aber nur die zenithwarts gerichteten austreibend. 

II. Pseudoborniineae: Gesamtwuchs ahnlich dem von Hyenia; Blatter regel
massig in 4-gliedrigen superponierten Quirlen an den Aesten 2ten, d.i. letzten 
Grades; bei den Bltiten steter Wechsel von fertilen u. sterilen Elementen. 

III. Sphenophyllineae: Sphenophyllum, BGT. Artenreiche Gattung. Pflanzen 
mit sehr langem, aber dtinnem, maximal kaum tiber 1 cm starkem, reich verzweig
tern Spross mit deutlicher Gliederung in Internodien und Knoten; an letzteren 
die Blatter (stets in superponierten Quirlen) und die Abgange der Aeste und Wur
zeIn. Sprass wie bei Pseudobornia und den Protoarticulaten noch massiv gebaut, je-



MAX HIRMER, ARTICULATAE 513 

doeh-im Gegensatz zu den genannten Formen-mit vergleiehsweise starker Xylem
Bildung. In der Rinde starke und mehrfaehe Periderm-Bildung. Primarxylem der 
Stele im Quersehnitt dreieekig. ganz aus weitlumigen Zentripetalmetaxylem-Tra
eheiden. Protoxylem an den drei Kanten, davon die Blattspurstrange abgehend; 
Sekundarxylem-Bildung fruhzeitig einsetzend; zunaehst an den Breitseiten der 
Xylemsaule, spater aueh vor den Kanten, vor letzteren die Elemenete kleinlumiger. 
Wie im Metaxylem vielreihig gestellte Tupfel an den Radialwanden. Fehlen nor
maIer "Mark"strahlen; diese jedoeh vertreten dureh Zuge kleinlumigeren Paren
chyms, die vertikal und horizontal zu den Sekundarxylemtraeheiden verlaufen. 1m 
Phloem Siebrohren und Parenehym. Spatere Phellogene aus dem Sekundar
Phloem gebildet, Wurzeln di- bis tetrareh mit reiehlieh Sekundarxylem - und Peri
derm-Bildung. 

Wie die Anatomie ist aueh die aussere Erseheinung des Sprosses von der Drei
zahl beherrseht: Die Blattehen zu je zwei, drei oder vier mal dreien in superpo
nierten Quirlen. Die in ihrer Grundform keilformigen Blattehen sind bei den altes
ten Formen (des Oberdevon und Unterkarbon) stark zersehlitzt, bei den jiingsten 
Formen (vom oberen Oberkarbon ab) ungeteilt und meist grosser als bei den alteren 
Formen. Ein Teil der Arten heterophyll, indem feiner zerteilte Blattehen an den 
Sprossen niedrigen, unzerteilte an den Sprossen hoheren Verzweigungungsgra
des zu find en sind. Daher die ursprunglieh irrtiimliehe Auffassung, dass die 
Sphenophyllen, die in Wirkliehkeit offen bar Lianen waren, Wasserpflanzen ge
wesen seien. Bei manehen homophyllen Arten sind die (hier immer nur 6) Blat
tehen jeden Quirls nahezu in einer (der sie tragenden Sprossaehse anliegenden) 
Ebene ausgebreitet, eine Art Blattmosaik bildend. 

Bliiten von verwiekeltem Bau, indem die Sporophyllenlagen, in der Regel serial 
geteilt und die serialen Teilabsehnitte ihrerseits oft noehmals serial und in der 
uberwiegenden Mehrzahl der Faile aueh noeh kollateral geteilt sind. 

Derartiges wird am besten an Hand des als Vorlaufer-Typ der Sphenophyllen 
anzuspreehynden nur in der Blute, nieht in vegetativen Teilen bekannten Cheiro
strobus ScotT dargetan. Hier ist die Sporophyll-Anlage zunaehst serial und dann 
dreifach kollateral durchgeteilt. Dabei sind die abaxialen Absehnitte steril, die 
adaxialen fertil. Die einzelnen fertilen Absehnitte (Sporangiophore genannt) sind 
ihrerseits sehildfOrmige Bildungen mit je 4 Sporangien. Die Mannigfaltigkeit, die 
fiir die Bliiten der Sphenophyllum-Arten selbst festgestellt ist, entsteht nun dadureh 
dass einerseits die einzelnen Sporangiophore in ihrer Fertilitat reduziert sein 
konnen, indem ihre Schilder nicht 4, sondern nur etwa 2 oder 1 Sporangium tragen 
und dass anderseits die Zerteilung des ad- und des abaxialen Abschnittes bei den 
einzelnen Arten bald eine grossere, bald eine geringere ist und dass letzten Endes 
sogar der ad- und abaxiale Abschnitt fertil sein konnen. 

Das Wesentliehe fUr das Verstandnis der Sphenophyllum-Bluten besteht einerseits 
in der Tatsache der offensichtlich primaren serialen Durchteilung der Sporophyll
Anlage und andererseits darin, dass sowohl zufolge der starken Reduktion der Fer
tilitat der einzelnen Sporangiophore als der damit allenfalls verkniipften Kurzung 
der Sporophyllstiele Bildungen zustande kommen konnen, die eine frappante 
Aehnlichkeit mit den Sporophyllen der Lycopodiales besitzen. 

IV. Equisetineae. Kerngruppe der Articulaten (vom Devon-Ende bis zur J etzt
zeit), mit einer grosseren Anzahl baumformiger Vertreter im Palaozoikum. Struk
turell gekennzeichnett durch den Besitz eines mehr oder minder weiten, zentralen 
Hohlzylinders im Stamm, den nur ein diirftiger Mantel von Markparenchym ein
hiillt, und an dessen Rand eine grossere Anzahl kollateral gebauter Primarbiindel 
ziehen. J e nach der Art der Stellung der Blatter d.h. ob diese in superponierten 
oder alternierenden Quirlen gestellt sind, ziehen die Leitbundel im Stamm gerade 
hoch oder sind untereinander maschenartig verbunden. Palaozoische Formen oft 
mit betrachtlicher Holzbildung; indes ist zu betonen, dass neben solchen Formen 
zweifellos eine ganze Anzahl mit nur beschrankter Sekundarxylem-, aber mit wohl 
betrachtlicher Rindenparenchym-Entwicklung existierten. 

1. As t e roc a I ami t ace a e. Formen mit mehr minder reich gabelteili
gen, in su perponierten Quirlen stehenden Bla ttern. BI ii ten denen von E quisetum ahn-
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lich mit ungeteilten schildformigen Sporophyllen, gelegentlich mit Unterbrechung 
der Sporophyllserien' durch einen Quirl steriler Blatter. Xylem (bei Asterocala
mites) mit endarchen Primarbiindeln;" Primarxylem noch undeutlich in Faszikular
und Interfaszikular-Xylem gesondert, daher noch wie siphonostelisch wirkend. 

2. C a I ami t ace a e. Vorlaufer-Gattung: Mesocalamites HIRMER. Noch mit 
Unregelmassigkeiten in der Alternanz der Blattquirle. (Ueberleitung von Aster
ocalamitaceae zu Calamitaceae.) 

Calamites SUCKOW mit meist grosster Regelmassigkeit in der Organstellung: 
Blatter in alternierenden Quirlen. 

Verschiedene Weisen des Gesamtaufbaues und der Verzweigung der Stamme, 
verschiedene Typen von Laubblatt-tragenden Sprossen und eine Anzahl verschie
dener Bliitentypen lassen die artenreiche Gattung mannigfaltig in ihrer ausseren 
Erscheinung sein. Bedauerlicherweise sind in vielen Fallen die einzelnen (noch 
unter eigenen "Gattungs"-namen gehenden) Organkategorien nicht in Bezug auf 
ihre Zusammengehorigkeit untereinander geklart, was mit derFragilitat der 
Pflanzen zusammenhangt. Immerhin ist das Bild im ganzen klar. 

Der prinzipielle Gesamtaufbau ist dem von Equisetum vergleichbar, Rowohl in der 
Gliederung der Stamme in Knoten (daran Blatter, Aeste und Wurzeln) und in 
Internodien als in der Wachstumsweise: wie bei Equisetum haben sich von im 
Boden weit verzweigten kriechenden vieljahrigen Rhizomen die oberirdischen 
Sprosse erhoben. 

Hinsichtlich der Beblatterung ist zu unterscheiden zwischen den schmalen unter 
einander nicht verwachsenen Blattern, die an den Knoten der eigentlichen Stamme 
stehen und den wesentlich grosseren und breiteren Blattern, die an eigenen, vor
wiegend der Assimilation dienenden Spross-Systemen getragen sind. 

J e nach der Art der StelIung und Fassung dieser B I a t t e r unterscheidet man 
eine Anzahl von Formen, die, da man ihre Zugehorigkeit zunachst noch nicht 
kannte, oder auch heute teilweise noch nicht kennt, mit eigenen Hilfsgattungs
Namen belegt sind: Asterophyllites BGT. ein bis mehrfach verzweigte Sprosssysteme 
wobei die verhaltnismassig langen und schmalen Blatter der einzelnen Quirle so 
nach oben gebogen sind, dass sie in ihrer Gesamtheit wie ein Becher urn den sie 
tragenden Spross herum stehen. A nnularia STBG. mehrfach verzweigte Spross
systeme, wobei die Blatter jeden Quirls in einer einzigen Ebene ausgebreitet sind. 
Es ist ausserst wahrscheinlich, dass letzten Endes die Blattchen alIer Blattquirle 
in eben derselben Ebene ausgebreitet waren, in welcher die Gesamtverzweigung 
der mehrfach, stets aber nur in einer einzigen Ebene zwei-zeilig verzweigten Be
blatterungssysteme erfolgt ist. Lobatannularia KAWASAKI. Bei diesen ahnlich wie 
bei Annularia gebauten Verzweigungssystemen ist aus der ganz in einer Ebene 
erfolgenden Verzweigung und Blattorientierung die letzte Konsequenz gezogen, 
insoferne als die dem Licht abgekehrten Blattchen jeden Quirls.wesentlich kiirzer 
als die ihm zugekehrten sind, sodass ein ausgesprochenes Blattmosaik entsteht. 

B I ii ten vielgestaltig: neb en einer Anzahl nur mangelhaft bekannter Formen 
(Macrostachya SCHIMPER und Huttonia STBG.) sind andere strukturell sehr wohl 
aufgeklart. Fiir aIle gilt, dass ein steter Wechsel zwischen Sporangien-tragenden, 
in der Regel schildformigen Elementen (Sporangiophoren) und sterilen HiilI
blattchen (Brakteen) vorhanden ist. Dass dieser stete Wechsel wie bei Cheirostro
bus und den SpenophylIen als zufolge serialer Spaltung der SporophylI-Einheit 
zustande gekommen auszudeuten sei, liegt nahe anzunehmen. 

Bei Calamostachys SCHIMPER stehen fertile und sterile Elemente in gleichmassigen 
Vertikalabstanden iibereinander, die Glieder der fertilen Quirle samtliche super
poniert, die der sterilen sind in grosserer Zahl vorhanden und alternieren unterein
ander; bei Palaeostachya WEISS stehen die fertilen Elemente j eweils in der Achsel 
der nachst unteren sterilen. Bei Metacalamostachys HIRMER liegen die Dinge um
gekehrt, sodass - unter Koppelung steriler und fertiler Elemente - die fertilen 
u n t e r den sterilen, also abaxialliegen. Das gleiche gilt fiir die haufigere Art 
(C. typical der Gattung Cingularia WEISS '), einer Form, die sich von den iibrigen 

') bei C. cantrilli KIDSTON sind ad- un d abaxialer Abschnitt fertiI. 
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eben aufgeftihrten Bltiten dadurch unterscheidet, dass die fertilen Abschnitte nicht 
schildformig, sondern fHichig ausgebildet sind und an ihrem ausseren Unterrand 
4 zu je zweien hintereinander liegende Sporangien tragen. Dass diese letzteren For
men eine Ausdeutung der Gesamtbltitenstruktur im Sinne ner Sphenophyllum
Bltiten sehr nahe legen, liegt auf der Hand. 

Tragung der Bltiten verschieden; entweder grosse, mehrfach verzweigte Bltiten
stande mit kleinen Einzelbltiten oder vergleichsweise grosse Bltiten einzeln oder zu 
wenigen am alten Holz der Stlimme entspringend. 

Betont sei, dass weder die Art der Beblatterung noch die der Bltiten ftir bestimm
te der unten zu schildernden drei Grundformen der Stamme spezifisch sind, dass 
vielmehr die einzelnen Stammgrundformen zum Teil diesen, zum Teil jenen Typ 
von Beblatterung und Bltiten getragen haben. 

Mannigfaltig wie Beblatterung und Bltiten bei den Calamiten ist die Art der Aus
bildung ihrer· Stamme. 

Die s t r u k t u r b i e ten d erhaltenen Stammreste werden auf Grund ihrer 
feineren Anatomie in 3 Hilfsgattungen gruppiert: A rthropitys GOEPPERT, A rthroden
dron WILL. u. SCOTT, Calamodendron BGT. Der Leitbiindelverlauf ist zufolge der 
Tatsache, dass die Btindel der aufeinander folgenden Internodien alternieren und 
die Btindel an den Knotenlinie miteinander in Verbindung treten, maschig. Es hat 
sich aber zeigen lassen, dass der Btindelverlauf der Calamiten eigentlich ein eusteli
scher ist und die Maschenbrticke am Knoten nur eine sekundare und in der Regel 
schwachere Bildung ist. 

Die Holzbildung am Stamm ist bald eine sehr betrachtliche gewesen, C. gigas u.a., 
zum Teil mtissen die Stamme Zeit ihres Lebens von mehr parenchymatischer Be
schaffenheit gewesen sein, mit weiter Markhohle und nur geringer Holzbildung, wie 
z.B. C. undulatus und im ExtremArthropitys Jongmansi. Uebrigens herrscht bei 
denjenigen Formen, bei welch en eine starkere Sekundarxylem-Entwicklung statt 
hat, insoferne eine Verschiedenheit als manche (A. Hirmeri) eine Sekundarxylem
Bildung aus nahezu n u r Tracheiden aufweisen, andere (A. Felixi) Sekundarxylem 
unter Beimischung s e h r reichlichen Parenchyms zeigen, wieder andere (z.B. 
A. communis) diesbeztiglich die Mitte halten. 

Es muss noch narauf hingewiesen werden, dass die ph Y s i 010 g is c h e A nat o
m i e der Calamitenstamme uns noch Ratsel aufgibt. Wir haben gute Grtinde an
zunehmen, dass die weiten Atemhohlen im Sprosszentrum der Durchltiftung des 
Stammes gedient haben; fest steht jedenfalls, dass bei einsetzendem sekundaren 
Dickenwachstum ihr Durchmesser konkordant zufolge eines sehr betrachtlichen 
Dilatationsvermogens der primaren Markstrahlen immer mehr und mehr vergrossert 
worden ist. 

Wir wissen auf Grund strukturbietender Reste auch, dass die primare Rinde zum 
mindesten gewisser Calamiten eine Menge we iter, lakunoser Raume enthalten hat, 
und wir wissen auch, dass mittels der an den Knotenlinien befindlichen Infra- und 
Supranodalkanale eine Art Querverbindung zwischen der Markhohle einerseits und 
dies en lakunosen Raumen der Aussenrinde durch das ganze Sekundarxylem und 
das anschliessende Phloem hindurch stattgefunden hat; aber wir haben keine An
haltspunkte daftir, dass die aussergewohnlich glatte Stammrinde der Calami ten 
ihrerseits irgendwelche Stellen besessen habe, die den Lentizellen unserer Baume 
entsprachen und mit Hilfe deren der zentrale Hohlraum der Markhohle in einer 
direkten Verbindung mit der die Pflanzen umgebenden Aussenluft gestanden ware. 

Es versteht sich von selbst, dass die Calamiten an ihren Bas a I par tie n ganz 
ahnlich verzweigt gewesen sind wie wir das ftir die heute lebenden Schachtelhalme 
kennen (vgl. S. 520), dass also auch aus der Basis der Stamme immer wieder von 
neuem Stammanlagen sich entwickeln konnten, falls der eine oder der andere der 
schon gebildeten Stamme durch irgend einen Umstand zum Absterben und zum 
Zusammenbrechen kam und wir mtissen auch auf Grund einer ganzen Anzahl von 
Funden annehmen, dass immer eine Anzahl einem einzigen Individuum angehoren
de Stamme sich nebeneinander erhoben haben und dies sicher sogar auch bei For
men mit reicher Astbildung ') statt gehabt hat. 

') Dass derartiges - mutatis mutandis - auch heute moglich ist, wissen wir von 
dem ftir manche Coniferen (Sequoia sempervirens, Thuja gigantea u.a.) Bekannten 
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W u r z e I n an den Knoten der unterirdischen Sprossteile entweder ringsum 
gleichmassig urn die Knotenperipherie verteilt, und zwar einzeln oder zu gross en 
Bliseheln zusammenstehend. 

Nach ihrer au sse r e n E r s e h e i nun g s for m lassen sich die Calamiten
Stamme folgendermassen gruppieren: 

A. Gruppe Eucalamites WEISS. Hieher werden gezogen diejenigen Sprossreste, 
bei welchen an allen oder doeh fast allen Knoten der Stamme Blatt-tragende Aeste 
getragen wurden. J e naeh der Gliederzahl der Astquirle unterscheitet man die For
men der: 

a) Carinatus-Gruppe: Aeste an jedem Knoten nur zu zweien oder in Einzahl. 
b) Cr1tciatus-Gruppe: Aeste zu mehr als zwei in alternierenden Quirlen an allen 

Knoten oder so, dass wie bei man chen Arten (z. B. C. Brongniarti) einer grosseren 
Periode Ast-tragender Knoten einer ohne Astabgange folgt; vegetative Aeste und 
Blliten untereinander am selben Knoten abwechselnd. 

Es ist nieht ausgeschlossen, dass die hieher gezogenen Sprossreste z.T. nur die ± 
oberen Teile von Calamiten darstellen, deren Stamme zunachst nicht Blatt- und 
Bllitenaste trugen, somit zunachts im wesentliehen unverzweigt (also vom Typ 
Stylocalamites) waren; andererseits find en sich innerhalb der Gruppe Eucalamites 
in der derzeitigen Fassung auch zweifellos Formen, die eucalamitoide Verzweigung 
schon von der Basis an besassen, wie z.B. der in allen Teilen bestbekannte C. cari
natus. 

B. Gruppe Calamitina WEISS. Stamme dadurch ausgezeichnet, dass Asttragung 
nur an in bestimmten Intervallen aufeinander folgenden Knoten stattiindet, sod ass 

. zwischen den die Aeste (in grosserer Anzahl quirlig) tragenden Knoten immer eine 
ganze Anzahl von Knoten sich befindet, an denen keinerlei Astabgange statthaben 
(umgekehrte Periodizitat wie bei Eucalamites Brongniarti). Die Gestaltung und vor 
allem die relative Lange der zwischen den Ast-Knoten befindlichen Internodien 
ist dabei eine nach den Arten versehiedenen. Bezliglich dieser Gruppe im ganzen ist 
zu berner ken, dass es nicht sieher feststeht, ob nieht etwa die hier zugerechneten 
Stammpartien nur die oberen Teile grosser in ihren unteren Teilen unverzweigter 
Calamiten-Stammteile vom Typ Stylocalamites (vgl. unten) gewesen sind, oder ob 
die aile nicht sehr kriiftigen Stamme von unten her den flir Calamitina geschilderten 
eharakteristischen Verzweigungsmodus hesessen haben. . 

C. Gruppe Stylocalamites \VEIss. In diese Gruppe rechnet man aile diejenigen 
Formen von Calamites, an deren Stammresten eine Vcrzweigung in der Regel nicht 
zu beobachten ist; unter ihnen kennt man kleinere Formen, wie den sehr genau stu
dierten C. Schulzi, dessen Stamme bei nur wenig Meter Hohe und kaum einem Dezi
meter Durehmesser, in ihrem oberen Teil an den Knoten mit verhaltnismassig lan
gen Blattern besetzt waren und die grossen Bliiten in Menge getragen haben. An
dererseits kennt man aber auch ziemlich grosse Formen, wie den sehr haufigen 
C. Suckowi, sowie den moglicherweise die Oberpartie von C. Suckowi darstellenden 
C. Cisti und letzten Endes muss als eine besonders grosse Form C. gigas genannt 
werden, deren Stamm, bci starker Holzbildung, bis tiber 1 m Durchmesser erreicht 
hat. Ob diese letzteren grossen Formen, gleichgliltig ob sie nun starke Holzbildung 
wie C. gigas hatten oder mehr krautiger Konsistenz wie C. Suckowi und C. Cisti ge
wescn sind, in ihrel ganzen zweifellos sehr betrachtlichen Lange vollig unverzweigt 
gewesen sind, ahnlieh wie das flir den kleineren, oben erwahnten C. Schulzi fest
steht, ist zweifelhaft. Astabgange sind jedenfalls an den zum Teil sehr zahlreichen 
Resten dieser Stamme kaum bekannt. Andererseits ist schwer vorzustellen, wie 
diese Stamme ohne allc Blatt-tragendcn Zweige die notige Menge von Assimilaten 
zusammen gebracht haben konnten; vor allem ware es da.nicht verstandlich, wo, 
wie bei C. gigas zufolge starker Sekundarxylem-Bildung Durchmesser von, wie 
bemerkt, tiber 1 Meter erreicht, also grosse Massen organischen Materials gebildet 
worden sind und andernteils doch sogar angenommen werden muss, dass der das 
Assimilationsparenchym enthaltende p rim are Rindenmantel zufolge der star
ken Ausdehnung der Sekundarxylems mehr minder bald gesprengt und abgeworfen 
worden sein dlirfte. Die dem Stamm selbst ansitzenden, offen bar bei allen Arten 

her, wo trotz grosser Kronenentwicklung eine ganze Anzahl einem einzigen Indivi

duum angehorende Stamme dicht gedrangt dem Boden entspriessen. 
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sehr schmalen Stammblatter diirften in gar keinem FaIle fiir die Assimilationsarbeit 
viel bedeutet haben, 

Es ist schon betont worden, dass mit dem Ende des Palaozoikums und dem 
Umschwung der Klimaverhaltnisse, mit anderen Worten: mit dem Heraufkommen 
einer aussergewohnlich trockenen, letzten Endes iiber weiten Gebieten unserer Erde 
zur Wiistenbildung fiihrenden Epoche, das Ende der gross en baumformigen Arti
culaten-Gestalten gegeben war; wenn auch klein ere Calamiten-Formen noch bis in 
den Zechstein herein gereicht zu haben scheinen, so bedeutet eben doch dc.s Ende 
dieser Zeit auch endgiiltig das Ende der Calamiten als solchen. Fiir die Trias ge
blieben sind nur die: 

3. E qui set ace a e. Equisetites. Die bereits im Karbon an Hand kleiner 
krautiger Formen nachgewiesene Gattung gleicht im Prinzip der jetzt lebenden 
Gattung Equisetum; nur dass sie in z.T. wesentlich betrachtlicheren Dimen
sionen aus dem Buntsandstein (E. Mougeoti BGT.), und aus dem unteren und mitt
leren Keuper bis zum Lias bekannt ist. Von den diesbeziiglichen Formen hatdas 
sehr haufige E. arenaceus JAGER einen Stamm von noch bis 25 cm Durchmesser 
erreicht bei bis zu 130 Blattern im Knoten und mehr oder minder reichlicher Ver
zweigung. Seine rein Equisetum-artigen Bliiten diirften in Gruppen zu mehreren 
an kleinen ihrerseits massenhaft aus der Stammspitze hervorbrechenden Aesten 
getragen worden sein. 

1m alteren Mesozoikum finden sich noch die schon im Perm beginnenden Gattun
gen Phyllotheca BGT., Neocalamites HALLE, und SchizoneuYa SCHIMPER; Phyllotheca 
ist dadurch interessant, dass die Sporophylle in einer Anzahl von Quirlen, aber 
immer wieder in Abwechslung mit einem Quirl steriler Blatter am Sprosse stehen. 

Equisetum L. Einzige lebende Gattung mit ca. 32 Arten. Artikulation im Spross
Aufbau besonders betont, insoferne als zufolge der scheidigen Verwachsung der 
Blatter die unmittelbar iiber den Knoten anschliessenden Internodienpartien in 
ihrer Ausbildung etwas anders gefasst sind als die restlichen iiber die Blattscheiden 
hervorragenden Teile der Internodien: an dem umscheideten Teil ist die Epidermis 
weniger stark mechanisch versteift, der Spross daher jeweils unmittelbar iiber dem 
Knoten besonders briichig. 

S pro S s-A u f b a u mittels tetraedrischer Scheitelzelle, primare Gestaltung 
somit eine zunachst schraubenfOrmige, trotzdem die gesamte Organabgliederung 
prazis wirtelig ist. ') 

B I a t t. Differenzierung derart, dass bei den vegetativen Blattern nur die je. 
weils oberen Teile der Gesamt-Blattanlage zur Blattbildung verwendet werden, 
wahrend der untere Teil zur Berindung des Spross-Internodiums dient. Sporophylle 
dagegen aus der Gesamt-Blattanlage hervorgehend. 2). 

') Es ware aber irrtiimlich zu schliessen, dass demzufolge das Moment der quir

ligen Organbildung, wie sie fiir aIle e c h ten Articulaten charakteristisch ist, 
eine abgeleitete Erscheinung sei; ist es doch vielmehr sehr viel wahrscheinlicher, 
dass es eine abgeleitete Erscheinung ist, wenn der Sprossscheitel des heutigen 
Equisetum mittels einer Scheitelzelle und nicht mit einem vielzelligen Meristems ar
beitet; ist letzteres doch zweifellos der urspriinglichere Typ von Scheitel-Fassung 
und ist es auch schwer anzunehmen, dass die sehr breiten Scheitel, wie sie noch zum 

Teil die Sprosse der mesozoischen Equisetites-Arten und vor allem vieler palaozoi
scher Calamites besessen haben, mittels einer Scheitelzelle an Stelle der aile primi

tiveren Pteridophyten charakterisierenden vielzelligen Scheitelmeristems ge

wachsen seien. 
2) Bedenkt man, dass fiir einen gut Teil der Articulaten seriale Spaltung der 

Sporophylle als so gut wie sicher angenommen werden darf, und bedenkt man 

weiterhin, dass die entwicklungsgeschichtlichen Bilder des Equisetum-Sporophylls 
derartige sind, dass in ihnen eine ahnliche Spaltung in einen distalen und einen 

proximalen Teil statt haben konnte, wie er sich aus der Anlage der sterilen Blatter 
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S pOl' 0 P h Y 11 rein schildformig '), an del' Schildflache - und zwar primal' 
randstandig - die 8-10 nachtraglich gegen die Unterseite del' Schildflache ver
schobenen Sporangien entspringend. 

tatsachlich vollzieht, so scheint es wohl moglich, dass bei Equisetum noch generelle 
Dinge nachklingen, die in einem anderen Verwandtschaftskreis del' Articulaten, 

insbesondere dem von Sphenophyllum und Verwandten, sich weiter gehend aus
gewirkt haben und, in Form einer ganz offensichtlich erkennbaren s e ri ale n 
o l' g a n spa 1 tun g in Erscheinung tretend, die eigenartige Sporophyll- und 
Bliitenfassung jener Formen bedingt haben. (vgl. hiezu das S. 513 Gesagte). 

') Es sei noch hervorgehoben, dass die Sporophylle von Equisetum zwar - ihrer 
Entstehung nach - zweifellos' dorsiventrale Organe sind, dass abel' tiber diese 

primare Dorsiventralitat hinweg ihre Gestaltung eine offensichtlich radiare, eben 

allseits rein schildformige, ist. 
Derartige schildformige Bildungen sind bis in die neueste Zeit zweifellos falsch ge

deutet worden, indem - wie das auch noch z.B. in GOEBEL'S Organograyhie dar

gelegt wird -sie sich aus zwei Teilen: einem oberen, welcher del' Blattflache steriler 

Blatter entsprache und einen unteren, del' einen Auswuchs von deren Unterseite 
darstelle, zusammensetzen sollen. Es ist abel' mit allem Nachdruck zu betonen, 
dass derartige Deutungen auf Grund del' palaontologischen Befunde an schild
formigen Bildungen bei Formen del' verschiedensten-und zwar mikro- wie makro
phyller -Verwandtschaftkreise vollig abwegig sind. Wir wissen jetzt sehr wohl, dass 
die letzten Ausgliederungen an den wedelartigen Pteridospermen-Sporophyllen 

letzten Endes schildformig sein konnen und dass an sol chen schildfOrmigen Bil
dungen die synangial gefassten Sporangien sich randstandig befinden (so seien dies
beztiglich ftir Mikrosporophylle Crossotheca, A ulacotheca, Whittleseya u.a., fiir 

Megasporophyllc Lepidopteris genannt); und es muss betont werden, dass derartige 
schildformige Bildungen sich zurtick fiihren lassen auf glockenfOrmig einge
tiefte, in ihrem sporogenen Komplex in eine Anzahl Teile gegliederter, in ihrer 
Grundform jedoch noch von dem eifOrmigen Rhynia-Sporangium ableitbarer 
Sporangientypen, wie sie fur die Psilophyten an Hand von Yarravia nachge

wiessen sind. Es spielt dabei keine Rolle, ob es sich dabei handelt urn endstan
dige Bildungen an Systemen, die noch nicht in Spross und Blatt gegliedert sind, 
wie das ja fiir die Psilophytales von Rhynia-Verwandtschaft zutrifft, oder ob es 

sich handelt urn die letzten und endstandigen Ausgliederungen grosser vielfach 
verzweigter Wedelbildungen, wie sie bei den Pteridospermae vorliegen, odeI' ob es 
sich handelt urn die kleinen, in sich weiter nicht verzweigten Ausgliederungen mi

krophyller Pflanzen-Typen wie Equisetum u. Verwandten; und es muss noch be

tont werden, dass es bei der Beurteilung dieser letzteren Formen auch belanglos ist, 
ob es sich, wie bei Equisetum u. anderen urn ein echtes ganzes Sporophyll, oder wie 

bei den Sporangiophoren von Sphenophyllum und Cheirostrobus und vielleicht auch 

von Calamostachys und Palaeostachya urn die se1'ialen und kollateralen Teilab

schnitte von Spo1'ophyllen handelt. Das wesentliche ist, dass es abwegig ware, der

a1'tige Bildungen urn jeden Preis von einem dorsiventralen Blatt abzuleiten; han
delt es sich doch vielmehr bei ihnen urn eine zwar in der Meh1'zahl der Faile seiten

standig ausgegliede1'te Organbildung, die zwar theoretisch dorsivent1'al, praktisch 
abel' stets von vornhel'ein radiar gestaltet ist. Das was bei der formalen Be
tl'achtung solchel' Phanomene noch viel zu seh1' iibersehen wil'd, was abel' zu ihrem 
wirklichen Verstandnis nicht genug hervorgehoben werden kann, ist die Tatsache, 
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S P 0 ran g i e n typisch eusporangiat, d.h. mit bis zur Reife mehrschichtiger 
Wand. Prazises Stomium nicht vorhanden; lediglich durch besondere Zellanord
nung nahe der spateren Aufrisstelle angedeutet. S p 0 r e n mit Perispor, dieses in 
2 sich kreuzende Bandchen aufgeteilt, deren Haiften bei Austrocknung sich aus
strecken und das Aneinanderhaken der Sporen ermoglichend das Schwebever
mogen in der Luft vergrossern. G esc hie c h t s v e r t e i I u n g: Primar halb 
mannlich, halb weiblich; dies aber nur zu folge ph a n 0- nicht genotypischer 
Geschlechtsbestimmung; ') denn es ist letzten Endes so, dass die zu weiblichen 
Prothallien pradestinierten Sporen bei mangelhafter Ernahrung (zu geringer 
Belichtung und Dichtsaat) zu mannlichen herabgedruckt werden konnen, und dass 
anderseits altere weibliche Prothallien, soferne keine Befruchtung der an ihnen 
gebildeten Archegonien stattgefunden hat, zur Bildung von Antheridien uber
gehen, also auch auf den mannlichen Zustand herab gedruckt werden konnen. 

Pro t h a II i e n (Abb. 10) als flachenhafte Bildung beginnend, spater in mehr
zellschichtigen Zustand ubergehend, ausgesprochen dorsiventral. An der Basis mehr 
walzenformig, gegen das Oberende zu von annahrend facherformiger Gestalt; an 
der dem Licht abgekehrten Unterseite werden Rhizoiden, andere dem Licht zuge
wandten Assimilationslappen gebildet. Am Oberende des mehrzellschichtigen Prot
halliumkorpers ein Randmeristem, das nach der Unterseite weiterhin Rhizoiden, 
nach der Oberseite hin abwechselnd Assimilationslappen und Archegonien bildet. 
In Fallen, wo weibliche Prothallien letzten Endes vermannlicht werden, kann der 
ganze Meristem-Rand in die Bildung von Antheridien ubergehen. Spermatozoiden 
polyziliat. 

Der E m b r y 0 von Equisetum kann als ein besonders klares Beispiel fur den 
Typus des Pteridophyten-Embryos angefuhrt werden, namlich eines Embryos, an 
welchem nicht, wie das bei den primar stets allorrhizen Samenpflanzen der Fall ist, 
ein Sprosspol und ein diesem diametral entgegengesetzter Wurzel pol ausgebildet 
sind, sondern eines Embryos, an welchem die erste Wurzel eben so wie aIle ubrigen 
eine seitenstandige Entstehung hat. 1m ilbrigen zeigt der Embryo eine Gliederung 
in eine zum Sprosspol werdende, dem Archegonienhals zugekehrte (exoskope) 

dass Symmetrien im Pflanzenkorper sich uberschneiden und uberdecken konnen; 
nicht zuletzt kann als ein Beweis dafiir nochmals auf die oben schon erwahnte Tat

sache zuruckgegriffen werden, dass zwar die primare Organbildung bei Equisetum 
zufolge der Tatigkeit der Sprosscheittelzelle eine schraubige ist, dass aber trotzdem 
der Gesamtaufbau des Sprosses letzten Endes ein rein quirliger ist; dass also, - urn 
das Allgemeine hervorzuheben - die zunachst schraubige Symmetrie und damit 
sukzedane Organentstehung uberdeckt wird von quirliger und simultaner Organ
differenzierung und Ausgliederung; und Entsprechendes gilt fur die gesamten 
Schild bildungen : ihrer Anlage nach konnen sie dorsiventral sein, aber ihre allen
fallsige Dorsiventralitat wird fruhest aufgehoben und ilberdeckt durch rein radiare 

Organgestaltung. 
') Eine fruhzeitige wahrend der Sporenentwicklung einsetzende phaenotypische 

Geschlechtsbestimmung nat offen bar auch bei verschiedenen karbonischen hete
rosporen Calamostachys-Arten stattgefunden: Entweder (C. Casheana) bildet von 4 
Sporangien eines Sporophylls eines nur Megasporen oder (C. Binneyana) im selben 

Sporangium finden sich Tetraden mit 4 Megasporen, oder 3 Mega- und 1 Mikro

spore, oder 2 Mega- und 2 Mikrosporen, oder 1 Mega- und 3 Mikrosporen. Derartiges 
spricht eindeutig fur phaenotypische Geschlechtsbestimmung, da genotypische nur 

wahrend der Reduktionsteilung stattfinden kann und somit im Fall von C. Casheana 
nicht den Sporeninhalt eines g a n zen Sporangiums erfassen konnte, andererseits 

im Fall von C. Binneyana bei genotypischer Geschlechtsbestimmung Mega- und 
Mikrosporen innerhalb einer Tetrade immer im Verhaltnis 2 : 2 nicht aber 3 : 1 

oder 1 : 3 vorhanden sein mussten. 
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HaUte und eine dem Archegoniumhals abgekehrte (endoskope) HaUte, welch
letztere zunachst als haustorialer Embryo-Fuss ausgebildet ist, an der seitenstandig 
die Anlage der erst en Wurzel erfolgt und die schliesslich resorbiert wird. (ABB. II). 

Die E qui set u m-P f 1 a n zen i m g a n zen sind reichlich verzweigte Ge
wachse. Es sind perennierende Pflanzen, die sich immer von neuem aus dem im 
Boden kriechenden Rhizom verzweigen. Der aus dem Embryo zunachst entstehen
de erste Spross bildet insgesamt nur wenige Internodien und an seinen Knoten be
find en sich in der Regel nur aus 3 Blattern gebildete Scheiden. Verhaltnismassig 
fruh, im ubrigen aber in ganz analoger Weise wie bei der Verzweigung der Sprosse 
uberhaupt, gliedert sich an seinem untersten Knoten ein Seitensprosse ab, der be
reits wesentlich kraftiger gebaut ist und vielgliedrige Blattscheiden besitzt; an 
ihm finden we it ere Verzweigungen statt; bereits einer der Sprosse dritten Verzwei
gungsgrades kann schliesslich indem er statt zenithaufwarts zu wachsen, mehr 
minder horizontal oder sogar steil abwarts wachst und in den Boden eindringt, die 
Anlage des erst en unterirdischen Rhizomsprosses darstellen, der reichlich Wurzeln 
erzeugt und von dem aus nun zunachst die weitere Abgliederung der im Laufe der 
kommenden Jahre entstehenden zenithwarts gehenden Sprosse statt hat. Auch aus 
den Basalpartien dieser letzteren konnen weitere Ausgliederungen zenithwarts ge
richteter Lichtsprosse statthaben. 

Die Verzweigung der Sprosse - gleichgultig ob an ober- oder unterirdischen 
Systemen - erfolgt lediglich an den Knoten, jedoch nicht in der Achsel der schei
dig verwachsenen Blatter sondern in Alternanz damit. 

Bei manchen Arten entstehen an den unterirdischen Sprossen ein bis wenig glie
drige Sprosse, deren Internodien zu eiformigen Bildungen anschwellen konnen und 
als Reservestoffbehalter dienen, eine Erscheinung die bereits von manchen meso
zoischen Equisetites-Arten her bekannt ist, nur dass entsprechend der zum Teil 
sehr betrachtlichen Grosse dieser Formen ihre Knollen die Dimensionen unserer 
Kartoffelknollen erreichen konnten. 

Die f e i n ere S y s t e mat i k der Gattung beruht auf der Gestaltung der 
Spaltoffnungs-Nebenzellen, sowie der Anordnungsweise der Spaltoffnungen, ferner 
auf der Gesamtausbildung der fertilen Sprosse, auf der Form der BlUte und endlich 
auf der Endodermis-Ausbildung und Verteilung im Spross. 

Es wird unterschieden: 

S e k t ion I: E u - E qui set urn SAD. Spaltoffnungs-Nebenzellen in gleicher 
Hohe wie die ubrigen Epidermiszellen; Blute meist stumpf. 

Subsektion t : Heterophyadica A. BR. fertile und sterile Sprosse verschieden, die 
fertilen ohne Chlorophyll und ohne Spaltoffnungen. 

G r u p peA met abo I a (Ve rna I i a) fertile Stengel nach dem Abbluhen 
absterbend. 

G r u p p e 1\1: eta b 0 I a (5 u b v ern a I i a) fertile Sprosse nach dem AbblU
hen ergrunend und wie die sterilen verzweigt. 

Subsektion 2 : Homophyadica A. BR. (AestivaJia) fertile Sprosse von Anfang an 
mit Chlorophyll und den sterilen Sprossen ahnlich;. Bluten schwarz. 

G r u p p e des E. p a Ius t r e Spro'sse mit einheitlicher Aussen-Endodermis. 
G r u p p e des E. He leo c h a r is jedes Spross-Leitbundel mit eigener En

dodermis. 

S e k t ion I I: Hip poe h a e t e MILDE Spaltoffnungs-Nebenzellen 11 n t e r
halb des Niveaus der ubrigen Epidermis, daher Spalten mit Vorhof; allermeist 
aussere und innere Gesamt-Endodermis; Bluten spitz; samtliche von hom 0-

phyadischem Spross-Typ. 
G r u p peP lei 0 s tic h a MILDE Spaltoffnungen in je 2 oder mehreren 

Langsreihen, grosste Arten bis 5 m u. mehrere cm im Durchmesser. 
G r u p peA m big u a MILDE Spaltoffnungen an der gleichen Pflanze bald 

ein- bald mehrreihig. 
G r u p p e M 0 nos tic h a MILDE Spaltoffnungen nur ein-reihig. 
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Z u r Lit era t u r. In betreff der alteren Werke zu Equisetum sei verwiesen 
auf R. SADEBECK'S Darstellung in ENGLER-PRANTL'S Natiirl. Pflanzenfamilien. 
Eine neueste kurzgefasste Bearbeitung der lebenden u. fossilen Formen ist in der 
4. Aufl. von R. WETTSTEIN, Handbuch d. Systemat. Bot. (bearbeitet von F. v. 
WETTSTEIN U. M. HIRMER) zu finden. Fiir die Kenntnis der f 0 s s i 1 e n Art i
c u 1 a tal e s sei in erster Linie verwiesen auf die Arbeiten von WILLIAMSON, 
WILLIAMSON U. SCOTT, HIRMER sowie KNOELL (A nat 0 m i e), JONGMANS sowie 
KIDSTON u. JONGMANS (S Y s t e mat i k, be s. d. Cal ami ten), SCOTT, 
BOWER sowie HIRMER (G e sam t - Auf b a u u. B 1 ii ten b a u); KRAUSEL U. 
\VEYLAND (a 1 t est e For men) u.a. Z usa m men f ass end e D a r
S tell u n g e n in SCOTT'S Studies, BOWER'S Primitive Land Plants und 
HIRMER'S Handbuch d. Palaobotanik. 



CHAPTER XX 

FILICINAE 

by 

CARL CHRISTENSEN (Copenhagen) 

History. - In the basic work of modern taxonomy, the S p e c i
e s P I ant a rum 1753 of LINNAWS, the Pteridophyta formed the first 
order, Filices, of the 24th class Cryptogamia. LINN...EUS described 12 genera 
of ferns with 192 species besides 4 genera of "fern-allies" (Equisetum, Mar
silia, Pilularia, Isoetes), while Lycopodium was placed in the second order: 
Musci. LINN...EUS based his genera exclusively upon the characters of the 
sori (superficial or marginal, round, linear or confluent, etc.) thus using 
the same characters of genera which almost all pteridologists regarded 
as the most important ones for a century and a half. The sporangia 
and spores were the only organs of reproduction known for a century and 
were believed to play the same role as the flowers of the Phanerogams and 
their characters were natux:ally considered as being of principal taxonomic 
value. During the latter half of the 18th century several botanists (e.g. 
ADANSON and J. E. SMITH) found that the sori of some ferns were covered 
with a protecting membrane, the indusium, which was absent in others, 
and this difference, not used by LINN...EUS, was found important enough, 
not only to split up the Linmean genera but also to arrange all genera in 
two series, I ndusiatae and Exindusiatae, which treatment was followed by 
almost all the pteridologists of the 19th century. J. E. SMITH, who described 
a number of genera (1793), divided the known genera into two series, An
nulatae and Exannulatae (sporangia with or without a ring), but the first 
botanist who made a serious attempt to arrange all known ferns in a 
convenient sequence was the Swede OLOF SWARTZ in his S y no psi S 
F iii cum (1806). He divided the ferns into three orders: Gyratae (= A n
nulatae SMITH) with two suborders: Nudae and Indusiatae, Spurie 
Gyratae (our Schizaeaceae, Osmundaceae, Gleicheniaceae and Angiopteris), 
and Agyratae (Marattiaceae, Ophioglossaceae). He described 38 genera of 
ferns with 710 species besides numerous dubiae. In 1810 a new enuineration 
of the known species was published by C. F. WILLDENOW in the fifth 
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volume of his edition of LINNAWS' SPecies Plantarum, but his classification 
was rather retrogressive. During the following three decades the genera 
were grouped together by R. BROWN, G. F. KAULFUSS, C. L. BLUME, G. 
KUNZE and others, into families which are still maintained under their 
original names. 

All the genera described before 1836 were based on soral characters only, 
but in that year C. B. PRESL published his revolutionary work Ten t a
men Pte rid 0 g rap h i a e. In this and some later works he created a 
large number of new genera based on the v e nat ion and partly on the 
number of vascular bundles in the leaf-stalk. His ideas were, however, only 
accepted by few pteridologists such as the English gardener JOHN SMITH, 
and A. L. A. FEE (G e n era F iIi cum 1852), while most writers 
retained the old Swartzian classification, WILLIAM HOOKER, for example, 
in his large and important work S p e c i e s F iIi cum (5 vols. 1844-64) 
with descriptions of all known species of Polypodiaceae. Though HOOKER 
in G e n era F iIi cum (1839-42) adopted more of PRESL'S and J. 
SMITH'S new genera, he reduced them to subgenera, totally neglecting 
others, thus reverting to the large Swartzian genera. In his compendious 
work, Synopsis Filicum (1865-68, new edition 1874), for the 
greater part worked out after HOOKER'S death by J. G. BAKER and con
taining descriptions of 2235 species, the conception of genera is the same, 
and as this conservative work was the only handbook of ferns during three 
decades we find the peculiarity that practically all of the hundreds of 
new species described in these years were referred to the same few genera 
adopted by SWARTZ a century ago. It must be admitted that the progress 
of fern-taxonomy since the days of PRESL was slow and new ideas were few 
and rarely accepted. FEE for example claimed to have found an available 
generic character in the number of cells of the annulus, and J. SMITH 
(H i s tor i a F iIi cum 1875) divided the Polypodiaceae into two 
divisions: Eremobrya (fronds articulated with the rhizome) and Des
mobrya (fronds adherent) and he succeeded in delimiting several natural 
genera or groups combining more characters. His work was overlooked for 
many years but it is now generally admitted that his ideas were sound and 
that he was really a pioneer of modern pteridology. The keenest pterido
logist of the 19th century was no doubt GEORG METTENIUS. He was a pupil 
of HOFMEISTER and ALEX. BRAUN and used their comparative method in 
his fern-studies, basing his results not only on studies of the external 
morphology but also on microscopical researches bearing chiefly on the 
development of the sori. He understood the importance of the vegetative 
characters such as the venation and he proposed (1856) the classification 
of the kinds of venation (venatio Drynariae, v. Goniophlebii, etc., etc.) still 
used. His wide-ranging and penetrating studies were interrupted by his 
early death (1866) but it is probable that his results, if completed and 
published, would have inaugurated a new period of fern-taxonomy, 
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the development of which the Synopsis Filicum brought to a stand-still. 
The theory of evolution, widely accepted after 1880 as a basis for 

systematic works, had for a long time no effect upon the classification of 
the ferns. As late as 1897 H. CHRIST in Die Far n k r aut e r de r 
E r d e made the first successful attack against the dominating influence 
of HOOKER and BAKER. Basing the genera on the structure of the whole 
plant his classification was a step in the right direction but can still not be 
said to be a natural one. Far more in accordance with the modern view of 
phylogeny as the basic principle of systematics was the wholly new clas
sification of the Polypodiaceae by L. DIELS in the fourth volume of ENGLER 
u. PRANTL: Die naturlichen Pflanzenfamilien (1899), 
which was followed by CARL CHRISTENSEN in In d e x F iIi cum (1905-
6), an alphabetical enumeration of all known ferns (149 genera with about 
6000 species). These two works have since been the standard- works of fern
taxonomy and have been followed by nearly all later writers in spite of 
their unnatural sequence of the families and misconception of some genera 
and their right systematic position. During the last thirty years much 
work has been done in order to clear up the phylogeny and mutual 
relationships of the living ferns partly by comparing them with extinct 
species, partly by a thorough study of the development of all organs 
including the gametophyte which never has been considered before by the 
taxonomists. Among the scientists who have contributed largely in this 
way to our knowledge K. GOEBELandF. O. BOWER are the most prominent, 
the former in his Arc h ego n i ate n stu die nand 0 r g a n 0-

g rap hie d e r P·f 1 a n zen, the latter in numerous papers, the results 
of which he collected in the important work The Fer n s (3 vols. 1923-
28). The studies of these and other botanists have proved that soral 
characters, although of high systematical value, are alone insufficient to 
clear up the phylogeny of living ferns; it is now evident that these charac
ters are, in many cases, evolutionary states arrived at within otherwise 
very different groups; on the other side the structure of the dermal ap
pendages (hairs and trichoms) and other organs, the stelar structure etc. 
appear to be of high value as genotypical characters. Neither GOEBEL nor 
BOWER ventured to propose a new classification based upon their numerous 
important results of their studies which as a whole agree with the con
clusions arrived at by taxonomists. Among these E. B. COPELAND alone 
has tried to arrange the oriental genera of Polypodiaceae into a phyletic 
sequence (1929), but omitting as he does the African and American genera 
and the other families his essay is incomplete. It contains however many new 
and fertile points of view and must be seriously considered by anyone, 
who tries to work out a new phyletic classification of ferns based on the 
results of modern research. Such an attempt is made in the following scheme 
which in addition is based on an intimate knowledge of four-fifths of all 
known ferns, now numbering round 9000 species. It is not conclusive, too 
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many points remaining obscure and it encounters two difficulties which 
still cannot be overcome. Many important features observed in the ana
tomical and morphological structure of the sporophyte or gametophyte of 
single or a few related species cannot be ascribed with certainty to all 
species of the same genus and one must therefore always remember that 
hardly one character ascribed to a genus is to be found in all its species. 
The linear sequence of families and genera moreover gives no clear idea 
of the highly interwoven phylogeny of recent ferns and it is perhaps 
impossible to demonstrate to others the reticulated phylum as it appears 
to the trained taxonomist. 

SOME IMPORTANT TAXONOMIC WORKS 

(For other works may be referred to CARL CHRISTENSEN: Index Filicum with 
supplements where a nearly complete list is to be found) 

A. G en era I 

J. E. SMITH, Tentamen botanicum de Filicum generibus .... Mem. Ac. Turin v. V. 
1793. 

O. SWARTZ, Synopsis Filicum. KililB. 1806. 
C. F. \VILLDENOW, Linne Species Plantarum, ed. quarta, v. V. 1810. 
G. F. KAULFUSS, Enumeratio Filicum. LipsilB. 1824. 
M. DESVAUX, Prodrome de la famille des fougeres. - Mem. Soc. Linn. Paris, v. 

VI. 1827. 
H. SCHOTT, Genera Filicum. Vindobonae. 1834. 
C. B. PRESL, Tentamen Pteridographiae. -- Pragae 1836. - Supplementum. 

1845. 
----, Epimeliae botanicae. Pragae 1849. 
W. J. HOOKER, Genera Filicum. London 1838-42. 120 pI. 
---, Species Filicum v. I-V. London 1844-64.304 pI. 
A. L. A. FEE, Genera Filicum. Paris et Strasbourg. 1850-52.32 pI. 
G. METTENIUS, Filices horti botanici Lipsiensis. Leipzig 1856. 30 pI. 
T. MOORE, Index Filicum. Synopsis of the genera. London 1857. 84 pI. 
\"1. J. HOOKER and J. G. BAKER, Synopsis Filicum. London 1865-68. Sec. edition 

1874. 
J. SMITH, Historia Filicum. London 1875. 
M. KUHN, Die Gruppe der Chaetopterides. Berlin 1882. 
H. CHRIST, Die Farnkrauter der Erde. J ena 1897. 
L. DIELS and others, Pteridophyta in Engler u. Prantl: Die nat. Pflanzenfam. 

1899-1900. 
CARL CHRISTENSEN, Index Filicum. Hafniae 1905-06. Supplementa I-III. 1913. 

1917, 1934. 
F. O. BOWER, The Ferns. v. I-III. - Cambridge 1923-28. 
E. B. COPELAND, The oriental genera of Polypodiaceae. - Univ. Calif. Publ. Bot. v. 

XVI. 1929. 

B. I II u s t rat e d w 0 r k s (g e n era I) 

C. SCHKUHR, Vier und zwanzigste Klasse .... oder Kryptogamische Gewachse. 
v. I. Wittenberg 1804-09. 219 pI. 

W. J. HOOKER et R. K. GREVILLE, Icones Filicum. London 1827-31. 240 pI. 
G. KUNZE, Die Farrnkrauter .... Leipzig 1840-51. 140 pI. 
W. J. HOOKER, 1. and 2. century of ferns. London 1854, 1861. 
---, Filices exoticae. London. 100 pI. 
J. G. BAKER, in Hook. Ic. Plant. pI. 1601-1700. 1886-87. 
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C. L 0 c a I 

J. MILDE, Filices Europae et AtIantidis .... Lipsire 1867. 
C. LUERSSEN, Die Farnpflanzen. Rabenhorst: Krypt. Flora 2. Auf I. v. III. 1884-89. 
M. KUHN, Filices africanae. Lipsi<e 1868. 
T. R. SIM, The ferns of South Africa. Capetown 1892. 159 pI. - 2. edition. Cam

bridge 1915. 186 pI. 
CARL CHRISTENSEN, The Pteridophyta of Madagascar. - Dansk Bot. Ark. v. VII. 

1932. 80 pI. 
C. L. BLUME, Flora Javae. Filices. Bruxelles 1828-29, 95 pI. 
R. H. BEDDOME, Ferns of Southern India. Madras 1863-64. 271 pI. 
---, Ferns of British India, with supplement. Madras 1865-70 and 1876,390 pI. 
---, Handbook to the ferns of British India, Calcutta 1883. Supplement 1892. 
C. B. CLARKE, A review of the Ferns of Northern India. - Trans. Linn. Soc. 

London. II. s. Bot. v. I. 1880.36 pI. 
C R. W. K. V. ALDERWERELT V. ROSENBURGH, Malayan Ferns. Batavia 1909. Sup-

plement 1917. 
M. OGATA, leones Filicum Japoniae. Tokyo 1928-36, 350 pI. (unfinished). 
R. C. CHING, leones Filicum Sinicarum. Peiping 1930-35, 150 pI. (unfinished). 
F. M. BAILEY, Lithograms of the Ferns of Queensland. Brisbane 1892. 191 pI. 
W. J. ROBINSON, A taxonomic study of the Pteridophyta of the Hawaiian Islands. 

Bull. Torr. Bot. CI. v. XL. 1913. 
E. B. COPELAND, Ferns of Fiji. Bishop Mus. Bull. no. 59. 
----, Pteridophytes of the Society Islands. Ibid. no. 93. 
A. L. A. FEE, Histoire des Fougeres et des Lycopodiacees des Antilles. Paris 1866. 

34 pI. 
---, Cryptogames vasculaires du Bresil. Paris 1869-73. 108 pI. 
D. C. EATON, The. Ferns of North America, 1877-80.81 pI. 
J. G. BAKER and others, Pteridophyta in Martius: FI. bras. v. I pars 2. 1859-84. 
A. SODIRO, Cryptogamae vas cui ares quitenses. Quiti 1893. 
G. S. JENMAN, West Indian and Guiana Ferns. Trinidad 1898-1908. 
L. M. UNDERWOOD and W. R. MAXON in North American Flora. v. XVI. 1909 

(unfinished) . 
W. R. MAXON, Pteridophyta, in Sci. Survey of Porto Rico and the Virgin Islands v. 

V, pt. 3. 1926. 

D. S 0 m e imp 0 r tan t m 0 n 0 g rap h s 

A. L. A. FEE, Histoire des Acrostichees. Strasbourg 1845.64 pI. 
----, Histoire des Vittariees, and Histoire des Antrophyees (3. et 4. memoire). 

1852 5 pI. 
DE VRIES et P. HARTIG, Monographie des Marattiacees. Leiden 1853. 8 pI. 
G. METTENIUS, 'Ober einige Farngattungen I-VI. 1857-59. 
R. VAN DEN BOSCH, Synopsis Hymenophyllacearum. Ned. kr. Arch. v. IV. 1859. -

Supplements ibid. v. V. 1861-63. 
A. BRAUN, 'Ober die Marsiliaceen-Gattungen Marsilia und Pilularia. - Monatsber. 

Berl. Akad. 1863 und 1870. 
J. MILDE, Monographia generis Osmundae. Vindobonre 1868. 
---, Botrychiorum monographia. Verh. zooI. bot. Ges. Wien v. XIX. 1869. 
K. PRANTL, Untersuchungen zur Morphologie der Gefasskryptogamen. I. Die Hy-

menophyllaceen. 1875. II. Die Schizaeaceen. 1881. 
---, Systematische 'Obersicht der Ophioglosseen. Ber. Deutsch. bot. Ges. v. I. 

1883. 
H. CHRIST, Monographie des Genus Elaphoglossum, 1899. 
K. GIESEN HAGEN, Die Farngattung Niphobolus. Jena 1901. 
CARL CHRISTENSEN, A Monograph of the genus Dryopteris. Part I-II (American 

sp.). Vid. Selsk. Skr. s. VII v. IV. 1907, v. X. 1913, s. VIII v. VI. 1920. 
---, Taxonomic Fern-studies. I. (Drymoglossinae et Cochlidiinae). Dansk Bot. 

Arkiv. v. V. no. 3. 1929. 
E. B. COPELAND, Leptochilus and genera confounded with it. Phil. Journ. Sci. v. 

XXXVII. 1928.30 pI. 
---, The fern genus Plagiogyria. Ibid. v. XXXV~II. 1928, 15 pI. 
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Series I. Filices Eusporangiatae. ~ Sporangium originating from a group of 
cells, its wall consisting of several layers of cells. Homosporous; no perispore. Anthe
ridia sunk in the tissue of the prothallium. A suspensor observed in several species. 

Order 1. 0 phi 0 g los s a I e s 
Characters of the only family: 

Ophioglossaceae 

S P 0 r 0 p h Y t e: Terrestrial (rarely epiphytic) herbs with short, fleshy, usually 
naked (never scaly) rhizome and fleshy roots. Leaves one to several, not circinnate in 
bud and without stipular base, the fertile ones consisting of a basal common stalk 
which bears at the apex a sterile, simple or dissected blade and a stalked fertile 
spike or panicle, the s p 0 r 0 p h Y II. Sporangia marginal in two rows, rather 
large, sessile or with a very short, thick stalk, without annulus. Spores very numer
ous (up to 15000 in Ophioglossum, 1500-2000 in Botrychium) , tetraedra!. - G a
met 0 p h Y t e: Prothallium a hypogean, tuber-like body, saprophytic (usually 
without chlorophyll) and with mycorrhiza. - 3 genera with about 30 species. 

A. Sterile blade and sporophyll more or less compound, the veins free. Spo
rangia free. 

Helminthostachys Kaulf. Sporophyll a slender but compound spike. Sporangia 
opening by a vertical slit. Sterile blade subdigitate-palmately divided. - 1 sp. in 
tropical Asia-Polynesia. 

Botrychium Sw. Sporophyll a compound panicle. Sporangia subsessile, opening 
by a transverse slit. Sterile blade simply pinnate or decompound. - Ca. 30 sp. in the 
Arctic and Northern temperate zones, few in the Tropics and Antarctic. 

B. Sterile blade simple, linear to ovate and reniform, rarely (in subgenus 
Cheiroglossa) palmately divided, with reticulated veins, Sporophyll a simple 
spike, the large sporangia sunk and coalescent, opening by a transverse slit. 

Ophioglossum L. Small terrestrial herbs spread throughover the globe, or larger 
tropical epiphytes (subgenera Ophioderma and Cheiroglossa). Ca. 50 sp. 

Order II. Mar a t t i a I e s 

S p 0 r 0 p h Y t e: Terrestrial plants with an erect, massive or horizontal 
rhizome. Leaves circinnate in bud, articulated to the rhizome by fleshy swellings 
and with stipule-like enlargements at the base of the stalk, pinnately or, in Chris
tensenia, digitately divided; mucilage-canals and tannin-cells in the tissue. Sporan
gia borne superficially on the veins below, forming linear or circular sari, either 
free or coalescent in "synangia", sessile and without annulus or, in Angiopteris, 
with a very rudimentary one, all the sporangia of the same sorus developing 
simultaneously, opening by an internal, vertical slit. Spores tetraedral or bilateral, 
very numerous (1400-7000). - Gam e top h Y t e: Prothallium green, flat, 
variously shaped, long-living, a central part forming the massive cushion which 
produces the sexual organs on the under side. Endophytic fungus present. 

The few genera of this order were all hitherto referred to a single family, 
M arattiaceae, but it seems more appropriate to divide them into two (if not 
four) families: 

Family 1. Angiopteridaceae 

Sporangia free, closely placed in two rows, forming linear sori, surrounded by 
fringed scales ("false indusium") and with a rudimentary annulus at the top. Leaves 
uniform, pinnately divided with free veins. - 3 genera. 

A ngiopteris HOFFM. Mighty ferns with bipinnate leaves. "Recurrent false veins" 
often present between the true ones. Sori near the edge, consisting of 10-30 sporan
gia. - Ca. 100 closely allied sp. (partly geographical races?) from Madagascar 
through Trop. Asia to Japan and eastern Polynesia. 

Macroglossum CAMPBELL. (2 Malayan sp.) and Archangiopteris CHRIST et GlEs. 
(4 (or 1) sp. inc!. Pseudomarattia HAYATA. China-Tonkin-Formosa) have simply 
pinnate leaves without recurrent veins and a high number of sporangia (40-60 and 
up to 160). 
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Family 2. Marattiaceae 

Sporangia coalescent in synangia. Recurrent veins and rudimentary annulus 
none. - 7 genera with ca. 80 species. 

Marattioideae. Leaves uniform, pinnately divided with usually free veins. 
Synangia linear, supramedial or near the edge, sporangia oval, opening by an 
internal slit, with or without indusial scale. One genus: 

Marattia Sw. Rhizome erect, radial. Leaves bi-tripinnate; synangia near the 
margin, linear-oval with 16-40 loculi. Ca. 50 sp. in the Tropics of both hemispheres. 

Christensenioideae. Rhizome creeping. Leaves uniform, digitate with reticulate 
veins. Synangia circular with a depression in the centre, scattered over the under 
surface; loculi 10-20, opening by an internal slit; indusial scales none. One genus: 
Christensenia MAXON. - 2 Malayan sp. 

Danaeoideae. Rhizome oblique or horizontal. Leaves subdimorphic, simply pinna
te (rarely entire) with free veins and nodose swellings on stipes and rachis. Synangia 
extended from midrib to margin, very close and covering the whole under surface of 
the fertile pinnae, each sporangium opening by a terminal pore, without indusial 
scales. One genus: 

Danaea SM.-Ca. 30 sp. in Trop. America. 

Series II. Filices Leptosporangiatae. - Sporangium originating from a single 
superficial cell, its wall consisting of a single layer of cells. Homosporous or hetero
sporous. Antheridia raised over the surface of the prothallium. No suspensor. 

Order III. F iIi c a I e s 

Leaf circinnate in bud. All, M arsileaceae excepted, homosporous. 

Family 1. Osmundaceae 

S P 0 r 0 p h Y t e: Terrestrial ferns with massive, hard, erect rhizome without 
scales. Leaves uniform or dimorphous, pinnately divided, not jointed to the rhizome, 
with stipular expansions covered with glandular hairs at stipe-base, the axes often 
with woolly hairs; veins free. Sporangia either marginal on much reduced segments 
or superficial on the under side of unaltered pinnules, not forming real sori and 
without indusium, all developing simultaneously ("Simplices" of BOWER), globose 
or pyriform, short stalked and with a rudimentary annulus formed by few thick
walled cells near the distal end, dehiscent by a slit running from these cells across 
the top to the ventral side. Spores rather numerous (up to 500), tetraedral, green, 
without perispore, ephemeral. - Gam e top h Y t e: Prothallium green, cordate, 
flat with a percurrent thickened midrib, large and fleshy, long living. - 3 genera 
with ca. 20 species. 

A. Sporangia marginal on much reduced pinnules. 
Osmunda L. Leaves wholly or partially dimorphous, in dense crowns, arranged in 

two circles, the inner fertile and erect, the outer sterile and spreading. Sporangia 
wholly replacing the leaf-tissue of all or some pinnae. - 12 species, mostly in 
swamps, in the temperate and tropical regions. 

B. Sporangia superficial on the veins of unaltered pinnules. 
Todea VVILLD. Leaf thick with stomata, bipinnate. Caudex up to 1 m high and 

thick. - 1 sp. (T. barbara) in Australia, New Zealand and South Africa. 
Leptopteris PRESL. Leaf very thin, like that of a filmy fern, without stomata, 

finely dissected. Caudex sometimes subarborescent. - 6 sp. from New Zealand
Polynesia-Melanesia. 

Family 2. Schizaeaceae 

S p 0 r 0 p h Y t e: Mostly terrestrial and xerophilous ferns with a horizontal or 
erect rhizome clothed with simple hairs or, in Mohria, with scales. Leaves erect 
or twining, dichotomously or pinnately divided, of diverse form, the veins free and 
mostly dichotomously branched, rarely reticulate. Fertile pinnae, except in Mohria, 
much reduced (sporangiophores). Sporangia obovoid or pyriform, large and sessile 
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or, in Lygodium, short stalked, marginal in origin but soon forced into a superficial 
position by different outgrowths from the fertile segment, which protect them as 
"false indusia", in two rows (solitary in Mohria) on the vein, not forming real sori 
but each a "monangial sorus" or "monangium", provided with a complete trans
verse annulus at the apical end and a definite stomium, opening by a vertical slit. 
Spores tetraedral or bilateral, without peri spore, rather numerous (128-256). -
Gam e top h Y t e: Prothallium green, flat with a lateral cushion or, in Schizaea, 
filamentous with some swollen, pale-green cells with mycorrhiza, the simplest and 
most primitive of all prothallia known. - 4 genera with ca. 160 species. 

A. Prothallium filamentous, spores bilateral; no scales. 
Schizaea SM. Rhizome oblique or short-creeping, of an advanced protostelic 

structure. Leaves polystichous, simple or forked, unicostate, grass- or rush-like, or 
flat and repeatedly dichotomous with uni· or pluricostate divisions. Sporangiopho
res terminal on the costae, either spuriously digitate in a penicillate tuft with the 
sporangia apparently in four rows (subgenus Actinostachys) or pinnate with the 
sporangia in two distinct rows (subg. Euschizaea and Lophidium), partly protected 
by the indusium-like recurved margins. - Ca. 30 sp. in the tropical and southern 
temperate regions, one (5. pusilla) in Atlantic N. America. 

B. Prothallia flat, green, spores tetraedral. 
Lygodium Sw. Rhizome creeping, solenostellic, without scales. Leaves mono stich

ous, twining, of indefinite growth, dichotomously palmately or pinnately divided, 
veins free, rarely reticulate. Sporangia in two rows on marginal sporangiophores or 
specialized lobes of otherwise not altered pinnules, each borne near the end of the 
vein and enveloped in a pocket formed by outgrowths from the lobe. - Ca. 40 sp. 
in tropical and subtropical regions, one (L. palmatum) in Atlantic N. America. 

Anemia Sw. Rhizome short creeping or oblique, dictyostelic with polystichous 
leaves, or, in subgenus A nemiaebotrys, creeping and solenostelic with distichous 
leaves, without scales but usually densely coated with silky hairs. Leaves pinnately 
divided, sometimes wholly dimorphous but usually only the basal pair of pinnre 
fertile with extremely reduced leaf-tissue, erect or sometimes spreading. Sporangia 
closely placed in two rows on the ultimate fertile segments which are either semi
terete without spurious indusium or narrowly foliose with recurved, indusium·like 
margins. - Ca. 90 sp. nearly all in tropical America, a few in Africa and Mada
gascar, one in India. 

Mohria Sw. Rhizome short, dictyostelic, scaly. Leaves polystichous, pinnately 
divided, in habit like Cheilanthes. A single sporangium borne near the end of each 
vein of the unaltered fertile leaf, more or less protected by the revolute margins. -
3 sp. in Africa. 

Family 3. Marsileaceae 

S P 0 r 0 p h Y t e: Aquatic or semiaquatic herbs with long creeping, solenostelic, 
branched, hairy rhizomes. Leaves in two rows, circinnate in bud, linear or 2-4 
foliolate, clover-like, bearing ventrally at the base or lower part of the stipes one 
to several, sessile or stalked s p 0 roc a r p s, which are interpreted as highly 
specialized pinnae. The sporocarp is a hairy, firm, globose or ovoid-oblong body of 
different structure (see the genera) containing the sori, rupturing by one or four 
slits. Sori four to several, each consisting of a peripherical receptacle which bears 
numerous, in origin marginal sporangia enveloped by a soft tissue from the inner 
side ("indusium"). Sporangia of two kinds: Megasporangia 
below, each containing one very large (up to 0.5 mm long) megaspore coated with a 
thick layer of mucilage, and M i c r 0 s p 0 ran g i a with numerous minute micro
spores. Some elongated cells in the sporangia of Pilularia are interpreted as a 
distal vestigial annulus. Spores of both kinds tetraedral. - Gam e top h Y t e: 
The male prothallium consists of two vegetative cells formed by divisions in the 
basal part of the microspore, the rest of which develops two antheridia each with 
16 sperm-cells; spermatozoids with a large number of cilia. The female prothallium 
is formed in a hemispherical, thin-walled projection of the megaspore and consists 
chiefly of a single archegonium, while the cavity of the spore is filled with nourish
ment for the embryo; neck of archegonium with only two rows of cells. Embryonal 
development essentially as in other leptosporangiate ferns. - 3 genera with about 
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70 species. In spite of the widely different habit of the sporophyte this family 
seems to have its nearest relatives in the Schizaeaceae, and I follow, therefore, BOWER 
in placing it here and not most other writers in associating it with the similarly 
heterosporous but otherwise abundantly different family, the Salviniaceae. 

Pilularia L. Leaves linear, grass-like, each bearing one globose sporocarp, 
which inside the thick wall is divided into four loculi, each containing a sorus and 
splitting by a longitudinal rupture and evacuating the sporangia in a mass of 
mucilage. - 6 species in Europe, America and Australia. 

Marsilea L. Leaves 4-foliolate, each bearing one to several ovoid-oblong sporo
carps which rupture longitudinally at maturity into two halves, each containing 
several sori which are emitted all together borne at intervals on a wormlike band of 
mucilaginous tissue. - Ca. 65 species in temperate and tropical regions, many in 
Australia. 

Regnellidium LINDMAN. Leaves bifoliolate. - 1 sp. in Brazil. 

Family 4. G1eicheniaceae 
S p 0 r 0 p h Y t e: Terrestrial and mostly xerophilous ferns with long creeping 

and usually branched, protostelic (rarely solenostelic) rhizome clothed with scales 
or hairs. Leaves solitary, not jointed to the rhizome, uniform, of a straggling habit, 
apparently dichotomously but in reality pinnately divided; after the development 
of one pair of pinnae the stipes ends in a dormant, paleaceous or hairy bud and the 
same may be repeated by the axes of the primary and subsequent pinnae in some
what different ways within the systematic groups; veins free and usually forked, 
the axes often chaffy or hairy. Sporangia as a rule few in exindusiate sori in a single 
row at each side of the midrib, superficial (sometimes sunk in cavities), placed 
round a receptacle and all developing simultaneously, broadly pear-shaped, sub
sessile, provided with a complete, transverse annulus and opening by a vertical slit; 
spores tetraedral or bilateral, without perispore, numerous (some hundreds) or 
few (16-32) in Platyzoma. - Gam e top h Y t e: Prothallium green, flat with a 
midrib and marginal proliferations; neck of archegonium straight, antheridia very 
large with several hundreds of spermatozoids. - About 120 species, all but 1-2 
usually referred to one genus, Gleichenia, which is an aggregate of 3 (or 5) natural 
genera. Many species form dense thickets in dryer places (e.g. savannahs) in tropical 
and subtropical regions. 

Dicranopteris BERNHARD!. Rhizome and axes with hairs only. Secondary and 
tertiary axes naked, i.e. not pectinato-pinnate; segments long and plane with dorsal 
sori consisting of 6-12 sporangia. A small genus with two sections: H eteropterygium 
(DIELS) : Axis protostelic, spores tetraedral (type: D. linearis, one of the common
est ferns of the Old World) and Acropterygium (DIELS): Axis solenostelic, spores 
bilateral (type: the American D. pectinata). 

Sticherus PRESL. Rhizome protostelic, with scales. Secondary and subsequent 
axes pextinato-pinnate (Eu-Sticherus, syn. H olopterygium DIELS, type S. laevigatus) , 
or the secondary ones only developed and bipinnate (Hicriopterus PRESL, syn. 
Diplopterygium DIELS, type S. glaucus). Segments and sori as in Dicranopteris but 
sporangia few (2-6); spores bilateral. - Ca. 100 sp. 

Gleichenia SMITH. Like Sticherus but segments very small, roundish, concave 
with terminal sori, which in some species are sunk in deep cavities. - Ca. 10 sp. 
in the southern hemisphere. 

Platyzoma R. BR. and Stromatopteris METT. are monotypic genera (Australia 
and New Caledonia respectively) with more clustered, simply pinnate leaves. 

Family 5. Matoniaceae 

S P 0 r 0 p h Y t e: Terrestrial ferns with complicated solenostelic, creeping 
rhizome clothed with hairs. Leaves solitary, uniform, dichotomous, of different 
habit in the two genera, cori'aceous, the veins mostly free outside the soral area. 
Sporangia few together in superficial sori, simultaneous in origin, covered by a 
coriaceous, peltate indusium developed from the centre of the convex receptacle, 
sessile or short-stalked, provided with an irregular, more or less complete, sinuous 
annulus without definite stomium, opening laterally. Spores tetraedral, without 
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perispore, typically 64. - Gam e top h Y t e little known; prothallium green. 
- An archaic family of two genera with four species, probably nearest related to 
the Dipteridoideae amongst living ferns. 

Matonia B. BR. Leaf erect, pedate ("a very perfect example of a catadromic 
helicoid dichopodium", BOWER) with pinnatifid divisions. Sori uniseriate, costular, 
seated on a plexus of veins. - 2 Malayan sp., forming thickets like Gleichenia. 

Phanerosorus COPELAND. Leaf pendent, repeatedly dichotomous but usually of a 
pinnate habit because of the abortion of some terminal buds, with entire, forked 
pinnae. Sori medial, on a single, mostly free vein. - 2 sp. in Borneo and New 
Guinea. 

Family 6. Hymenophyllaceae 

S P 0 r 0 p h Y t e: Minute to medium-sized, terrestrial or epiphytic herbs with 
protostelic, never scaly rhizome, which is mostly wide-creeping and branched with 
distichous, dorsiventralleaves, or, in some species of Trichomanes, erect, radial with 
the leaves arranged spirally; root-system weakly developed, roots sometimes wholly 
absent but substituted by much hairy, leafless branches from the rhizome. Leaves 
uniform, rarely (in Trichomanes sect. Feea) dimorphous, often with simple or 
branched hairs but without scales, with few exceptions (e.g. Cardiomanes) very 
thin and translucent, formed of one layer of cells without intercellular spaces 
and stomata, entire and then usually very small (down to 5 mm long) or variously 
mostly pinnately divided with I-nerved ultimate segments. Sori terminal on a vein 
and marginal, immersed or commonly more or less free, sometimes subpetiolulate, 
consisting of a two-valved or cylindrical to campanulate, at best two-lipped indus
ium, which encloses a long, cylindrical receptacle with numerous sporangia, these 
originating in basipetal succession (Gradatae, BOWER), of various sizes, short-stalked, 
globose or compressed, provided with an oblique annulus without definite stomium
cells, opening laterally by a long slit. Spores tetraedral, without perispore, few to 
many (32 to 420 in one sporangium, BOWER). - Gam e top h Y t e: Prothallium 
of Trichomanes filamentous, branched, resembling a green Alga, with the archegonia 
produced at the end of short branches (archegoniophores), of Hymenophyllum 
flattened, strap.like, never cOJ.date, with antheridia and archegonia borne together 
on a lateral lohe. - 4 genera with over 600 species. 

Trichomanes L. Indusium cylindrical to campanulate with entire or two-lipped 
mouth, receptacle often very long and exserted as a long bristle. Prothallium 
filamentous. - Ca. 330 sp. of widely different habit, belonging to about ten, 
mostly very distinct subgenera (or better genera), nearly all tropical, one (T. 
speciosum) in western Europe. 

Cardiomanes PRo Like Trichomanes in sori but the entire, reniform frond coriace
ous, several cells in thickness. - I sp. in N. Zealand. 

Serpyllopsis v. D. B. A single terminal trichomanoid soms, habit of Hymenophyl
tum. - I sp. in temp. S. America. 

Hymenophyllum SMITH. Indusium more or less deeply divided into two entire or 
dentate valves, receptacle short, rarely a little exsel ted. Prothallium flattish. Ca. 
300 sp. mostly tropical (two in W. Europa), belonging to two subgenera: Sphaero
cionium PRo (Euhymenophyllum auct.): Segments and valves entire, and Lep
tocionium PR.: Segments and generally also valves dentate. 

Family 7. Loxsomaceae 

S p 0 r 0 p h Y t e: Terrestrial ferns of davallioid habit with creeping solenostelic 
rhizome coated with hairs. Leaves pinnately divided, uniform, coriaceous, not 
jointed to the rhizome, the veins free. Sori marginal in origin, terminal on the 
veins, consisting of a cup-like indusium resembling that of Trichomanes enclosing 
a columnar receptacle, which is elongated beyond the mouth of the indusium and 
bears the basipetal sporangia with hairs (paraphyses) between. Sporangia pyriform, 
subsessile, obliquely ascending, provided with a complete annulus, different in the 
two genera. Spores tetraedral, without perispore, 64 in each sporangium. - G a
met 0 p h Y t e: Prothallium of the common cordate type with bristle-like hairs 
below. 
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A small family of doubtful systematic position, in soral characters mostly 
resembling Trichomanes but in general habit and anatomy the Dennstaedtioideae. --
2 genera with 4 species. 

Loxsoma R. BR. Sporangia with only some of the cells of the annulus thickened, 
without definite stomium-cells, opening by a median longitudinal slit. - 1 sp. in 
New Zealand. 

Loxsomopsis CHRIST. Sporangia with all cells of the annulus thickened and with 
a well differentiated stomium, opening by a lateral slit. - 3 sp. in Andes (Costa 
Rica - Bolivia). 

Family 8. Hymenophyllopsidaceae 

S p 0 r 0 p h Y t e: Terrestrial ferns of Hymenophyllum-like habit and venation 
with erect, stout, solenostelic rhizome, c lot h e d wit h s c a I e s. Leaves 
radial, pinnately divided, thin (3 layers of cells), without stomata. Sori terminal 
on the veins, provided with a leafy, green, lobed indusium, which is fixed either 
to the vein at the very base only or connate to the fertile lobe at one (the outer) 
or both sides. Sporangia few, large, subsessile, in shape and structure closely 
resembling those of A lsophila with a similar broad, oblique annulus. Spores globose. 
_ .. Gam e top Y t e unknown. - 1 genus: 

Hymenophyllopsis GOEBEL, Flora, N. F. XXIV p. 3. (1929). - 2 sp. in Guiana 
(Mt. Roraima and Mt. Duida) and Venezuela. 

Quite unique as to several characters, in habit and thin leaves resembling the 
Hymenophyllaceae, in scale-characters and structure of the sporangia the Cyathea
ceae, still abundantly different from these families as well as from all Polypodiaceae. 

Family 9. Plagiogyriaceae 

S p 0 r 0 p h Y t e: Terrestrial ferns with a radial, dictyostelic, massive and 
hard, scaleless stem which may bear slender, solenostelic runners. Leaves in dense 
rosette, dimorphous, simply pinnate, resembling those of Blechnum sect. Lomaria, 
the stipes at base fleshy and swollen, trigonous and bearing two rows of tuber
culiform pneumatophores, when young covered with mucilaginous hairs, the veins 
forked. Sori exindusiate but protected by the revolute margins of the narrow fertile 
pinn<e, superficial on the branches of the forked veins, developing in a mixed suc
cession, long-stalked, provided with an 0 b I i que annulus and a definite stomium, 
opening by a lateral slit. Spores tetraedral-globose, few (48), without perispore. 
- Gam e top h Y t e of the ordinary leptosporangiate type. - One genus: 

Plagiogyria (KUNZE) METTENJUS. - About 30 species, mostly from Asia (Ma
laya to Japan), a few from America (Mexico and the Greater Antilles to Bolivia). 

While older pteridologists referred the species of this genus to Lomaria it was 
later placed in the Pteridoideae. In spite of having some important characters in 
common with the Polypodiaceae (habit, mixed sori, few spores) it differs as to 
others widely from all groups of that family, and as it shows in some essential 
features affinity to the more primitive types of ferns, especially the Osmundaceae 
(anatomy, stipe-base, lack of scales, annulus) it seems preferable with BOWER to 
place this isolated genus in a family of its own. 

Family 10. Dicksoniaceae 

S p 0 r 0 p h y t e: Mostly tree-ferns with an upright, often lofty, radial, compli
cated dictyostelic, rarely decumbent trunk, with hairs but without scales. Leaves 
in a crown, very large, their bases as a rule hidden among a dense mass of hairs, 
pinnately divided, often partially dimorphous, coriaceous. Sori marginal and termi
nal on the veins, protected by a cup-shaped or two-valved indusium. Sporangia 
basipetal, of somewhat different structure, opening by a lateral slit. Spores 
tetraedral, without perispore, few (48-64). - Gametophyte? - 3 genera belong
ing to two subfamilies: 

Thy r sop t e r 0 ide a e. Leaf decompound, partially dimorphous, the basal 
pinn<e being fertile with the ultimate divisions wholly reduced to the sori. Indusium 
at first subglobose, later a broad entire cup. Sporangia with a short, thick stalk and 
a complete, twisted annulus consisting of about 50 cells, half of which are thickened, 
the rest forming a lateral stomium. One genus: 
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Thyrsopteris KUNZE with one sp., T. elegans, in Juan Fernandez. A small tree, 
1-1.5 m high, spreading by runners. 

Die k son i 0 ide a e. Indusia two-valved. Sporangia long-stalked, the an
nulus more or less oblique with a definite stomium. - 2 or 4 genera: 

Dicksonia L'HERITIER. Lofty tree-ferns with partially dimorphous leaves, the 
fertile pinnae being more or less contracted. Outer valve of the indusium formed by 
a slightly altered leaf-tooth. - 17 sp. in the southern hemisphere. 

Cibotium KAULFUSS. Mostly arborescent ferns with a rather short (1-5 m) trunk 
or a short decumbent caudex and uniform leaves. Outer valve of the indusium 
similar to the inner. - 13 sp. in East Asia, Hawaiian Is. and Central America. 

The third genus Culcita PRESL (Balantium auct., non KAULFUSS), usually 
placed in this subfamily, agrees with the former genera in characters of the 
sori (indusium two-lipped, sori gradate, annulus oblique) but as to others (no 
epigaeous stem, oblique ultimate segments and whole habit) it approaches Denn
staedtia and COPELAND may be right in associating it with that genus. - 9 sp. in 
trop. and subtrop. regions, one in the Atlantic Is!. and S. Spain (C. macrocarpa, 
syn. Balantium culcita). 

Cystodium J. SM., a monotypic Malayan genus may tentatively be placed here as 
a probable derivative of Dicksonia with bipinnate, uniform fronds and a more 
reduced inner indusium-valve and slightly oblique annulus. 

Family 11. Cyatheaceae 

S p 0 r 0 p h Y t e: Mostly tree-ferns with an often lofty, radial, dictyostelic 
trunk (except in Protocyatheaceae) clothed with hairs or scales at the top and 
often with characteristic scars of fallen leaves and adventitious roots, or, these 
remaining, covered with a thick layer of roots. Leaves spirally arranged in a crown, 
rarely partially dimorphous, pinnately divided, the stipes often spiny and densely 
scaly, sometimes with "aphlebia" (abortive pinnae) at base; veins with few ex
ceptions free, simple or forked. Sori superficial and dorsal on the veins, round, 
exindusiate or with a more or less complete, inferior, cup-shaped indusium. Spo
rangia provided with a complete, 0 b I i que annulus, interrupted by a definite 
stomium, opening by a lateral slit, often mixed with hairs (paraphyses). Spores 
tetraedral, without perispore, 64. Gam e top h Y t e: Prothallium of the usual 
cordate type, when old with bristles on both sides and small scales. Antheridium 
with 2 cap-cells. 

A large family of ca. 700 very uniform species, mostly found in tropical mountain 
-forests and mostly very local in distribution. BOWER has recently divided it into 
two families, the first of which shows several primitive characters, resembling the 
Gleicheniaceae. 

Pro t 0 c y a the ace a e. Caudex short on creeping, solenostelic, clothed 
with hairs but lacking scales. Sori exindusiate, sporangia large, short-stalked, all 
simultaneous in origin. - 2 otherwise widely different monotypic (?) American 
genera: Lophosoria PR. and M etaxya PR. 

C y a the ace a e. Caudex erect, mostly arborescent, dictyostelic, clothed with 
scales. Sporangia small, long-stalked, basipetal in origin. The 3 genera usually 
adopted are weakly characterized and several writers have recently referred all 
species to one: Cyathea. 

Alsophila R. BROWN. Indusium none. - Ca. 300 sp. 
Hemitelia R. BROWN. Indusium a basal, interior scale. Veins in some American 

species anastomosing. - Ca. 100 sp. 
Cyathea SMITH. Indusium cup-shaped, at first wholly embracing the sorus. -

Ca. 300 sp. 

Family 12. Po)ypodiaceae 

S p 0 r 0 p h y t e extremely diverse in habit, size and structure, briefly charac
terized under the subfamilies. Sporangia usually forming sori of different shape and 
position and with or without indusium, as a rule mixed in origin, long-stalked and 
provided by a vertical, incomplete annulus opening by a transverse slit; spores few, 
usually 32 or 64, with or without perispore. - Gam e top h Y t e: Prothallium 
typically green, flat, cordate; antheridia with one cap-cell except in Woodsia. 



534 C. CHRISTENSEN, FILICINAE 

By far the largest family, comprising about 170 genera with ca. 7000 specics. 
It is divided .below into 15 subfamilies. Most of these are well characterized and 
were perhaps better dealt with as families. They are not very closely related to 
each other but probably separate branches from an ancient common stock, and 
the sequence does not indicate therefore an evolutionary progress. The subfamilies 
with marginal sari have retained most primitive characters and are therefore placed 
first, but others, especially the Polypodioideae, include forms which are no doubt 
recent representatives of very old ferns. Further we find within several subfamilies 
forms which totally lack scales and because of this primitive character are placed 
under the heading C h a e top t e rid e s before the forms with scales, L e p i
do pte rid e s. Uniting all Chaetopterides of the different subfamilies into one 
subfamily would be too unnatural; it is much more probable that the existence of 
such primitive forms within otherwise very different groups proves that these are 
derivated separately from ancient ferns and independently have developed forms 
with flattish scales. The same may be said on the a c r 0 s tic hoi d forms with 
the sporangia spread over the leaf, which are to be found in some subfamilies or 
smaller groups, but this character is presumably developed relatively late. The 
su bfamily A crosticheae of older pteridologists including all acrostichoid ferns 
does not exist as a natural one. 

Subfamily L Dennstaedtioideae 
Sari round, terminal on the veins, borne on punctiform or transversely oblong 

but never fused receptacles, marginal in origin but in Microlepia withdrawn from 
the margin, protected by a double and indistincly two-lipped or single indusium; 
sporangia basipetal or mixed in origin with long, thin, three-rowed stalks, often 
mixed with filiform paraphyses; spores without perispore. - Terrestrial ferns with 
creeping, solenostelic rhizome clothed with hairs, (rarely erect, dictyostelic and 
with scales); leaves not jointed to the rhizome, uniform, 1-3-pinnate with free 
veins, as a rule of herbaceous texture. - 8 genera. 

To this subfamily those ferns belong which show more primitive characters 
than the other Polypodiaceae, and it connects this latter with Dicksoniaceae. The 
genus Culcita, mentioned under the latter family, might as well be placed here, 
and an unbroken series of genera leads, on the other side, directly to the lindsayoid 
and pteridoid ferns. It is therefore impossible to draw a definite boundary between 
it and the following subfamilies with marginal sori. As confined here it includes only 
the genera with definite, never fused sori. 

L Dennstaedtieae Indusium double, consisting of an inner or lower flap and an 
outer or upper onc that appears as a more or less modified marginal lobe from the 
fertile segment. 

A. C h a e top t e rid e s. Rhizome wide-creeping, solenostelic, with hairs. 
Both indusia connate. 

Dennstaedtia BERNHARD!. Sori marginal, the entirely connate indusia forming a 
·cya thiform, often reflexed pocket. Pinn ules usually unequal-sided. - Ca. 70 tropical 
sp., one in N. America. 

Microlepia PRESL. Sori rather far from the margin, the connate indusia cupuli
form. Pinnules as a rule equilateraL - 45 sp., only one American. 

Leptolepia METT. and Oenotrichia COPELAND are small Malayan-Polynesian 
genera near Microlepia, but the inner indusium fixed at the base only. 

B. L e p i d 0 pte rid e s. Rhizome creeping or suberect with some scales. 
Indusia not connate. 

Saccoloma KAULFUSS. Rhizome creeping, leaves simply pinnate. Upper indusia 
of all sori fused and forming a membranous, sinuous and continuous margin to the 
pinna. - 1 American sp. 

Ormoloma MAXON. Similar but upper indusia not fused and membranous. - 2 
American sp. 

Ithycaulon COPELAND. Rhizome short, dictyostelic, leaves decompound. - Ca. 
10 tropical sp. 

Orthiopteris COPELAND. A monotypic genus (Fiji) of doubtful position, with erect 
rhizome but without scales and with the sari of Davallia. 

II. Hypolepideae Indusium single, the inner wholly aborted, the outer a more 
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or less modified flap which is recurved and covers the sorus, sometimes absent. 
Rhizome creeping, with hairs, solenostelic. 

Hypolepis BERNHARD!. - Ca. 40 sp. of dennstaedtioid or dryopteroid habit. 
Intermediate between Dennstaedtia and the chaetopteroid Pteridoideae. 

Subfamily II. Lindsayoideae 

Sori marginal or intramarginal and terminal (except in Taenitis) , either single 
and round or coenosori borne on the fused vein-tips, mixed and indusiate (except in 
Taenitis); indusium usually double, consisting of the more or less modified or un
altered margin of the fertile segment, to which the lower indusium may be connate 
at three sides or fixed at the base only; stalk of sporangium three-rowed; spores 
without perispore. - Terrestrial or epiphytic ferns with creeping, proto- or solen
ostelic rhizome, which (in Lindsaya) is of a special "lindsayoid" type and clothed 
with bristles or narrow, lanceolate, castaneous scales consisting of 2-4 rows of 
cells, or both kinds with intermediate forms intermixed; leaves not jointed to 
the rhizome, pinnately divided, rarely simple and dimorphic. - 9 genera. 

Tapeinidium (PR.) C. CRR. Sori as in Microlepia but sometimes two fused. Fronds 
generally coriaceous, 1-3-pinnate with free veins. - Ca. 10 Malayan-Polynesian sp. 

5tenoloma FEE. (5phenomeris MAXON). Sori single or often two fused, the inner 
indusium fixed at base only or partially connate at the sides. Fronds decompound 
of definite growth, mostly of herbaceous texture, with three veins. - 18 sp. 

Odontosoria (PR.) FEE. Sori as in 5tenoloma. Fronds decompound of indefinite 
growth, often spiny. - 11 American sp. 

Lindsaya DRYANDER. Sori single or more often two to many or all fused into 
coenosori, borne on a vascular commissure connecting the vein-tips, the inner in
dusium fixed at base only. Fronds uniform, once or twice pinnate, rarely simple, 
the pinnae trapeziform or semilunate with the lower margin intact and sterile, of 
some species cuneiform or equal-sided; veins free or sparsely reticulate. - Ca. 150 
tropical sp. - A small group of Malayan sp. (Isoloma J. SM.) with equilateral, 
ovate-cordate to lanceolate pinnae were formerly included in Lindsaya, now usually 
but unnaturally referred to 5chizoloma. 

5chizoloma GAUDICHAUD. Sari as in Lindsaya, but fronds dimorphous with 
reticulate venation. - 1 Malayan sp. (5, cordatum). 

To this tribe may be referred preliminarily the following genera: 
Taenitis WILLD. Sporangia aggregated in long, linear, ex i n d u s i ate coenosori 

medial between the midrib and margin or sometimes near the latter. Fronds 
simple or impari-pinnate with reticulated veins. - 3 Malayan sp. - In sori and 
habit very different from the genuine lindsayoid genera but without doubt closely 
related to 5chizoloma. 

Platytaenia KUHN, a monotypic Malayan genus, is an acrostichoid derivative of 
Taenitis with dimorphic fronds. 

Diellia BRACKENRIDGE, a small genus endemic in the Hawaiian Islands, resembles 
Lindsaya in habit and sori, but more probably it is of asplenioid origin. 

Dictyoxiphium HOOKER, a mono typic American genus with simple fronds, with 
marginal, continuous coenosori without distinct upper indusium, venation re
ticulate. 

Subfamily III. DavaIlioideae 

Sari and indusia essentially as in the former subfamily but never fused; stalk of 
sporangium one-rowed (always ?), spores without perispore. - Mostly epiphytic 
ferns with creeping, dictyostelic rhizome clothed with peltately fixed and usually 
broad scales; leaves not jointed to the rhizome, pinnately divided, rarely simple, as 
a rule deltoid, the veins free. - 7 genera. 

Davallia SMITH. Sori intramarginal on the tips of the ultimate segments, the lower 
indusium semicylindrical or cupuliform, free at the outer edge only. Fronds uniform 
or nearly so, usually compound, of rigid texture. - Ca. 35 sp. in the Old World's 
Tropics, one (D. canariensis) extending to S. W. Europe. Related small Malayan 
genera are: 5cyphularia FEE, Parasorus v. A. V. R. and Trogostolon COPELAND. 
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Humata CAVANILLES. Lower indusium fixed at base only. Small ferns of rigid 
texture with simple or 1-2-pinnate fronds, often dimorphous. - Ca 40 Malayan
Polynesian sp., one (H. repens) extending to Madagascar. 

Leucostegia PRESL. Sori as in Humata but fronds usually decompound, uniform 
and of thin texture. - 20 Asiatic-Polynesian sp. 

Davallodes COPELAND. Sori of some species as in Davallia, of others as in Leu
costegia, but all with characteristic rhizome-scales which from a broad, peltate base 
are suddenly contracted into a long bristle. - 12 Malayan sp. 

The following genera are, though looking vel-Y different, now usually associated 
with the davallioid ferns: 

N ephrolepis SCHOTT. Sori terminal, round, in an intramarginal row, furnished 
with a reniform, lunate or peltate indusium. Rhizoma erect or scandent, paleaceous. 
Leaves uniform, simply pinnate with articulated pinnae and free veins. - Ca. 30 
tropical sp., some much cultivated. 

Arthropteris J. SMITH. Sori terminal, superficial, uniserial, exindusiate or with a 
reniform indusium as in Dryopteris. Rhizome wide-creeping, paleaceous, Leaves 
simply pinnate with a joint on the stipes, the veins free. - Ca. IS tropical sp. 

Psammiosorus C. CHR. Like A rthropteris but sori dorsal on the sparsely ana
stomosing veins and scattered, exindusiate. - I. sp. in Madagascar. 

Subfamily IV. OIeandroideae 

Sori dorsal, superficial, round, in a wavy line usually near the midrib, with 
reniform indusia. Rhizome creeping or erect, suffrutescent, with imbricated scales, 
the leaves solitary or in distant whorls, simple with the stipes jointed as in A r
thropteris, usually uniform, the veins free. - I genus of doubtful but probably 
da vallioi d relationship: 

Oleandra CAVANILLES. - Ca. 35 tropical sp. 

Subfamily V. pteridoideae 

Sori marginal or intramarginal, as a rule continuous coenosori borne on a vascular 
commissure connecting the vein-ends, protected by the reflexed, membranous leaf
margin, and, in the two first-named genera, also with a thin inner indusium; 
stalk of sporangium three-rowed, the spores without perispore. - Terrestrial ferns 
with erect or creeping rhizome, which is as a rule solenostelic but often with perfo
rations, with hairs or scales; leaves uniform or subdimorphic, not jointed to the 
rhizome, pinnately (rarely digitately) divided, the veins free or anastomosing 
without free included veinlets. - 12 genera. 

1. C h a e top t e rid e s. Rhizome with hairs which in the two last-named 
genera are mixed with narrow scales. 

Pteridium GLEDITSCH. Receptacle marginal, a lower indusium present; sporangia 
at first gradate, later mixed; veins free. - I cosmopolitan sp. (P. aquilinum) with 
many geographical subspecies. 

Paesia ST. HILAIRE. A small tropical genus of somewhat simpler structure but 
hardly different from Pteridium. 

Lonchitis L. Lower indusium absent but replaced by hairs; sporangia mixed; 
rhizome stout, hairy, veins reticulate; sori as a rule confined to the sinuses of the 
pinnae. - 8 African, I American sp. 

A nisosorus TREVISAN. Like Lonchitis but rhizome with narrow scales and veins 
free. - I Am"rican, I African sp. 

Histiopteris J. SMITH. Rhizome creeping with hairs and scales, veins sparsely 
reticulate. Lower indusium absent, sporangia at first basipetal. - 8 sp. 

II. L e p i d 0 pte rid e s. Rhizome with scales. Sori intramarginal without 
lower indusium; sporangia mixed. 

Pteris L. Veins free (§ Eupteris) or forming costal areoles (§ Campteria) or 
reticulate (§ Litobrochia). - Ca. 250 tropical and sUbtropical sp. A nopteris DlELS, 
A ctiniopteris LINK, Ochropteris J. SM., Hemipteris ROSENSTOCK, Schizostege HILLE
BRAND and A mphiblestra PRESL are mostly monotypic genera with the sori of 
Pteris, differing in morphological characters. 
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A c r 0 s tic hoi d g e n era, pro b a b I Y d e r i vat e d fro m the 
Pteridoideae 

Rhizome stout, erect or climbing, of a complicated dictyostelic structure, 
with scales. Leaves simply impari-pinnate. Indusium none. 

Neurocallis FEE. Sporangia borne partly on an intramarginal, linear receptacle, 
partly on and between the reticulated veins in the outer half of the not much 
contracted fertile pinnae. - 1 W. Indian sp. 

Acrostichum L. Sporangia spread over the surface without receptacle. Rhizome 
stout, erect, leaves uniform but fertile and sterile fronds sharply separated or the 
upper pinnae only being fertile; veins densely reticulate. - 1 (or 3 to several) sp. 
(A. am'eum) in brackish water or lakes in the tropics. 

Stenochlaena J. SMITH (sensu propria). Sporangia borne partly on a medial 
linear receptacle, partly on and between the branched, diplodesmic vein-ends of 
the linear, much contracted fertile pinnae. Rhizome climbing; pinnae articulated, 
veins forming costular areoles. - 3 sp. in Malaya and Africa. 

Subfamily VI. Gymnogrammeoideae 

Sori superficial, without real indusia but often protected by pseudo-indusia 
formed by modified margined lobes or by the continuous, reflexed, more or less 
modified leaf- margin, either confined to the distal ends of the veins and then round 
or more often confluent into a continuous or interrupted intramarginal line but 
(except in Onychium) without a connecting commissure between the vein ends, or 
oblong to linear following the course of the veins, sometimes to the midrib; a 
subacrostichoid state is arrived at by some genera; sporangia mixed, mostly large 
and short-stalked, the spores (except in Cheilanthopsis) globose-tetraedral without 
perispore. - Ferns of diverse habit, mostly terrestrial with solenostelic (rarely 
dictyostelic) rhizome, the leaves not jointed. - 27 genera of uncertain mutual 
relationship and probably representing more evolutionary lines, but most of them 
no doubt related to the Pteridoideae, with which they were associated by most 
authors. They are here divided into five tribes. 

A. Cryptogrammeae. Sori borne on the apical part of the free veins, usually 
oblong, protected by the reflexect, continuous leaf-margin. Rhizome creeping or 
ascending, scaly, the leaves usually more or less dimorphous or, in Llavea, partly 
dimorphous, 2-4-pinnate. 

a. With vascular commissure connecting the vein-ends; leaves uniform or sub-
dimorphous. : 

Onychium KAULFUSS. - 6. sp. in East-Asia. 
b. Without commissure: 
Neurosoria METT. (1 sp. in N. Australia). Cryptogramma R. BR. (7 sp.). 
Llavea LAGASCA (1 Mexican sp.). 
B. Ceratopterideae. Sporangia solitary on the veins, spherical, subsessile with 

a few- to many-celled, wholly or partly indurated annulus, when young protected 
by the reflexed leaf-margin. - Aquatic ferns with dimorphous, pinnate, often 
viviparous leaves, the sterile floating, the fertile erect and more divided, the veins 
reticulate, the full-grown axis dictyostelic. 

Ceratopteris BRONGNIART. - 2 or 4 sp. 
This isolated genus is usually placed in a family of its own (Parkeriaceae) but 

BOWER is probably right in regarding it as a relative of the Cryptograntmeae 
adapted to aquatic life. 

C. Gymnogrammeae. Sori linear, following the course of the veins, becoming 
reticulate in species with reticulate venation, sporangia scattered, large. Rhizome 
mostly erect or short-creeping. 

I. C h a e top t e rid e s. Rhizome with hairs only. Leaves uniform. 
Pterozonium FEE. Leaves entire, cordate or suborbicular with free veins; sori 

forming a medial band, with paraphyses. - 4 sp. in N. South America. 
J amesonia HOOK. et GREV. Leaf simply pinnate, of indefinite growth, with small, 

roundish, often imbricated and tomentose pinnae with free veins; paraphyses none. 
- 18 sp. in the high Andes and Central-Brazil. Hardly different from the following 
genus. 
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Gymnogramme DESVAUX (Psilogramme KUHN). Leaves of definite or indefinite 
growth, I-pinnate-decompound, mostly of thin texture and with flexuous rachises, 
often very hairy with articulated hairs, the veins free; paraphyses none. - 60 
American sp. 

Aspleniopsis METT. Leaf closely resembling some species of Asplenium with 
simply pinnate leaves and unequal-sided pinnae, but the exindusiate, densely 
paraphysate sori and solenostelic, hairy rhizome agree better with the other genera 
of this tribe. - 1 sp. in New Caledonia. 

Syngramma J. SMITH. Leaves simple, lanceolate or ovate, or pinnate, the veins 
united near the margin by a continuous, intramarginal vein or forming one or more 
series of intramarginal areoles; sori paraphysate. - 20 Malayan-Polynesian sp. 

Craspedodictyum COPELAND. Differs from Syngramma in the palmately divided 
leaves and lack of paraphyses. - 5 Malayan-Polynesian sp. 

II. L e p i d 0 pte rid e s. Rhizome with scales, in some genera also with silky 
hairs. 

Coniogramme FEE. Leaves rather large, uniform, 1-2-impari-pinnate with broad, 
entire pinnae, generally of thin texture and thinly pubescent, the veins free or 
sometimes areolate; sori linear with small paraphyses, not reaching the distinct 
terminal hydathodes. - Ca. 20, mostly East-Asiatic sp. 

Anogramma LINK. Small ferns with very small and nearly naked rhizome and 
caespitose, subdimorphous, thin, subglabrous, 2-3-pinnate leaves with free veins; 
paraphyses none. - Sporophyte ephemerous (annual?) but the lobed prothallia 
perennial with tuber-like archegoniophores which eventually may propagate 
vegetatively. - 7 sp., 1 (A. leptophylla) also in Western and Southern Europe. 

Pityrogramma LINK (Ceropteris LINK). Leaves uniform, caespitose, l-3-pinnate, 
covered by white or yellow powder beneath, rarely sparsely hairy, the veins free; 
sori often confluent, without paraphyses. - Ca. 20 sp., mostly American, some 
much cultivated with numerous hybrids (silver- and gold-ferns). 

Trismeria FEE. Like the former genus but leaves subdimorphous with simple or 
trifoliolate pinnae with subentire subdivisions. - 2 American sp. 

Gymnopteris BERNHARD!. Leaves uniform, usually caespitose, 1-2-pinnate, more 
or less densely covered with hairs, the veins normally free, paraphyses none. - 9 
American and Asiatic, hardly congeneric sp. 

Bommeria FOURNIER. Like the former genus but leaf palmately divided, broadly 
pentagonous-deltoid, the veins free or areolate. - 4 sp. in Mexico and S. W. U.S.A. 

Hemionitis L. Leaves caespitose, subdimorphous, the sterile short-stalked in 
rosette, the fertile on long stalks, cordate, entire or palmately lobed, soft-hairy with 
articulated hairs, the veins and sori regularly areolate. --'- 7 American, 1 Asiatic sp. 

Trachypteris ANDRE. Leaves dimorphous, the sterile entire, in rosette, densely 
covered with lanceolate scales beneath, the fertile on long stalk, pinnate, subacrosti
choid; veins areolate. Xerophytes. - 1 or 2 sp. in Galapagos and S. America, 1 in 
Madagascar. 

D. Adianteae. Sori close to the margin, the sporangia borne along and 
sometimes also between the ends of the veins on the underside of the sharply 
reflexed, membranous or coriaceous, continuous margin, or separate, oblong or 
orbicular, often in deep sinuses placed lobes, which are veined and conceal and 
protect the sori. - Terrestial ferns of elegant but very diverse habit, the rhizome 
erect or creeping, scaly, the leaves uniform, usually with ebenous, polished stipes 
and rachises, rarely entire, generally l-S-pinnate, or pedate, sometimes hairy or 
glaucous, the ultimate pinnules either unilateral, trapeziform or cuneate-flabellate, 
often articulated, the veins free, very rarely areolate (§ Hewardia). 

Adiantum L. - Ca. 200 sp., only one (A. capillu,s- Veneris) in W. and S. Europe. 
E. Cheilantheae. Sori borne on the distal region of the veins, some~imes 

extending rather far toward the midrib, round or more often confluent into an in
tramarginal line, in most genera protected by the modified, veinless, continuous 
reflexed margin or lobes of the segment. - Terrestrial, often rock-loving, xeroph
ytic ferns with erect or creeping, in some species dictyostelic, scaly rhizome, often 
black, polished stipes and palmately or pinnately divided, usually uniform leaves. 

The 8 genera of this tribe run confusingly together and the classification of the 
species is quite uncertain. 
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A diantopsis FEE. Sori borne on the tips of the veins on a punctiform receptacle, 
protected by modified, orbicular or oblong, reflexed lobules. Leaves herbaceous 
with black stipes, 1-4-pinnate or digitate-pinnate, nearly glabrous, the veins free. 
- 14 sp. in America, 2 in Madagascar. 

Cheilanthes SWARTZ. Sori on the thickened vein-ends, generally cofluent, protected 
by the reflexed, more or less modified, usually interrupted margin. Mostly xeroph
ytic ferns with erect or creeping, densely scaly, sometimes dictyostellc rhizome and 
1-4-pinnate leaves, often with very small, roundish ultimate pinnules, and densely 
hairy or scaly or, in the section A leuritopteris, farinose beneath with white or 
yellow powder. Veins free. - Ca. 130 sp. 

N otholaena R. BROWN. Differs from Cheilanthes chiefly by lacking the modified, 
reflexed margin. - Ca. 60 sp., I (N. Marantae) in S. Europe. 

Sinopteris C. CHR. et CHING. Like some species of Cheilanthes § Aleuritopteris 
with white powder but sorus consisting of a single (rarely two) very large, sessile 
sporangium with a very broad complete annulus of 32 cells. - 2 Chinese sp. A 
prototype of C heilanthes and quite unique by the monangial sori. 

Pellaea LINK. Sori as in Cheilanthes but the reflexed margin continuous as in 
Pteris. Mostly coriaceous, glabrous, xerophytic ferns with fronds of diverse 
habit and division, the stipes as a rule black and polished, the hidden veins free or, 
in a few species, areolate. - Ca. 80 sp. 

Doryopteris J. SMITH. Like Pellaea but leaves usually more or less dimorphous, 
simple or palmato-pinnatifid and the veins areolate. - Ca. 35 sp. 

Saffordia MAXON. Like Doryopteris is habit and venation but lamina covered 
with scales beneath and the subacrostichoid sori confluent, forming an intramar
ginal band without marginal pseudo-indusium. - I sp. in Peru. 

? Cheilanthopsis HIERONYMUS. A monotypic Chinese genus of doubtful systema
tic position, connecting the sori of Adiantopsis with the habit, articulated hairs and 
bila teral spores of W oodsia. 

Subfamily VII. Vittarioideae 

Sori exindusiate, superficial or immersed coenosori; sporangia with many-celled 
annulus, their stalk single-celled at base but consisting of several cells below the 
capsule, usually mixed with club-shaped or filiform paraphyses; spores bi-or 
triplanate, without perispore. - Epiphytic ferns with creeping, protostelic (the 
first 3 genera) or dorsi ventrally dictyostelic rhizome without sclerenchyma and 
clothed with characteristic clathrate scales. Leaves non-articulate usually close 
together, uniform, simple or rarely forked, with spicular cells in the epidermis, 
veins free or fused. Prothallia anomalous: irregularly lobed and propagating vege
tatively by gemmae. - 7 (8) genera. 

A very natural subfamily, apparently quite isolated but possibly developed from 
some gymnogrammeoid ancestors and specialized to epiphytic life. 

A. Veins free, rhizome protostelic. 
H ecistopteris J. SMITH. Fronds very small, moss-like, cuneiform and dichotom

ously cleft; sori superficial. - I American sp. 
M onogramma SCHKUHR. Fronds simple, grass-like with a midrib without lateral 

veins. Coenosori borne on the midrib and immersed, paraphyses club-shaped. Very 
small ferns, in structure the simplest of all Polypodiaceae. - I sp. in the S. E. 
African Isles and 1-2 in Malaya. 

Vaginularia FEE. Like Monogramma but sori borne at both sides of the midrib on 
short lateral veins, paraphyses filiform. - 6 Malayan-Polynesian sp. 

B. Venation areolate; rhizome usually dorsiventrally dictyostelic. 
Vittaria SMITH. Fronds entire, grasslike and sometimes I m long rarely oblanceo

late or dichotomously forked, with a percurrent or evanescent midrib and distant, 
oblique, undivided veins, which are connected at the end by an intramarginal vein, 
on which the usually deeply immersed coenosori are borne. - Ca. 80 tropical sp. 

A nanthocorus UNDERWOOD et MAXON. Like Vittaria but veins forming several 
rows of areoles and the intramarginal coenosori nearly superficial. - I American sp. 

Antrophyum KAULFUSS. Fronds usually tufted, entire, from linear to broadly 
oblanceolate with a percurrent or soon evanescent midrib and regularly reticulate 
venation with two to several rows of areoles. Coenosori superficial or immersed, 
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borne on some or all veins and often reticulate; paraphyses wanting or club-shaped 
or filiform. - Ca. 40 sp. The American sp. (ca. 10) have been segregated as a genus 
(Polytaenium DESV.), characterized by percurrent midrib and lack of paraphyses. 

A netium SPLITGERBER. Like A nthrophyum but su bacrostichoid, the sporangia also 
borne on the mesophylI. - 1 American sp. 

Subfamily VIII. Onocleoideae 

Sori superficial, dorsal on the veins, globose, borne on cylindrical or convex 
receptacles, furnished with a membranous, inferior and shell-shaped or globose 
indusium (wanting in one species) and besides protected by the firm, brown, 
incurved, continuous or interrupted leaf-margin; sporangia basipetal in origin, large 
with many-celled annulus, the spores large, bilateral, with or without perispore. -
Terrestrial ferns with dictyostelic, paleaceous rhizome, the leaves not jointed, 
pinnate, dimorphous, the fertile ones much contracted, the stalk with two vascular 
bundles. - A small subfamily of two genera, forming a link between Cyatheaeeae 
and the blechnoid ferns. 

Matteueeia TODARO. (Struthiopteris WILLD.). Rhizome short with underground 
runners; leaves bipinnatifid with free veins. Sori of M. Struthiopteris medial and 
biserial and all thosE' of the same group protected by a marginal lobe, of the other 
species (§ Pentarhizidium HAYATA) uniserial and intramarginal, protected by the 
continuous, dark-brown leaf-margin; indusium fugacious, shell-shaped, absent in 
M. intermedia; perispore present. - 3 sp., M. Struthiopteris (Ostrich-fern) in the 
whole N. temperate zone, 2 in East Asia. 

Onoclea L. Rhizome creeping, the sterile leaf pinnate with copiously anastomos
ing veins without free included veinlets, the fertile bipinnate with globose pinnules, 
each with a single sorus wholly enveloped by the globose indusium; no perispore. -
1 sp. (0. sensibilis) in Eastern N. America and East Asia. 

Subfamily IX. 81echnoideae 

Sori short or long coenosori borne on commissures parallel to the midrib of the 
pinna, in a single line or, in Doodia, in 1-3 rows at each side, protected by a margi
nal (the incurved, modified margin) or superficial, intramarginal to subcostal, 
exterior and introrse. membranous indusium; sporangia with many-celled annulus 
and three-rowed stalk, spores large. bilateral, with or without perispore. - Ter
restrial, sometimes subarborescent ferns with erect or creeping, dictyostelic often 
stoloniferous, paleaceous rhizome, the leaves not jointed, as a rule simply pinnatifid 
to bipinnate. - 5 genera. 

BOWER interpreted the indusium of Eu-Blechnum and other genera as homologous 
with the incurved, modified margin of Lomaria and subsequently he regarded all 
genera as being exindusiate. This interpretation can not be accepted; the leafy part 
of the fertile pinnae outside the sori (the "flange") is wholly of the same nature as 
the same part of the sterile ones. 

Bleehnum L. Coenosori long, continuous (rarely interrupted); no perispore. Veins 
(of sterile pinnae) normally free. - Ca. 180 sp., only one (B. spieant) in the northern 
temperate region. - Usually divided into three subgenera (or genera): 

Lomaria WILLD. (Struthiopteris SCOPOLI). Leaves dimorphous, the fertile much 
contracted, linear, indusium marginal or intramarginaI. 

Bleehnum L. (Eu-Bleehnum). Leaves uniform, coenosori subcostal or medial. 
Salpiehlaena J. SMITH. Leaves uniform or subdimorphous, twining, bipinnate, 

the veins united by an intramarginal vein. - American liana. 
Sadleria KAULFUSS. Sori as in Eu-Bleehnum, perispore present; all veins 

forming costal areoles (venatio Doodiae). Small tree-ferns with coriaceous, uniform, 
bipinnate leaves. - 7 sp. in Hawaii. 

Woodwardia SMITH. Coenosori interrupted, in a subcostal row, sunk in the me
sophyll, no perispore. Leaves mostly large, uniform or, in subgenus Lorinseria, 
dimorphous; venatio Doodiae or 2-4 rows of areoles. - 10 sp. in N. America and 
East Asia, one (W. radieans) in the Atlantic lsI. and S. W. Europe. 

Doodia R. BROWN. Like Woodwardia bnt sori superficial, in 1-4 rows, and 
perispore present; leaves small. - 8 sp. in Polynesia and Australia. 
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Brainea J. SMITH. Sori exindusiate, single or confluent into coenosori as in 
Woodwardia or even acrostichoid, perispore present. - 1 East Asiatic sp. (B. insig
nis), a small tree of rather doubtful systematic position, apparently a link between 
the Blechnoideae and Cyatheaceae, approaching the latter in anatomical structure, 
gradate sori and complete annulus, by HAYATA therefore placed in a subfamily of 
its own. 

Subfamily X. AspJenioideae 

Sori superficial, usually oblong to linear, more or less oblique to the midrib, 
borne either on one or on both sides of the fertile vein, as a rule indusiate; indusium 
membranous, either single, oval to linear, opening inwards or outwards, or double 
with the two parts placed back to back on the same vein and free or, in A thyrium, 
fused at the upper end; sporangia small with thin, one-rowed stalks, spores bilateral 
with perispore (unless in Cystopteris). - Mostly terrestrial ferns with erect, creeping 
or climbing, paleaceous and normally dictyostelic rhizome; leaves unless in some 
species of Asplenium not jointed to the rhizome, of very diverse habit, simple to 
decompoundly pinnate, uniform, the stipes with 1-2 vascular bundles, often more 
of less paleaceous, rarely pubescent. 

A large subfamily of 8-10 genera, the systematic position of which is rather 
puzzling. The large, central genus Asplenium, one of the most distinct of fern
genera, seems to form a special branch with many twigs from the stock of lepto
sporangiate ferns, originating from unknown anc~stors and now in the state of 
rapid development. Certain of its groups show however distinct resemblance to 
other asplenioid genera, thus to Phyllitis and relatives, which approach the Blech
noideae and rather unnaturally were referred to that subfamily by BOWER, and 
through the problematical genus Diplazium to Athyrium, which evidently is related 
to Dryopteris (Eudryopteris) and Cystopteris, which latter might be placed as well 
in the Asplenioideae (or even united with Athyrium) as in the Dryopteridoideae. These 
facts seem to prove that the subfamily must be placed between the Blechnoideae 
and Dryopteridoideae. 

A. Asplenieae. Sporangia inserted direct on the veins, usually on one side only, 
indusium single, rarely double, straight. Rhizome-scales firm, clathrate with dark 
cell-walls. 

Phyllitis HILL. (Scolopendrium ADANsoN). Sori geminate in opposite pairs, those 
of two neighbour veins parallel and close, at last confluent, their indusia opening 
towards each other. Leaves caespitose, simple or slightly lobed, the veins free or 
(in the American subgenera Antigramma and Schajjneria) areolate. - 8 sp., P. 
Scolopendrium and 2 others in S. and W. Europe. 

Camptosorus LINK. Sori similar but less distinctly geminate, the leaves small, 
simple, prolonged into a long rooting tail ("walking fern"), the veins often united 
near the midrib. - 1 sp. in N. America, 1 in N. E. Asia. 

Diplora BAKER (inc!. Triphlebia BAKER). Sori as in Phyllitis, rhizome climbing, 
leaves simple or pinnate with free veins. - 4 Malayan-Melanesian sp. 

Asplenium L. Sori and indusia oval to linear, rarely geminate or double, in the 
subgenus Loxoscaphe roundish and seated near the tip of the narrow ultimate lobe 
which together with the oval indusium forms a subdavallioid sorus. Terrestrial 
(often rock-loving) or epiphytic ferns of very diverse habit and rhizome, leaves 
simple to decompound, mostly simply pinnate but in several species extremely 
variable in the same individual and often propagating vegetatively by buds on the 
rachis or veins or by the rooting prolonged apex of leaf or pinn<e or by stolons, 
the veins free or (§ Thamnopteris) united along the margin or, in some small groups 
(Asplenidictyum, Holodictyum) , areolate without free included veinlets. Many 
species, even of different groups, hybridize in nature. - Ca. 650 sp. 

Small ex i n d u s i ate genera derivated from Asplenium are Ceterach GAR
SAULT (leaves covered with scales beneath, 3-4 sp.), Pleurosorus FEE (3 sp.) and 
Pleurosoriopsis FOMIN (1 sp.), both with articulated hairs. 

B. Athyrieae. Sporangia borne on receptacles with a vascular strand branched 
off from the vein. Indusia variable (see genera). Rhizome-scales usually large and 
soft with thin cell-walls. 

Diplazium Sw. At least some of the costular sori with double, not fused indusium, 



542 C. CHRISTENSEN, FILICINAE 

the rest usually simple and straight. Mostly large, terrestrial ferns with simple to 
1-3-pinnate leaves, the veins free or in some smaller groups (A nisogonium PR., 
Diplaziopsis C. CHR.) areolate. - Ca. 375 tropical sp. - A rather problematical 
genus; while some of its groups (e.g. Monomelangium HAYATA) hardly may be 
separated from Asplenium the great bulk of species ought perhaps to be united 
with Athyrium as did MILDE and COPELAND. 

Athyrium ROTH. Sori round to linear, the indusia of typical species hooked, i.e. 
double as in Diplazium, but the anterior one is at the distal end crossing the vein 
and continuous with the posterior, usually shorter one, of others hippocrepiform 
or even reniform and indiguishable from these of Dryopteris, or simple, linear and 
straight as in Asplenium, or reduced to a small inferior scale as in Cystopteris or 
even totally absent (Cornopteris NAKAI). Terrestrial, usually erect ferns with 
flaccid, herbaceous, 1-3-pinnate leaves with free veins, without hairs but often 
rather paleaceous. - Ca. 180 sp., mostly East-Asiatic, few in the tropics. 

Cystopteris BERNHARD!. Sori round with an inferior, vaulted, acuminate indu
sium. Veins free. - 18 sp. of different habit, most of which probably should be 
transferred to different groups of Athyrium, leaving C. tragilis (the most 
widely distributed of all ferns) and its immediate relatives in Cystopteris. Confined 
thus the genus is distinct enough but of doubtful systematic position. In most 
structural characters it agrees as well with Athyrium as with Dryopteris (Eudryo
pteris), differing from both in the absence of perispore, but the two bundles of the 
stipes bring it nearer to the former genus. 

Stenolepia v. A. v. R. Sori as in Cystopteris, leaves with articulated hairs. -
1 Asiatic sp. 

Subfamily XI. Woodsioideae 

Sori superficial, dorsal near the vein-ends, round, borne on a circular receptacle 
with tracheids, indusiate; indusium surrounding the receptacle at base, either 
splitted up into narrow segments (Euwoodsia) or calyciform and at first wholly 
embracing the sorus, later on rupturing (§ Physematium); sporangia basipe
tal, few, with three-rowed stalk, spores bilateral with perispore. - Small ter
restrial ferns with paleaceous dictyostelic, erect rhizome, the leaves pinnate
bipinnate with free veins, often chaffy or with articulated hairs, the stipes with 
two vascular bundles, never articulated to the rhizome but in Euwoodsia with a 
joint. - 1 genus: 

Woodsia R. BROWN. - 38 sp. mostly in the northern and arctic regions. - In 
some characters of the sporophyte (basal, circular indusia, basipetal sporangia) 
and the gametophyte (prothallium with articulated hairs and two-celled antheri
dium cap) the genus approaches Cyathea; on the other side it is connected with the 
Dryopteridoideae by the following genera. 

G e n era bet wee nth e Woo d s i 0 ide a e and Dry 0 pte rid 0 i
deae 

Isolated and mostly monotypic genera of remote mutual relationship, resembling 
Dryopteris in important characters (sori mixed, stalk with more vascular bundles) 
but indusia basal and circular as in Woodsia or a basal scale as in Cystopteris. 

A. Indusium cyathiform. 
Diaealpe BLUME. Indusium wholly embracing the sorus as in Cyathea, coriaceous. 

Leaf 2-3-pinnate with free veins. - 1 Asiatic sp. 
Peranema DON. Sori s t a Ike d, wholly covered by the globose indusium which 

has a small opening at the distal side at base and finally splits into two halves, 
otherwise like Diaealpe. - 1 Asiatic sp. 

Hypoderris R. BROWN. Sori as in Woodsia, scattered over the surface, either 
compital on the reticulated veins or on free included veinlets. Rhizome creeping, 
leaves entire or pinnatifid with the habit, venation and scales of Teetaria .. - 4 
Amcrican sp. 

B. Indusium a basal, inferior or lateral scale. Veins free. 
A crophorus BLUME. Indusium inferior, membranous, early falling. - 2 Asiatic sp. 
Lithostegia CHING. Indusium lateral, coriaceous, dark brown, sori terminal. Leaf 

fincly dissected, habit of Leucostegia. - 1 Asiatic sp. 
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Subfamily XII. Dryopteridoideae 
Sori superficial, dorsal or sometimes terminal on the veins, round, rarely oblong 

to linear, indusiate or not, in some derived genera acrostichoid; indusium in 
origin basal and inferior but soon fixed centrally on the more or less elevated 
receptacle, either with a sinus at the proximal side and thus becoming reniform, or 
fully entire and then orbicular and peltate. Sporangia mixed, with three-rowed 
stalks, spores bilateral with perispore. - Mostly terrestrial ferns with erect or 
creeping dictyostelic, paleaceous rhizome; leaves not jointed to the rhizome, of 
very diverse habit, venation and pubescence, uniform except in the acrostichoid 
genera. 

A large subfamily of about 25 genera with ca. 1500 species, representing at least 
two phyletic lines which have arrived at or perhaps preserved the same soral 
condition but as to anatomical structure and dermal appendages have followed 
different lines, some of which have proceeded to an acrostichoid state. While the 
first tribe (Dryopterideae) shows a pronounced resemblance as well as to the Woods
ioideae through the isolated genera named above and farther to Cyatheaceae, as to 
Cystopteris and Athyrium, the second (Thelypterideae) seems to be without near 
relatives outside the subfamily, Arthropteris only to be considered. The majority 
of species were recently placed in one vast genus (Dryopteris), which is divided 
below into several genera. 

A. Dryopterideae. Rhizome and leaves paleaceous with often very numerous 
large and broad to hairlike scales, the ribs very rarely with simple, grey hairs. 
Leaf-stalk with 4-7 or more vascular bundles. Veins free or variously united (vena
tio Goniophlebii, Pleocnemiae, Sageniae, Drynariae), the free ones ending in 
hydathodes within the margin. Sporangia never setose. 

Dryopteris ADANSON (sensu propria-Eudryopteris auctt.). Sori generally large 
with large reniform indusia. Rhizome usually oblique or erect and densely pale
aceous with broad, soft and often fimbriate scales. Leaves tufted, lanceolate and 
bipinnatifid (rarely simply pinnate: Pycnopteris) or deltoid, 2-3-pinnate and 
catadromous, never viviparous by buds on rachis, mostly of thick, somewhat 
fleshy texture and light-green colour, without intestiniform hairs. Veins free, as a 
rule forked, the midribs decurrent. - Ca. 150 sp., most in the N. temperate region 
(e. g. the type-species D. Filix-mas), many in East Asia and Africa, few in 
tropical Asia and America. 

This genus runs gradually into Polystichum. One of the intermediate groups is 
Polystichopsis (Rumohra CHING part.) with decompound, anadromous (polystichoid) 
leaves, some species .with reniform, some with peltate indusia. Probably derivated 
from Dryopteris are the small American genus Plecosorus FEE with exindusiate sori 
partly covered by the reflexed leaf-margin and Papuapteris C. CHR. (New Guinea) 
with the habit of Jamesonia. More dubious is Hypodematium KUNZE (Africa-Asia). 

Polystichum ROTH. Essentially like Dryopteris but indusia orbicular, peltate, 
the leaves usually coriaceous and often viviparous with distinctly unequal-sided 
anadromous pinnae and pinnules and aristate marginal teeth. - Ca. 225 sp. 

Polystichoid derivatives: Adenoderris J. SM., CyclopeltisJ.SM. 
(veins free), Cyrtomium PRo (veins goniophlebioid), Phanerophlebia PRo (veins 
free or subgoniophlebioid), all small genera with peltate indusia and simply 
pinnate, broad pinnae. Cyclodium PRo is similar but rhizome creeping and venation 
meniscioid. It leads directly to two other small American genera with dimorphous 
fronds and a c r 0 s tic hoi d fructification: Ol/ersia RADDI (veins free) and 
Soromanes FEE (veins united). More resembling Polystichopsis with similar 
decompound but dimorphous leaves and creeping or climbing rhizome are Maxonia 
C. CHR. with apparently peltate indusia and the fully acrostichoid American genus 
Polybotrya H. B. K. (sensu propria). 24 sp. 

Didymochlaena DESVAUX. Like Dryopteris in general structure and scales but 
sori terminal, oblong with the indusium attached longitudinally. Leaves bipinnate 
with trapeziform, articulated pinnules very like those of Lindsaya. - 1 polymorph
ous sp. 

Stigmatopteris C. CHR. (Dryopteris part. auctt.). Sori exindusiate, often oblong. 
Leaves uniform, mostly of thin texture with pellucid internal glands, rachis often 
'{road-winged, veins free or irregularly united. - 20 American sp. - Approaching 
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Teetaria in habit and through some species with peltate indusia (Peltoehlaena 
FEE) related to the polystichoid genera. 

Ctenitis C. CHR. (Dryopteris part. auctt.). Sori mostly small with small, reniform 
indusia or exindusiate. Rhizome erect, with a dense mass of mostly narrow, soft 
scales. Leaves uniform, herbaceous, ovate-oblong and bipinnatifid or deltoid and 
bipinnate-decompound with catadromous division, more or less paleaceous and 
cost<e invariably rusty-tomentose above with intestiniform (constricted between 
the cells) hairs; veins free, simple or forked, the midribs not decurrent. - Ca. 150 
tropical sp. This genus runs gradually into Teetaria. Intermediate small genera are 
the West-Indian Camptodium FEE (habit of Teetaria but veins free and indusia 
reniform) and the Malayan Heterogonium PRo (habit of the bipinnatifid species of 
Ctenitis but venation pleocnemioid and sori oblong, exindusiate). - A c r 0 s t i
c hoi d d e r i vat i v e S with dimorphous fronds: A talopteris MAXON et C. CHR. 
(3 W. Ind. sp.) and Psomioearpa PRESL. (1 Philippine sp.). 

Teetaria CAVANILLES (Aspidium auctt.). Sori often small, punctiform, in distinct 
rows or irregularly scattered and then either seated where the veins meet (compital) 
or terminal on free include d veinlets; indusia peltate (§ Euteetaria), reniform 
(§ Sagenia) or wanting (§ Pleoenemia, A reypteris). Rhizome erect or creeping, with 
the stipe-bases usually clothed with lanceolate, dark, thick scales. Leaves uniform 
or nearly so, simple, lanceolate or ovate-cordate and then often palmately lobed, or 
1-3-pinnate and then generally deltoid, mostly herbaceous and with the pu bescence 
of Ctenitis, rarely glabrous or with simple hairs; stipes and rachis often winged 
and black, sometimes gemmiferous. Veins anastomosing either forming costal areoles 
only (Pleoenemia) or more or less irregularly reticulate with or without free included 
veinlets (venatio Sageniae or Drynariae). - Ca. 200 tropical sp. 

A composite genus including more natural groups of not very close mutual 
relationship but probably related to different free- veined dryopteroid genera. The 
majority of species is no doubt intimately related to Ctenitis but some groups, e.g. 
Dietyoeline MOORE, probably to Cyelosorus. 

T e c tar i 0 i d d e r i vat i v e s: Cionidium MOORE with stalked marginal 
sori (N. Caledonia), Fadyenia HOOK. et GREV. (W. Ind.) and Luerssenia KUHN 
(Sumatra), monotypic genera with simple, dimorphous leaves and indusia like 
those of Didymoehlaena. Teetaridium COPELAND is extremely dimorphous (Ins.-Phil.) 
A c r 0 s tic hoi d derivatives are the Asiatic genera Stenosemia PRESL, Hemi
gramma CHRIST, Quereifilix COPELAND and perhaps also Bolbitis (see below). 

B. Thelypterideae. Rhizome and leaves as a rule sparsely paleaceous, rachis and 
veins, at least above, with simple or branched, never intestiniform hairs; leaf
stalk with 1-2 vascular bundles, veins free and generally simple or united in pairs 
(venatio Goniopteridis), reaching the margin. Sori mostly small, round, rarely 
elongated, with reniform indusia or exindusiate; sporangia often setose. 

Thelypteris SCHMIDEL (Lastrea Bory, Dryopteris part. auctt.). Rhizome erect 
or creeping, the small scales as a rule pubescent. Leaves of nearly all species lan
ceolate and bipinnatifid, narrowed below, rarely deltoid and catadromously 
compound, naked or with few scales but always more or less pubescent with 
simple, grey hairs, at least on the costae above, the underside often with large, 
sessile, red or yellow, globose glands; pneumatophores often present at the base 
of the pinn<e. Veins free, usually simple, the basal ones not running to the bottom 
of the sinus between the segments. - Ca. 500 sp., some few in northern regions, 
e.g. the type-species T. palustris (Dryopteris Thelypteris) and the type of the old 
genus Phegopteris (D. Phegopteris). The other northern species of Phegopteris 
(D. Linnaeana and D. Robertiana) may properly be segregated and referred to a 
small genus Gymnoearpium NEWMAN. Other distinct groups are the American 
Glaphyropteris PRo with pneumatophores at the base of the segments and very 
numerous veins and Steiropteris C. CHR., approaching Cyclosorus and with a "keel" 
below the sinuses. More doubtful are Parapolystiehum KEYSS. with decompound 
leaves resembling those of the compound species of Thelypteris but subanadromous 
and often with cylindrical glandular hairs beneath and Pteridrys C. CHR. et CHING 
(East-Asia). 

Monaehosorum KUNZE and Monaehosorella HAYATA, two small East-Asiatic 
genera with exindusiate sori, may be regarded as offshoots of Thelypteris. 
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Cyclosorus LINK (Dryopteris part. auctt.). Like Thelypteris in sori and pube
scence (rarely glandular) but venation different. Veins simple and free, the basal 
ones running to the bottom of the sinus or more often united into an excurrent 
vein or two to several being united in pairs (venation goniopteroid or meniscioid). 
Leaves generally less cut, at best bipinnatifid, sometimes gemmiferous. Sori 
sometimes seated near the ends of the fused veins and confluent with their neigh
bours, thus forming lunate, exindusiate sori (Asiatic species of the old genus Menis
cium), sometimes linear and exindusiate (Leptogramma, J. SM., Stegnogramma 
BLUME). The indusium of some species (Sphaerostephanos J. SM. = Mesochlaena 
R. BR.) resembles that of Didymochlaena. Several Malayan species show a ten
dency to dimorphism and acrostichoid condition. - Ca. 200 tropical sp. 

Goniopteris PRESL. (Dryopteris part. auctt.). Essentially like Cyclosorus in sori 
and venation but rhizome-scales and as a rule also rachis and costae with branched 
(stellate) hairs. Leaves dark green, simple to bipinnatifid, often gemmiferous. - 70 
American sp. 

The American species of Meniscium SCHREBER, agreeing with the Asiatic ones in 
sori, are evidently closely related to Goniopteris, differing chiefly by the lack of 
stellate hairs. 

Acrostichoid genera of probably dryopteroid origin 

The following genera agree all in having dimorphous leaves and con
tracted fertile, acrostichoid fronds. While the two first-named by most writers 
are regarded as offshoots of the Dryopteridoideae the others are usually believed 
to be derivatives of the Blechnoideae or Asplenioideae. HOLTTUM has however 
shown that all are alike in anatomical structure, which corresponds closely to 
that of most dryopteroid ferns, and it is therefore unnatural to refer them 
to different subfamilies and better to place them in an appendix to the 
Dryopteridoideae. - Spores with perispore unless in Lomagramma. 

Egenolfia SCHOTT (Polybotrya sp. auctt.). Rhizome short-creeping with tufted, 
pinnate, often proliferous leaves, pinn::e not articulated, veins free. - 9. Asiatic sp. 

Bolbitis SCHOTT (Leptochilus sp. auctt.). Very like Egenolfia but veins variously 
anastomosing, from simply pleocnemioid to densely reticulate with or without free 
included veinlets. Leaves mostly pinnate-bipinnatifid, rarely simple and then 
hardly distinguishable from Leptochilus, of some American species (Anapausia 
PRESL) of pronounced tectarioid habit. - Ca. 80 sp. . 

Lomariopsis FEE (Stenochlaena sp. auctt.). Rhizome climbing, flattened with 
large scales. Leaves simply pinnate with the pinn::e (the terminal one excepted) 
articulate and free veins. - Ca. 20 sp. 

Thysanosoria GEPP is a peculiar derivative of Lomariopsis with retained in
dividual round sori seated on the vein-ends. - 1 Papuan sp. 

Teratophyllum METTENIUS (Stenochlaena sp. auctt.). Rhizome climbing, cy
lindrical with small scales and often spiny. Leaves trimorphous: besides the normal 
sterile and fertile fronds ("acrophylls") resembling those of Lomariopsis the younger 
parts of the rhizome produce short-stalked, as a rule finely dissec~ed "bathyphylls" 
(HOLTTUM). - 8 Malayan sp. 

Lomagramma J. SMITH. Like Lomariopsis but veins areolate without free 
included veinlets; bathyphylls and acrophylls. Spores without perispore. - Ca. 15 
Malayan-Polynesian sp. 

Su bfamily XIII. Dipteridoideae 

Sporangia few together in punctiform, superficial, exindusiate pie 0 s 0 r i 
without elevated receptacle, mixed with paraphyses, in origin transitional between 
the simple and mixed sori, provided with a vertical, nearly complete annulus without 
well defined stomium. Spores tetraedral without perispore. - Terrestrial ferns 
with solenostelic, creeping rhizome clothed with brown bristles. Leaves solitary, 
not jointed to the rhizome, dichotomously forked with dichotomously branched 
principal veins and finer reticulate venation (venatio Anaxeti). - 1 genus. 

Dipteris REINWARDT. - 8 Malayan-Polynesian sp., forming thickets. An isolated 
genus, showing several primitive characters and some affinity to Matonia. BOWER 
made it a family of its own but it is no doubt also related to the so-called dipteroid 
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ferns placed in the following subfamily (Cheiropleuria etc.). It is therefore preferable 
to place it here as an archaic group, perhaps resembling one of those from which 
the recent Polypodioideae originate. 

Subfamily XIV. Po)ypodioideae 

Sporangia borne on the under side of the lamina, superficial or immersed, in 
some smaller genera covering the whole surface (a c r 0 s tic hoi d) but usually 
forming definite sori, which always are ex i n d u s i ate and as a rule globose 
or oblong (p 0 I Y pod i 0 i d) and then borne either terminally or subterminally 
on free veins, or compital on anastomosing veins (p leo so r i) or on a plexus 
of veins (d i c t Y 0 s 0 r i), or fused into co e nos 0 r i which are either gymno
g ram me 0 i d (parallel to the "main-veins") or dry m 0 g los s 0 i d (parallel 
to the midrib). - Spores without perispore, mostly bilateral. Leaves generally 
jointed to the rhizome (exceptions: Loxogramme and some small free-veined 
species), of varied habit, structure and venation, this sometimes dip I 0 des m i c 
i.e. a secondary vascular system penetrates the receptacles below and parallel to 
the normal veins. . 

A large subfamily of over 1200 species, all but 4-5 tropical and sUbtropical and 
mostly of small or medium size, often epiphytic. 

The older pteridologists referred the great majority of these species to one genus, 
Polypodium, while others and most modern writers divide them into a consider
ahle number of genera, but a final natural classification has yet not been arrived at, 
partly because several of the defined genera run together, and partly because more 
no doubt important characters found in the anatomical structure of the vegetative 
and spore-producing organs of some few species cannot be used now as characters 
of genera including scores of species, most of which are not examined in this 
respect, and we are therefore compelled at the present to base the genera chiefly on 
external morphological characters. It is evident that the subfamily includes ferns 
which at best are very remotely related and derivated from ancestors of not very 
close relationship. The first four genera named below are thus doubtless archaic 
ferns related as well to M atonia and Dipteris as to other genera of this subfamily 
(Phymatodes and others) which may be regarded as derivated from similar ancestors 
and now being in the state of rapid development. Other genera, especially Ctenopteris, 
are, on the other side, apparently of recent origin without close relatives among other 
ferns of earlier times or the present epoch. The number of existing genera depends 
largely on the individual ideas of systematic treatment; it may be small (about 10) or 
large (50-60). In the following only the better defined genera are briefly charac
terized.The small genera of doubtful value with gymnogrammeoid,drymoglossoid or 
acrostichoid species are barely named under the genera with polypodioid sori, 
to which they are intimately related. 

I. C h a e top t e rid e s. Rhizome covered with hairs or bristles. Principal 
veins dichotomously branched, the smaller ones densely reticulate (venatio 
Anaxeti); diplodesmic. Fronds dimorphous, no definite sori, paraphyses filiform. 

Cheiropleuria PRESL. Rhizome protostelic. Fronds glabrous, simple or the 
sterile forked, the fertile linear, acrostichoid. - 1 Asiatic sp .. 

Platycerium DESVAUX. Rhizome with a simple dictyostele. Fronds clothed with 
stellate hairs, of two kinds: humus-collecting nest-leaves appressed to the tree
trunk and erect or pendent sporophylls which are usually once to several times 
forked and bear the sporangia either in thick patches on the underside or on a 
specialized segment. - 10 sp., most Malayan. 

A connecting link between this and the following series is Christiopteris COPE

LAND. The dictyostelic rhizome is clothed with sea I e s, which from a flat, 
peltate base are drawn out into long bristles. Fronds dimorphous, palmate or ter
quinate, the fertile acrostichoid; paraphyses branched hairs. 3-4 isolated sp. 

II. L e p i d 0 pte rid e s. Rhizome of different structure, clothed with 
s c a I e s, rarely naked, the scales of many kinds prohibiting good systematic 
characters of species or groups of related species. Principal veins pinnate (except in 
N eocheiropteris). 

A. Pleopeltideae. Venation variously reticulate (venatio Anaxeti, Marginariae 
and Phlebodii), often diplodesmic. Sori polypodioid, as a rule pleosori or dictyosori, 
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rarely borne on free veinlets, or long coenosori, sometimes acrostichoid. With few 
exceptions ferns of the Old World. 

a. Sporangia mixed with and when youJ;lg covered with peltate scales. Hairs 
none. 

Neocheiropteris CHRIST. Fronds uniform, pedately lobed; sori close to the 
principal ribs, pleosori or short coenosori. - 2 sp. in Yunnan and Tibet, related to 
C hristiopteris. 

Hymenolepis KAULFUSS. Fronds partially dimorphous, entire, the apical portion 
of the fertile ones much contracted, spike-like, with two long coenosori and finally 
covered with sporangia, diplodesmic. - 1 sp. in Africa (H. spicata) and about 
10 in Malaya-Polynesia. 

Lepisorus J. SMITH. Fronds generally uniform, entire with the polypodioid, 
sometimes confluent sori in a single row at either side of the midrib. Scales of 
rhizome and lamina (mostly few and near the midrib) often clathrate as are those 
of the sori. - Ca. 25 Asiatic (mostly Chinese) and African sp. 

Dry m 0 g los s 0 i d derivatives: Lemmaphyllum PRESL, fronds dimorphous 
and Drymotaenium MAKINO, fronds uniform. 

Pleopeltis HUMB. et BONPL. Fronds uniform, entire or rarely pinnatifid, clothed 
beneath with peltate, orbicular or lanceolate, appressed, usually fimbriate, non
clathrate scales; sori uniserial, polypodioid, rarely confluent (P. astrolepis). - A 
small American genus with one sp. (P. lanceolata) also in Africa and India. 

Dry m 0 g los s 0 i d derivative: Marginariopsis C. CHR. 1 sp. in Andes. 
b. Sporangia mixed with hairs or paraphyses none. 
I. No specialized humus-collecting "scale-leaves". 
x. Fronds hairless or rarely with simple hairs. 
Paltonium PRESL. An American, monotypic genus of doubtful relationship, 

closely resembling Hymenolepis in general habit but without scales in the long, 
intramarginal coenosori, which are confined to the somewhat contracted distal 
portion of the lamina. The uniform fronds quite glabrous and naked. 

Loxogramme PRESL. Fronds uniform or more or less dimorphous, usually close 
together and not art i cui ate d tot her h i z 0 m e, entire, generally 
of thick, fleshy texture with hidden veins, without distinct main-veins; sori long, 
oblique, gymnogrammeoid coenosori. - About 35, mostly Asiatic sp. - A distinct 
genus of very doubtful relationship, perhaps related to Grammitis, but in vegetative 
characters not unlike Hymenolepis and Paltonium. 

Phymatodes PRESL. Fronds simple or pinnatifid, rarely pinnate, uniform or more 
or less dimorphous, generally of coriaceous texture with hidden venation but as a 
rule with prominent main-veins, naked and glabrous. In the smaller species the 
polypodioid (rarely confluent) pleosori are uniserial at either side of the midrib 
and the venation less complicated, in the larger the often immersed pleosori or 
dictyosori are placed in one or two regular rows between the main-veins and the 
venation densely reticulate (venatio Anaxeti) and often diplodesmic. - A chiefly 
Asiatic- Polynesian genus of about 100 sp. of very different size and habit, epiphytic. 
It includes several distinct smaller groups, e.g. the American Anaxetum SCHOTT. 

Derived from Phymatodes: 
Selliguea BORY. Sori gym n 0 g ram m 0 i d, fronds uniform. 
Pycnoloma C. CHR. and Grammatopteridium v. A. v. R. Sori dry m 0 g los s 0 i d, 

fronds decidedly dimorphous with linear fertile sporophylls. 
A small group of Malayan species (Myrmecophila) is of special biological interest. 

The fronds and sori are like those of Phymatodes but the rhizome is inflated 
and hollow, inhabited by ants, and cQvered with peculiar, imbricated, peltate 
scales. The group leads directly to the following genus. 

Lecanopteris BLUME. Rhizome like that of MYI·mecophila but very soon quite 
naked. Fronds pinnatifid with the sori immersed in twisted or reflexed marginal 
outgrowths from the pinnae. - A few Malayan sp. 

A napeltis J. SMITH. Not very different from Phymatodes, but the uniform, entire 
fronds usually of thin texture and the venation simpler (venatio Marginariae). 
Sori in a row at either side of the midrib, rarely subgymnogrammeoid (Micro
gramma). - About a dozen American sp., one ( (A. lycopodioides) also in Africa. 

Microsorium LINK. Fronds simple or rarely pinnatifid, uniform, usually of thin 
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texture with distinct reticulate venation but without strong, prominent main
veins. Sori punctiform, often very small and numerous, irregularly scattered. -
About 40 Asiatic sp. 

Derived from Microsorium: 
Colysis PRESL. Sori gym n 0 g ram m e 0 i d. Fronds often pinnatifid or 

digitate and subdimorphous. 
Leptockilus KAULFUSS. Fronds decidedly dimorphous, the fertile linear, 

a c r 0 s tic hoi d or dry m 0 g los s 0 i d. 
A specialized group of biological interest is the small Papuan genus Dendroconcke 

COPELAND. Fronds orbicular, humus·collecting, appressed to the tree·trunk; 
becoming fertile they shoot out from the top a narrow fertile blade. 

Artkromeris J. SMITH. Differs from Pkymatodes chiefly by impari-pinnate leaves 
'with the pinnae articulated to the rachis. - Ca. 10 sp. in East Asia (Himalaya-For
mosa). 

Pklebodium R. BROWN. A small American genus of doubtful systematic position 
but probably a derivative of Goniopklebium with venatio Phlebodii and pleosori. 

As an appendix to the above series of genera may be mentioned some isolated, 
systematically very interesting Malayan species, most of which very well might 
constitute monotypic genera, intermediate between Pkymatodes and Drynaria. They 
are all coriaceous ferns with pinnatifid or pinnate fronds with venatio Anaxeti 
and creeping, usually fleshy rhizome. In some the fronds are uniform, subsessile 
with broad, humus-collecting bases: Drynariopsis COPELAND (Polypodium keracleum) 
with very small, scattered, punctiform sori, and Pseudodrynaria C. CHR. (Pol. 
coronans) with uniseria:I, often confluent sori between the main-veins. In others the 
fronds are partially dimorphous, the upper pinnae only fertile and much contracted, 
and with humus-collecting bases, but different in soral characters: Aglaomorpka 
SCHOTT has round, distinct pleosori, Dryostackyum J. SMITH confluent coenosori, 
which form dense square patches between the main-veins, and Merintkosorus 
COPELAND has long uninterrupted coenosori at either side of the midrib of the 
pinnre. Humus-collecting leaf-bases are lacking in Holostackyum COPELAND with 
sori as in Dryostackyum but fronds wholly dimorphous, and Pkotinopteris J. SMITH 
with partially dimorphous fronds and long coenosori as in ],.lerintkosorus. 

xx. Fronds clothed with a tomentum of stellate hairs. 
Cyclopkorus DESVAUX (or Pyrrkosia lVhRBEL). Fronds simple, rarely forked 

or dimorphous. - Ca. 100 sp. in the Old World, 2 in Andes. 
Dry m 0 g los s 0 i d derivatives: Drymoglossum PRESL. Fronds decidedly 

dimorphous. - Some few sp. in Malaya, one in Madagascar. - Saxiglossum CHING. 
Fronds uniform. - 1 sp. in China. 

2. Specialized scale-leaves present. 
Drynaria BORY. Fronds of two kinds: brown, chartaceous, sessile, slightly lobed, 

humus-collecting "scale-leaves", and stalked, green, pinnatifid or pinnate, spore
producing fronds with venatio Anaxeti (or Drynariae) and pleosori. - Ca. 20 sp. 
in the Old World. 

B. Polypodieae. Veins free or regularly anastomosing (venatio Goniophlebii 
or Cyrtophlebii). Sori as a rule polypodioid and terminal or dorsal on free veins 
or free included veinlets, rarely drymoglossoid. 

Polypodium L. (inc!. Goniopklebium). Rhizome creeping, fleshy, often glaucous 
and densely scaly. Fronds pinnatifid or pinnate, rarely simple, conform, non
lepidote. Veins free in some few species but generally goniophlebioid. Sori terminal, 
uniserial or less frequently in 2-3 rows at each side of the midrib, sometimes 
immersed. - A natural genus of ca. 50, mostly epiphytic sp. in tropical and 
subtropical America and Asia-Polynesia, represented in the northern temperate 
region by a few, free-veined sp. (P. vulgare and related forms). Through some 
Asiatic species with a somewhat more complicated venation the genus runs into 
Pkymatodes . 

Marginaria BORY (Lepicystis J. SM.). Differs from Polypodium in the fronds 
being clothed (often densely) with peitate scales. Veins free or goniophlebioid. 
Scales of the rhizome usually with a black, central stripe. - Ca. 25 American sp. 
Closely related to Pleopeltis. 

Dry m 0 g los s 0 i d derivative: Esckatogramme TREV. - 4 American sp. 
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Craspedaria LIN K (Lopholepis J. SMITH). Rhizome wide-creeping, slender. 
Fronds usually dimorphous and thinly clothed with thin, lanceolate scales, the 
veins goniophlebioid. Sori uniserial, the sporangia mixed with hair-like scales. - A 
few American sp. (C. vacciniifolia, C. piloselloides, etc.), presumably related to 
Anapeltis. 

Campyloneurum PRESL. Rhizome short-or long-creeping. Fronds uniform, of 
thick texture, simple or pinnate, with venatio Cyrtophlebii. Sori polypodioid, 
superficial and terminal, mostly in 2-4 rows at each side of the midrib. - Ca. 25 
sp. in tropical America. 

Ctenopteris BLUME. Under this name may be united the numerous small tropical 
epiphytes hitherto referred to Polypodium subgenus Eupolypodium but all 
very far from P. vulgare. Rhizome as a rule short and small with c<£spitose 
leaves, which not always are articulated, sometimes creeping or even trailing. 
Fronds pinnately divided (from lobed to tripinnate), rarely simple, often hairy, the 
veins free, forked or pinnate, with terminal sori. - About 200 sp. 

Taken in this broad sense the genus is an aggregate of several, more or less 
distinct natural groups or genera, e.g. Calymmodon PRESL and Acrosorus COPE
LAND. A group of Malayan-Polynesian species (Cryptosorus FEE) with the sori 
deeply immersed in cavities in the thick lamina and with ciliate scales leads directly 
to the following genus and should perhaps be united with it. 

Prosaptia PRESL. Sori apparently davallioid, in deep cavities opening toward the 
margin. - Ca. 10 sp. in Asia-Polynesia. 

Enterosora BAKER. A peculiar, monotypic American genus with subentire leaves 
and the sublinear sori deeply imbedded in the tissue. 

Grammitis SWARTZ. Fronds simple, at best lobed, linear, usually small and 
c<£spitose, the sori oblong when young, often immersed. - A rather artificial genus 
of ca. 100 sp., not easily separated from Ctenopteris. 

Derived genera with coenosori: 
Cochlidium KAULFUSS. Coenosori close to the midrib, superficial or sunk in a 

single central groove. - 10 American sp. 
Scleroglossum v. A. v. R. Coenosori in two parallel, oblique, often marginal 

grooves, about as in Vittaria. - A few Malayan-Polynesian sp. 
Nematopteris v. A. v. R. Like the former but leaves rush-like with an widened 

apical fertile portion. - 2 Malayan sp. 

Subfamily XV. Elaphoglossoideae 

Rhizome suberect or creeping, usually densely paleaceous. Leaves uniform or 
more often more or less dimorphous, with few exceptions simple and articulated to 
phyllopodia and with free veins, fertile fronds acrostichoid; spores bilateral. -
4 genera. 

Apparently a natural subfamily but of doubtful systematic position and perhaps 
polyphyletic. It seems to have reached a more advanced evolutionary condition 
than most other subfamilies. 

A. All fronds simple, articulated upon phyllopodia. 
Elaphoglossum SCHOTT. All fronds simple, often very chaffy, the scales of 

rhizome and lamina very varied and of high systematic value. Veins free and forked 
or casually anastomosing or sometimes joined at the end by a submarginal vein. -
Ca. 350 sp. in tropical America, ca. 60 in the old World, where Madagascar is 
especially rich in endemic sp. 

Derivated' genus: Hymenodium FEE. Veins regularly reticulate without 
free included veinlets. - 1 American sp. (H. crinitum). 

B. Sterile fronds dissected, continuous with the rhizome. 
111icrostaphyla PRESL. Sterile fronds pinnately divided with forked pinnae. 

2 sp. in Andes, 1 in St. Helena. 
Rhipidopteris SCHOTT. Sterile fronds flabellately divided, the fertile entire, 

suborbicular. - 4 American sp. 
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Order IV .. S a I v In i a Ie s 

Sporangia basipetal in globose, indusiate sori, some of which consisting of 
microsporangia with numerous microspores, some of megasporangia with one large 
megaspore, both kinds without annulus. Prothallia much reduced. - Aquatic, 
floating plants with a horizontal, branched stem with a single vascular bundle, the 
leaves not circinnate in bud. 

The phylogeny of the two families is obscure. In spite of a certa~n resemblance 
to HymenpPhyllaceae and Cyatheaceae in indusial characters they have hardly 
anything in common with these families, and they are abundantly different, 
structurally and genetically, from the similarly heterosporous M arsileaceae, with 
which they usually but unnaturally are united into the order Hydrapterides. The 
two genera are further usually placed in one family, but in view of the great differ
ence between them such a treatment seems to be unnatural. 

Family 1. Salviniaceae 

Characters of the only genus: 
Salvinia GUETTARD. The hairy stem bears no roots but only leaves in alternating 

whorls of 3, 2 of which are green, floating, entire and usually cordate with a midrib 
and anastomosing veins, the upper side papillose or grey-hairy or with stalked, 
branched, hyaline hairs, the under side often densely matted with brown hairs, the 
third leaf a submersed "water-leaf", divided into numerous root-like filaments 
which draw nourishment from the water. Sori borne on the water-leaves, either 
both kinds clustered near the leaf-base or in opposite pairs along the fertile fila
ments (pinnre), the smaller ones with megasporangia in few, distant pairs in the 
basal part and beyond them several close pairs with microsporangia, all surround
ed by a globose, thin indusium fixed at the base of the cylindrical receptacle. 
Microsporangia numerous, long-stalked, imbedded in a periplasmodium originating 
from the tapetum, each containing 64 microspores. Megasporangia few, short
stalked, with 8 spore-mothercells but producing only one large megaspore with 
perispore. - Gam e top h Y t e. The microspores germinate in the sporangium, 
penetrate its wall and form a prothallium chiefly consisting of two small antheridia, 
a lower with 4 and an upper with 2 sperm-cells. The germinating megaspore forms 
a disc-shaped prothallium with few archegonia with a short neck. The embryo 
produces no root but only a three-lobed leaf; the next two leaves are alternating, 
the following in whorls. - 10 sp. 

Family 2. Azoliaceae 
Characters of the only genus. 
Azalia LAMARCK. Stem bearing roots and leaves. Leaves in two alternating rows, 

divided into two lobes, an upper with assimilating tissue and stomata and below 
with a hollow filled with mucilage in which threads of an Anabaena are always 
to be found, and a lower, thin, submersed one. Sori borne on cylindrical receptacles 
on the submersed lobe, wholly surrounded by the indusium, placed in pairs of one 
large globose microsporangium-sorus with numerous, long-stalked microsporangia 
and one acorn-shaped sorus with one large megasporangium. The 64 microspores 
are imbedded in roundish bodies, "massulae", formed by the tapetum and furnished 
with anchor-shaped "glochidia" on the surface. The only megaspore is furnished 
with a thick, warted epispore originating from a part of the peri plasmodium, the 
rest of which forms 3 massulre serving as a floating apparatus. - Gam e t 0-

p h Y t e: The microspores germinate within the free, floating massulre, which are 
easily fixed to the warted megaspore by aid of the glochidia and produces a pro
thallium like a outgrowth from the surface of the massula, consisting of 8 mother 
cells for the spermatozoids and a few other cells. The megaspore produces a small 
green pothallium with one archegonium or, if this not being fertilized, eventually 
more. - 6 sp. 



CHAPTER XXI 

FOSSILE FILICINAE 

von 

MAX HIRMER (Miinchen) 

Filicales der friiheren Erdepochen sind sowohl in strukturbietenden als 
in im Abdruck und inkohlt erhaltenen Resten in betrachtlicher Zahl und 
nicht selten in ausgezeichneter Erhaltung auf uns gekommen. Wahrend 
Vorlaufer bereits aus dem Oberen Mitteldevon bekannt sind, sind die er
sten systematisch sicheren Filicales yom Oberdevon ab bekannt. Es un
terliegt keinem Zweifel, dass die Filicales Eusporangiatae im Palaozoikum 
weitaus die herrschenden unter den damals lebenden Farnen gewesen 
sind, und dass die Filicales Leptosporangiatae im Palaozoikum, und da 
selbst auch nur erst in dessen jiingsten Phasen, noch in untergeordnetem 
Masse vert ret en gewesen sind. \Vas dieser Art an Farnen im Palaozoikum 
bereits vorhanden war, kann grosstenteils nur als Vorlaufer unserer heute 
lebenden leptosporangiaten Farn-Familien angesprochen werden. Dagegen 
sind im Mesozoikum, vor allem von der Ober-Trias und dem Unteren Jura 
ab nahezu samtliche derzeit lebenden Familien der leptosporangiaten 
Farne schon in markanten und eindeutigen Vert ret ern entwickelt, wobei 
ein Teil dieser Familien, insbesondere die Matoniaceae und Dipteridaceae 
- gemessen an ihren heutigen kleinen Arealraumen und der heute kleinen 
Zahl ihrer Arten - in nahe zu erdweiter Verbreitung und iiberdies in be
trachtlicher Gattungs- und ArtenfUlIe entwickelt waren. Daneben ist her
vorzuheben, dass bis zur Kreidezeit Schizaeaceae und Gleicheniaceae ein 
gieichfalls wesentlich weiter gespanntes, bis in die heutigen Polargegenden 
hineinreichendes Areal umfassten, wenn auch ihr Vorhandensein zwei
fellos wesentlich weniger das Florenbild bestimmte als dies fUr die oben 
erwahnten Matoniaceen und Dipteridaceen gilt. 

Yom Oberdevon und besonders yom Unterkarbon ab miissen tonange
bend die Coenopteridineae gewesen sein, neben einer Anzahl von Formen, die 
wir heut innerhalb der Filicales nur als Incertae sedis (da eben Gruppen 
eigener Art und mit den familien-massig festgelegten Filicales noch nicht 
vergleichbar) betrachten miissen. Erst vom jiingeren Karbon ab nehmen 
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dann Formen betrachtlich an Zahl zu, die unseren jetzt lebenden Marat
tiaceae zweifellos mehr minder nahe stehen. Ophioglossineae sind erst seit 
dem Alt-Tertiar, und auch da nur sparlichst nachgewiesen. 

Einzelheiten der z e i t 1 i c hen u n d g e 0 g rap his c hen V e r
b rei tun g der einzelnen Gruppen finden sich in dem Abschnitt Ge
ographie und Zeitliche Verbreitung der Fossilen Pteridophyten, Seite 
480-486. Bier seien im Folgenden lediglich die s y s t em a tis c hun d 
m 0 r p hoI 0 g i s c h w i c h t i g e n Tat sac hen zusammen ge
stellt, wahrend bezuglich des Umfanges, d.h. dessen, was die einzelnen 
Gruppen oder Familien an Gattungen enthalten, abermals auf den oben 
genannten Abschnitt des Veri. in diesem Bandbuch verwiesen sei. 

A: Filices Eusporangiatae: 
1) Aneurophytineae: Diese offen bar heterospore (zunachst als Samen-bildendend 

betrachtete) Gruppe umfasst die baumfOrmigen A neurophyton und Eospermatopte
ris. Morphologisch-systematisch liegt ihre Bedeutung darin, dass ihre Wedel noch 
im Wesentlichen nur spindelig gestaltet sind und noch der laubigen Fiederbildung 
entbehren 1). Sod ann darin, dass sie, obwohl alteste derzeit bekannte Filicales
ahnliche Typen, zweifellos zum mindesten schon heterospor sind und so als direkte 
Vorlaufer der Pteridospermales zu betrachten sind. 

2) Coenopteridineae: Die interessantesten der hieher gehorigen Formen sind 
die der Stauropteridaceae und der Etapteridaceae; beide dadurch auffallig und 
von allen iibrigen Farnen abweichend, dass die Verzweigung ihrer iibrigens meist 
erst spindeligen und der laubigen Fiedernbildung entbehrenden Wedel n i c h t in 
einer einzigen Flache entwjckelt sind. Dies riihrt daher, dass bei den Etapteridaceae 
die Spindeln der Seitenfiedern I. Ordnung an ihrer Basis quer zur Ebene der Ge
samtwedelverzweigung gabelig geteilt sind, und das sich bei Stauropteris dieser 
Modus der Spindelgestaltung auch bei den Wedelfiedern 2., 3., und 4. Grades wie
derholt, mit dem Effekt, dass der Wedel von Stauropteris praktisch ein ganzer 
Busch war und keinerlei Ahnlichkeit mit dem uns gelaufigen Bild eines Farnwedels 
aufwies. Wahrend bei Stauropteris und einem Teil der Etapteridaceae die Differen
zierung von Spross und Wedel noch weni'g fortgeschritten scheint und die Wedel 
wohl noch iiber den Erdboden sich erhebenden Asten des im ganzen an der Erd
oberflache kriechenden Spross-Systems vergleichbar sind, zeigt ein anderer Teil;der 
Etapteridaceen (Asteropteris und Etapteris deutliche und exakte Differenzierung in 
einen allseitig mit Wedeln besetzten und wohl aufrechten, bei Etapteris vielleicht 
lianenartig kletternden Stamm. Stamm-Stele, wo bekannt, meist einfach proto
stelisch; bei einigen (Metaclepsydropsis und Botrychioxylon) mit Sekundar-Xylem; 
bei Asteropteris stellat mit massivem Xylem. Blattstiel-Biindel im Querschnitt 
stets mehr minder H-fOrmig. 

Die iibrigen, unter Clepsydraceae sowie Botryopteroideae und Anachoropteroi
deae aufgefiihrten Gattungen stehen mit den vorhergehenden nur in mehr minder 
lockerem Konnex. Die Primitivitat ihres Stelenbaues und die Art der Leitbiindel
Gestaltung ihrer Wedel sprechen fiir mehr minder nahere Verwandschaft. AIle 
haben bereits Wedel, die insgesamt nur in einer einzigen Ebene verzweigt sind. 

Sporangien von einer Anzahl Gattungen bekannt, teils einzeln und endstandig an 
den Spindeln letzter Ordnung (Stauropteris) teils in Gruppen und gleichfalls end
standig bezw. randstandig an den Spindeln letzter Ordnung. bffnung entweder 
mittels Apikal-Porus (Stauropteris) oder mittels mehrzellreihigem Annulus; in 
letzterem Fall dieser entweder an der Sporangien-Aussenseite und allmahlich in das 
ii brige Sporangium-Wandgewebe ii bergehend (Diplolabis, Botryopteris) oder in Form 
von zwei einander opponierten breiten Bandern (Etapteris einschl. Corynepteris). 

3) Marattiineae: Die Gruppe lasst sich formal unterteilen nach der mehr oder 

') Vgl. das iiber ahnliche Formen: Protopteridium u.a. Seite 555 Gesagte. 
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minder weitgehenden Durchfiederung des oft sehr gross en Wedels. Starke Wedel
Durchfiederung charakterisiert die Pecopteroideae, wahrend weniger starke Durch
fiederung, und daher gross ere Angleichung an die heute lebenden Marrattiaceen 
die Danaeoideae charakterisiert. 

a) Peeopteroideae: Wedeldurchfiederung vier- bis fiinffach; Fiederchen letzter 
Ordnung im Vergleich zu den oft iiber ein bis zwei Quadrat-Meter grossen Wedeln 
sehr klein; in der Regel ausgesprochen pecopteridisch. Synangien mit Ausnahme 
derer von Danaeites stets aus nur einigen (vier bis sechs) Sporangien gebildet und 
kreisrund; diese entweder nur an der Basis miteinander verwachsen (Asterotheca, 
Scolecopteris, Acitheca, Tetrameridium), oder bis gegen die Spitze zu zu einem ein
heitlichen Synangium (ahnlich dem der rez. Kaulfussia) verwachsen (Ptychocarpus); 
fast immer flachenstandig, nur selten randstandig (wie bei Asterotheca truncata 
sowie den Crossotheca-Arten, soweit diese zu den Filicales gehoren, wie Cr. pin
natifida u. Ahnlichen). Synangium von Danaeites langlich weckenfOrmig, aus ca 16 
in zwei Reihen angeordneten, ziemlich freien Sporangien bestehend. 

Stil.mme in Anzahl bekannt, teils an Hand strukturbietender Reste, teils im 
Abdruck und inkohlt. Nach der Wedel-Stellung sind zu unterscheiden Formen mit 
alternierend zweizeiliger Wedelstellung (Psaronii distichi bezw. (wenn im Abdruck) 
MegaPhyton, sowie Formen mit allseitiger Wedeltragung; hier Wedel entweder in 
zwei bis sieben-zahligen alternierenden Quirlen (Psaronii polystichi verticillati) 
oder mit schraubiger Organstellung (Psaronii polystichi spirales); die nicht struk
turbietend erhaltenen Reste der beiden letztgenannten Stamm-Typen gehen unter 
Caulopteris und Stipidopteris. Stamme vielfach baumformig und il.hnlich denen 
der rezenten Dicksoniaceen und Cyatheaceen, an der Basis mit machtigem Wur
zelmantel; im Innern mit einer der Organstellung entsprechenden Zahl und Anord
nung von konzentrisch ineinander gelagerten hufeisenfOrmigen Stelenplatten, 
welche bei manchen Arten sil.mtlich in die Blattspuren iibergehen, bei anderen Ar
ten dagegen z.T. rein stamm-eigen sind. 

b) Danaeoideae: Wedel gross, jedoch nur einfach bis doppelt gefiedert. Synan
gien stets aus zahlreichen in zwei Parallelreihen gestellten, unter sich aber stets 
weitgehend freien Sporangien bestehend, bei Danaeopsis die ganze Breite die fer
tilen Fiedern-Halften bedeckend, bei M arattiopsis nur in geringerer Breite dem 
Fiedernrand folgend. Kreisrunde Synangien hat Nathorstia. 

Anhang: Paradoxopteris mit vergleichsweise stark em und langem Stamm, im 
Bau prinzipiell dem der rezenzen Angiopteris sowie der Psaronii polys tic hi spirales 
ahnlich, jedoch wesentlich komplexer. Der vielleicht zugehorige Wedel (Weich
selia) sehr gross und gabelteilig, die an nackten Fiedern-Spindeln getragenen Sy
nangien ihrerseits noch zu kugeligen Gruppen zusammengefasst. 

4) Ophioglossineae: Fossil kaum bekannt; im iibrigen von den lebenden nicht 
wesentlich verschieden. 

B: Fillees Leptosporangiatae: 
1) Osmundaeeae: Wedel der palaeozoischen und wohl auch der mesozoischen 

Gattungen grosstenteils starker durchgefiedert als bei den rezenten Vertretern. 
Sporangien teils in Gruppen zu vielen (Discopteris, hier rand- oder flil.ch.enstandig) 
teils iiber die ganze Fiederchen-Unterseite verstreut (Todites und SPeirocarpus) , 
teils einzeln an der Fiederchen-Unlerseite (Kidstonia). Stammreste teils protoste
lisch bis siphonostelisch (permische Vertreter), teils dictyostelisch, dabei entweder 
mit primitiverer Protodictyostelie oder mit moderner und bis amphiphloeischer 
Dictyostelie. 

2) Sehizaeaeeae: Wedel der il.lteren Formen, wie die der oberkarbonischen 
Senftenbergia und der rh3.tischen bezw.liasischen Klukia u. Norimbergia denen der 
rezenten Vertreter unahnlich, mit rein fiedrigem Bau sowie meist mehrfach durch
gefiedert und (Ausnahme Norimbergia) gross. Von der Kreide ab werden die For
men denen der lebenden Gattungen ahnlich. Sporangium bei der oberkarbonischen 
Senftenbergia noch mit mehrzell-breitem Annulus. - Die wohl auch zur Familie 
gehorige Tempskya hat einen Scheinstamm, der zufolge Verflechtung der Wur
zelmil.ntel des in zahlreiche Gabelarme verzweigten Stammchens zustande kommt. 

3) Marsiliaeeae: Fossil nicht mit Sicherheit nachgewiesen. 
4) Gleieheniaeeae: Vorlil.ufer-Formen diirften die oberkarbonischen bezw. unter-



554 MAX HIRMER, FOSSILE FILICINAE 

permischen Oligocarpia, Monocarpia, Shansitheca, Sturia, Dendraena und Boweria, 
ferner die mesozoische Mertensites sein; deren Wedel noch nicht von typischem 
Gleicheniaceen-Bau. Echte, der rezenten Gattung Gleichenia nachstehende Formen 
erst seit der Unterkreide bekannt, und zwar in den auch rezent vorhandenen Sek
tionen M ertensia und Eugleichenia, sowie in der nur fossil bekannten Sektion Di
dymosorus; bei dieser auf jeder Fieder letzter Ordnung nur zwei Sori tiber dem je
weils untersten Seiten-Nerven beiderseits des Mittelnerven. 

5) Matoniaceae: Wedel samtlicher fossiler Gattungen (Phlebopteris, Selenocarpus, 
Matonidium und Matoniella) im Prinzip wie der der lebenden Matonia-Arten ge
baut d.h. primar monopodial mit jedoch exotroph sympodialer Verzweigung der 
beiden Basalfiedern des Wedels, wodurch der Wedel fussfOrmig zerteilt erscheint. 
Bei Phlebopteris und Selenocarpus noch keine Indusien-Bildung; bei letzterer Gat
tung die Sori nierenformig statt wie bei den anderen Gattungen kreisrund; bei 
Matonidium beginnende Herausmodellierung des Indusium superum. 

6-8) Hymenophyllaceae, Loxomaceae, Dicksoniaceae und Cyatheaceae: Soweit 
tiberhaupt nachgewiesen (vg!. das Seite 484 Gesagte) unterscheiden sich die fossi
len Formen nicht nennenswert von den heute lebenden. 

9) Dipteridaceae: Wedel unmittelbar an der Spreiten-Basis in zwei gleiche 
Primarhalften geteilt; darauf folgend mehr minder zahlreiche weitere Gabeltei
lungen. Diese entweder gleichmassig: Hausmannia s. str. (vg!. auch die rezente 
Dipteris lobbiana), oder ungleichmassig, d.h. bei starker Exotrophie sympodial
gabelig; Effekt dass an der ersten Wedelgabelstelle zwei Hauptgabelarme ent
springen, an welchen in mehr minder dichtgedrangter Abwickelung die einzelnen 
Hauptnerven der Wedelabschnitte entspringen. Es ist aber selbstverstandlich, dass 
die beiden Haupt-Gabelarme ihrerseits zusammengesetzt sind aus den Basalteilen 
der sich weiter gabelnden Primar-Gabelarme. In den einfacheren Fallen verlaufen 
die Hauptgabelarme in sich ungedreht, und die Flache der beiden Wedel-Haupt
gabelteile liegt in einer Ebene. Dabei konnen die beiden Hauptgabelarme lang sein: 
P,·otorhipis (Wedel-Hauptteile zu mehr minder einheitlicher Flache verwachsen, 
ahnlich auch die meisten der rezenten Dipteris-Arten), ferner Oishia (Sympodien 
hier ausnahmsweise endotroph); oder die Hauptgabelarme sind kurz: Thaumato
pteris und Clathropteris; bei letzerer Gattung sind die Basalpartieen der gesamten 
Verzweigungen einsch!. der ersten zu einer einheitlichen Flache verwachsen, der 
Wedel daher handfOrmig geteilt. In den komplizierteren Fallen sind die Haupt
gabelarrne in sich tordiert; und zwar entweder nur an der Basis und hier urn 1800 : 

Dictyophyllum oder sie sind iiber ihre ganze Erstreckung hin tordiert, sodass die 
Flache der beiden Hauptgabelarme in Form einer wendeltreppenartig aufgerollten 
Tiite erscheint: Camptopteris. - Samtliche freien Wedelabschnitte sind bei allen 
Gattungen ungeteilt oder einfach gefiedert, lediglich bei der neuestens zu Familie 
gezogenen Goeppertella (ehedem WoodlVardites) sind sie doppelt; der Wedelbau 
diirfte hier dem von Thaumatopteris entsprechen. - Sporangien teils in mehr min
der grossen Sori oder iiber die Wedelflache verstreut. Sporenzahl im Sporangium 
verschieden, 64 bis 512. 

10) Polypodiaceae: Die fossilen Reste dieser fossil nur sparlich bekannten Fa
milie fiigen dem von den Lebenden her bekannten Bild nichts Wesentliches bei. 

11) Salviniaceae: Fossile Vertreter nicht wesentlich anders als die lebenden. 
Anhang: Filicales incertae sedis. Die hiehergehorigen zum grosseren Teil dem 

Palaeozoikum, zum kleineren Teil auch noch dem Mesozoikum entstammenden, 
Seite 485 in ihren wichtigeren Vertretern aufgefiihrten Formen diirften zum guten 
Teil eusporangiat gewesen sein, wahrend einige von ihnen (Dactylotheca, Renaultia 
u.a.) den Typ des leptosporangiaten Farns vorbereitet zu haben scheinen; Sporan
gium bei diesen jedoch noch ohne Annulus. 

Betreff Literatur vgl. F.O. BOWER, The Ferns Vol. I u.lI. Cambridge 1923/26 sowie 
F. O. BOWER, Primitive Land Plants, London 1935. M. HIRMER, H andbuch d 
Palaobotanik, Bd. I, Seite 484-692 (dieser Teil mit 240 Abb.) Berlin u. Miinchen 
1927; ferner R. WETTSTEIN, Handb. d. Systematischen Botanik, 4. Auf!. bearbeitet 
von F. v. WETTSTEIN u. M. HlRMER, Leipzig und Wien 1935. sowie M. HlRM"ER, 
Palaobotanik in FortschriUe del' Botanik, Bde I-VI, Berlin 1932-37. Spezial-Literatur 
in den Werken angegeben. 



CHAPTER XXII 

PTERIDOPHYT A INCERT AE SEDIS 

von 

MAX HIRMER (Miinchen) 

Fossile Pflanzen von zwar sic her e r Pte rid 0 p h y t e n-A r t, 
aber von unsicherer SteHung inn e r hal b der Gruppe der Pteridophy
ten sind im Laufe der Zeit in grosserer Anzahl bekannt geworden, vor allem 
aus den die altesten Landpflanzen fiihrenden Schichten. 

Dabei kennt man einesteils Formen, we1che, obwohl die Einzelheiten 
ihrer Organisation geniigend gut aufgeklart ist, keiner der bekannten Pte
ridophyten-Gruppen (Psilophytales, Psilotales, Lycopodiales, A rticulatales 
und Filicales) eingereiht werden konnen, eben weil sie vermutlich Repra
sentanten anderer als der genannten Pteridophyten-Gruppen darsteHen; 
andernteils kennt man seit neuester Zeit eine Anzahl Formen, die offenbar 
vermittelnd zwischen einzelnen der oben genannten fiinf Pteridophyten
Gruppen stehen. Es sind meist Formen, die mehr oder minder eng an die 
Psilophytales anschliessen, dariiber hinaus aber iiberleiten zu den mikro
phyllen Lycopodiales oder Articulatales einerseits oder zu den makrophyllen 
Filicales im engeren Sinn andererseits. 

1m e i n z e 1 n e n sei iiber folgende Formen hier berichtet. 

1. Vermittelnde Formen. 
Z w i s c hen Psi lop h :v t a I e sun dec h ten F iIi c a I e s vermitteln 

die aus dem Mitteldevon B6hmens und N orwegens u.a.o. beschriebenen Formen 
Pseudosporochnus POT. u. BRND., Protopteridium KREJCI, Pectinophyton HOEG. 
Wiewohl - was besonders fur Pseudosporochnus gilt - die Formen zweifellos an 
echte Psilophytales anklingen, ist doch klar, dass in der starken und auf Fiedrigkeit 
abzielenden Verzweigung der fruktifizierenden Achsensysteme die Bildung typi
scher \Vedel vorbereitet wird, wie sie dann, praziser gefasst, in den mittel - bzw. 
oberdevonischen Aneurophyton KR. u. WLD. llnd Eospermatopteris GOLDRING 
vorliegen. Auch A phlebiopteris GOTHAN und F. ZIMMERMANN (Oberdevon von Nie
derschlesien) ist eine Form, bei welcher die Wedelbildung allmahlich Gestalt an
nimmt, wobei es sich ganz offensichtlicht urn einen Typus handelt, in welchem auch 
noch m i k r a phylle Elemente (Aphlebien-artige, schraubig gestellte Anhangsel) 
an einem schon im ganzen wedelartig, verzweigten, also rna k r a phyllen Spross
system zu finden sind. Insgesamt liegen aile diese genannten Formen auf derselben 
Entwicklungslinie, die schon von KIDSTON und LANG an Hand des ja klassisch ge
wordenen Asteroxylon M ackiei aufgezeigt worden ist. 
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U e b erg a n g s for men z w i s c hen Psi lop h y tal e sun d L y
cop 0 d i a I e s sind gleichfalls bekannt, so Haplostigma SEW. aus den mittel
bis oberdevonischen Witteberg-Series von Siidafrika und andere; der unterdevo
nische Drepanophycus KR. u. WLD., das mitteldevonische Protolepidodendron 
KREJCI sowie Cyclodendron KRAUSEL aus dem Unterdevon Afrikas diirften gleich
falls noch als Uebergangsformen zu betrachten sein, wennschon die Anklange an 
die Lycopodialens sehr eindeutige und weitstgehende sind. 

Z wi s c hen Lye 0 pod i a I e sun dAr tic u I a tal e s diirfte Boegen
dorffia GOTHAN u. F. ZIMMERIII. stehen. Bekannt sind dreifach verzweigte Achsen; 
Verzweigung jeweils in superponierten 2-gliedrigen Quirlen; Gliederung mit 
zunehmendem Verzweigungsgrad deutlicher werdend (vgl. die Protoarticulaten 
Hyenia KR. u. WLD. und Calamophyton KR. u. WLD.); an den Knoten einfach ge
stellte Quirlblattchen. Am Ende der Achsen letzter Ordnung Bliiten-artige Zapfen 
mit Sporangien-artigen Bildungen in der Achsel der offenbar quirlig gestellten ziem
lich breiten Blattchen; wahrend in der Art der Tragung der als Sporangien zu deu
tend en Korper Beziehungen zu den Lycopodiales vorzuliegen scheinen, weist 
die Gliedrigkeit der Stengel zweifellos auf Beziehungen zu den Articulatales hin. 

Ausfiihrlichere Beschreibung und kritischer Kommentar zur Morphologie dieser 
Formen nebst Literatur-Nachweis dazu findet sich in den vom HIRMER bearbei
teten Abschnitten "Palaeobotanik" in den Banden 1-3 und 5 der Fortschritte der 
Botanik. 

2. Formen, die offenbar eigene Gruppen innerhalb der Pteridophyten darstellen. 
Cladoxylales. Eine nur aus dem Mitteldevon von Elberfeld und dem Kulm von 

Thiiringen, Glatz und Schottland bekannte, vorwiegend durch die Untersuchungen 
von SOLMS-LAUBACH, SCOTT, PAUL BERTRAND, sowie KRAUSEL und WEYLAND er
forschte Gruppe mit polystelem Stamm, wobei sich die Polystelie zweifellos auf eine 
sehr ausgedehnte stellate Protostelie zuriickfiihren lasst. Bei dem mitteldevoni
schen Cladoxylon scoparium ist der Stamm in seinem oberen Teil in eine Anzahl un
regelmassig gabelteiliger Aeste aufgelost, die seitenstandige, facherformig verzweigte 
endstandig Sporangien-tragende Sprosssysteme letzter Ordnung abgliedern oder 
mit mehr minder we it zerschlitzten Aphlebien besetzt sind. Bei den kulmischen 
Arten (Cladoxylon UNGER mit vier Arten und Voelkelia SOLMS-LAUBACH) scheint 
eine exaktere Differenzierung in Spross und Wedel durchgefiihrt zu sein. 

Bei den kulmischen Cladoxylon mirabile u. Clad. taeniatum geben die Haupt
sprosse (Cladoxylon im engeren Sinn) einerseits stark ere, schraubig oder quirlig ge
stellte Seitenachsen (Hierogramma u. Arctopodium genannt) ab, andererseits, und 
zwar ohne raumliche Bezugnahme auf die Hierogramma- und Arctopodium-Achsen, 
noch wedelartige, doppeltgefiederte Bildungen von Clepsydropsis-Struktur. Es ist 
aber zu bemerken, dass auch an den ihrerseits entweder gabelig oder fiederig ver
zweigten Hierogramma bezw. Arctopodium-Achsen letzten Endes noch wieder 
gleichfalls die Clepsydropsis-Bildungen entspringen. Es ist somit klar, dass die 
Hierogramma- und Arctopodium-Achsen als intermediare Bildungen zwischen 
Seitenachsen des eigentlichen Cladoxylon-Hauptspross-Korpers und Wedelrhachi
den anzusprechen sind. Es handelt sich also auch hier wieder urn eines der Beispiele 
der allmahlichen Herauskristallisierung des makrophyllen Wedeltyps im stren
geren Sinn aus sich verzweigenden Sprossachsen-Systemen. 

Fiir aile kulmischen Arten gilt, dass bei Abgliederung der Seitenachsen eine 
Anzahl nebeneinander liegender Arme der polystelen Cladoxylon-Spross-Stele die 
Biindelversorgung mittels Abgliederung ihrer Aussenteile ergeben. 

Barrandeina STUR aus dem Mitteldevon Bohmens. Stamme sympodial-gabelig 
verzweigt, bis ca 4 cm im Durchmesser mit (vielleicht quirlig gestellten) mehr
fach geteilten, facherfiirmigen Blattern. An diesen Hauptachsen gelegentlich we
sentlich schwachere, einmal gabelteilige Sprosse. Daran Organe (Sporophylle ?), 
die, ein bis zwei Mal gabelgeteilt u. spindelig, eine kleine Anzahllanglich eiformiger 
Sporangien unbekannten Inhalts tragen. Achsenstruktur unbekannt, vielleicht 
polystel. 

Duisbergia KR. u. WLD. aus dem rheinischen Mitteldevon. Dicke an der Basis 
keulenfiirmiger verbreiterte Stamme von Cladoxylon-ahnlicher Anatomie mit rings
urn offen bar in schraubiger Anordnung dicht gedrangt stehenden Blattarti-
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gen Bild ungen von mehr oder minder stark zerschlitzter gabelnerviger Spreite; 
abwechslend mit den Blatt-artigen Bildungen kurz gestielte, umgekehrt keulen- bis 
birnenformige Korper, offen bar Sporangien. Moglich, dass die Art Beziehungen zu 
der vorher geschilderten Barrandeina hat, wie auch zu der gleichfalls ratselhaften 
Broeggeria NATHORST des norwegischen Mitteldevons und gewissen als Psygmo
phyllum bezeichnete alteren palaozoischen Formen. 

Noeggerathia. STERNB. Oberkarbon von Mitteleuropa. Pflanzen mit wedelartigen, 
einfach gefiedert erscheinenden Bildungen, die von manchen Autoren z.B. NEMEJC 
als echte Wedel angesprochen werden, von GOTH AN u.a. aber als Sprosse gedeutet 
werden, bei welch en die urspriinglich schraubig angeordneten, breit keilformigen 
Blattchen sekundar zweizeiIig eingeriickt sind. Fruktifikation zapfenartig mit zwei
zeiIig gestellten Elementen. Die basalen brakteenartig, die oberen fer til und zwar 
mit einer grosseren Anzahl (bei N. foliosa 17 und in 3 Reihen, bei N. vicinalis in 
sogar 5-7 Querreihen gestellten) Sporangien. Bei N. foliosa sind Mikro- und Mega
sporangien nachgewisen, beide von annahernd gleicher Grosse; die ersteren j edoch 
mit einer offenbar grosseren Zahl von Mikrosporen von 90-130 !L, die letzteren mit 
einer offenbar kleineren Zahl von Megasporen von 800-1000 !L' Die Verteilung an
schein end so, dass im unteren Teil die Mega-, im oberen die Mikrosporophylle 
waren. 

In den Verwandtschaftskreis von Noeggerathia diirfte wohl auch Tingia aus dem 
jiingeren Palaozoikum Ostasiens gehoren. 

Die einschlagige Literatur ist grosstenteils in den Arbeiten von KRAUSEL u. WEY
LAND (Palaontographica Abt. B. Bde. 87 u. 80) sowei von P. BERTRAND (ebenda Bd. 
81), sowie in M. HIRMER, Handbuch der Palaeobotanik u. in Fortschritte der 
Botanik, Bd. VI (Palaobot.) zu finden. 



CHAPTER XXIII 

PHYLOGENIE 

von 

W. ZIMMERMANN (Tiibingen) 

§ 1. Allgemeine Obersicht. Literatur. - Wie in der "Phylogenie der 
Moose" ist unser Ziel, den Wandlungsvorgang, den man Phylogenie nennt, 
zu schildern. 

Wir mtissen unser Arbeitsziel, die alleinige Schilderung eines V 0 r g a n g s, 
ausdrticklich umreissen, weil bekanntlich in den "vergleichenden" vVissenschaften 
(in der "vergleichenden" Morphologie und in der "Systematik") die Schilderung der 
phylogenetischen \Vandlung oft fast unauffindbar vermengt ist mit den mehr tech
nischen Fragen der Abgrenzung und Klassifikation, mit subjektiven Rangordnun
gen u. dgl. 

Die Phylogenie als ein Wandlungsprozess beruht - wie wohl jetzt allgemein 
anerkannt ist - auf einer Veranderung des Erbgutes. Diese Veranderung geht 
Schritt ftir Schritt vor sich, einerseits durch "Mutationen" (so nennen wir heute 
jede Anderung von Erbfaktoren) und andererseits in beschranktem Umfang durch 
Neugruppierung der Erbfaktoren im Gefolge des Kernphasenwechsels (Bastardie
rung, Polyploidie u.dgl.). Phylogenie und Ontogenie sind also in der Natur in einer 
kontinuierlichen Kette ("Hologenie", ZIMMERMANN 1934c) verbunden. Eine natur
wissenschaftlich-genetische Betrachtungsweise muss diese "ho10genetische" Ver
kettung stets im Auge beha1ten, wenn sie nicht yom Wege einer sach1ichen Schilde
rung abweichen will. Wir werden im folgenden gelegentlich darauf hinzuweisen ha
ben, dass Unklarheiten tiber diese Zusammenhange, z.B. die Vorstellung einer 
direkten "phylogenetischen" Verwandlung fertiger Pflanzen bzw. ihrer Teile inein
ander, zu verhangnisvollen Missverstandnissen gefUhrt haben. 

Eine phylogenetische Wandlungsreihe ist daher eine von uns Menschen aus der 
"Hologenie" herausgegriffene Bilderreihe von embryonalen oder "fertigen" Orga
nismen bzw. deren Teilen. Sie zeigt, wie als Ergebnis der Mutationen im Laufe 
der Jahrmillionen die einzelnen Merkmale, z.B. die Umrisse der Blatter, die An
ordnung der Sporangien u.dgl. anders geworden sind als bei den Ahnen, dass sie 
sich phylogenetisch "gewandelt" haben. 

Es ist eine Eigenttimlichkeit der Mutationen, dass sich die einzelnen Merkmale 
bis zu einem hohen Grad selbstandig wandeln. So kann die Urn wan diu n g 
von Mer k mal e n besonders bei den Pteridophyten mit ihren reichen Fossil
fund en isolierter Organe viel sicherer aufgezeigt werden als die einzelnen Sippenzu
sammenhange im Stammbaum. Daher stellen wir die "M e r k mal s p h y log e
n i e" der "Sippenphylogenie" voran. (Vgl. ZIMMERMANN 1931 und 1934a). Dagegen 
kiinnen wir in der vorliegenden Ubersichtsdarstellung natiirlich nicht die einzelnen, 
sich jeweils auf ein Gen beschrankenden "Elementarprozesse" dieser Wandlung 
(vgl. ZIMMERMANN 1935a) herausarbeiten. Wir mtissen Merkmalskomplexe, wie sie 
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in den Organen (Stamm, Blatt, Sporangium usw.) gegeben sind, in ihrer phylogene
tischen Wandlung zusammenhangend verfolgen. Doch mlissen wir uns auch hier 
auf einen Uberblick liber die Hauptwandlungslinien beschranken. Zur ausflihrli
chen Darstellung aller bekannten Ergebnisse und erorterten Probleme brauchte 
man ein vielbandiges Werk. 

Wenn wir auf die angedeuteten Grundsatze einer streng realistischen Natur
erkenntnis achten, liegt schon heute das Bild der Pteridophyten-Phylogenie in den 
Wandlungen der wichtigsten Organe und Merkmale als fast llickenlos geschlossene 
und gut gesicherte Bildreihe von einer einfach organisierten Urform zu den mannig
faltigen heutigen Typen vor. Denn diese Wandlungsvorgange gehoren, namentlich 
dank den phylogenetischen Untersuchungen von F. O. BOWER, D. H. SCOTT, A. G. 
TANSLEY, E. C. JEFFREY, A. C. SEWARD, E. A. N. ARBER, A. J. EAMES, R. KmSToN, 
W. H. LANG, D. T. GWYNNE-VAUGHAN, H. POTONIE, J. C. SCHOUTE, O. LIG
NIER, CR. U. P. BERTRAND, B. SARNI, T. G. HALLE - urn nur einige bahnbrechende 
Phylogenetiker zu nennen - zu den grossartigsten und bestbekannten biologischen 
Erscheinungen. Ich habe versucht, in einer wegen meines Ausdrucks "Telom" 
"T e 10m the 0 r i e" genannten Auffassung dies en gewaltigen \Vandlungsprozess als 
eine Umbildung innerlich sowie ausserlich wenig differenzierter thallophytischer 
Triebe ("Telome") einheitlich zu verstehen. Denn das wichtigste Erkenntnisziel 
jeder Morphologie, auch der phylogeneti
schen, ist die Einheit des Ausgangsgebildes, 
ohne die Mannigfaltigkeit der Umbildung (ligen 
zu vergewaltigen. 

(Bryophyfen 
". 

Uberdies sind uns die Pteridophyten 
auch aus dem Grunde besonders interes
sant, weil ihre ausgestorbenen Formen 
zweifellos die Wurzel der Sam en pflanzen 
mitumfassen. Wir werden darum gelegent
lich kurzeAusblicke auf dieSamenpflanzen
Phylogenie einflechten. 

Da die Verwandtschaftsstellung der 
Pteridophyten innerhalb des gesamten 
Archegoniaten-Stammes klar ist (vgl. 
Fig. 1), konnen wir 3 Hauptabschnitte 
dieser phylogenetischen Wandlung un
terscheiden: 

I. H a u pta b s c h nit t (§ 2): 
Die Wandlungsvorgange, die zu der 
letzten mit den anderen Archegoniaten 

\. 
o 

FIG. 1. Allgemein anerkanntes 
Grundschema der Pteridophyten

Verwand tschaft. 

(vor allem den Moosen) gemeinsamen Ahnenform, zum "U r - Arc h e
g 0 n i ate n" gefiihrt haben. 

Flir unsere Phylogenetik der Pteridophyten besitzt auf diesem \Vandlungsab
schnitt besonderes Interesse die Entstehung des flir die Pteridophyten so charak
teristischen G e n era t ion s wee h s e I s und die Entstehung der spezifischen 
Arc h ego n i ate n-F 0 r t p f I a n z u n g s 0 r g a n e. 

11. H au pta b s c h nit t (§ 3 und § 4): Die Wandlungsvorgange, 
die yom "Ur-Archegoniaten" zum letzten, allen heutigen Pterido
phyten gemeinsamen Ahn, zum "U r - Pte rid 0 p h Y ten" gefiihrt 
haben. 
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Unsere Schllisse sind insofern flir diesen Wandlungs.Schritt recht sicher fund a
mentiert, als wir uns auf Grund der Fossilfunde ein gutes Bild yom Aussehen dieses 
"Ur-Pteridophyten" machen k6nnen. Abgesehen von nebengeordneten Einzel
heiten, in denen Ubereinstimmung noch fehlt (vgl. unten S. 586), gelten heute 
allgemein bei phylogenetisch orientierten Botanikern die frlihdevonischen 
Rhynia.Arten als Vertreter einer den "Ur-Pteridophyten" sehr nahe stehenden 
Familie 1). 

Flir unsere Ubersicht konnen wir den Aufbau der Ur-Pteridophyten identifizie
ren mit dem Rhyniaceen-Typ (Fig. 4). Unsere Frage Hisst sich damit prazisieren: 
WeI c heM e r k m a I e h abe n sic h auf d e m W e g e v 0 m U r
Archegoniaten zum Ur.Pteridophyten (Rhyniaceen-Typ) 
g e wan del t? Diese Merkmalswandlung k6nnen wir darstellen, indem wir flir 
den Ur-Pteridophyten 

a) das Bild des Generationswechsels und des Gametophyten (§ 3), sowie 
b) das Bild des Sporophyten (§ 4) schildern. 

I I 1. H a u pta b s c h nit t (§ 5 - § 7): Die Wandlungsvorgange, 
die vom "Ur-Pteridophyten" zu den verschiedenen, fossil nachweisbaren 
und heute lebenden Pteridophyten-Abteilungen gefiihrt haben. 

Dieses Stoffgebiet gliedern wir, indem wir 
a) die Veranderungen des Generationswechsels und des Gametophyten (§ 5), 
b) die Veranderungen des Sporophyten in seinen vegetativen Teilen (§ 6), sowie 
c) die Veranderungen des Sporophyten in seinen Fortpflanzungsorganen schil

dern. (§ 7). 

Als Abschluss werfen wir in einem 
I V. H a u pta b s c h nit t (§ 8) einen Blick auf die sich aus diesem 

phylogenetischen Ablauf ergebenden sip pen p h Y 1 e tis c hen Z u
s a m men han g e der Pteridophytengruppen untereinander und mit 
ihren Verwandten. 
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§ 2. Die phylogenetische Entstehung einer den Archegoniaten 
gemeinsamen Urform. - leh kann hier auf eine eingehende Diskussion 
verziehten, da ieh die gleiehe Frage fUr die Phylogenie der Moose ausfiihr
lieher behandelt habe (ZIMMERMANN 1932, S. 436 £f). Wir begniigen uns 
also mit einer kurzen Sehilderung des Ur-Arehegoniaten. Der Ur-Arehe
goniat (vgl. Fig. 2A) besass folgende Eigensehaften: 

I) Einen "homologen", besser "homomorphen", Generationswechsel: D.h. 
die beiden miteinander alternierenden Generationen waren ausserlich gleieh 
wie bei vielen heute noeh existierenden marinen Algen (beispielsweise bei 
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Dictyota dichotoma). Sie unterschieden sich lediglich durch die Beschaffen
heit der Keimzellbehiilter (Sporangien beim Sporophyten, Gametangicn 
beim Gametophyten) , durch die Ausgestaltung der zugeh6rigen Keim
zellen und durch die Chromosomenzahl (Sporophyt diploid, Gametophyt 
haploid). Die letztgenannte Eigenschaft sichert eine strenge Alternanz der 
Gen era ti on en. 

2) Eine thallophytische Gestalt: dichotom sich gabelnde Triebe ("Telome") 
mit einem mechanisch aussteifenden Zentralstrang. Diese Eigenschaften 
sind ebenfalls bei heutigen Tangen noch vertreten und kennzeichnen eine 
geringe Arbeitsteilung der Organe und Gewebe sowie eine mechanische 
Beanspruchung durch Zug (Leben in der Brandungszone!). 

3) Fur die Archegoniaten spezijische Keimzellbehiilter und Keimzellen: 
Archegonien mit Eiern, Antheridien mit Spermatozoen, 1) sowie Spo
rangien mit Sporen (Fig. 5). Die Sporangien waren gleichfalls Telome, d.h. 
Thallus-Endtriebe, deren Inhalt unter Reduktionsteilung in Sporen zerficl. 

Die vorgetragene Auffassung entspricht der "Transformationstheorie", (= "ho
mologous theory"). Sie wird neuerdings mehrfach u.a. von EAMES (1936) vertreten. 
Ihr entgegengesetzt ist die "Interkalations-theorie" (= "antithetic theory"). Nach 
dieser mir unwahrscheinlichen Annahme war der Sporophyt beim Ur-Archegonia
ten noch sehr klein, so dass der Generationswechsel anfangs "antithetisch" (= 
heteromorph) war und der Sporophyt erst allmahlich die heutige Grosse erhalten 
hat. Die Interkalationstheorie ist von R. WETTSTEIN und F. o. EOWER vertreten 
und von mir friiher (z.E. ZIMMERMANN 1932) ausfiihrlicher erortert worden. 

Dieser Ur-Archegoniat hatte sich - vermutlich im Spat-Kambrium oder 
Silur - aus kiistenbewohnenden Griinalgen, die ja hir diese Zeit schon 
nachgewiesen sind, herausentwickelt. Selbstverstandlich war es ein weiter 
Wandlungsweg von so1chen Algen bis zu den heutigen Archegoniaten. Der 
Verwandtschaftszusammenhang ist daher sehr lose. 

Vom Ur-Archegoniaten aus ging die weitere phylogenetische Entwick
lung divergent zu den Moosen und zu den Pteridophyten. Bei den Moo
sen war es vor allem der Gam e top h Y t, der sich in starkerem Masse 
ausdifferenzierte, wahrend der auf dem Gametophyten parasitierende 
Sporophyt reduziert wurde. In der Entwicklungsreihe, die zum U r
Pte rid 0 p h Y ten hihrte, wurde dagegen umgekehrt gerade der 
S p 0 r 0 p h Y t reicher differenziert. D.h. der Sporophyt wurde zur 
"Haupt-Generation", wogegen der Gametophyt in seinen Ausmassen und 
in der Differenzierung von Organen und Geweben zuriicktrat. 

§ 3. Generationswechsel und Gametophyt des Ur-Pteridophyten. 
- Die Reduktion des Gametophyten muss bereits beim Ur-Pteridophyten, 
der vermutlich im Ober-Silur gelebt hat, sehr weit fortgeschritten ge
wesen sein. D.h. der Gametophyt war schon wesentlich kleiner als der 

') Vgl. ZIMMERMANN, 1932, S. 455. 
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zugehorige Sporophyt, er war zum "Prothallium" geworden. 1m ubrigen 
behielt er die gabelig thallose Gestalt der Ur-Archegoniaten, die ja auch 
den meisten heutigen Pteridophyten-Prothallien gemeinsam eigen ist. 
Fur die deutliche Reduktion des Gametophyten bei den altesten Pterido
phyten spricht die zunachst sehr auffallige Tatsache, dass man bei fossilen 
Pteridophyten (einschl. Psilophyten) entweder uberhaupt keine Prothallien 
beobachtet hat, oder doch nur eine viel schwacher als der Sporophyt ent
wickelte Geschlechtsgeneration. Auch heute erreicht ja kein Prothallium 
der Pteridophyten eine kormophytische Struktur. Wir haben daher nicht 
den mindesten Anlass zur Annahme, dass die Pteridophyten-Gametophy
ten irgendwann einmal ein uns unbekanntes kormophytisches Stadium 
erreicht hatten. 

Auch die vorherrschend gabelige Verzweigung der heutigen Prothallien 
(vgl. Fig. 2) ist fur uns ein Anhaltspunkt, dass der Ur-Pteridophyt noch 
ein gabeliges Prothallium hatte. Ferner fehlt jeder phylogenetische An
haltspunkt, dass der Gametophyt des Ur-Pteridophyten die zweifellos pri
mitive Autotrophie aufgegeben hatte. 

Das gelegentlich in der Literatur zu findende Argument: "weil heute manche 
sog., primitive' Pteridophyten, z.B. heutige Lycopodien Gametophyten mit My
korrhiza besitzen, muss das bei den Ahnen auch so gewesen sein", ist wegen der 
selbstandigen Abwandlung jedes einzelnen Merkmals nicht stichhaltig. Es ist im 
Grunde ein rein systematisches, aber kein phylogenetisches Argument. 

yermutlich ist die Reduktion und sonstige Umbildung des Gametophy
ten eine Folge des Uebergangs zum Landleben. Der Gametophyt bedarf 
vor "Erfindung" des Pollenschlauches des flussigen Wassers, da seine 
Spermatozoen nur schwimmend ein Ei erreichen konnen. Er blieb daher 
zunachst an flussiges Wasser gebunden. D.h. der Gametophyt musste 
klein und in Erdennahe bleiben und musste auch im allgemeinen feuchte 
Standorte aufsuchen, wo ihm Wasser fUr den Befruchtungsakt m aus
reichendem Masse zur Verfugung stand. 1) 

Umgekehrt konnte beim Ur-Pteridopyhten der Sporophyt grosser 
werden. ja, es war fur das Ausstreuen der Sporen sogar vorteilhaft 1), dass 
der Sporangientrager moglichst weit in die Luft ragte. Selbstverstandlich 
bedeutete ein moglichst hoher Sporophyt im Wettkampf urn Licht und 
Luft eine gesteigerte Assimilationsmoglichkeit. Aus dem erstgenannten 
Grund wurde der Sporophyt bei den Moosen zu einem dem Gametophyten 
parasitisch aufsitzenden Gebilde. Oder bei den Pteridophyten wurde er 
zu einem selbstandigen und den Gametophyten an Grosse weit uber
treffenden Organismus. 

') Selbstverstandlich verstehen sich aile diese Aussagen nur im Sinne der 

"reinen Oekologie", die - ohne Behauptung von "Zweckursachen" und andere 

anthropomorphe Konstruktionen - tiber die natiirlichen Lebcnsbedingungen der 

Organismen etwas aussagt. 
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§ 4. Sporophyt des Ur-Pteridophyten. - 1m Gegensatz zum 
schlecht uberlieferten Gametophyten haben wir ein gutes Bild vom 
Sporophyten des Ur-Pteridophyten in den ausgezeichnet erhaltenen 

B Typus der Bryophyten. C Typus der Pteridophyten, 

A Hypothetische Ausgangsform. 

FIG. 2 . Abwandlung des Generationswechsels nach der "honiomorphen" Auf
fassung . -

A Hypothetische Ausgangsform mit gleichgestaltetem Gametophyt und Sporo-
phyt (= Dictyota-Typ) . . 

B Typus der Bryophyten (Sporophyt abhangig vom Gametophyten und redu
ziert) . 

c. Typus des Pteridophyten (Gametophyt reduziert). 

Gametophyt jeweils diinn konturiert, mit Archegonien (flaschenfiirmig) und 
Antheridien (eifiirmig schraffiert); 

Sporophyt dick konturiert, mit Tetrasporen (Sporangien mit Punktkreuz). 
(Nach ZIMMERMANN 1930, S. 86). 

altdevonischen Psilophyten. Sie zeigen ein so ubereinstimmendes Bild, 
dass wir in den gemeinsamen Zugen unbedingt die typischen Merkmale 
des Ur-Pteridophyten erkennen konnen. Ein Beispiel ist die Gattung 
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Rhynia. Unter Hinweis auf ihre Schilderung (S. 497) heben wir nur die 
Hauptpunkte hervor. 

H a bit u s. Die allgemeine Tracht entsprach noch vi:illig dem thallosen 

FIG. 3. Tracht der Urpte
ridophyten (Rhyniaceae), 
(etwas schematisiert, in 
Anlehnung an TROLL 1934, 
S. 684) . Typische AusbiI
dung der Telome (oberir
disch aIs Sporangien und 
Phylloide, unterirdisch aIs 
Kriechtriebe) und der Me· 

some. 
51 = Stele. 
W = Wurzelhaare. 

Aufbau, wir wir ihn hir die 
Ur-Archegoniaten annehmcn. 
D.h., wie die Fig. 3 wohl ohne 
nahere Erlauterungen Zur Ge
niige wiedergibt, ist die ganze 
Pflanze noch aus wenig diffe
renzierten Telomen und Meso
men 1) aufgebaut. Als einzigen 
organisatorischen F ortschritt 
ki:innen wir die Differenzierung 
der vegetativen Telome bzw. 
Mesome in Kriechtriebe und 
aufrechte, assimilierende Luft-

X 

FIG. 4. Rhynia Gwynne- Vaughani. 

Telom: A) quer, B) Iangs. - (M.-Devon.) 
51. = Protostele (wenigzelliger Holzteil, 
SiebteiI gegen die Rinde kaum abgegrenzt). 
Sp. = SpaltOffnung, wenig eingesenkt. 
X = angemoderter TeiI d er Epidermis. 
Vergr. 35 mal. (Aus ZIMMERMANN 1930). 

triebe bezcichnen. Beide Organ en behalten jedoch noch ausgesprochenen 

1) Vgl. untcn, S. 570. 
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"Telomcharakter", ohne Arbeitsteilung der einzelnen Triebe, etwa in 
Stamm und Blatt. 

A nat 0 m i e. An Geweben differenzierte sich in Rhynia aus: Eine 
E p ide r m i s mit Spaltoffnungen, die dem Gametophyt fehlen, eine 
R i n d e und ein Zen t r a 1 z y lin d e r, bei dem eine aussere Schale 
als prospektives Phloem aus langgestreckten, aber in der Wandstruktur 
noch nicht siebrohren-artigen Zellen bestand, (Fig. 4). 

Der Kern des Zentralzylinders war das ziemlich einheitliche Xylem, 

FIG.5. Hornea Lignieri, Sporan
gium mit Columella. -- Vergr. 
30 X (Aus ZIMMERMANN 1930). 

das aus Spiraltracheiden best and. Man 
nennt einen derartigen Zentralzylin
der oder Stele eine Pro t 0 s tel e. 
(Fig. 15, S. 593). Die Auffassung JEF

FREYS, dass in ihr der Ausgangspunkt 
fUr die Leitbundelanordnung der ubrigen 
Landpflanzen existiert, hat sich durch
gesetzt. 

Die Tracheiden des Zentrums sind bei 
einigen Psilophyten zarter und werden 
ontogenetisch zuerst angelegt. Man 
nennt sie daher Protoxylem. (Fig. 15). 

Die S p 0 ran g i e n sind die fer
tilen terminalen Auszweigungen ("Telo
me"). Sie sind aufgebaut aus einer mehr
schichtigen ("eusporangiaten") Wan
dung und,als Kern, aus einem sporogenen 
Gewebe, das typische Luftsporen durch 
Reduktionsteilung bildet. Die Wandung 
springt vielfach apikal auf. Manchmal 
(z. B. bei der Gattung Hornea Fig. 5) 
setzt sich der Zentralzylinder als Ernah
rungsstrang ("Columella") ins Innere der 
Sporenmasse fort (Vgl. auch unten S. 
663). 

Telo m e un d Me s 0 mel). Die Verwendung dieser beiden Ausdriicke 
erfordert sowohl in sachlicher wie in begrifflich-nomenklatorischer Hinsicht einige 
Erlauterungen. Sachlich kennzeichnen diese Ausdriicke die Auffassung, dass die 
Ur-Pteridophyten entsprechend der "T e 10m the 0 r i e" und Fig. 3 aus lauter 
Mesomen und Telomen, d.h. aus lauter gleichwertigen, also gabelig verketteten und 
iibereinstimmend einfach organisierten Trieben zusammengesetzt waren, dass sie 
also noch keinen in Sprosse, Blatter, Sporophylle, Wurzeln usw. gegliederten Auf
bau besassen. Wie das die Fig. 3 schildert, nenne ich diese einfachen Endauszwei
gungen der Triebe wie friiher "Telome" und fiige nun als neue Bezeichnung den 
Ausdruck "Mesome" fiir die prinzipiell ahnlich gebauten "Internodien" zwischen je 
zwei Gabelstellen ein. 1m Laufe der Ontogenie war natiirlich jedes "Mesom" zu
nachst ein "Telom". 

') Ais zusammenfassenden Begriff fiir Telome und Mesome konnte man den 
POTONIE'schen Begriff "Monosome" verwenden. 
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Sachlich ist die "Telomtheorie" in ihren Grundziigen heute wohl ziemlich allge
mein angenommen worden. Umstritten ist nur die Ausdehnung der Theorie auf 
einige Spezialgebiete wie die Entstehung des "Lycoblattes" (vgl. unten, S. 586). 
Auch die Bezeichnung "Telom" biirgert sich mehr und mehr ein. Bedenken treffen 
auf diesem nomenklatorisch-begrifflichen Gebiet, soweit ich sehe, wiederum nur 
die Verwendungs g r e n z e des Begriffes "Telom". So haben z.B. WETTSTEIN 
1930, S. 201 und BOWER 1935, S. 617 bezweifelt, ob man diesen Begriff auch noch 
bei komplizierteren Bildungen wie vielen Sprossen und Blattern der Angiospermen 
verwenden kiinne. Selbstverstandlich existieren, wie ich von Anfang an betont 
habe (ZIMMERMANN, 1930 S. 66), solche Verwendungsgrenzen. Man kann etwa bei 
einem ganzrandigen Netznervenblatt einzelne Telome (und Mesome) nicht mehr 
unterscheiden. Solche Verwendungsgrenzen des Begriffes verhindern aber weder 
seinen nutzbringenden Gebrauch fiir primitivere Organe noch die phylogenetische 
Ableitung der komplizierten Gebilde von den primitiven und noch "typisch" ge
stalteten "Telomen" und "l\'lesomen". 

Verwendungsgrenzen solcher Begriffe find en sich ja in ganz ahnlicher Weise fiir 
andere stark gewandelte Organe, wie die Prothallien. Wollte man wegen Verwen
dungsgrenzen derartige Begriffe ganz ausschlagen, diirfte auch niemand von einem 
"Prothallium" mit Archegonien und Antheridien reden, geschweige denn die Ga
metophyt-Generation der Angiospermen davon ableiten. Kurz, die Begriffe und die 
Bezeichnungen "Telom" und "Mesom" sind ebenso wie "Archegonien", "Antheri
·dien", usw. iII erster Linie fiir primitive Organisationen der Gefasspfianzen ge
.schaffen. 

§ 5. Wandlung des Generationswechsels und des Gametophyten 
zu ihrer heutigen Gestalt. - In drei okologisch verschiedenen Entwick
lungslinien hat sich die Gestalt der Prothallien selbsHindig abgewandelt. 

1) F iii c i nee n - T y p. Der Gametophyt blieb autotroph und 
ahneIt oft weitgehend einem wenig entwickeIten thallosen Lebermoos. 
Dieser Typ findet sich bei den leptosporangiaten Farnen, den Osmundales 
und Marattiales sowie bei den Equisetales. Die Hauptwandlung besteht 
wohl in einer mehr oder weniger weit gehenden Riickbildung und in einer 
meist deutlich flachenformigen Entwicklung des zarten Thallus. 

Gelegentlich ging die Reduktion bis zu fadenfiirmigen Gebilden (Trichomanes) 
weiter. Durch die Lage der Meristeme (z.B. bei den Equisetales unter der "Lappen
krone"), durch die Behaarung, Stellung der Gametangien und dgl. ergeben sich im 
Habitus erhebliche Unterschiede, auf die wir im Einzelnen aber nicht eingehen 
kiinnen. 

2) Lye 0 pod i u m - T Y p. Er ist vertreten bei der Gattung Lycopo
dium samt Phylloglossum, bei den Psilotales und OPhioglossales. Das Cha
rakteristikum dieses Typs liegt in der mykotrophen Lebensweise. 1m iibri
gen haben wir bei den Psilotales noch einen typisch dichotom sich verzwei
genden, ziemlich kraftigen Thallus und beim Lycopodium cernuum-Unter
Typ apikal noch eine assimilierende "Lappenkrone". 1m allgemeinen 
ist aber auch hier das thallose Prothallium offensichtlich stark riickgebildet 
zu einem meist knolligen Gebilde. 

3) He t e r 0 s p 0 r e n t y p. Er ist - wie schon sein Name andeutet 
- durch verschiedene (grosse ~ und kleine <3') Sporen und Riickbildung des 
Gametophyten charakterisiert. Die Grossendifferenzierung geht also Hand 
in Hand mit einer Geschlechtsdifferenzierung der Sporen. Besonderes In
teresse gewinnt der Heterosporen-Typ als Durchgangstyp zur Samenbil-
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dung. Dementsprechend vermittelt die Heterosporie (herrschend im Kar
bon) auch zeitlich zwischen einer Periode vorherrschender Isosporie (Alt
devon) und einer Periode vorherrschender Samenreproduktion (Jetztzeit) 
(vgl. ZIMMERMANN 1932 und 1934a). 

Heterosporie hat sich selbstandig in 4 Hauptabteilungen der Pterido
phyten herausgebildet : 

a) L y cop sid en: bei den fossil iiberlieferten Lepidophyten und bei 
Pleuromeia, sowie bei den bis heute lebenden Selaginellen und Isoetes. 

b) Art i c u 1 ate n: bei manchen fossil iiberlieferten Calamiten und 
Sphenophyllen. 

c) N 0 egg era t hie en: soweit bekannt bei allen Vertretern (vgl. 
NEMEJC). 

d) Pte r 0 psi den: bei unsicher bekannten fossilen Formen, z.B. viel
leicht bei Aneurophyton und Eospermatopteris sowie bei den heutigen 
H ydropterideen. 

Die Grossendifferenz zwischen ¥ und d Sporen war vielleicht nicht gleich 
mit einem Schlage da. Wenigstens hatten die erst en deutlich heterosporen 
Pteridophyten (z.B. oberdevonische Lycopsiden wie Bothrodendron antri
mense) nach j. M. CLARK noch keine scharf gesonderten Makro-und Mikro
sporen, sondern auch vermittelnde "intermediare" Sporen. Dagegen zeigt 
das Oberkarbon schon ausserordentlich grosse Makrosporen; Sporen von 
Triletes giganteus (Lycopside) mess en nach ZERNDT 6,4 mm. 

Mit der Grossenzunahme ging die Zahl der Makrosporen eines Sporan
giums zuruck. Bei karbonischen Lycopsiden (z.B. Lepidostroben) war 
meist noch eine grossere Zahl von Makrosporen (4-20) vorhanden. Heute 
finden wir z.B. bei Selaginella nur 4 und bei den Hydropterides nur 1 Ma
krospore in Makrosporangium (uber interessante Ausnahmen vgl. HOLDEN). 

Die Prothallienreduktion besteht okologisch darin, dass die Sporen mehr 
oder minder ausreichend Reservestoffe von der Mutterpflanze mitbekom
men. Sie verzichten daher weitgehend auf eigenes Wachstum und Assimi
lation. Ihre ganze Entwicklung spielt sich im grossen und ganzen als 
Zellteilung innerhalb der Sporenmembran abo ja, bei den Hydropterideen
Makrosporen bleibt sogar der basale Teil ungeteilt. Ein schwacher Chloro
phyllgehalt bei Prothallien heutiger Hydropterideen, sowie Rhizoidhocker 
der ¥ Selaginella-Prothallien sind rudiment are Anzeichen einer fruheren 
Autotrophie. Allerdings haben die Rhizoidhocker eine neue Funktion iiber
nommen: das Auffangen der Mikrosporen, das z.B. bei Lepidophyten von 
Hockern der Sporenmembran bewirkt wurde. 

Die Keimzellbehalter, die Archegonien und Antheridien werden bei der 
Prothallien-Reduktion gleichfalls, sowohl in ihrer Anzahl wie in ihrer Aus
gestaltung reduziert. Am starksten ist naturlich die Reduktion der Mikro
sporen und ihrer Antheridien. Heutige Isoetes- Mikrosporen beispielsweise 
bilden sich nur noch in ganz wenige (ca 9) Zellen urn, d.h. in der Haupt-
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sache in eine wenigzellige Wandschicht und in 4 Spermatozoen. Wie bei an
deren derartig weitgehenden phylogenetischen Umbildungen ist hier eine 
ins Einzelne gehende Homologisierung, die vegetatives Prothallium-Gewe
be und Antheridien unterscheidet, unmoglich. 

Die Heterosporie ist - wie in nicht-phylogenetischem Sinne schon HOFMEI
STERS k1assische Untersuchungen erkannt haben - eine Zwischenstufe auf dem 
Wege zur Sam e n b i 1 dun g. Eine so1che Entwick1ungsreihe entspricht aber 
auch unseren phylogenetischen Vorstellungen (vgl. pben). Zwei Kormophyten-Abtei-
1ungen (die Lepidospermen, S. 505 und die typischen Samenpjlanzen, einschliess1ich 
der Pteridospermen) haben diesen neuen Schritt tiber die Heterosporie hinaus zur 
Fortpflanzung durch Samen getan. Die Moglichkeit, dass auch in der 3. Hauptab
teilung, bei den A rticulaten so1che Samen bildung aufgetreten ist, besteht natiirlich. 
Doch bedti,:fen die diesbeztiglichen Angaben z.B. von ELIAS (1931) noch einer ein
gehenden Uberprtifung, urn als gesichert zu ge1ten. 

Der entscheidende \Vand1ungsschritt zu dieser Stufe der Samenbi1dung liegt 
beim Makroprothallium, das seine ganze Entwick1ung nun auf dem Sporophyten, 
innerhalb des Sporangiums durchlauft, und das damit das Sporangium zum Sa
men macht. Die Samenbi1dung macht also das ~ Prothallium noch mehr vom Spo
rophyten abhangig: es erha1t vom Sporophyten nicht nur die gesamte Nahrung 
sondern auch den Lebensraum und wird dementsprechend noch weitergehend 
reduziert. Bei den hochst differenzierten Samen, bei den Angiospermensamen, 
unterb1eibt ja bekanntlich die zellulare Untertei1ung des Prothalliums vor der 
sexuellen Kernverschme1zung vollig. Dass die heterosporen Hydropterides eine An
naherung durch den nicht zellu1ar geteilten basalen Tei1 der Makrosporcn zeigen, 
erwahnten wir schon. 

§ 6. Phylogenie des Sporophyten (vegetative Organe). 

Der Kernpunkt dieses Wand1ungsabschnittes ist die phylogenetische Herausbil
dung des vegetativen Sprosses und der Wurzel. Daneben haben sich auch einige 
nicht einwandfrei in diese Typen der Kormophytenorgane einzuordnende Gebi1de 
herausentwicke1t (bzw. erha1ten !), wie die sog. Wurzeltrager der Selaginellen. 

Die Herausbi1dung von Sprossachsen, B1attern und Wurze1n der Pteridophyten 
ist ein besonders deut1icher Be1eg der "Te1omtheorie". 

A. P h Y log e n i e d erE m b r yon a 1 s tad i e nun d d a s 
gegenseitige Verhaltnis von Spross und Wurzel. 

Wir mussen unsere Betrachtung einleiten mit der Embryonalentwicklung 
heutiger Kormophyten, (Fig. 6), da die unmittelbaren Anhaltspunkte fiir 
die Embryonalgestalt der Ahnen ausserst sparlich sind, 

Bei allen heutigen Kormophyten liegt die 1, Teilungswand der befruch
teten Eizelle, die kiinftige Sporophytachse, die von BOWER 1922 erkannte 
"primitive spindle", mit den beiden Polen, dem S pro ssp olund dem 
"G e g e n pol", (meist durch Bewurzelung gezeichnet) fest. Die "primi
tive spindle" steht namlich senkrecht auf dieser ersten Teilungsebene. 

1m Gefolge der 2., darauf senkrechten Teilungsebene ergibt sich ein fUr aIle 
Kormophyten-Embryonen charakteristisches do p pel t "g ega bel t e s" 
G e b i 1 d e (Fig. 6, rechte Reihe) mit 4 (Quadranten:) Organbezirken. 2 
Organbezirke des Sprosspols liefern das 1. Blatt und den iibrigen Teil des 
Sprosses. Die 2 entgegengesetzten Organbezirke des "Gegenpols" liefern 
die iibrigen Organe eines Embryos (Wurzel, Haustorium und Suspensor). 
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FIG. 6. Vergleichende Embryonalentwicklung der Pteridophyten und der 
Angiospermen. - 1-3 = jeweils 3 Entwicklungsstadien im Uingsschnitt, 
4 = Schemata der Organbezirke eines Embryos nach der 2. Zellteilung. 
(nach ZIMMERMANN 1930, Abb. 32). B = Blatt, S = Sprass, W = Wurzel, 

Su = Suspensor, H = Haustorium. 

(Zur leichteren Parallelisierung sind im Schema der Angiospermen die verschiede
nen Querwande des Susflensors nicht bcriicksichtigt). 
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Diese doppelte "Gabelung" des Embryos kehrt in ihren Grundziigen so 
regelmassig bei allen Kormophytengruppen (und iibrigens auch bei Bryo
phyten wieAnthoceros) wieder, siestimmt so weitgehend mit der gabeligen 
Grundstruktur der. Ur-Archegoniaten und Ur-Pteridophyten (vgl. Fig. 3) 
iiberein, dass man wohl im d 0 p pel t - g ega bel ten E m b r y 0 

e i neg erne ins arne A h n e n e i g e n t ii m I i c h k e i t d e r K 0 r
mop h y ten sehen darf. Ein derartiger Embryonalaufbau ist fUr uns 
besonders interessant, weil er eine ontogenetische Gleichwertigkeit von 
Spross und Gegenpol (in vielen Fallen von Spross und Wurzel) sowie vom 
erst en Blatt und dem iibrigen Spross (einschliesslich des 2. Blattes) aus
driickt. 

Die prinzipielle Gleichwertigkeit von Sprosspol und Gegenpol erlaubt so
gar noch bei einem heutigen Pteridophyten (Marsilia) einen experimentel
len Austausch beider Pole. J e nach der Lage im Raume wird immer der 
obere Pol zum Sprosspol, der untere zum "Gegenpol" bzw. hier Wurzelpol. 
Auch wandeln sich Kriechtriebe (besonders deutlich bei den Psilotales) 
vielfach unmittelbar zu Sprossen. 

Die Gleichwertigkeit von Blatt und Spross am Embryo hat LEITGEB 
fUr Marsilia dahin gekennzeichnet, dass beide Organe beim Erscheinen 
iiber der Oberflache des Embryo als Hocker von einander nicht zu unter
scheiden sind und ganz den Eindruck von Dichotomie machen. 

Man darf also wohl annehmen, dass bei den Ur-Pteridophyten, der (wie 
bei Equisetum - Fig. 6A -, Tmesipteris und I soetes "exoskop" orientierte) 
Sprosspol unmittelbar zu den einheitlich als Gabeltrieben gestalteten Or
ganen wurde. D.h. der Sprosspol bildete zunachst die aufstrebenden Phyl
loide, und der "Gegenpol" die ebenfalls gabelig verzweigten und den Phyl
loiden ausserst ahnlichen Kriechtriebe, wie wir sie etwa bei Rhynia (Fig. 3) 
finden. Spater, als die Telome sich differenzierten und teilweise iibergip
felten, wurde die eine Gabelhalfte des Sprosspols zum 1. Blatt (Kotyledo) 
und die andere Halfte zum eigentlichen Primar-Spross (der natiirIich wie 
bei den Dikotylen) ebenfalls mit einem weiteren Kotyledo beginnen kann. 
Ob es unter den fossilen Formen Falle gibt, in denen normalerweise auch 
nach der phylogenetisch erworbenen Ubergipfelung beide Gabelhalften 
des Sprosspols einen selbstandigen Spross geliefert haben, muss dahin
gestellt bleiben. Tmesipteris zeigt als Regelform noch einen Anklang. 

Die Organe des "Gegenpols" behielten offenbar noch langer den gabeli
gen Grundaufbau bei, auch als sich specifischere unterirdische Organe, wie 
die (von Anbeginn sich gabelnden) Stigmarien und die Wurzeln aus ihnen 
entwickelten. HIRMER (1934) hat so m.E. mit gutem Grund noch fUr die 
Lepidophyten angenommen, dass der Embryo am Gegenpol unmittelbar ge
gabelt war und diese Gabelaste zu den Stigmarien wurden. 1) 

') Ich stimme HIRMER (1934) auch darin bei, dass an sich auch eine 2. (von 
TROLL in idealistisch-morphologischer Form entwickelte) Ansicht phylogenetisch 
denkbar ware, dass namlich von vornherein bei den Pteridophyten der "Gegenpol" 



576 W. ZIMMERMANN, PHYLOGENIE 

Ausserdem hat die Phylogenie jedoch den "Gegenpol" des Embryos be
fahigt, auch noch verschiedenartige Embryonalorgane zu liefern, die die 
Ernahrung des Embryos aus dem Gametophyten (auf dem der Pterido
phyten-Sporophyt bekanntlich zunachst "parasitiert'.') ermoglichen. Es 
sind das das "Haustorium", ein Organ zur unmittelbaren Nahrungs
zufuhr, sowie der "Suspensor", der den jungen Embryo in eine geeignete 
Ernahrungslage bringt. (Auf die wurzelhaubenahnliche Verlangerung des 
Suspensors der Angiospermen kann nur anlasslich Fig. 6 hingewiesen 
werden.) 

So ist bei den ja allgemein von den ubrigen Pteridophyten am starksten 
abweichenden heutigen Lycopsiden (vgl. Fig. 6, Selaginella) im Laufe der 
Phylogenie die Embryogenese am starksten abgewandelt worden. Hier 
gabelt sich vor aHem der Gegenpol nicht mehr in 2 Organe, sondern er wird 
als ganzes zum Suspensor. 

1m ubrigen haben die Organ-determinierenden Reize offensichtlich 
im Laufe der Phylogenie mehrfach ihre Lagebeziehung zu den Achsen der 
Eier, bzw. der Archegonien gewechselt. Die beiden Pole konnen vollig 
vertauscht werden. Das geht wohl aus den in Fig. 6 wiedergegebenen Em
bryonalstadien (exoskope Lagerung Fig. 6A, endoskope Lagerung Fig. 6B, 
e u. E) zur Genuge hervor. Diedeterminierenden Reize werden "verlagert". 
Solche phylogenetische "Verlagerungen" determinierender Reize mussen 
wir ja vielfach annehmen (vgl. z.B. ZIMMERMANN 1935). Sie entsprechen den 
modern en entwicklungsphysiologischen "Homoplasie" -Vorstellungen. 

B. P h Y log e n i e des Pte rid 0 p h Y t e n-S pro sse s 

Die Phylogenie ist verschieden fur den makrophyll belaubten "Ptero
spross". (Fig. 7F), wie wir den Spross-Typ der pteridophytischen Pteropsi
den einschliesslich der Pteridospermen nennen wollen, und fUr den mikro
phyH belaubten "Lycospross" bzw. "Sphenospross" der Lycopsiden bzw 
Articulaten (Sphenopsiden) Die aussen-morphologische Umbildung (etwa 
die Bildung der Sprossachse durch lTbergipfelung) hangt zwar jeweils aufs 
innigste mit einer anatomischen Umgestaltung zusammen, und beide 
Wandlungen machen sich gegenseitig erst verstandlich. Aus technischen 
Grunden nehme ich aber auch hier die Darstellung der ausseren Gestalt 
vorweg. 

Haustorium·artige Bildungen erzeugt hatte. Dass soIche I-Iaustorien sehr alte 
Bildungen sind, ist kaum zu bezweifeln. Wenn man aber entsprechend der "homo
morphen" Entstehung des Generationswechsels annimmt, dass der Gametophyt 
und Sporophyt urspriinglich selbstandige Bildungen waren, kann das Haustorium 
nur eine sekundare BilduI}g sein. Die phylogenetische Meinungsdifferenz besteht 
also nur in der Frage, wann sich das Haustorium herausgebildet hat, ob es also 
etwa entsprechend dieser Theorie schon sofort beim Parasitisch-werden des 
Sporophyten entstanden ist. Wie betont, ist mir - in Ubereinstimmung mit 
HlRMER - diese Auffassung unwahrscheinlich. 
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a) Pterospross (aussere Gestalt) (Fig. 7 F) 

Fur die Entstehung des Pterosprosses (Fig 8) liegen so viel Daten vor, 
dass heute in fast ubereinstimmender Weise die Beteiligung folgender 4 

FIG. 7. - Die wichtigsten Spross. Typen: A. Ausgangstyp (Gabeltriebe), 
Holzkorper = Protostele; B. Ubergangsform zum Gabelblatt.Spross; 
C. Gabelblatt.Spross, Holzkorper = Plektostele; D . Lycospross. Holzkor
per = Aktinostele; E. Sphenospross. Holzkorper = Eustele; F. Ptero
spross. Holzkorper = Si phonostele; G. Pterospross (Anklang an die Angios
permen-Ausgestaltung: "Angiospross") Holzkorper = Eustele. - Das 

Protoxylem ist jeweils durch einen dunklen Punkt angede)ltet. 

Vorgange, die wohl "Elementarprozessen" (vgl. ZIMMERMANN 1935, S. 244) 
entsprechen, angenommen werden: 

1) der A g g reg a t ion, 
2) der D b erg i p f e 1 u n g und 
3) der seitlichen V e r wac h sun g ("S Y n g e n i e") der Telome 

und Mesome, 
4. der Red u k t ion von Organen und Organteilen . 

Gerade hier ist es niitzlich, dass wir uns die einleitend (S 558) erwahnte elemen
tare Erkenntnis, worauf die phylogenetische Wand lung beruht, klar vor Augen 
stellen : So wie bei der Vererbung nicht "Eigenschaften" sondern "Erbfaktoren" 
ii bertragen werden, so wandeln sich auch in der Phylogenie nicht die fertigen Organ
gestalten bzw. ihre Eigenschaften ineinander, sondern es wandeln sich die dazu
gehorigen Erbfaktoren. Wenn wir also etwa sagen, die einzelnen Telome (vgl. die 
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Gestalt des Ur-Pteridophyten Fig. 3) seien in der Phylogenie "aggregiert", "tiber
gipfelt" oder "verwachsen", so ist dies nur eine abgektirzte Ausdrucksweise. Tat
sachlich haben sich in der Phylogenie die Erbfaktoren gewandelt, so dass bei den 
Nachkommen dieser Ur-Pteridophyten im Verlauf der jeweiligen Ontogenie an
stelle der freien Gabeltriebe "aggregierte", "tibergipfelte" oder "verwachsene" 
Teile aufgetreten sind. 

Die Aggregation fiihrt zur Anhaufung von Telomen oder Telom
standen dadurch, dass die sie tragenden Mesome sich verkurzen oder aus
fallen. Die Mesome erfahren also hinsichtlich ihrer Streckungsfahigkeit 

lY+ 

I 

J 

a. 
c 

FIG. 8. Entstehung eines Fiederblattes oder Sprosses durch Ubergipfelung 
(Schema). Obere Reihe einfache Fiederung. Untere Reihe zusammengesetzte 

Fiederung. Aus ZIMMERMANN 1930, S . 61, Abb. 20. 

eine Arbeitsteilung. Einige bleiben streckungsfahig wie aIle Mesome der 
Ur-Pteridophyten, andere bleiben kurz. 

Schon aIle in eine lokalisierte Aggregation kann zu emer Art Stamm
sowie Zweig- und Blattbildung fiihren, wie das Pseudosporochnus 
Krejcii 1), eine Ubergangsform zwischen Rhyniaceen und Pteropsiden, an-

. ') KRAUSEL und WEYLAND (1933 S. 17) meinen, dass meine (u.a. auf "Pseudo
sporochnus KrejCii) sich sWtzenden merkmalsphyletischen Ansichten tiber die 

Stammbildung, z.B. tiber die zunehmende Stammhohe, "soweit das Devon in 
Frage kommt, auf recht schwacher Grundlage stehen". Sie begrtinden das damit, 

dass manche z.B. von POTONIE als Pseudosporochnus Krejeii angesprochene 



W. ZIMMERMANN, PHYLOGENIE 579 

schaulich macht. Meist verbindet sich die Aggregation aber mit anderen 
Umbildungsvorgangen, wie bei primitiven PteridophytenbHi.ttern (z.B. 
Spenophyllum, Fig. 13 u.a.) deutlich ist. Ein besonders deutliches Beispiel 

B 
c l' 

FIG. 9. Entstehung eines Fiederblattes mit wechselstandig gestellten Fiedern 
(obere Reihe) und mit gegenstandig gestellten Fiedern (untere Reihe) . 

Fossilien vielleicht gar nicht zu dieser Art gehort hatten , und dass die betr. Stamme 
vielleicht kein Sekundarholz besessen hatten. 

Bis zum Beweis des Gegenteils wird man KRAUSEL u. WEYLAND in den beiden 
letztgenannten Annahmen beipflichten und es als eine zweifellos sehr verdienstvolle 
Aufgabe bezeichnen diirfen, solche Fragen zu klaren. Ich sehe aber nicht recht, 
welchen Einfluss eine solche veranderte Erkenntnis auf meine merkmalsphyleti

schen Schliisse haben konnte. Wer glauben soUte, dass eine palaeo botanisch
systematische U mstellung eines Fossils aus einer Kormophytengru ppe in eine 

andere einen derartigen merkmalsphylogenetischen Schluss beeinflussen konnte, 

der hat den Kernpunkt der merkmalsphyletischen Schlussweise nicht erfasst. 
Denn diese ist unabhangig von solchen Sonderfragen der Systematik und der 
Nomenklatur (z.B., wie hoch ein Stamm sein muss, ob er Sekundarholz besitzen 

muss, damit man von einem "Baumchen" reden darf, vgl. dazu die verschiedene 
Auffassung von MOLL und BREMEKAMP). 
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der Blattbildung durch Aggregation (und Verwachsung) sind ubrigens die 
Blatter von Cordaites. Bei dieser palaeozoischen Samenpflanze sind die Ga
belungen derart an der Blattbasis gehauft, dass die Blattflache parallel
nervig erscheint. 

Auf rhythmisch wiederholter Aggregation bzw. "Ausfall von Interno
dien" beruht auch ein sekundarer Umbildungsprozess im Gefolge der 
Ubergipfelung, d.h. die gegenstandige bzw. wirtelige Seitenorganstellung 
an ursprunglich wechselstandig gebauten Fiederblattern und Sprossen 
(Fig. 9 D-F und ZIMMERMANN 1935). 

Die Ubergipfelung (Fig. 8 u. 9) ist ein fUr Pterosprosse besonders 
typischer, von POTONIE erkannter Umbildungsprozess. Die beiden Schwe
stertriebe (Mesome oder Telome) einer Gabel, die bei den Ur-Pteridophyten 
noch durchweg gleichwertig waren, werden ungleichwertig. Der eine Schwe
stertrieb (in Fig. 8 mit + bezeichnet) wird kraftiger und stellt sich als Ach
senglied vertikal, "er ubergipfelt". Der andere Schwestertrieb (in Fig. 8 
mit - bezeichnet) wird als Seitenorgan beiseite gedrangt, "er wird uber
gipfelt" . 

In einer Sprossachse bilden so die ubergipfelnden Mesome die Internodien, 
und die ubergipfelten Mesome bilden die Basis, bzw. Stiele der ansitzen
den Laubblatter. Innerhalb des Blattes bilden die ubergipfelnden Mesome 
die Rhachis, die ubergipfelten Mesome bzw. Telome dagegen die Fiedern. 
Diese sind ubrigens bei durchgefUhrter Ubergipfelung genau so fiedrig ge
baut wie das ganze Blatt (Fig. d-f). 

Angedeutet ist die Ubergipfelung schon bei manchen zwischen den Psi
lophyten und Pteropsiden vermittelnden Formen, wie den mitteldevoni
schen Gattungen-Aphyllopteris und Protopteridium. Vollendet sehen wir sie 
in einem Spross, der spiralgestellte Fiederblatter tragt. 

Die gemeinsame Herkunft von Blatt und Sprossachse macht es ver
standlich, dass namentlich bei den altesten Pteridophyten vielfach zwischen 
beiden nicht unterschieden werden kann, und dass auch noch bei heutigen 
Farnwedeln oft Achsenmerkmale anklingen. Ja sogar bei Angiospermen 
charakterisieren gemeinsame Eigentumlichkeiten den Spross- und Blattauf
bau, wie z.B. UITTIEN und ZIMMERMANN 1934b, S. 199 ff. ausgefUhrt haben. 

Bemerkenswert ist die Umbildung der Auszweigungsebene. Bei der fUr 
Spross und Blatt gemeinsamen Ausgangsform war noch keine Auszwei
gungsebene bevorzugt. Wie bei einem Busch standen die Seitentriebe nach 
allen Richtungen ab, die Verkettung war radiar. Die "typischen" Sprosse 
und Blatter, welche sich aus dieser Urgestalt 1) herausentwickelt haben, 

') Diese phylogenetische Anschauung von einer radiaren Grundstruktur der Ur
Gestalt sowohl fur den Spross wie fur das Blatt steht naturlich sowohl methodisch 
wie sachlich in ausgesprochenem Gegensatz zur BRAuNschen, und z.B. neuerdings 
von TROLL vertretenen Richtung der idealistischen Morphologie, die den radiar 
gestalteten Stengel und das a limine flachige Blatt als "wesentlich verschiedene 
Teile" ansieht. 
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unterscheiden sich bekanntlich hinsichtlich ihrer Auszweigungsebenen, die 
sie bei der Ubergipfelung erhalten haben. Die S pro sse sind entspre
chend ihrem urspriinglich aufrechten Wuchs (von sekundaren Umbildun
gen abgesehen) r a d i a r. Ihre Auszweigungen stehen, wie die Gabeln der 
Ur-pteridophyten, allseitig abo Beim lichtfangenden B 1 a t t dagegen wer
den die iibergipfelten Auszweigungen in eine e in zig e E ben e gelagert. 

Die heute vorherrschenden "Typen" schliessen selbstverstandlich die Existenz 
von abweichenden Formen namentlich in fruheren Zeiten nicht aus. 1m Gegenteil, 
wir kennen gerade als Belege der phylogenetischen Umbildung eine Reihe von Ab
weichungen. Z.B. ordnen sich bei Protopteridium hostimense KREJCI und bei man
chen "flabellaten" Lycopsiden-Sprossen auch noch nicht ubergipfelte Triebe in 
einer einzigen Ebene. Das zeigt, dass Ubergipfelung und diagrammatische Ver· 
schiebung selbstandige Elementarprozesse sind, die sich zeitlich unabhangig von
einander wandeln ktinnen. Ferner werden wir un ten eine Anzahl von "Wedeltypen" 
zu nennen haben, bei denen die flachige Ausbildung noch nicht fertig durchgefuhrt 
ist. Selbst fur die basalen Fiederchen der devonischen Archaeopteris-Arten. die auch 
in ihrer Gestalt als Cyclopteris-ahnliche "Aphlebien" abweichen, vermutet NATHORST 

(1904 S. 17) eine radiare Stellung. Und bei der Verkettung von Sporangien und 
Phylloiden ist eine "cruciate" Verzweigung sogar recht haufig (vgl. Ophioglossaceae 
und Lycopsiden). Schliesslich sei daran erinnert, dass selbst heute noch Blatter wie 
die von Tmesipteris und Iris "reiten" bzw. sich in einer zur "typischen" senkrechten 
Ebene ausbreiten. 

Sowohl fUr den Spross wie fUr das Blatt herrscht dabei die Regel, dass 
die aufeinanderfolgenden Auszweigungen moglichst fern von einander ent
springen, dass sie also moghchst nicht iibereinander stehen. Das wird im 
Raume (bzw. beim Spross) durch die Llmitdivergenz (137~ Grad), in der 
Ebene (bzw. beim Blatt) durch eine i-Stellung (180 Grad, alternierende 
Fiederung) erreicht. 

Besonders die zahllos iiberlieferten Pteridophylle zeigen auch viele, hier 
zu iibergehende Einzelheiten dieses Ubergipfelungsprozesses, wie die im 
Palaeozoikum fast ausnahmslos vorherrschende und aus der Ubergipfelung 
sich ergebende Katadromie (Fig. 8e), wahrend bei den heutigen Pterido
phyllen sich vorzugsweise ein anadromer Aufbau (Fig. 8/) vorfindet. 
(Naheres vgl. ZIMMERMANN 1930, S. 61 ff.). 

Die Syngenie (seitliche Verwachsung) ist am anschaulichsten inner
halb der Blatter zu verfolgen. Der einfachste Fall besteht in einer rein 
parenchymatischen Verwachsung, wie sie etwa durch die Fiederchen von 
Pecopteris (Fig. 10 und 110) ausreichend gekennzeichnet ist. Es konnen 
aber auch die Leitbiindel miteinander "verschmelzen", d.h. das Paren
chym wird zwischen ihnen nicht mehr ausgebildet. Lokale Verschmelzun
gen fUhren durch Maschenbildung zur Netzaderung, die zwar fUr den "An
giospross" (vgl. Fig. 7G) besonders typisch ist, aber auch schon sparlich seit 
dem O. Karbon innerhalb der Pteridophyllen (vgl. Fig. Ilr, u, x) auftritt. 
Uber die Verschmelzung in der Sprossachse vgl. unten S. 591 ff. -

Die phylogenetische Reduktion von Organen und Organteilen 
besteht darin, dass diese in der Ontogenie nicht mehr ausgegliedert werden. 
Teilweise und vollige Reduktion sind sehr verbreitete phylogenetische Ver-
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anderungen. Aggregation und Syngenie sind Spezialformen der Reduktion. 
Pteridophylle. Die Haupttypen, der schon lange von den Palaeo

botanikern unterschiedenen palaeozoischen Pteridophylle sind besonders 
anschauliche Beispiele fUr die verschiedenartige Kombination der soeben 
genannten Umbildungsvorgange. Allerdings klingt gerade bei dies en pa
laeozoischen Pteridophyllen die Organisation der Ur-Pteridophyten, na
mentlich die gabelige Verkettung der Triebe noch vielfach nacho So sind bei 
altertiimlichen Wedeln (aber auch bei heute "lebenden Fossilien", wie 
M atonia und Dipteris) die Wedelachsen 1. oder folgender Ordnung (vgl. 
Fig. lOE) gegabelt. Gegabelt sind ferner meist die letzten Auszweigungen, 

A B 
FIG. 10. Pteridophylle. - A. Pecopteris vestita LEsg. = P. lamurensis var. aU
gheny: Kittanning Group Mazon Creek, Illinois, Westphal D. Nach einer freund
lichst von Herrn DARRAH uberlassenen Photographie. - B. Palmatopteris furcata 
f. typica, als Beispiel der Diplotmema-Verzweigung. O. Karbon. Aus POTONr:E: 1904 
Lief. II, 21, S. 3. - Typisch fiir Palmatopteris ist die kraftige Entwicklung der 
katadromen Abschnitte bei starker Verkiirzung der katadromen "Internodien". 

bzw. wir erkennen hier eine Gabelnervatur (Fig. lOA). Auch die an 
palaeozoischen Wedeln so vielfach festzustellende "flexuose" Rhachis (z.B. 
Fig. lOB links) ist ein Anklang an die Achsengabelung. 

Wir wollen die Verkniipfung der verschiedenen Elementarprozesse erlautern, 
indem wir an Hand der Fig. 11 die Fiederchen der wichtigsten palaeozoischen Pte
ridophyllen kurz charakterisieren. 

I. Arc h a e 0 pte r i s-G r u p p e. Ohne ausgepragte trbergipfelung inner
halb der Fiederchen. 

1) Archaeopteris (a) DAWSON. Charakteristisch fur Devon. Gabeltyp. Phylloide 



W. ZIMMERMANN, PHYLOGENIE 

b 

Arcbaeopferis 

!l 
Aneurophylon 5phenopleridlum 

m 
Orop/ens 

J 

v 

Neuropferis 

Callipteris 

/)esmopleris 

Rhacopteri5 

Sphenopteris 

I 

w 

583 

Odon topleris 

l1ariopferis 

Ale/nopleris 

r 
Pafaeo
weichsefio 

u 
LonctJOp/eri 5 

x 
PrJloeowekhselio 

FIG. 11. Fie d e r C hen p a 1 a e 0 z i s C her Pte rid 0 p h Y 11 e. 

1. Rei h eAr c h a e 0 pte r i s - G r u p p e: a) A rchaeopteris fissilis 
SCHMALH., O. Devon, a us N ATH . 1904, Taf. II, 9, Vergr. 2 x. - b) Palaeopteridium 
(Archaeopteris) Reussi ETTINGH., O. Karbon, Aus KIDsT. 1923, Taf. 45, Fig. la, 
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Vergr.3,2 x. - c) Rhacopteris petiolata GOEPP., U. Karb., aus KmsToN 1923, S. 213, 
Textfig. 10 u. Taf. 53, Fig. 3a, nat. Gr. - d) Rhacopteris lindsaeformis BUNB., U. 
Karb., Aus KmsToN 1923, Taf. 49, Fig. 4, Vergr. 1,8 x. - e) Odontopteris alpina 
(STERNB.) GEIN., O. Karb., aus POTONIF. 1904, Lief. II, 22, Vergr. 2,3 x. 

2. Rei h e S p hen 0 pte r i s-G r u p p e: f) A neurophyton germanicum 
KRAUSEL u. WEYLAND, U. Devon, Kirberg. Original nach von Herrn Prof. WEY
LAND freundlichst uberlassenem Material unter Benutzung der Zeichnungen und 
Angaben in KRAUSEL und WEYLAND 1923 u. 1926, Vergr. 1,4 x. - g) Sphenopteri
dium (Rhodea) Smithi (KmsT.), U. Karb., aus KmSTON 1923, Taf. 57, Fig. 2a, 
Vergr. 1,6 x. - h) Sphenopteris (Diplotmema, Palmatopteris) furcata var. compacta 
(GOTH.) BRGT., Duttweiler, Original Geol. Inst. Tub.Vergr. 1,6 x. - i, k) Sphenopte
ris Hoeninghausi BRGT. var.larischiformis POT., O. Karb., aus POTONIE 1890, Taf. 9, 
Fig. la, Vergr. 2,3 x. - Sphenopteris Norinii HALLE, Perm, aus HALLE 1927 
Taf. 12, Fig. 5, Vergr. 2,3 x. - 1) Mariopteris muricata ZEILLER, O. Karb., West
phal. Saarbr. Sch. Gersweiler bei Saarbrucken., Orig. Geol. Inst. Tub. Vergr. 0,4 x. 

3. Rei h e P e cop t e r i s-G r u p p e (ausser q, u. r) : m) Ovopteris pecopteroi
des LANDESCR., O. Karb., Rotl., aus POTONIE 1906, Lief. IV, 61. Vergr. 1,4 x. -
n) Neuropteris. - 0) Pecopteris vestita (vgl. Fig. 10), Vergr. 1,8 X - P) Pecopteris 
Armasi, ZEILLER, O. Karbon, aus KmSTON 1925, Taf. 135 ,Fig. 2a, Vergr. 4,3 X.
q) Alethopteris lonchitica UNG., O. Karb., aus POTONIE 1913, Lief. IX, 161, Vergr. 
1,4 x. - r) Palaeoweichselia Defrancei POT. u. GOTH., O. Karb., nach POTONIE 
1909, Lief. VI, 116, Vergr. 3x. 

4. Rei h e Call i pte r i s u. Lon c hop t e r is: s) Callipteris strigosa 
ZEILLER, Rotliegendes, aus ZEILLER 1898, Taf. 4, Fig. 5, Vergr. 1,4 x. - t) Calli
pteris conferta BRGT., Rotliegendes, aus POTONIE 1898, Vergr. 0,5 x. - u) Loncho
pteris Bricei BRGT., O. Karb., aus GOTHAN (POTONIE 1909) Lief. VI, 118, Vergr. 1,6 X . 

5. Rei h e S e i t 1 i c h e Fie d e r v e r s c h mel z u n g (T a e n i 0 P t e
r is G r u p p e u.a.): v) Desmopteris serrata GOTH., O. Karbon, aus POTONIE 
1906, IV, 65, Vergr. 1,8 x. - w) Desmopteris integra GOTH., O. Karb., aus POTONIE 
1906, IV, 65, Vergr. 1,8 x. - x) Palaeoweichselia yuani SZE, (Fiederchenausschnitt) 
O. Karb., aus SZE 1933, Taf. VI, Fig. 6, Vergr. 5,5 x. 

oft deutlich aggregiert und verschieden stark miteinander verwachsen. Formen mit 
starker Verwachsung und kri.i.ftiger Entwicklung der in der Fiederchen-Achse lie
genden Partien werden bei rhombischem Umriss als Palaeopteris 1 ) oder als Adian
tites GOEPP. und bei mehr rundlichem Umriss als Cardiopteris SCHIMPER unter
schieden (vgl. unter 3 auch die i.i.hnliche Neurodontopteris). 

2) Rhacopteris SCHIMP. (c U. d) Gabeltyp durch eine versti.i.rkte Ausbildung der 
anadromen Abschnitte eines Fiederchens modifiziert. ("einseitige Symmetrie" nach 
GOEBEL 1928, S. 250 ff.) Phylloide verschieden stark miteinander verwachsen. 
Aehnlich ist schon der "Spiropteris" -Typ bei Protopteridium (M. Devon). 

3) Odontopteris BRGT. (e) In der Aderung noch Gabeltyp, Phylloide wie bei 
Adiantites und Cardiopteris stark verwachsen und Mittelpartie des Fiederchens 
kri.i.ftig entwickelt. Fiederchen basis breit verwachsen, wod urch der U mriss pecopte
ridisch wird. Bei der i.i.hnlichen Neurodontopteris ist - als Parallelform zu Neuro
pteris - die Fiederchenbasis eingeschnurt. 

II. S P hen 0 pte r i s-G r up p e. Deutliche tl'bergipfelung. Aber basale 
Phylloidgruppen immer noch kri.i.ftig entwickelt, wodurch sich ein keilf5rmiger Ge
samtumriss ergibt. 

4) Sphenopteridium SCHIMPER (= Rhodea PRESL) (g) SCHIMP. Phylloide v511ig 
frei und schmal, so dass Fiederchen letzter Ordnung einnervig sind. Aehnlich, aber 
wohl nicht ganz in einer Ebene ausgebildet ist Aneurophyton (f). 

5) Sphenopteris BRGT. Phylloide etwas fli.i.chig verbreitert oder mehr oder 
minder miteinander verwachsen (h-k). 

') Die Definition fur diese einseitige Asymmetrie GOEBELS, dass sich nur ein 
Gabelast, etwa der linke, jeweils weiter gabele, ist allerdings nicht ganz zutreffend. 
Die Asymmetrie kommt bei so1chen Pteridophyllen durch eine ungleich grosse 
Streckung und ungleich starke Gabelung zustande. 



W. ZIMMERMANN, PHYLOGENIE 585 

6) Mariopteris ZEILLER (I) Phylloide meist ziemlich stark verwachsen. 1m iibri
gen aber insofern primitiv, als namentlich in basalen Teilen der Fiedern die Uber
gipfelung noch nicht vollig durchgefiihrt ist. So ist z.B. an den basalen Fiederchen 
der basale katadrome Abschnitt meist sehr stark entwickelt, d.h. fast so kraftig wie 
der ganze iibrige Teil des Fiederchens, wodurch das Fiederchen noch annahernd 
gegabelt aussieht. Ahnlich zeigt auch der Gesamtwedelaufbau "Diplotmema 
Struktur" (vgl. Fig. 10). D.h. je 2 Gabelpaare von Fiedern sind aggregiert, bzw. die 
katadromen Fiedern 2. Ordnung, die an die Gabelung anschliessen, sind besonders 
kraftig entwickelt. 

7) Diplotmema STUR. (und ahnlich auch Palmatopteris POT.) mit dem eben ge
nannten "diplotmematischen" \Vedelaufbau, aber typischen Sphenopteris-Fieder
chen, d.h. mit deutlicher Ubergipfelung und meist schwacherer Verwachsung der 
Phylloide als bei M ariopteris. 

III. P e cop t e r i s-G r u p p e. Phylloide eines Fiederchens stark bis vollstan
dig verwachsen. Die basalen Phylloidgruppen so weit reduziert, dass sie nicht mehr 
kraftiger entwickelt sind als die von den mittleren Abschnitten der Fiederchen
achse ausgehenden. Dadurch ladt das Fiederchen an der Basis nicht mehr so breit 
aus wie bei Sphenopteris. 

8) N europteris BRGT. (n) Fiederchen an der Basis eingeschniirt, also nicht mit 
der tragenden Achse verwachsen. Sonst ahnlich wie Pecopteris. Die Cyclopteris 
BRGT. genannten Fiederchen haben sich als Teil von Neuropteris. Wedel u.a. 
pteridophyllen erwiesen. Ovopteris (m) vermittelt durch eifOrmige Fiederchen 
zwischen Sphenopteris und Neuropteris. 

9) Pecopteris BRGT. (0, P) Seitenkonturen des Fiederchens relativ parallel, 
Parenchym der Basis mit der tragenden Achse breit verwachsen. 

IV. Ale tho pte r i soC a 11 i pte r i s-G r u p p e. Merkmale der Pecopteris
gruppe. Die basalen Phylloidgruppen der Fiederchen sind aber auch in ihrer 
Aderung mit der tragenden Achse verwachsen, so dass diese Fiederchen bzw. ihre 
Adern als "Nebenadern" oder "Zwischenfiedern" ') aus den Achsen entspringen. 

10) Alethopteris STERNBG. (q). Nur Nebenadern. 
II) Callipteridium WEISS Umrisse der Fiedern pecopteridisch. Nebenadern u. 

Zwischenfiedern. 
12) Callipteris BRGT. (s, t) Phylloide teilweise nicht (s), teilweise stark (t) ver

wachsen. Meist Nebenadern, immer Zwischenfiedern. 
Eremopteris SCHlMPER umfasst wenige charakteristische Formen, die hierher· 

gerechnet werden konnen, da sie Zwischenfiedern besitzen, aber durch Gabelnerva
tur zu Archaeopteris und durch Fiedergestalt zu Sphenopteris vermitteln. 

V. T a e n i 0 pte r i s-G r u p p e. Sehr weitgehende Verwachsung der Phyl
loide zu einem schwach oder gar nicht unterteilten Wedel. 

13) Desmopteris (v, w) POT. bzw. Validopteris P. BERTR., zwischen Pecopteris 
bzw. Alethopteris und Taeniopteris vermittelnde Formen. 

14) Taenioptel'is BRGT. und Lesleya LESg. Charakter der Gruppe. Die meisten 
(namentlich mesozoischen) Formen zu den Cycadophyten, Benetiltales usw. gehorig. 

VI. Net z n e r vat u r g r up p e. Der Uebersichtlichkeit halber fasse ich hier 
einige Parallelformen zu den vorangehenden Gruppen zusammen, die sich d urch eine 
anastomosierende Verwachsung der Leitbiindel in den Blattflachen auszeichnen. 

15) Linopteris PRESL Parallelform zu Neuropteris. 
16) Palaeoweichselia (1') POT. U. GOTH. Parallelform zu Pecopteris. 
17) Lonchopteris BRGT. (u) Parallelform zu Alethopteris. 
18) Pecopteridium P. BERTR. Parallelform zu Callipteris. 
19) Gangamopteris Me COY, ahnlich wie Glossopteris, aber noch ohne deutliche 

Mittelader. 
20) Glossopteris BRGT. Parallelform zu Taeniopteris 'mit vollig zu einem einzigen 

Wedel verwachsenen Phylloiden. 

Anhangsweise sei noch auf die Aphlebien-artigen Bildungen 2) verwiesen, 
Basalorgane der Fieder, die oft noch typisch primitive Organisation auf-

') Zwischenfiedern hatte schon Archaeopteris fissilis (Fig. Ila). 
2) Vgl. HlRMER 1927, S. 573 u. 690 sowie BROWNE 1935, S. 428/. 
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weisen, wie wenig verwachsene oder ubergipfelte Phylloide. Ein charakte
ristischer Fall sind z.B. die katadromen Basis-Fiederchen von Ovopteris 
Weissi, die nach POTONIE (1903, Nr. 8) "aphleboid", gestaltet sind, d.h. 
einerseits aus stark zerschlitzten Teilen zusammengesetzt und andererseits 
wie bei M ariopteris gegen die katadrome Seite massiger entwickelt sind. 

Eine prinzipiell ahnliche Bildung ist die Entstehung von Deckblattern 
als "Tragblatter" achselstandiger Seitensprosse. Wie SCOTT (1912, S. 60) 
fUr A nkyropteris (Zygopteris) ausfUhrte, wird das I. Blatt des ubergipfelten 
Seitensprosses zum Deckblatt. D.h. infolge Aggregation wird das unterste 
Internodium so weitgehend unterdruckt, dass das I. Blatt an der uber
gipfelten Hauptachse zu sit zen kommt (vgl. Fig. 19a). 

b) Lycospross und Sphenospross (Fig. 7D und E). 

Die Phylogenie dieser mikrophyll beblatterten Sprosse ist mehr umstrit
ten als die Phylogenie des Pterosprosses. Doch Hisst sich auch hier diese 
Frage wenigstens klaren, wenn man sich, wie immer bei naturwissenschaft
lich umstrittenen Fragen, zunachst vor Augen halt, welche Erklarungs
m 0 g I i c h k e i ten uberhaupt vorliegen und sich dann zur wahrschein
lichsten Erklarung bekennt. -

Drei (nur drei!) Moglichkeiten gibt es, wie ein Lycospross oder Spheno
spross in der Phylogenie entstanden sein konnte: 

1) en tsprechend der Syngenie-Hypothese (V erwachsungs-Hypothese, 
Fig. 12A). 

2) entsprechend der Reduktions-Hypothese (Fig. 12B). 
3) entsprechend der "Epigenie"-Hypothese (Fig. 12C). 
Wenn wir eine dieser 3 Hypothesen ablehnen, sagen wir damit, dass eine 

der beiden anderen Hypothesen wahrscheinlicher sei. Wir beschranken uns 
bei der Besprechung zunachst auf die besonders umkampfte Phylogenie 
der Lycosprosse. -

Nach der S y n g e n i e-H y pot h e s e (Verwachsungshypothese), die 
ich fUr die wahrscheinlichste halte, waren Ausgangsformen entweder noch 
Pteridophyten yom Rhynia-Typ, oder sie besassen schon mit Gabelblat
tern belaubte Sprosse wie Fig. 7C (und 12A). Die Verwachsung (Syngenie) 
bestand dann darin, dass die durch Ubergipfelung seitlich gestellten gabe
ligen Seitenorgane so mit der ubergipfelnden Sprossachse "verwuchsen", 
dass nur die aussersten Blattspitzen, die Telome, als einnervige Nadel- oder 
Schuppenblatter freiblieben (Fig. 12A). 

Nehmen wir rein gabelige Ausgangsformen wie die Ur-Pteridophyten an, 
so bedeutet das, dass sich die Syngenie gleichzeitig mit der Ubergipfelung 
abgespielt hat 1). Fur die altesten Vertreter des Lycospross-Types, wie z.B. 
fUr Asteroxylon kann man an eine derartige Entstehung denken. Fur die 

') Vg1. z.E. Aphlebiopteris GOTH. u. F.Z. 
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typischen Lycopsiden ist mir allerdings eine andere Modifikation der Syn
genie-Hypothese wahrscheinlicher: dass sich zunachst durch Ubergipfelung 
ein gabelblattrig belaubter 1t~ I . ~~ I \j I ' 
Spross wie Fig. 7C gebildet ~ 1 . , 
hat, und dass erst spater I 
die Syngenie eingetreten i. 
ist. Denn bei den altesten I 
Lycopsiden finden sich ja ! 
typische Sprosse mit Ga
belblattern. 

Wahrscheinlich hat je
weils bei der Umbildung 
durch Syngenie eine ge
wisse Reduktion eingesetzt 
d.h., die Zahl der Gabelun
gen an den Seitenorganen 
ging entsprechend der an
schliessend geschilderten 
Reduktionshypothese zu
rtick. Uberhaupt stehen 
sich Syngenie- und H.eduk
tionshypothese durch die 
gemeinsam angenommene 
"makrophylle" Ausgangs
form (bzw. ihren gabelig
thallophytischen V orlau
fer) gegenseitig nahe, sie 
stehen aber im Gegensatz 
zur Epigenie-Hypothese. 
Urn den Anteil der Synge
nie- und Reduktionshypo
these zu sondern, mtisste 
man die phylogenetische 
Umbildung mehr in den 
Einzelheiten verfolgen, als 
das zur Zeit moglich 
ist. 

Urn Missverstandnisse, wie 
sie zum Beispiel VAN TIEG
HEMS Verwachsungstheorie 

A. Syngenie.Hypothese 

B. Reduktions·Hypothese . 

C. Epigenie.Hypoth;)se . 

FIG. 12. Ph y log e n i e des "m i k r 0 ph y 1· 
Ie n" L y cos pro sse s nach den drei einzigen 
miiglichen Hypothesen.- DargesteUt sind jeweils die 
Ahnen. und Endform sowie einige Zwischenstufen. 
Bei der Reduktionshypothese sind die Zwischen
stufen an der gleichen Sprossachse wiedergegeben. 
Die punktierte Linie gibt den Stelenverlauf, bzw. 

den Verlauf des Protoxylems wieder. 

oder POTONIE'S Perikaulomtheorie ausge16st haben, zu vermeiden, muss noch· 
mals unterstrichen werden, dass es sich bei ph Y log e net i s c hen "Ver. 
wachsungen" zu denen auch z.B. die Sympetalie, die unterstandigen Fruchtknoten 
u.a. gehiiren , urn kein unmittelbares ontogenetisches Zusammenwachsen selbst. 
standiger Teile h andelt. Sondern sowohl bei der phylogenetischen Ausgangs· wie 
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bei der Endform entstehen natiirlich derartige Sprosse ontogenetisch aus einem 
ungegliederten Vegetationskegel. Es unterbleibt aber am abgeleiteten Lycospross 
die aussere Ausgliederung von Teilen, die beim Ahnentyp noch frei und selbstandig 
waren. Nur z.B. im Leitbiindelverlauf kann sich (wie beim ungeteilten Flachen
blatt) noch die ehemalige Zusammensetzung des Gebildes verraten, weil Elementar
prozesse, die beim Ahnentyp die aussere Gliederung gestaltet haben, nun die Ana
tomie der Sprossachse gestalten. 

Die Red u k t ion s-H y pot h e s e (Fig. 12B) schliesst eng an die 
Syngenie-Hypothese an. Beide Hypothesen nehmen die gleiche Ahnenform 
an: den Gabelspross. Zum Unterschied ist aber bei der Reduktions-Hypo
these jedes einzelne einnervige Nadelblatt ein Homologon eines makro
phyllen Blattes, also hier eines ganzen Gabelblattes. 

Die E pig e n i e-H y pot h e s e (vgl. auch Fig. 19c) ergibt sich, wenn 
wir keine makrophyll beblatterte Urformen annehmen wollen. Sie rechnet 
damit, dass die Blatter gleich wie Emergenzen ("enations") zu einer zu
nachst ungegliederten Achse hinzukommen und erst sekundar durch Aus
bildung je eines Blatt-Nerven Anschluss an das Leitbiindelsystem der 
Achse gewinnen. Ausgesprochenermassen haben z.E. LIGNIER und DOMIN 
(u.a. 1929 und 1931) diese Hypothese, iibrigens fUr samtliche Pteridophy
tenblatter, vertreten. A.hnlich hat sich auch BOWER 1935 fUr den Lyco
spross ausgesprochen. 

Zugunsten einer makrophyllen Ausgangsform und der S y n g e n i e
H y pot h e s e sprechen vor allem 

1) das Vorherschen makrophyller Formen bei den altesten (devoni
schen und unterkarbonischen) Vertretern der Lycopsiden (z.E. Protolepi
dodendron, Barrandeina, Sterzelia u.a., vgl. ZIMMERMANN 1930, S. 130) und 
der Articulaten (Hyeniales, Sphenophyllales, Asterocalamitaceae), wahrend 
diese Formen spater nicht mehr vorkommen oder doch (wie z.E. Spheno
phyllum) auf eigenartige Seitenzweige am Stammbaum der Pteridophyten 
beschrankt bleiben. ja, es scheint mir bedeutungsvoll, dass innerhalb der 
gleichen "Gattungen" die aIteren Vertreter gelegentlich deutlicher ver
zweigte Blatter besitzen als die jiingeren, wie das selbst ein Gegner der 
Syngenie-Hypothese, KRAUSEL (1936, S. 310) fUr die Gattung Protolepi
dodendron ausfUhrt. 

2) Die Eigenart des Stelarbaus, gerade bei den altesten mikrophyllen 
Formen wie Asteroxylon, ZIMMERMANN 1930a, S. (45) und Drepanophycus, 
HALLE 1936, S. 9. Die Aktinostele fUhrt hier die" Verwachsung" des Blatt
Leitbiindelsystems mit der aus aus Gabelarmen sich zusammensetzenden 
Achsen-Stele bzw. den gegabeIten Blattspurstrangen (ahnlich Fig. 12A 
rechts) unmittelbar vor Augen. Auch HALLE betont, wie schwer dieser 
Befund mit der friiher von ihm selbst vert ret en en Epigenie-Hypothese 
zu vereinbaren ist. 

3) Die Verkniipfung von vegetativen und fertilen Teilen in den den 



w. ZIMMERMANN, PHYLOGENIE 589 

Blattern homotopen 1) Sporophyllen, wie sie z.B. fUr die Lycopsiden und 
viele Sphenopsiden charkteristisch ist. Diese Verkettung von Phylloiden 
und Sporangien lasst fUr beide Telome eine iibereinstimmende Geschichte 
erwarten. Das aber wiirde bei Annahme der Epigenie-Hypothese die ganz 
unbegriindeteAnnahme veranlassen, dass auch die Sporangien Emergenz
Charakter hatten. Dagegen ist die Ableitung eines derartigen SporophyHs 
aus den Ur-Sporangienstanden der Kormophyten sehr leicht (Fig. 18). 

4) Bei manchen Pflanzengruppen (v or aHem bei Angiospermen) ist un
verkennbar, dass reduzierte nadel- und schuppenfOrmige Blattbildungen 
auf dies em Wege der Flachenverkleinerung von einem makrophyllen Typ 
aus zustande gekommen sind. 

Ich kenne dagegen kein einziges p h Y log e net i s c h e s Argument zugun· 
sten der Epigenie.Hypothese. Andeutungsweise wurde von ihren Anhangern schon 
angefiihrt, dass auch in der Ontogenie die mikrophyllen Blatter (wie alle Seiten
organe!) epigenetisch, als "enations", d.h. als Ausstiilpungen an einem einheitli
chen Vegetationspunkt entstehen. Wollte man mit diesem Argument ernst machen, 
so miisste man annehmen, dass alle Blatter (auch die makrophyllen) sowie die Sei
tenzweige in der Phylogenie epigenetisch entstanden seien. Gerade dieser Vergleich 
zeigt aber deutlich, dass die epigenetische Neubildung der Blatter am Vegetations
punkt eine kaenogenetische Abweichung vom "Biogenetischen Grundgesetz" ist. 
We iter wird darauf hingewiesen, dass mikrophylle Vertreter, wie Baragwanathia 
und Asteroxylon schon sehr friih auftreten, schon unter den altesten Landpflanzen 
im Silur und Altdevon. Dieses Faktum stimmt an sich zweifellos. Aber ein so friihes 
Auftreten erschwert natiirlich iede Erklarung der Mikrophyllie. Denn wir miissen 
die Entstehung derartiger mikrophyller Sprosse in eine fossil nicht belegte Vergan
genheit zuriickverlegen. In ahnlicher Weise ist auch die Tatsache, dass mikrophyll 
beblatterte ausgebildete Sprosse von Asteroxylon, Psilotum und Verwandten in un
beblatterte Achsen, wie Kriechtriebe und Sporangientrager iibergehen, mit j e
de r Hypothese zu vereinigen .. Ja die Art und Weise dieses Ubergangs spricht 
sogar zugunsten der Syngenie-Hypothese. Der Stelarbau ist genau derjenige, den 
man entsprechend der Syngenie-Hypothese im Bereich einer ausklingenden Uber
gipfelung erwarten dart. D.h. wir finden in dieser Ubergangsregion Aktinostelen 
mit Verminderung der Zahl der Arme bzw. zuletzt eine Protostele. (ZIMMERMANN 
unpub!.) 

Jedenfalls scheinen mir diese zugunsten der Epigenie-Hypothese heranzuzie
henden Argumente viel schwacher als die zugunsten der Syngenie - bzw. Reduk
tionshypothese sprechenden, namlich 

1) Das Vorherrschen der makrophyll beblatterten Formen in den spater mikro-
phyll beblatterten Gruppen, 

2) Die Aktinostele alter mikrophyller Typen wie Asteroxylon, 
3) Der Platz von Sporangien an Stellen wo Mikroblatter stehen, 
4) Die gleichartige Umbildung in sicher erkannten Gruppen. 

1) Da sich bei einer phylogenetischen Betrachtungsweise die herrschenden 
Homologiebegriffe infolge selbstandiger Abwandlungen der Elementarprozesse 
sowohl der Organstellung wie der Organgestaltung nicht mehr verwenden lassen, 
(vg!. ZIMMERMANN 1935), so zerlege ich den Homologiebegriff in seine beiden 
Grundkom ponenten: 

Hom 0 top i e fiir nicht abgewandelte Stellung der Organe (Lagebeziehung) 
aber etwa abgewandelte Gestalt, und 

Hom 0 m 0 r phi e fiir nicht abgewandelte Gestalt, aber etwa abgewandelte 

Zytologie, Stellung u. dgl. 
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Wenn KRAUSEL noch neuerdings (1936, S. 326), ohne neue Argumente versichert, 
dass die von ihm verfochtene Epigenie-Hypothese "nicht erschiittert" sei, so glaube 
ich, dass ihre Position nie sehr fest war. 

Der S p hen 0 s pro s s unterscheidet sich in seiner ausseren Morpho
logie im wesentlichen durch die wirtelige Stellung der Phylloide. Die pri
mare Bildung des Mikroblattes auf dem Wege der Reduktion (bzw. Synge
nie) scheint mir hier noch deutlicher als beim Lycospross. HOEG (1931) hat 
eine entsprechende Ansicht vertreten, und KRAUSEL (! 936) lehnt sie nicht 
v611ig abo Die sekundare Umbildung zur Wirtelstellung diirfte dann auf 
dem Wege der Aggregation, d.h. durch Internodienverkiirzung von einem 
wechselstandig beblatterten Spross aus vor sich gegangen sein. Bezeichnen
derweise sind z.B. die altesten Vertreter, die Hyeniales z.T. noch teilweise 
wechselstandig beblattert. Auch der 3-g1iedrige Wirtel von Sphenophyllum 
ist offensichtlich durch eine solche rhythmische Aggregation entstanden. 
Ausgehend von solchen Wirtelsprossen mit niederer Wirtelzahl m6gen 
dann durch syngenetischen Einschluss von Blattern bzw. Blattbasen Wirtel 
mit h6herer Wirtelzahl entstanden sein, wie das P. BERTRAND (1924) fUr 
die Sphenophyllumarten mit 6 strahliger Stele nachgewiesen hat, und wie 
das auch fUr Calamiten wahrscheinlich ist. 

In altertiimlichen Calamiten-Stammen (Asterocalamites aus dem U. Kar
bon) laufen die Leitbiindel noch von Internodium iu Internodium durch. 
Damit liegen noch die Abgangsstellen der (gegabelten) Blatter iibereinan
def. Bei den spateren typischen Calamiten sind die Knoten komplizierter 
gestaltet; die Leitbiindel anastomosieren hier, so dass sie in zwei aufeinan
derfolgenden Internodien alternieren. Die Achsen der Sphenopsidenbliiten 
zeigen nach Untersuchungen von EAMES, BROWNE, BARRATT und SANTSCHI 
einen ahnlichen Aufbau. Allerdings ist die anatomische Struktur noch weit
gehend primitiv. Wie bei Asterocalamites laufen selbst bei heutigen Equi
seten die Leitbiindel (bzw_ ihr Protoxylem) noch durch, alternieren bzw_ 
anastomosieren also nicht. Die einzelnen zu den "Sporophyllen" fUhrenden 
Leitbiindel sind Protostelen mit mesarch gelegenem Protoxylem, also 
wie die Blattspurstrange bei Asteroxylon u.a. 

Interessant ist die Weiterbildung des Sphenosprosses innerhalb der 
Gattung Equisetum, z.B. die Arbeitsteilung in fertile und sterile Sprosse 
(E. arvense u.a.). Einzelheiten hat SCHAFFNER zusammengestellt. 

Die Zahl der nicht leicht unterzubringenden Spross-Typen ist iibrigens nament
lich in alterer Zeit grosser, als das die Einteilung in Lycosprosse und Sphenosprosse 
vermuten liesse. So sind aus dem Oberdevon, bzw. Unterkarbon Pflanzen mit dicht 
gedrangten Wirteln von alternierenden Mikroblattern bekannt (Zimmermannia 
eleutherophylloides GOTH. u. F.Z., bzw. Eleutherophyllum mirabile STUR). Auch muss 
wegen anderer Einzelfragen, z.B. i.iber solche Sondertypen oder wegen der spezifi
schen Ausgestaltung der Lepidophyten auf die Darstellungen bei der Anatomie 
bzw. Morphologie u. Systematik oder auf die angegebene Spezialliteratur verwiesen 
werden. Nur sei eine Selbstverstandlichkeit unterstrichen. Vielleicht sind mikro
phylle Sprosse auf verschiedenen Wegen entstanden; und wenn auch m.E. die best
bekannten mikrophyllen Sprosse wie die typischen Lycopsiden und Sphenopsiden 
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sowie Asteroxylon entsprechend der Syngenie-Hypothese entstanden sind, so mag 
doch fur manche ahnliche Bildungen wie die offen bar vielfach Drusencharakter be
sitzenden "Dornen" altdevonischer Psilo
phytonarten (vgl. z.B. LANG 1931) u.a. die _ 
Epigenie-Hypothese zutreffen. 

P. IJ.If 

I'" 
<II. ""'-

S P hen o-B 1 a t t. Relativ man
nigfaltig ist die Umbildungsweise der 
Phylloide zu Blattern bei den Articu
laten ("Spheno" -Blatter). Bier tre
ten als Elementarprozesse fast aus
schliesslich die Syngenie und die 
Reduktion auf. Fur die Syngenie ist 
die Unwandlung der Sphenophyllum
Blatter ein auch statistisch sic her zu 
verfolgendes Beispiel (Fig. 13). Die 
altesten Blatter, wie das oberdevoni
sche Sphenophyllum subtenerrimum 
NATH., hatten noch freie Phylloide, 
wahrend spater die Phylloide zu 
einem meist gezahnten Flachenblatt 
verwachsen sind, wie bei Sphenophyl
lum Thonii MARR. aus dem Rotliegen
den. 

1\ 
\ 

.......... 

, 
FIG. 13. Das S p hen 0 p h Y II u m
B I a t t als Beispiel der Syngenie. -
Die Kurve zeigt die Abnahme der 
Artenzahlen mit freien Phylloiden wie 
beiSphenophyllum subtenerrimumNATH. 
(oben) aus dem Ob. Devon und ent
sprechende Zunahmeder Artenzahl mit 
verwachsenen Phylloiden wie bei Sphe
nophyllum Thonii MARR. (unten) aus 
dem Rotliegenden. 

Abszisse: Geologische Zeiten Yom 
Ob. Devon bis zur J etztzeit. 

Ordinate: Prozentsatz der bekannten 
Arten mit freien Phylloiden. 
Aus ZIMMERMANN 1930a, S. (41) Abb. 3. 

Verwachsungen und Reduktion der einzelnen Phylloide kennzeichnen 
fernerhin die Blattbildung innerhalb der Equisetales. Bei Asterophyllites 
sind die Phylloide ganz frei, bei Annularia h6chstens an der Basis ein wenig 
verwachsen. Eine Becherbildung aus den Blattbasen setzt dann bei der in 
der Gondwanaflora charakteristischen Gattung PhyUotheca ein. Sie ist bei 
heutigen Equiseten bekanntlich durch die fast vollstandig zu einer Scheide 
verwachsenen und gleichzeitig stark reduzierten Phylloide vollendet. Schi
zoneura reprasentiert insofern eine sehr charakteristische Sonderbildung, 
als hier die Phylloide in zwei Gruppen als "gegenstandige" Blatter voll
stan dig verwachsen sind. 

c) Achsenanatomie 

Wir besprechen vor allem die Stele, genauer den Holzkorper, der sich in charak
teristischer Weise Hand in Hand mit der ausseren Umbildung gewandelt hat. Auch 
die anderen Gewebeformen wurden an sich eine ahnliche Besprechung verdienen. 
Doch ist ihre Wand lung schon wegen der meist schlechteren fossilen Erhaltung we
niger gut bekannt. Auf einzelne Fragen gehen wir im Abschnitt d) ein. 

U m b i 1 dun g d e r P rim a r g ewe b e. So wie die Gabeltriebe 
(Telome) der Ur-Pteridophyten (Rhyniaceen) die Ausgangsform der ausse
ren Gestalt sind, so ist ullch die zugeh6rige Achsenstruktur, die Protostele 
der Rhyniaceen der Ausgangspunkt fUr die Umbildung der Stele 1). "Pro-

1) Vgl. dazu JEFFREY 1897, TANSLEY (1908), ZIMMERMANN 1930 S. 72 ff. und 

BOWER 1935, S. 565. 
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Alolrfoslcle 

Akltnosle/e d . 
Urf'orne 

Prolosle/e 

FIG. 14. Phylogenie der Stele. - Aus ZIMMERMA~N 1930, S. 75. 
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FIG. 15. Ableitung der verschiedenen Holztypen in Zusammenhang mit 
oer Blattstellung. - Unten die primitiven Formen, oben die abgeleiteten. 
Links fur die Dreier-Reihe (z.B. Articulaten). - Mitte fur die Vierer
Reihe (untere Haifte z.B. Coenopteridales, obere Haifte Weiterbildung 
z.B. Articulaten . - Rechts fur Funfer-Reihe. (viele Pteropsiden, z.B . 
Osmundales) . Vom Hoi z ist nur das Metaxylem (schwarz) und das 
Protoxylem (weisser Punkt) wiedergegeben. Die B I a t t e r sind im 
allgemeinen als primitive Gabelblatter dargestellt. Oben auch die 

Ubergange zum Nadel- und Fiederblatt. 
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tostele" nennt man eine einfache zentral gelegene Tracheiden-Saule, um
geben von einem Mantel wenig differenzierter, langsgestreckter Zellen, die 
als prospektives Phloem bezeichnet werden kann. 

Die U m b i I dun g z u m S tam m setzt 2 anatomische Ziele bzw. 
Konstruktionsaufgaben: 

Vermehrung der wasserleitenden und der festigenden Elemente (letztere 
namentlich in der Peripherie: Biegungsfestigkeit!). 

Vermehrung des Speichergewebes fiir Assimilate, das als Neubildung, 
also ausser der bei den Rhyniaceen schon vorhandenen Rinde, nun auchim 
Stammzentrum, innerhalb der Stele auftritt. 

Diese Ziele werden durch Umbildung der Stele nach zwei verschiedenen 
Konstruktionsprinzipien, auf zwei verschiedenen Wegen erreicht (Fig. 14 
u. 15). Der eine Weg fiihrt iiber die Aktinostele zur Auf10sung der einheit
lichen Stele in eine Plektostele (und Polystele), der andere unter Markbil
dung (zusamt Markstrahlbildung) iiber die Siphonostele zur Eustele (und 
Polystele ?). 1m iibrigen wirkt sich die Umbildung der Stele zu zergliederten 
Formen des Holzteiles vor allem bei grossen Pteridophyten mit dicken 
Achsen aus, worauf BOWER (z.B. 1930) hingewiesen hat. 

Die A k tin 0 s tel e n-U m b i I dun g trifft man bis zu einem ge
wissen Grade bei fast allen Pteridophytengruppen, wenn sie auch fiir mi
krophylle Sprosse besonders charakteristisch ist. Denn die Aktinostele 
(Fig. 14 unten) ist eigentlich die notwendige Folge der Syngenie, welche, 
wie wir sahen, mikrophylle Sprosse entstehen liess. D.h. infolge der Synge
nie verschmelzen die durch Verzweigung verketteten Stelen, bzw. es lagern 
sich die Stelen von Seitenorganen der Hauptste1e gewissermassen als Ver
starkungsleisten an (vgl. Fig. 7 D, sowie z.B. auch ZIMMERMANN 1930, Abb. 
28 und 1930a). Damit wird natiirlich der Stelenquerschnitt zu einem mehr
armigen Stern, 3-, 4-, 5- usw. -armig (vgl. Fig. 15) je nach der Zahl der un
tereinander oder mit der Hauptachse verwachsenden Blatter bzw. Phyl
loidgru ppen. 

Man kann diesen Vorgang auch anders ausdriicken: die Abzweigungen 
der Stelen, die zunachst nur wenig tiefer lagen, als die Abzweigungen der 
betr. Organe, werden in den betr. Hauptachsen basalwarts verlagert, ja 
gewissermassen in die sich oft zu Seitenstelen vol1ig auflosende Haupt
stele hinein 1). 

Die phylogenetischen Zusammenhange zwischen den Stelen-Typen : 
Protostele-Aktinostele-Plektostele werden besonders deutlich, wenn wir 
das Protoxylem (die ontogenetisch zuerst angelegten Holzpartien) verfol-

') Diese Auffassung vereinigt sowohl Vorstellungen der POTONIEschen "Peri

kaulomtheorie" sowie Anschauungen von CAMPBELL, SCHOUTE u.a. tiber die Fort
pflanzung eines Reizes von den Blattern nach dem Stamm. Eine einwandfreie 
Diskussion dieser sehr komplizierten Fragen ware auch hier nur auf der Basis des 
hologenetischen Zusammenhanges moglich. 
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gen. Jeder Stelenarm (bzw. genauer die dazugehorige Seitenrippe) Hiuft 
naturlich nach aben als Leitbundel zu einem Blatt bzw. Phylloid aus. Bei 
primitiven Pteridophyten wie Asteroxylon bewahren so1che "Blattspur
strange" wie auch die zugehorigen Arme der Aktinostele noch ganz den fUr 
ein primitives Phylloid charakteristischen Protostelenbau, z.B. durch gabe
lige Verkettung und durch die zentrale Lagerung des Protoxylems. (Vgl. 
unten S. 596). 

Wenn die Zerkluftung des Holzkorpers durch diese mit der Seitenorgan
bildung zusammenhangenden Reize noch weiter geht, so dass der gesamte 
Holzkorper sich in einzelne Strange auflost, spricht man von einer Plekto
stele. Sie findet sich in schwacher Auspragungschon bei Stal£ropteris, deut
licher aber namentlich bei man chen Lycopodien. 

Die E u s tel e n - U m b i 1 dun gist typisch fUr die makrophyll be
blatterten Sprosse. Sie ist in einer geradezu klassischen Reihe bei den Os
ml£ndales zu verfolgen, wie KmsToN und GWYNNE-VAUGHAN sowie SAHNI 
herausgearbeitet haben. Die Eustele ergibt sich durch Umwandlung der 
zentralen Tracheiden einer Stele (z.B. einer Protostele usw.) in Mark, so
wie durch Umwandlung radialer Zellzuge zwischen Mark und Rinde (die 
"Markstrahlen") gleichfalls in parenchymatisches Gewebe. Sofern nur die 
Hauptachsenstele ein Mark zur Aufnahme der Assimilate aus den grossfla
chigen Wedeln erhalt, ergibt sich als Ubergangsglied zwischen Protostele und 
Eustele die typische, allerdings wohl seltene Siphonostele (Fig. 14). Wenn 
auch die Seitenstelen namentlich auf ihrer Oberseite Mark fUhren, wird 
der Holzzylinder durch die oberhalb der Seitenstelen abgehenden Mark
strahlen in die einzelnen Leit bundel der Eustele zerkluftet. 

Ais Ausgangstyp der Osmundales-Reihe mit noch ziemlich unveranderter Proto
stele in Hauptachse und Seitenorganen (Wedeln bzw. Blatturstrangen) ist neuer
dings von SAHNI (1932) Grammatopteris Baldaufi (BECK) HIRMER bestatigt worden. 
Thamnopteris, Zalesskya, sowie verschiedene Osmundites-Arten aus dem Perm und 
Mesozoikum zeigen dann nach den Untersuchungen von KIDSTON u. GWYNNE
VAUGHAN die genannten Stu fen der Siphonostele und der Eustele (Einzelheiten s. 
die zitierten Originalarbeiten, sow.ie POSTHUMUS 1924, HIRMER 1927, sowie ZIM
MERMANN 1930, S. 211 ft, und 1930a). 

Allerdings sind auch hier Komplikationen beobachtet, so entsteht innerhalb der 
Stele nicht nur Parenchym sondern manchmal (z.B. bei Osmunda cinr..amomea und 
vielen anderen Farnen) Siebteil und eine Endodermis. Ferner brauchen nicht immer 
aile Teile eines Stelenquerschnittes ontogenetisch gleichzeitig ausgebildet zu wer
den. Auf eine derartige starke Abwandlung der Stelen-Ontogenie hat beispielsweise 
CAMPBELL (1931) bei Ophioglossum moluccanum aufmerksam gemacht. Hier wird 
die Hauptmasse der Achsenstele (Siphonostele) erst verspatet, im Gefolge einer 
adventiv verzogerten Ausbildung des Sprossvegetationspunktes, herausdifferen
ziert. Infolge davon fiihrt hier zunachst nur ein einziges kollaterales Leitbiindel als 
Ausschnitt aus der kiinftigen Siphonostele einerseits in den Kotyledo und anderer
seits in die monarche Stele der Primarwurzel hinein. 

Ais eine andere Modifikation dieser Markbildung kann man den "gemischten" 
Holzkorper bezeichnen, wie er z.B. beim rezenten Farn Platyzoma (BOWER 1923-
28) erreicht ist, und auch im "gemischten" Mark mancher Lepidodendron Arten 
angebahnt wird. Hier werden nicht samtliche zentral gelegenen Tracheiden ein
heitlich zu Markzellen, sondern mehr oder minder unregelmassig zerstreute Zel
len behalten den tracheidalen Charakter. 
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Sehr komplizierte Umbildungen sind ferner die Stelen der Psaronien, wie beson
ders RUDOLPH (1906) gezeigt hat (vgl. oben S. 482) und viele andere Farnstamme, 
worauf hier nicht naher eingegangen zu werden braucht, da es sich im Prinzip urn 
die zuvor geschilderten Prozesse handelt. (Vgl. z.B. ZIMMERMANN, 1930, S. 205££). 

In den alteren "vergleichenden", z.T. als phylogenetisch bezeichneten Stelarbe
trachtungen finden sich, ausgehend von den nicht-phylogenetisehen Anschauungen 
VAN TIEGHEMS und STRASBURGERS, aueh sehr detaillierte Ansiehten iiber die Art 
und Weise so1cher "Umbildungen". Es wird hier diskutiert, ob die Zerkliiftung und 
Verwachsung der Stelen, die "schizostelische" oder "gamostelische" Struktnr wirk
lieh auf "Spaltung" bzw. "Verwachsung", auf Einwandern ("intrusion", "sinking 
in") oder auf einer "Umwandlung" ("degradation", "transformation") o. dgl. von 
Gewebeteilen beruhe. So1che Diskussionen sind m.E. nur moglich bei einer noch un
geklarten genetisehen Grund'ansehauung, die iibersieht, dass bei den phylogeneti
schen Umbildungen iiberhaupt nieht die Gewebepartien "wand ern" oder sich 
"wandeln", sondern dass die entspreehenden Erbfaktoren sieh verandern. 

Die Meinungsdifferenzen in diesen Sonderfragen haben es aber verschuldet, dass 
die langst, vor allem von JEFFREY in den Grundziigen klar dargestellte phylogene
tische Stelartheorie noch nieht die ihrer Beweislast zukommende Anarkennung 
gefunden hat. 

Kom bi n a ti on d er ana to misc hen El emen t arpr oz esse. 
Bei etwas hoher differenzierten Pteridophyten kombinieren sich sehr oft 
diese Umbildungsvorgange, insbesondere die Aktinostelen- und die Euste
len-Umbildung. Es empfiehlt sich hier, einige Beispiele herauszugreifen. 

So kann man bei den b a u m for mig e n L y cop sid e n, den 
Lepidodendren und Sigillarien verfolgen, wie innerhalb einer meist deut
lichen Aktinostele Mark, ja bei letzteren sogar Markstrahlen auftreten. 
(Ubrigens hat auch die Stele der altesten Osmundales und anderer Pterido
phyten einen gewissen Aktinostelen-Charakter, wenn auch die "Arme" 
wegen einer relativ schwachen Syngenie nicht sehr ausgepragt sind). Man 
kann daher die Stelarentwicklung der Lycopsiden als Beispiel der Umbil
dung sowohl zu Eustelen, wie zu Aktinostelen bezeichnen. 

Die Weiterbildung der Stele, namentlich die Kombination einer Aktino
stelen- und Eustelen-Umbildung hat eine Reduktion des Metaxylems zur 
Folge. Bis auf wenige Ausnahmen (vgl. SINNOTT 1909) ist bei den spateren 
Lycopsiden-Stelen das "zentrifugale" (in den Stelenarmen vor dem Proto
xylem gelegene) Metaxylem verschwunden. Das Protoxylem dieser Aktino
stelenarme liegt so nicht mehr "mesarch" sondern "exarch". Dagegen ist 
fUr die Lycopsiden (und fur aIle echten Wurzeln) typisch, dass "zentripe
tales" Metaxylem erhalten bleibt, selbst wenn hier Mark ausgebildet wird. 
Umgekehrt ist innerhalb der Pteropsidenstelen auch das zentripetale Meta
xylem meist reduziert und kann nur als Ausnahme (z.B. in den Blattstielen 
der Cycadeen und in vie len Pteridospermen-Stelen) festgestellt werden. Bei 
vollig fehlendem zentripetalem Metaxylem liegt das Protoxylem "endarch" 
wie in den typischen Dikotylensprossachsen. 

Art i cuI ate n. Ahnliche Kombinationen und Umbildungsvorgange 
charakterisieren wohl auch die Anatomie des S tam m e s der Art i c u
I ate n oder des "Spheno" -Stammes. Ich mochte ubereinstimmend mit 
der von JEFFREY, POTONIE 1897 S. 205 und GWYNNE-VAUGHAN herausge
arbeiteten Theorie annehmen, dass zunachst auch fUr den Sphenostamm 
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eine durch Ubergipfelung und schwache Syngenie zustandgekommene, 
wenigarmige Aktinostele ein Ausgangspunkt war. Sphenophyllum mag ein 
charakterisches Beispiel sein. P. BERTRAND (1924) hat mit Recht darauf 
hingewiesen, wie von dieser Form aus durch weitere Syngenie von Gabel
blatt ern die Zahl der Arme vermehrt werden konnte. Diese Vorgange ent
sprechen ungefahr der Figur 14, Hnke Reihe, untere Halfte. Weitere Um
bildungen, reprasentiert im Calamiten-Stamm, ergaben sich dann durch 
das Auftreten von Mark und Markstrahlen nach dem Eustelen-Typ, 
sowie durch die "Karinalhohlen" (anstelle des Protoxylems und anschlies
sender Metaxylem-Partien). Als Ersatz fUr das, praktisch genommen, nicht 
mehr ausgebildete Primarholz trat bei den fossilen Stammen das Sekundar
holz ein, wahrend die heutigen krautigen Equiseten tiberhaupt nur sehr 
wenige Tracheiden ausbilden. 

P rim 0 f iIi c e s. Besonders instruktiv fUr die Verkntipfung all der 
genannten Umbildungsprozesse sowohl in ihrer extern-morphologischen 
wie in ihrer anatomischen Auswirkung sind ferner die oberirdischen Or
gane der in die Ordnungen "Cladoxylales und Coenopteridales" bzw. als 
"Primofilices" vereinigten 1) altpalaeozoischen Pteropsiden. 

Phylogenetisch besehen heben sich hier 3 Formenkreise heraus: 
Der eine ist charakterisiert durch Cladoxylon scoparium KRAUSEL u. 

WEYLAND aus dem Mitteldevon. In vegetativer Hinsicht ist er ausge
zeichnet durch einen deutlichen Gegensatz von Sprossachse und Blattern, 
d.h. durch eine weitgehende Ubergipfelung und Verwachsung der zu kleinen 
Gabelblattern gewordenen Seitenorgane.Dementsprechend zeigt die Haupt
achsenstele, ahnlich wie bei Asteroxylon, eine aus regelmassig gabelig 
verketteten Armen bestehenden vielstrahligen Aktinostelen-Querschnitt. 

Ein zweiter Formenkreis umfasst die kulmischen, von P. BERTRAND 
neuerdings eingehender bearbeiteten Cladoxylon-Arten, soweit sie sich als 
Stamme mit reich gegliederten wedelahnlichen Seitenorganen (frtiher als 
Hierogramma, Syncardia und Clepsydropsis beschrieben) ausgewiesen ha
ben. Als Vorlaufer gehort hierher wohl Asteropsis noveboracensis DAWSON 
aus dem Oberdevon. Dieser Formenkreis erscheint einesteils insofern 
weniger umgewandelt, als der Gegensatz zwischen Hauptachsen und 
Seitenorganen weniger ausgepragt ist als im erst en Formenkreis. D.h. die 
genannten Formen bilden eine gleitende Reihe von der Hauptachse 
(Cladoxylon taeniatum, mira bile u.a.) zu den durch die unregelmassige 
Plektostele hauptachsenahnlichen Seitenorganen 1. Ordnung, (Hierogram
ma), weiter zu den gleichfalls noch radiar gebauten, aber nur mit 4strahli
gen Plektostelen versehenen Seitenorgane 2. Ordnung (Syncardia), die 
schliesslich in die 2 strahligen bzw. in den letzten Auszweigungen proto
stelischenClepsydropsis-Phylloide auslaufen. Die ganzePflanze machte also 
wohl durch die weitgehend radiaren Seitenorgane noch einen ziemlich 

') ZIMMERMANN 1930. Es diirfte sich empfehlen, diese Klasse durch eine Ordnung 

Protopteridales (vgl. Fig. 20) zu erweitern. 
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buschigen Eindruck. Entsprechend der reicheren Gliederung der Seitenor
gane hat sich in den Armen der Stelen jeweils eine Art Mark entwickelt. 

Ein dritter Formenkreis ist durch Stauropteris (S. 481) charakterisiert, 
Hier ist die Syngenie ganz erheblich schwacher auspragt. In Verbindung 
mit der dementsprechend geringeren Zahl der Stelen-Arme (nur vier) hat 
Stauropteris eine grosse Regelmassigkeit des Aufbaus erworben, ahnlich 
wie er sich bei den letzten Auszweigungen der Cladoxylen yom zweiten 
Formenkreis auftritt. D.h. bei Stauropteris (vgl. Fig. 17 A-C) sind in 
ganz regelmassiger Weise die beiden elementaren phylogenetischen Um
bildungsprozesse, die Ubergipfelung und die Verwachsung miteinander ge
koppelt. Einerseits zeigt der Stauropteris-Spross die typische Ubergipfe
lung, die zu seitlich gestellten Gabeltrieben fiihrt. Andrerseits sind aber 
an dies en Gabeltrieben die basalen Mesome jeweils bis zu ihrer erst en 
Gabelung mit der Hauptachse verwachsen, sodass an derselben Stelle 
der Hauptachse 2 Seitenaste entspringen (Fig. 17). Da die aufeinander
folge!1den Seitenaste alternieren, ergeben sich insgesamt 4 Reihen von 
Seitenasten. Die Stele ist iibereinstimmend mit dieser ausseren Umgestal
tung umgebildet zu einer vierstrahligen Aktinostele (ahnlich wie Fig. 14 
Mitte rechts). Denn infolge der Syngenie verschmelzen die zwei Stelen der 
Gabeltriebe jeweils so stark mit der Hauptachsenstele, dass sie entweder 
gar nicht mehr unterscheidbar sind, oder als paarige Fliigelleisten die 
Hauptachsenstele verstarken. 

Also die Seitenaste selbst sind im Prinzip wie die Hauptachse gebaut 
und verzweigt, bis auf die letzten Auszweigungen, die einfach gegabelte 
Phylloide yom Rhynia-Typ sind. So ist dieser ganze gleichzeitig Spross
achsen Charakter tragende "Wedel" wie ein Busch radiar gebaut. 

Aehnliche, zwischen den 3 Formenkreisen vermittelnde Bauplane cha
rakterisieren auch die iibrigen Primofilices. Manchmal sind hier auch mehr 

A B 

typisch entwickelteSpross
achsen bekannt, und um
gekehrt gewinnen die We
del mehr den typischen 
Blattcharakter, indem sich 
die Seitenorgane, vor al
lem h6herer Ordnung wie 
echte Farnwedel nur noch 

FIG. 16. Phylogenie des Sprossaufbaues bei Stauro- in einer einzigen Ebene 
pteris durch Ubergip£elung und gleichzeitige Aggre- ausbreiten. Die noch bei 
gation des Basal-Mesoms des gabeligen Seiten- Stauropteris wie bei den 
organs. - A. Gabeltnebe; B. Ubergangs£orm; U P 'd h d h 

C. Stauropteris. r- ten op yten re-
runden Phylloide werden 

flachenf6rmig verbreitert. Auch bilden sich ahnlich wie bei Cladoxylon 
in den Stelen charakteristisch gelagerte Markpartien aus. 
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All diese Primofilices zusammen lassen aber eine Ausgangsform ver
muten, die ahnlich wie Cladoxylon durch nicht ganz regelmassige (und 
schwacher als bei den bekannten Cladoxylon-Arten vollzogene) Syngenie 
und Uebergipfelung abgeleitet war. D.h. diese Zwischen form zwischen 
den typischen Psilophyten und den Primofilices hatte wohl auch eine Akti
nostele mit unregelmassig gabeligen Armen und ahnlich gebaute (aber na
turlich abnehmend schwacher differenzierte) Seitenorgane. Vielleicht ge
hort diese Ausgangsform in den anatomisch noch ungenugend bekannten 
mitteldevonischen Formenkreis von Protopteridium und Aphyllopteris, die 
man als Protopteridales (vgl. Fig. 20) zusammenfassen konnte. 

S e k u n dar e U m b i I dun g e n im Stamm. Die bisher geschilder
ten Umbildungsvorgange genugen aber nicht, urn einen kraftigen Stamm 
zu gestalten, wie er bei den im Palaeozoikum vielfach baumformigen Pteri
dophyten vorhanden war. Dieser Stamm musste entsprechend der all
mahlichen Grossenzunahme des Baumes sowohl zur vermehrten Wasser
zufuhr, wie aus mechanischen Grunden verstarkt werden. Heute wird 
mindestens bei den echten "Holzbaumen" der Coniferen und der Angio
spermen, die sekundare Verstarkung vor allem durch das Dickenwachstum 
des Holzes erzielt. Auch die palaeozoischen Pteridophyten-Baume haben 
zum Teil (z.E. Lepidodendren, Sigillarien, Sphenophyllen und Calamiten) 
ebenfalls die Fahigkeit zu sekundarem Dickenwachstum erworben, indem 
sich anstelle der peripheren Tracheiden des Primarholzes ein embryonal 
bleibendes Gewebe, das Kambium, ausbildete, das dann in der bekannten 
Weise in radialen Reihen Sekundarholz und sekundares Phloem bildet. 

Aber daneben treten doch auch ganz andere Konstruktionstypen auf; 
z.B. ging die hauptsachlichste Verdickung bei den Lepidodendren in der 
Rinde vor sich. Sie waren "Rindenbaume", da die eben falls durch ein 
Kambium sich verdickende Rinde mehr als 90% der Stamm-Masse aus
machte und auch die Rindenskulptur samt Ligula ein eigentumliches Auf
nahmesystem fUr Regenwasser ausbildete (vgl. ZIMMERMANN 1930 S. 134 f). 

Mit einer ganz anderen Form der Stammbildung hat uns SAHNI bei den 
Coenopteridales, z.E. bei Austroclepsis australis bekannt gemacht. Hier ver
flechten sich eine Anzahl dunner, wiederholt gegabelter Stammchen, Blatt
stiele und Wurzeln zu einem Scheinstamm. Und schliesslich sei, als ein bis 
heute erhaltener Typ, der Stamm der Baumfarne erwahnt, bei dem das 
dunne eigentliche Stammchen durch einen Mantel aus den Blattbasen und 
dazwischen abwarts strebenden Wurzeln verstarkt ist. 

Umgekehrt hat GOEBEL (1930) gezeigt, dass die Stele fast bis zum Ver
schwinden reduziert werden kann, z.E. in den vegetativen Organ en von 
Trichomanes Motleyi und Tr. minutissimum. 
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d) Sonstige Gewebe und Organe der Sprosse. 

S tom at a. Wir miissen uns auf einigeHinweise beschranken.Beim H au t
g ewe b e ist vor allem die Herausdifferenzierung der Spaltoffnungen be
merkenswert. Sie hat sich offen bar sehr friih, schon bei der Bildung der al
testen Landpflanzen vollzogen. AIle bekannten Pteridophyten (einschl. der 
anatomisch bekannten Psilophyten) besitzen schon wohl differenzierte 
Spaltoffnungen an ihren Sprossen. Leider fehlt noch fUr die Weiterent
wickelung der Spaltoffnungen innerhalb der Pteridophyten eine so glan
zende Darstellung, wie wir sie fUr die Gymnospermen FLORIN danken. So 
kann hier nur festgehalten werden, dass der Anordnung nach die Spaltoff
nungen der palaeozoischen Pteridophyten aIle dem "haplocheilen" Typ 
FLORINS angehoren. Die verschiedensten Gruppen (z.B. Equisetales am 
Stamm) haben die Sporangien in Reihen angeordnet, die Lepidophyten 
stellen sie in Rillen der Blatter usf. 

Die Schliesszellen selbst sind bei den Rhyniaceen noch wenig verandert, 
d.h. es sind etwas verlangerte parenchymatische ZeIlen, deren gegen die 
Spalte gelegener Kutikularrand das "Hornchen" bildet (Archetypus). Von 
dieser Grundform aus haben sich in den verschiedenen Pteridophyten
Gruppen sehr charakteristische Gestalten der Schliesszellen herausgebildet, 
z.E. die so auffalligen Formen der durch Leisten verstarkten Equisetum
Schliess-Zellen, oder der schon bei den Lepidophyten auftretende Lycopodi
um-Typ (vgl. z.B. PORSCH, KRAUS, RIEBNER und ZIMMERMANN 1926). 

Em erg en zen. Eine andere Umgestaltung der Oberflache sind die 
schon relativ friih (z.E. bei Coenopteridales) auftretenden Haare (Ausstiil
pungen von EpidermiszeIlen) sowie die viel spater namentlich bei jiingeren 
Farnen vorgefundenen Spreuschuppen und andere typische "Emergenzen". 
(V gl. z.B. BOWER 1934 S. 1093). 

In der R i n d e haben sich schon bei Asteroxylon beachtenswerte Inter
zellularensysteme (Trabekulargewebe) herausdifferenziert, die auch spater 
wiederholt in ahnlicher Weise uns entgegegentreten. Eine ganz besonders 
charakteristische Ausbildung der ausseren Rinde finden wir bei den Lepido
phyten, sowohl in ihren "Blattpolstern" wie in einer borkenahnlich sich 
differenzierenden ausseren Stammumkleidung. SEWARD (1932) hat auf die 
Herausbildung dieser Rindenorgane in der Reihe H aplostigma-Cyclostigma
typische Lepidophyten hingewiesen. 

Durch eine sehr eigenartige Differenzierung der verschiedenen Rinden
zellen in ihrer Ausgestaltung und namentlich in ihrem Streckungsvermogen 
kommt die z.E. fUr Lyginodendron charakteristische "Dictyoxylon" -Rinde 
zustande. 

S e k u n dar e U m b i 1 dun g. Auch als Ganzes besehen, sind die 
vegetativen Organe der Pteridophyten, nachdem sie sich in "typischer" 
Weise herausdifferenziert haben, noch weitgehend umgemodelt worden. 
Ich erinnere nur an die Umbildung von Blattern und Blatteilen zu Haken 
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bei Gigantopteris (HALLE 1929), an die Arbeitsteilung der Blatter z.E. beim 
Articulaten-Seitenzweige im Gefolge der Dorsiventralitat (HALLE 1928), 
an die "Heterophyllie" mancher Sphenophyllen und vieles ahnliche mehr. 
Gerade diese weitere Umbildung ("Metamorphose") der Organe, die schon 
yom "typischen" Spross ausgeht, ist ja das klassische Feld der Morphologie 
Die Resultate sind hier auch meist so eindeutig, dass auf diesem Gebiete 
wenig Meinungsdifferenzen bestehen. Die Schwierigkeiten liegen bei den 
fruheren Umwandlungen, wo eine phylogenetische Morphologie mit der 
an rezenten Organism en gebildeten "Typus" -Vorstellung wenig anfangen 
kann. 

e) Phylogenie der Wurzeln und iihnlicher Organe. 

Leider fehlt noch eine eingehendere Untersuchung, so dass wir uns hier 
auf einige Hinweise beschranken mussen. 

Ausgangsform sind, wie wir sahen, wohl sic her die mit Rhizoiden verse
henen gegabelten Kriechtriebe der Urpteridophyten. Es scheint, als ob zu
nachst keine vertikal abwarts steigenden Organe vorhanden gewesen sind. 
Daraus ergabe sich die - auch reizphysiologisch sehr interessante - Fol
gerung (ZIMMERMANN 1927, S. 230), dass phylogenetisch der positive Geo
tropismus sich aus dem Plagiogeotropismus entwickelt hat. 

Von diesen Kriechtrieben der Ur-Pteridophyten aus, haben sich ver
schiedene unterirdische Organe entwickelt, von den en wir hier drei Grup
pen besprechen wollen. 

Ais 1. Abwandlung konnen wir schon innerhalb der Rhyniaceen, z.B. bei 
Hornea, die Ausbildung einer knolligen Basis feststellen. Ahnliche Bildun
gen beobachten wir z.B. beim "Protokorm" heutiger Lycopsiden. 

Eine 2. Abwandlung zeigen die Lycopsiden z.E. in den "Stigmarien", 
den unterirdischen Organ en der baumformigen Lepidophyten samt "Ap
pendices". Wir wiesen schon oben (S. 575) darauf hin, dass sie ontogene
tisch wohl unmittelbar aus dem "Gegenpol" des Embryos entstanden sind. 
Ihre Anatomie veranlasst zur Annahme, dass sie sich phylogenetisch durch 
Ubergipfelung und Verwachsung der Seitenorgane ("Appendices") in prin
zipiell der gleichen Weise herausgebildet haben, wie die Lycosprosse. Auch 
die Stigmarien sind namlich mit einer deutlichen Aktinostele. versehen, 
wobei die Arme der Aktinostele unmittelbar in die monarch en Stelen der Ap
pendices auslaufen. Zumal die Appendices exogen an den Stigmarien ent
stehen, also die Stele (einschl. Sekundarholz) und das Rindengewebe sich 
unmittelbar aus den Stigmarien in die Appendices fortsetzen, ist das Bild 
der ungleich gewordenen Partner einer Gabelung noch unverkennbar. 
Innerhalb der Stigmarien-Gruppe hat sich dann meist in einer ahnlichen 
Reihe, wie wir sie oben fUr die Lepidophytenstamme schilderten, unter 
Ruckbildung des zentripetalen Primarholzes Mark ausgebildet (WEISS 
1932). 
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Aehnlich gebaut und auch noch relativ wenig abgewandelt gegeniiber 
den urspriinglichen gabeligm Kriechtrieben sind die Wurzeln von Isoetes, 
die oft schon - wie mir scheint mit Recht - mit den Stigmarien verglichen 
worden sind. Doch auch die Wurzeltrager der Selaginellen, die als 
Schwestertriebe eines Sprosses durch Gabelung hervorgehen, haben noch 
weitgehend den Charakter dieser alten Kriechtriebe erhalten. Das ist 
bei der urspriinglichen Gleichwertigkeit von Spross und Wurzel nicht 
iiberraschend. 

Der oft unternommene Versuch, diese Stigmarien und Appendices in die alter
nativen Begriffsschemata: Wurzel/Spross (bzw. Wurzelstock) einzugliedern (vgl. 
z.B. WEISS 1932, TROLL 1934, HIRMER 1934) ist von vornherein aussichtslos, wenn 
man mit einer so1chen Einordnung einen naturwissenschaftlichen, d.h. phylogene
tischen Sinn verbinden will. Denn diese im Karbon wohl ausgebildeten Stigmarien 
leiten sich bestimmt nicht von Organen her, we1che an Pflanzen mit einem "typisch' 
entwickelten Gegensatz von echten Wurzeln und Sprossen sassen. 

Auch waren die Stigmarien wohl kaum die Ahnenstadien e c h t e r 
W u r z e I n, die wir als 

3) Abwandlungsgruppe der Kriechtriebe auffiihren k6nnen. Diese Wur
zeIn haben sich aber in prinzipiell ahnlicher Weise vor all em bei den Pter
opsiden aus den Kriechtrieben heraus entwickelt. D.h. die Aktinostele ist 
m.E. auch hier als ein Zeichen von Ubergipfelung und Verwachsung von 
Seitenorganen aufzufassen, wobei die Seitenorgane (Seitenwurzeln) auch 
hier an die Arme der Hauptachsen-Stele mit ihren eigenen Stelen anschlies
sen. Abweichend von der Verkettung solcher Organe an den Urtrieben er
folgt die Auszweigung in Wurzeln "endogen". Doch handelt es sich hier 
zweifellos urn eine sekundare Umbildung, die auf einem z.B. von TROLL 

(1934) aufgezeigten Wege sich auch als phylogenetische Wandlung abge
spielt hat. 

Wahrend bei den Lepidophyt'en die Stigmarien, bei den Angiospermen 
meist die Hauptwurzeln vom Gegenpol ausgehen, sind bei den Pteri
dophyten im allgemeinen Sekundarwurzeln, die unterhalb der Blatter 
entspringen, ausgebildet. 

§ 7. Phylogenie des Sporophyten (Fortplanzungsorgane). 

A. S P 0 ran g i e n. 

Die Phylogenie der Sporangien ist als Abwandlung des Generationswechsels in 
ihren 3 Stu fen : Isosporie, Heterosporie und Samen bzw. Pollen schon behandelt 
(Oben S. 566 f). Die Phylogenie des Sporangienstieles ergibt sich aus der Umbildung 
der Sporangienstellung (unten unter B). So bleibt fUr diesen Abschnitt nur die 
Phylogenie der Sporangienwandung und einiger Spezialorgane (Columella, Ela
teren u. dgl.). 

Die altesten iiberlieferten Pteridophyten-Sporangien haben alle einen 
so einheitlichen, mit den Rhyniaceen weitgehend iibereinstimmenden Bau, 
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dass dieser zweifellos der Ausgangsform fUr die Pteridophyten-Phylogenie 
(vgl. oben S. 566) nahestand. Diese "Ur-Sporangien" der Pteridophyten 
(Fig. 5) sind typische Telome; d.h. die Enden der Triebe laufen im fertilen 
Zustand in einen etwas keulig angeschwollenen BehaJter fUr die Sporen 
aus. Die ausseren (ca 3-6) Zellagen des Sporangiums bilden die Wan dung. 
Das innere Gewebe zerfallt in die Sporen bzw. zunachst in die Sporen
mutter~ellen. Die "Ur-Sporangien" sind also wegen der mehrschichtigen 
Wandung "eusporangiat". Die einzelnen Wandschichten waren wohl bei 
den alleraltesten Typen nicht besonders differenziert. Nur die Epidermis 
schloss wohl wie immer bei den Kormophyten etwas fester zusammen als 
die anderen Zellagen; ihre Zellwande mogen auch vielfach etwas kraftiger 
gewesen sein als die inneren Rindenlagen. Doch fehlte eine ausgesprochene 
Annulus-artige Bildung. 

Eine D iff ere n z i e run g des S p 0 ran g i e n i n h a I t e s setzte 
schon relativ fruhzeitig ein. So wird bei den devonischen Psilophyten
Sporangien von Sporogonites exuberans 1) und Hornea Lignieri nicht mehr 
der ganze Sporangien-Inhalt in Sporenmasse verwandelt, sondern die 
Stele des tragenden Stieles setzt sich hier in einem offensichtlich der 
Sporenernahrung dienenden Zentralstrang, in einer Columella fort (Fig. 5). 
Eine solche Bildung fehlt bei heutigen Pteridophyten-Sporangien, findet 
sich aber bei Moosen (die Hornea-Form insbesondere bei Sphagnum). 

Ich glaube aber nicht, dass man aus dieser gemeinsamen Columella schliessen 
diirfte, dass Hornea mit den Moosen enger als mit den iibrigen Psilophyten verwandt 
sei. Dnd der Gedanke einer "sippenphylogenetischen 2) Zwischenform" zwischen 
gleichaltrigen Gattungen ist ja von vornherein unphylogenetisch. Er entstammt 
dem nicht-phylogenetisch eingestellten, rein systematischen Vorstellungskreis, der 
die gleichzeitig lebenden Organismen in eine line are Stufenfolge einordnet. Viel
mehr betrachte ich diese Columella als eine durch den gemeinsamen Grundaufbau 
der Archegoniaten-Sporophyten (Gewebegliederung der Telome) nahe gelegte Pa
rallelbildung. Eine schwach ausgebildete Columella besassen iibrigens auch die 
Sporangien von Lepidostrobus. 

Eine andersartige Arbeitsteilung des Sporangieninhaltes finden wir be~ 
den Elateren von Equisetum. Sie sind offensichtlich eine sehr junge Erwer
bung. Mindestens in den wohl erhaltenen Calamiten-Sporangien fehlen sie. 
Wie we it sie in spateren Artikulaten-Sporangien etwa nur wegen mangel
hafter Fossilisation nicht mehr erkennbar sind (vgl. HALLE 1908 und HAR
RIS 1931 uber Equisetites), ist im Einzelfall schwer zu entscheiden. 

Auch die Sporangienwandung hat sich differenziert und zwar in 2 
Haupt-Typen: 

E u s P 0 ran g i ate r T y p. Er ist im Grunde schon bei Rhynia aus 
dem Mitteldevon angedeutet. Der Unterschied gegenuber dem fur aIle 

1) HALLE, 1936 rechnet mit der Moglichkeit, dass die Columella bei Sporogonites 

durch ungleiche Fossilisation vorgetauscht wird. 
2) In bezug auf einzelne Merkmale und Organe (also "merkmalsphyletisch") 

kann selbstverstandlich ein Organismus auch zwischen gleichaltrigen Organismen

gruppen vermitteln. 
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bekannten Sporangien anzunehmenden Ur-Typ besteht im wesentlichen in 
einer starkeren Differenzierung dEf Wandungs-Zellagen, die auch bei der 
Reife aIle noch vorhanden sind. Ontogenetisch ist dieser Typ weiterhin 
dadurch charakterisiert, dass im Augenblick der Emporwolbung aus dem 
tragenden Organ eine grossere Anzahl von Zellen beteiligt ist. Das ent
spricht noch durchaus dem primitiven Telomcharakter, aber auch der 
Bildungsweise von kormophytischen Seitenorganen (Blattern, Seiten
sprossen usw.). 

Als weitere Differenzierung finden wir bei solchen eusporangiaten Spo
rangien meist eine Verstarkung der Wandung (mit Ausnahme der Aussen
wand der Epidermiszellen). Bei Rhynia sind noch aIle Epidermis-Zellwande 
einigermassen gleichmassig verstarkt, wahrend bei Asteroxylon und bei 
manchen Coenopteridales, wie Stauropteris der Scheitel von dieser Ver
dickung ausgenommen ist, so dass wir hier deutlich eine (bei Zosterophyl
lum myretonianum nach LANG spaltformig verbreiterte) Oeffnungsstelle 
praformiert finden. Die verdickten Zellen beginnen dam it deutlich als 
"Annulus" lokalisiert zu werden. Entsprechend der ursprunglich allgemein 
verdickten Epidermis sind jedoch die "Annulus" Zellen bei den altertum
lichen Formen meist in einer grosseren Zahl vorhanden als spater. Sie 
konnen recht verschieden gelagert sein, wodurch dann auch die Oeffnung 
z.B. von einem apikalen Porus zu einem in der Regel yom Apex ausstrah
lenden Langsriss umgewandelt sein kann. Fur die Einzelheiten dieser End
stadien der phylogenetische Sporangienumbildung kann auf den speziellen 
Teil verwiesen werden. 

Eine andere Spezifizierung der Epidermiszellen besteht darin, dass nicht 
mehr die gesamte Zellwandflache verstarkt wurde, sondern nur ein radial 
gestelltes Rippensystem. Diese - offensichtlich fur den Kohasionsmecha
nismus der Sporangienoffnung besonders wirkungsvolle - Umbildung der 
Epidermis als "Faserschicht" ist sehr ausgepragt bei den Calamiten-Spo
rangien. Bei Pteridophyten-Sporangien finden sich solche verdickte Zellen 
nur als "Exothecien", in der Epidermis. "Endothecien" wie bei Angio
spermen, Ginkgo und Pseudo larix (vgl. ZIMMERMANN 1930, S. 235) fehlen. 

Die innerste, unmittelbar an die Sporenmutterzellen (an das "sporogene 
Gewebe") grenzende Zellschicht wird zu einem besonderen Ernahrungs
bzw. Drusengewebe, dem "Tapetum", das bei Rhynia ubrigens besonders 
resistent war. 

L e p t 0 s P 0 ran g i ate r T y p. Er ist eine jungere Umbildung der 
Sporangien, die sich vor allem bei den nach ihm benannten Farnen findet. 
Er stellt sich im Gefolge einer Bergung der Sporangien ein. Sein Wesenszug 
ist das Schwacherwerden der Sporangienwandung, mindestens im Reife
zustand. Hand in Hand damit geht eine besonders spezialisierte Ausbil
dung des Annulus, sowie eine Verlagerung der Offnungsstelle meist zu ei
nem Querriss. Dementsprechend lassen sich unter den heutigen leptospo
rangiaten Farnen 2 Gruppen nach GOEBEL unterscheiden: 
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1) Sporangiis longicidis (Die Sporangien offnen sich mIt einem Lings
spalt): Osmundaceae, Schizaeaceae, Gleicheniaceae. 

2) Sporangiis brevicidis (Die Sporangien offnen sich mit einem schief 
oder transversal zur Lingachse gestellten Querspalt) : C yatheaceae, H ymeno
phyllaceae, Polypodiaceae. 

Die Wege, auf den en diese Umbildungen vor sich gegangen sind, insbe
sondere die Frage einer etwaigen Achsenverschiebung, sind hier leider 
noch sehr wenig untersucht, so dass ich mich auf einen Hinweis der spe
zieHen Endstadien beschranken muss. (Vgl. auch GOEBEL 1930). 

Deutlich ist dagegen eine Abwandlungslinie der Entstehungs- und 
Reifezeit der Sporangien eines Sorus, wie sie BOWER dargelegt hat. Bei den 
eusporangiaten Farnen und auch bei altertiimlichen Leptosporangiaten 
entstehen und rei fen die Sporangien ungefahr zur gleichen Zeit ("Simul
taneous Sorus" bei Schizaeaceae, Gleicheniaceae und Matoniaceae). Die 
Mehrzahl der heutigen leptosporangiaten Farnen besitzt jedoch den "Mixed 
Sorus". Die Sporangien entstehen und rei fen zu sehr verschiedenen Zeit en 
und ohne eine durch ihre Stellung festgelegte Reihenfolge. Der "Gradate 
Sorus" (z.B. bei den Dicksoniaceae und Loxsomaceae) mit strengerer Ge
setimassigkeit der Entstehungszeit vermittelt wohl zwischen den beiden 
Gruppen. Der phylogenetische Fortschritt der ungleichen Reifungszeit 
der Sporangien liegt offensichtlich in der langeren Dauer einer Sporen
produktion. 

B. Sporangienstellung. (Fig. 18). 

Die Sporangien konnen entweder einzeln fUr sich stehen oder vereinigt 
sein zu Sporangienstanden, die (je nach ihrer Grosse und nach ihrem Aus
bildungsgrad) Synangien, Sori, SporophyHe, Eliiten u.dgl. genannt werden. 
Die phylogenetische Umbildung der Sporangienstellung verlief nach den
selben Grundprinzipien wie die der vegetativen Organe. Das ist schon des
halb nicht iiberraschend, weil bei den altesten Pteridophyten die einzelnen 
Sporangien ganz offensichtlich den vegetativen Trieben, den Phylloiden 
"homotop" sind. Daher bereitet es auch keine Schwierigkeit, diese alter
tiimlichen Sporangien und Phylloide im gemeinsamen Begriff "Telom" 
zusammenzufassen. 

Ausgangsform fUr die Sporangienstande ist wiederum die thallophytische 
Organisationsform gabelig verketteter Telome bei den Ur-Pteridophyten 
(ahnlich den Rhyniaceen, vgl. Fig. 3). Solche gabelige Sporangienstande 
finden sich iibrigens noch heute bei den Samenstanden von Ginkgo und bei 
den Mikrosporophyllen ven Ricinus. 

GOEBEL und HIRMER vertreten allgemein das "pelt ate Sporophyll" als Ausgangs
form ftir die kormophytischen Sporangienstande. Das typische "peltate Sporophyll' 
so wie es auch in allen Zeichnungen festgehalten ist, ist durch die Anatropie der 
Sporangienstiele (vgl. Fig. 18) ausgezeichnet. Nach einer Diskussionsbemerkung 
HIRMERS auf dem Amsterdamer Botanikerkongress 1935 ist jedoch ftir das HIR-
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Pteropsida. 

FIG. 17. Phylogenie der wichtigsten Sporophylltypen. 
A-M = Gesamtansichten; N-Q = Querschnitte. 
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MERsche "peltate Sporophyll" diese Anatropie und die damit im Zusammenhang 
stehende plattenformige Verbreiterung der Sporangientrager nicht wesentlich. Die 
restlichen Merkmale eines solchen "peltaten Sporangiums", insbesondere die 
radiare Anordnung der Sporangien stimmen mit meiner Urform der Sporangien
stande (ZIMMERMANN 1930 und 1934) tiberein. Ich freue mich tiber diese sachliche 
Ubereinstimmung mit HIRMER, halte aber die Bezeichnung "peltates Sporophyll" 
fUr eine Ausgangsform ohne Anatropie der Sporangien fUr unzweckmassig. Denn 
mit dem Begriff "peltates Sporophyll" war bisher die Vorstellung der Anatropie all
gemein verbunden. Daher bleibe ich bei meiner 1930 gewahlten Ausdrucksweise: 
"gabeliger Telomstand" bzw. gabeliger Sporangienstand. 

Die U mbildung zu den Sporophyllen und anderen abgeleiteten Sporangien
standen vollzog sich in prinzipiell der glei<;:hen Weise wie die Umbildung 
der vegetativen Sprosse bzw. Blatter. Daraus ergibt sich die schon oft be
tonte "Homologie" von vegetativen und fertilen Kormophytenorganen, 
etwa der Laubblatter und Sporophylle, der vegetativen Sprosse und Bluten 
u.dgl. Wir finden also wiederum bei der Umwandlung fertiler Pteridophy
tenorgane folgende "Elementarprozesse": 

I) die Aggregation (typisch z.B. im "Sorus"), 
2) die Ubergipfelung (fiederiges Sporophyll), 
3) die Verwachsung (Syngenie) entweder der Sporangien selbst zu Sy

nangien oder der tragenden Mesome zu Blattflachen, Plazenten, schild
formigen Bildungen usw. 

4) Die Reduktion. 
Dazu kommen noch spezifisch fertile Umbildungsvorgange, die auf eine 

Bergung der Fortpflanzungsorgane hinauslaufen: 
5) Die Anatropie der Sporangien: 
6) "Verschiebungen" der Sporangien, z.B. auf die Blattunterseite, durch 

starkeres Wachstum des deckenden Organs. (Vgl. z.B. Fig. 18 N-Q). 
Angedeutet sind solche Umbildungen schon bei den Psilophyten, ohne 

dass sich allerdings hier charakteristische Sporophylle u. dgl. herausdiffe
renziert hatten. So sind bei Hornea gelegentlich zwei Sporangien durch 
"Aggregation" stark genahert, oder durch "Syngenie" gewissermassen als 
Synangien seitlich verwachsen. Auch die anderen Elementarprozesse, ins
besondere die Ubergipfelung (Hostimella pinnata LANG) unddie Anatropie 
(Psilophyton-Arten) sind vertreten. 

Fur die typischen S p 0 r 0 p h Y 11 e, die die einzelnen Pteridophyten
Abteilungen charakterisieren, ist jedoch ein bestimmtes Zusammenspiel der 
"Elementarprozesse" charakterisch. Wir konnen da unterscheiden: 

Das "L y c 0 - S P 0 r 0 p h Y 11", in typischer Auspragung ein einner
viges Blatt mit achselstandigem Sporangium (Fig. 18D). Wie die Bezeich
nung andeutet, hat es sich insbesondere bei den Lycopsiden herausgebildet, 
ohne darum den anderen Pteridophyten-Abteilungen (vgl. Sphenophyllum
und ~ Coniferen-Sporophylle) ganz zu fehlen. 

Die Ausgangsform solcher Lyco-Sporophylle ist offensichtlich (wie z.B. 
SYKES ausgeftihrt hat) ein Telomstand, der einerseits einen vegetativen und 
andererseits einen fertilen Abschnitt besitzt. (Fig. 18A). Da sich min de-
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stens bei den typischen "LycosporophyHen" der vegetative Abschnitt nach 
aussen und der fertile nach inn en kehrt, kann man (ohne damit eine phy
logenetische "Spaltung" zu behaupten) hier von einer "serial en Spaltung", 
besser von einem serialen "Gespaltensein" reden. 

Ais makrophylle Parallelbildung finden wir eine solche Verkniipfung z.B. 
bei den Ophioglossales. 1m allgemeinen ist aber die Zahl der in einem Lyco
sporophyll vereinigten Telome gering, entsprechend einer mikrophyllen 
Organisation der betr. Pflanze. Die weitere Umbildung verHiuft gleichfalls 
offensichtlich unter Reduktionserscheinungen, sowohl der Sporangienzahl 
wie auch der tragenden Mesome. 

Durch Aggregation (Fig. 18C) werden in der Regel die Sporangien unter
einander und mit dem vegetativen Abschnitt innigerverbunden. Insbeson
dere verschwindet der fUr den Sporangienteil gemeinsame Stiel, so dass die 
Sporangien gewissermassen auf der Flache des verschiedengestalteten ve
getativen Sporophyllabschnittes zu stehen kommen. Diese Zwischenstufe 
eines vegetativen, blattahnlich ausgebildeten Sporophyllteiles und ihm 
aufsitzenden Sporangien ist charakterisch fUr manche Sporophylle der N oeg
gerathiales (einschl. Tingia) , von Sphenophyllum 1) (z.B. Sph. mafus) , oder 
auch von Protolepidodendron und den von BASSLER als "Cantheliophorides" 
zusammengefassten palaeozoischen Lepidophyten. Fiir aIle diese alter
tiimlichen Ubergangsformen zu typischen Lycosporophyllen ist charakte
risch, dass der fertile und der vegetative Teil noch einen gemeinsamen 
"Stiel", einen "Sporangiophor", (vgl. BOWER 1908) besitzen. Wie wohl 
nicht weiter ausgefUhrt zu werden braucht, bedeutet dann eine weitere 
Verkiirzung dieses Sporangiophors, bzw. des Sporophyllstiels, die Blatt
achselstellung der Sporangien oder des einen, infolge einer Reduktion 
iibriggebliebenen Sporangiums. J a, es kann sogar zu einer noch weiter ge
henden Verwachsung des Sporangiums mit der Sprossachse kommen, so 
dass die Sporangien etwas oberhalb des Sporophylls (bzw. seines vegetati
yen Teils) an der Sprossachse ansitzen. Fiir das typische Lycosporophyll 
ist dann schliesslich die Reduktion auf 1 Phylloid und 1 Sporangium 
charakteristisch. (Fig. 18 D). 

N atiirlich ist die Reihenfolge, in der diese einzelnen Prozesse der phylo
genetischen Umbildung ("Elementarprozesse") sich abgespieIt haben, in 
den verschiedenen Stammreihen der Pteridophyten sehr verschieden ge
wesen. Verschieden ist auch der erreichte Umbildungsgrad. 

Z.B. Psilotum und Tmesipteris sind heute noch ausgezeichnet durch 3 
und 2 synangial verwachsene Sporangien. Ja gelegentlich finden wir auch 
bei rezenten Formen noch typische "Sporangiophore" (vgl. z.E. SYKES 
1908 und LANG 1908). 

Die vorgetragene Entstehungsweise eines Lycosporophylls entspricht der Re· 
duktions· und Syngeniehypothese, (die sich nicht unterscheiden, wenn man die 

') Nach SCOTT 1929. S. 83 sind diese Sporangienstande iibrigens entgegen HIR

MER vorzugsweise gabelig gebaut. 
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FIG. 18. Die 3 M 6 g I i c h k e i ten e i n e r P h Y log e n i e e i n e s 
L y c o-S p 0 r 0 p h Y II s b z w. e i n e s Zap fen s mit a c h s e 1st a n
dig enS p 0 ran g i en: a) aus einem Telomstand, der serial verkettete Sporan
gien und Blatter enthalt, durch W egfall des "Sporangiophors" (entspricht der 
Reduktionshypothese bzw. den "Sporangiophorhypothesen"und denHypothesen der 
"serialen Teilung"). - b) aus einem Telomstand, der iibereinander an der Achse 
selbstandige Sporangien und Blatter enthalt, durch Zusammenriicken je eines 
Sporangiums und Blattes. - c) Aus einem reinen Sporangienstand durch allmah
liches Hinzuwachsen der Blatter ("Epigeniehypothese"). - Die jeweils ausfallenden 

Mesome sind in a. und b. hell gezeichnet. 

Manual of Pteridology 39 
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anatomische Umbildung ausser Acht lasst). Sie entspricht also un serer obigen 
(S. 586) Ausfiihrung fiir die vegetativen Lycoblatter. Eine kritische Behandlung 
der Frage muss auch hier samtliche denkmoglichen sonstigen Ableitungen des 
Lycosporophylls beriicksichtigen (vgl. Fig. 19) und die wahrscheinlichste heraus
wahlen. In Fig. 19 ist als Ausgangsform der gabelige Telomstand der Ur-Pterido
phyten gewahlt und gleichzeitig sind die Elementarprozesse der Ubergipfelung un
mittelbar mit den Prozessen der Reduktion bzw. Epigenie gekoppelt gezeichnet. Es 
sei jedoch die Frage offen gelassen, in welcher Reihenfolge sich die beiden Prozesse 
CObergipfelung und Reduktion bzw. Epigenie) gewandelt haben. 

Fig. 19a und b, geben die Lycosporophyll-Bildung durch Reduktion wieder. Es 
konnen sich daqei verschiedene Mesome reduziert haben. Entweder wie in a (d.h. 
bei der mir fiir die Lycopsiden wahrscheinlichsten Wandlungsweise) verschwinden 
die als "Sporangiophore" ausgebildeten Mesome. Ode! - wie das vielleicht fiir 
wirtelstandige Sporophylle moglich ist - es werden entsprechend Fig. 19b Mesome 
der Zapfenachse reduziert. Fig. 19c Macht wohl nahere Ausfiihrungen fiber die 
epigenetische Entstehung eines Tragblattes zu den Sporangien entbehrlich. Sie ist 
mir, wie oben, S. 589, ausgefiihrt, unwahrscheinlich. 

Das pel tat e S p 0 r 0 p h Y 11 ist - bei der iiblichen Begriffsab
grenzung, vgl. oben S. 605 - durch Anatropie aller einzelnen Sporangien 
gegen den gemeinsamen Stiel und durch schildf6rmige Verbreiterung der 
gemeinsamen Sporangientrager bzw. Einzelstiele entstanden. Es ist fUr die 
Articulaten (Calamariaceen und Equisetaceen) typisch, aber wiederum auch 
gelegentlich in andern Pteridophytenabteilungen nachzuweisen: z.B. heu
tige Taxus-Mikrosporophylle und rhaetische, neuerdings von HARRIS 
aufgefundene Samenstande (von Lepidopteris Otlonis GOEPP.). 

Eine typische Ubergangsform zum peltaten Sporophyll finden wir bei 
den altesten Articulaten, den Hyeniales (Fig. 18F). Abgewandelte Formen, 
bzw. Parallelformen ergeben sich dann, wenn nicht jeder einzelne Sporan
gienstiel gegen die gemeinsame Achse gebogen ist, sondern alle Sporangien 
nach einer Seite anatrop sich kriimmen. Dies kann auf zweierlei Weise be
wir kt werden. Sei es, dass die Sporangien einheitlich vom gemeinsamen Stiel 
weg gebogen sind, sei es dass sich jedes einzelne Sporangium fUr sich biegt, 
wie z.B. schon bei den Psilophyten oder bei vielen Sphenophyllen im Gefolge 
der Achselstellung der Sporangienstande. Gerade bei blattachselstandigen 
Sporangien ist die Anatropie sogar sehrhaufig. Es darf in diesem Zusam
menhang auch auf die ~ Sporangienstande der Coniferen erwiesen werden. 

Die Pte r 0 - S P 0 r 0 p h Y 11 e (Fig. 18 I-M) sind fiir die makrophylle 
Organisation der Pteropsiden charakteristisch. Die typische Ausgestal
tungsweise ist das flachenf6rmige, durch Ubergipfelung und Verwachsung 
gebildete Sporophyll (Fig. 18 L, M) mit randstandigen Sporangien, bzw. 
Sori. 

Gerade hier ist es besonders deutlich, dass sich die einzelnen Elementar
prozesse der phylogenetischen Abwandlung: die Ubergipfelung, Verwach
sung usw. ziemlich selbstandig abwandeln k6nnen. Wir wollen die Selb
standigkeit der Elementarprozesse in ihrer phylogenetischen Abwandlung 
nur an der Ausbildung von Sori verfolgen. 

Es gibt Pteropsiden wie Cladoxylon scoparium KRAUSEL u. WEYLAND 
(vgl. oben S. 480), bei den en die Sporangienstande sich ohne Sorus-
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bildung unmittelbar in flachenf6rmige Sporophylle (bei Cladoxylon noch 
yom Gabeltyp) zusammenziehen. Haufiger wird aber bei den Pteropsiden 
die radiaTe Verkettung in den Endauszeigungen der Sporangienstande 
beibehaIten. Die Sporangien werden nur durch Aggregation in eine dicht 
gedrangte Gruppe ohne deutlich unterscheidbare Mesome, also in einen 
S 0 r u s zusammen gezogen. Es ist nutzlich, hier die 3 Differenzierungs
formen der Sporangienstande hinsichtlich ihrer Verkettungsebenen gegen
iiberzustellen: 

Bei dem 
So r u s, den Endauszweigungen, bleibt die radiare Verkettung erhaIten. 

Bei dem 
S p 0 r 0 p h Y 11, also bei mittel-umfangreichen Sporangienstanden 

wenigstens der "typischen" Pteropsiden verketten sich die Mesome (und 
Telome, soweit diese nicht zu Sori vereinigt sind) in einer Ebene. Bei der 
B 1 ii t e bleibt die radiare Verkettung erhaIten. Diese Verkettungs
weise hat uns bei Besprechung der neuen Bliitentheorie von THOMAS zu 
beschaftigen. 

P. BERTRAND hat neuerdings (1934) dargelegt, dass selbst bei einer re
lativ einheitlichen Phyllomgestaltung wie beim palaeozoischen Pecopteris
Blatt eine ganz verschiedene Sporangienstellung vorkommen kann. Es 
lassen sich hier unterscheiden: 

"ssp." Senjtenbergia mit "acrostichoider" Sporangienanordnung, d.h. 
Sporangien isoliert und nicht in Sori zusammengezogen. 

"ssp." "Asterotheca, typische Sori mit relativ selbstandigen Sporangien 
auf der Blattunterseite, 

"ssp." Zeilleria, Sori aus synangial verwachsenen Sporangien marginal 
gestellt ; 

"ssp." Acitheca, Sori aus synangial verwachsenen Sporangien auf der 
Blattunterseite. 

Denken wir ferner an die M6glichkeit, dass die Sporangien echte Sporan
gien oder auch Samen sein k6nnen (Pecopteris Pluckeneti), oder dass um
gekehrt innerhalb der "Familie" der Schizaeaceae eine iibereinstimmende 
Sporangienform und Sporangienstellung sich mit einer sehr grossen Zahl 
von Phyllomgestaltungen verbinden kann (vgl. z.B. BOWER 1926 und 
1935). Dann wird klar, dass die Aggregation zu Sori sich selbstandig in 
verschiedenen Reihen herausdifferenziert hat, dass aber auch die ubrigen 
Elementarprozesse der PhyUomgestaltung ebenso selbstandig verlaufen 
k6nnen. 

S 0 r i u n d S y nan g i e n. Doch hat THOMAS (1935) mit Recht dar
auf aufmerksam gemacht, dass innerhalb der Pteropsiden die Zusammen
ziehung der Sporangien zu Sori relativ fruh einsetzt. Er hat darauf seine 
Anschauungen iiber eine Phylogenie der Pteropsidenblute gegriindet. (Vgl. 
unten S. 613). 1m iibrigen haben sich die Sori namentlich bei den leptospo
rangiaten Farnen in sehr mannigfaItiger Weise durch Entstehung von Spe-
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zia10rganen, wie den die Nahrung aufnehmenden P1azenten und von Hull
organ en (Indusien 1) u. dgl.) weiter entwickelt. Ein Teil dieser indusien
artigen Bildungen ist bei dem (unten geschilderten) "Verschiebungspro
zess" der Sori auf die Blattunterseite entstanden. Andere Indusien haben 
wohl Emergenz-Charakter; doch muss wegen Einze1heiten auf die Schi1-
derungen der speziellen Abschnitte verwiesen werden. Bei nicht so stark 
geborgenen Sporangiengruppen, namentlich des eusporangiaten Types, 
wird offen bar vielfach die Widerstandsfahigkeit des einze1nen Sporangiums 
durch die synangia1e Verwachsung gefordert. 

Besonders eigentumlich sind die neuerdings von HALLE (1933) eingehend 
untersuchten Synangien aus den Pteridospermengattungen Witleseya u.a., 
die so stark verwachsen sind, dass samenahn1iche Gebi1de entstehen. 

S p 0 r 0 p h Y 11 g est a 1 tun g. 1m allgemeinen werden die Einzel
sporangien und die Sori bzw. Synangien der Pteropsiden zu typischen Spo
rophyllen vereinigt. Diese konnen mit der Assimilation dienenden Phyl-
10iden kombinierte, "gemischte" Sporophylle sein, wie wir sie schon bei 
palaeozoischen Famen (z.B. bei Archaeopteris), aber auch bei manchen 
Samenpflanzen (z.B. vie1en Pteridospermen) finden. J e nach dem Grad 
dieser Vereinigung mit Phylloiden konnen wir 3 verschiedene Typen der 
Sporophylle herausstellen: 

1) die Sporangien bzw. Sari bi1den rei n fer til e S p 0 r 0 p h Y 11 e 
ohne Kombination mit Phylloiden ("Ho10sporophylle" nach GOEBEL). 
Die strenge Arbeitsteilung in rein vegetative "Trophophylle" und rein fer
tile Sporophylle scheint nicht ursprung1ich zu sein. J eden falls sind die an
deren Typen fossil fruher be1egt. Heute ist das "Ho10sporophyll" z.B. bei 
M atleuccia Struthiopteris, A neimia mille/olia u.a. vertreten. 

2) Die Sporangien bzw. Sori bi1den fer til e A b s c h nit t e, die mit 
(nur aus Phylloiden zusammengesetzten) steri1en Abschnitten kombiniert 
sind. J e nach der gegenseitigen Lagebeziehung werden hier "akrotone" 
Sporophylle mit apika1em fertilen Abschnitt, "mesotone und basitone" 
Sporophylle mit mitt1erem und basa1em ferti1em Abschnitt unterschieden. 
Solche Sporophylle sind schon sehr alt, z.E. bei Archaeopteris-Arten 
nachgewiesen. Eine Spezialform dieses Typs ist das Sporophyll der OPhio
glossaceae, bei dem zwei gleichwertige Abschnitte, ein ferti1er und ein 
steri1er, miteinander vereinigt sind. 

3) Die M e s 0 m e (b z w. d ere n ph Y log e net is c h e D e r i
vat e) sin d a 1 s Ph Y 11 0 ide ausgebildet. Hieraus erg eben sich die 
typischen wie Laubblatter gesta1teten "Famwedel" und ahnliche Bildun
gen, die in irgendeiner Weise die Sporangien "tragen". Auf ihre Entstehung 
und weitere Umbi1dung gehen wir unten ein. 

Wei t e r b i 1 dun g des Pte r 0 - S P 0 r 0 p h y 11 s. Sehr ha ufig 

') Schon der vermutlich silurische Psilophyt Yarra via hatte nach LANG und COOK

son eine becherfOrmige Umhiillung seiner Sporangien. 
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sind die Sporophylle jedoch auch weiter entwickelt als nur bis zum 
Pteropsiden-Typ mit durch Ubergipfelung fiederig (bzw. durch Verwach
sung marginal) gestellten Sporangien (Fig. 18 N-Q). Bei den heutigen und 
vielen fossilen Farnen werden die Sporangien vielfach auf die Flache 
(meist auf die Unterseite) verlagert. Es ist das typische Bild der meisten 
heutigen leptosporangiaten Farnwedel 1) oder auch der Gymnospermen
Mikrosporophylle. Oder die Sporophyllflache kriimmt sich einwarts, so 
dass die Sporangien in eine angiosperme H6hlung gelagert werden. Wenn die 
Sporangien dabei - wie beim Typus dieser Umbildung, beim Fruchtkno
ten mit marginaler Plazenta - randstandig sitzen, kommen sie an die Ver
wachsungsnaht. Aehnlich ist wohl auch die Umbildung bei den Sporokarpen 
der Marsiliaceen. Selbst in den Fallen, wo die Sporangien schon auf die 
Sporophyllflache verlagert waren, kann sich ein solches Fruchtknoten-ahn
liches Gebilde entwickeln, wie THOMAS (1935) fUr die Entwicklungsreihe 
der mesozoischen Sam en pflanzen von Pteridospermen iiber Unkomasia zu 
den Caytoniales gezeigt hat. 

C. B Iii ten b i 1 dun g. 

Die Sporophylle sind wohl bei primitiven Pteridophyten im allgemeinen 
mit vegetativen Phyllomen untermischt gestanden. Das ist bei der Homo
topie und bei der parallelen Abwandlung von vegetativen und fertilen 
Telomen durchaus verstandlich. Finden wir doch sogar innerhalb der Phyl
lome haufig vegetative und fertile Abschnitte! 

In der Regel sind jedoch schon an altertiimlichen Pteridophytensprossen 
die Endauszweigungen durch eine Anhaufung von Sporophyllen bzw. von 
sonstigen SporangiensHinden ausgezeichnet. Von solchen Urformen aus
gehend, haben sich in mindestens 2) 4 selbstandigen Stammreihen der 
typischen Pteridophyten: bei den Lycopsiden, bei den Sphenophyllales, bei 
den Noeggerathieae und bei den Equisetales echte Bliiten (Zapfen) ent
wickelt. Das Prinzip dieser Zapfenbildung beruht auf zwei Elementar
prozessen. Einerseits sind die im Zapfen vereinigten Phyllome nun rein 
fertil oder als Hilfsorgane fUr die Fortpflanzung umgebildet. Andererseits 
verkiirzt sich die Sprossachse, bis die Phyllome dicht gedrangt iibereinan
derstehen. Allerdings haben z.B. nicht aIle Lycopsiden solche Bliiten. Wir 
finden innerhalb der heutigen Gattung Lycopodium (u.a.) sogar noch den 
"Selago-Typ" ; d.h. die von den vegetativen Phyllomen wenig unterschie
den en Sporophylle stehen relativ locker und bilden eine Zone, die von rein 
vegetativen BHittern abgelost wird. 

') Ais Ausnahme z.B. auch bei Osmunda regalis. 
0) Wahrscheinlich mehr; denn z.B. bei den Lycopsiden ist die Bliitenbildung 

vermutlich mehrfach erworben. 
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Innerhalb der makrophyll belaubten Pteropsiden-Abteilung hat sich auf pteri
dophytischer Basis vermutlich keine Bliite herausgebildet. Wir brauchen daher 
dies Problem hier nur zu streifen. Die alte CELAKOVSKYSche "Strobilus" -theorie, die 
im Grunde der oben ausgefUhrten Bildungsweise von Zapfen-bliiten entspricht, 
ist mit gewissen Abwandlungen von den meisten Phylogenetikern bis in die letzte 
Zeit auch fUr die Entstehung der Pteropsidenbliiten an genom men worden. 

Erst kiirzlich hat THOMAS (1935) eine grundsatzlich neue Auffassung in die 
Diskussion geworfen. Er leitet die Bliiten nicht mehr von einem Spross ab, dessen 
Phyllome Sporophylle sind, sondern von einem Sorus. Es ist einerseits sicher sehr 
verdienstlich, zu priifen, ob die hergebrachten Ansichten nicht auf vbllig falschen 
Voraussetzungen beruhen, besonders verdienstlich, wenn die Kritik sich auf so 
bedeutsame Neu.funde stiitzen kann, wie die Samenpflanzenfunde von THOMAS. 
Andererseits krankt schon die klassische Theorie der Bliitenentstehung an der 
Schwierigkeit, dass die Ausgangformen fiir die Pteropsidenbliite sich vielleicht gar 
nicht in die Schemata: "Spross", "Sorus" u. dgl. einzuordnen lassen. Man muss 
m.E. auch hier, wie so oft in phylogenetischen Dingen, ganz scharf die Frage des 
natiirlichen Entwicklungsvorganges und die Frage der Technik der Begriffsein
ordnung auseinanderhalten. 

Auch fiir die Pteropsiden ist die Umbildung zur Bliite offensichtlich ein Prozess, 
der ausgeht von den wenig differenzierten radiaren Sporangienstanden der Ur
Pteridophyten, und der beispielsweise zu den heutigen Phanerogamen-Bliiten ge
fiihrt hat. Dabei ist u.a. auch bei den Pteropsiden ein Teil der Mesome als "Sporo
phylle" in eine Ebene eingeriickt. Die entscheidende Frage scheint mir nur die zu 
sein: Wan n ist diese Sporophyllbildung, d.h. die Umwandlung der radiaren Ver
kettung innerhalb der Sporophylle zu einem flachigen Gebilde erfolgt? Erst relativ 
spat, als die Aggregation die gesamten fiir die kiinftige Bliite verwandten Sporan
gien schon Sorus-artig zusammengezogen hatte? Oder friiher? 

Kurz die Diskussion lauft - wenn wir uns frei halten von einem scholastischen 
Streit urn Begriffe - auf eine Erbrterung hinaus, in welcher Rei hen f 0 1 g e 
die Elementarprozesse der Sporangienstellung sich bei der Bliitenbildung gewan
delt haben. Und hier scheint mir ein sehr berechtigter Kern der THOMAs'schen An
schauungen der zu sein, dass tatsachlich fiir Pteropsiden, die eine Bliite erworben 
haben, die Sorusbildung sehr friihzeitig einsetzte. Aber andererseits mbchte ich an
nehmen, dass bevor sich die Langsachse samtlicher zu einer Bliite vereinigten Spo
rangienstande als Bliitenachse verkiirzt hat, schon entsprechend der Strobilus
theorie typische Sporophylle wie bei den Pteridospermen entstanden waren. 

J edenfalls fiir die Pteridophyten-Zapfen der Lycopsiden, N oeggerathieae 
und Articulaten, auf die sich die THOMAs'sche Theorie ja gar nicht bezieht, 
scheint mir die "Strobilus"theorie durchaus begriindet. Den entscheiden
den Beweis sehe ich in den Fossilfunden, namentlich im urspriinglichen 
Vorherrschen der locker gebauten und von vegetativen Blatt ern durchsetz
ten Sporophyllsprosse. 

Uber die Detailfragen der Articulaten-Bliitenphylogenie, die eine ahn
liche Sonderung von Begriffen und phylogenetischen Tatsachen erfordern, 
kann ich wohl auf meine friiheren Ausfiihrungen (ZIMMERMANN 1930 S. 173 
ff) verweisen. 

§ 8. Sippenphylogenie der Pteridophyten. - Der Stammbaum Fig. 
20 gibt in Verbindung mit der zuvor geschilderten U mbildung der einzelnen 
Merkmale die von mir angenommenen sippenphylogenetischen Zusammen
hange so weitgehend wieder, dass eine Erlauterung sich auf einige kritische 
Punkte beschranken kann. 
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Solch ein Stammbaum, oder iiberhaupt jede sippenphylogenetische Aus
sage driickt eigentlich in erster Linie die Uberzeugung aus, in welcher 
Reihenfolge sich die einzelnen Merkmale geandert, bzw. die charakteristi
schen Eigenschaften herausdifferenziert haben. Wenn wir beispielsweise die 
Abteilungen der Lycopsiden und der Articulaten unterscheiden, und ihnen 
(in engerem Anschluss an die Articulaten) die Pteropsiden anschliessen, so 
driicken wir damit aus, dass sich nach unserer Auffassung die den einzelnen 
3 Abteilungen gemeinsamen Eigenschaften relativ fruh herausdifferenziert 
haben. Wir nehmen also an, dass die Tendenz zur Mikrophyllie und zur 
Blattachsenstellung der Sporangien sich sehr fruhzeitig, schon bei den ge-

FIG. 19. Stammbaum der Pteridophyten. 

meinsamen Ahnen der Lycopsiden angebahnt hatte, wenn sie auch, wie 
wir ausgefUhrt haben, bei diesen altesten "Lycopsiden" keineswegs schon 
zur "typischen" Lycopsiden-Gestaltung gefUhrt hatte. Und ahnliches gilt 
fiir die wirtelige Blattstellung sowie fUr die N eigung der anatropen Ber
gung der Sporangien bei den Articulaten, oder fUr die vorherrschende 
Neigung zur Makrophyllie, zur Wedelbildung bei den Pteropsiden. 

J eden falls schliesse ich mich der heute ziemlich allgemein durchge
drungenen Auffassung von JEFFREY an, dass die Hauptmasse der Pterop
siden zu 3 bzw. 4 Hauptgruppen, die zweckmassigerweise mindestens als 
Abteilungen zu bezeichnen sind, zussammengefasst werden ki:innen: 

Die Lycopsiden, die Articulaten und die Pteropsiden, wozu dann eine in 
neuerer Zeit erst genauer bekannt gewordene gemeinsame Ur-Abteilung, die 
Psilophyten kommt. Allerdings kniipfen sich fUr jeden Phylogenetiker an 
eine solche Gruppierung von vornherein zwei fast selbstverstandliche An
nahmen: 
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1) J ede dieser Gruppen kann aus sehr weitgehend getrennten Stamm
reihen bestehen, die sich vielleicht schon im Psilophyten-Stadium vonein
ander getrennt haben. Ich habe diese Moglichkeit z.B. bei den Lycopsiden 
dadurch angedeutet, dass die eligulaten Vertreter wie Lycopodium sehr 
friihseitig von den ligulaten Lycopsiden abspalten. Sicherlich miisste ein 
noch mehr ins Detail gehender Stammbaum - wie er fUr eine Ubersichts
darstellung der Pteridophyten technisch unmoglich ist - noch viel mehr 
solche Parallel-Stammreihen aufzeichnen. Z.B. sind die Hydropterides be
stimmt keine ganz einheitliche Gruppe. In wieviel Gruppen sie allerdings 
phylogenetisch zu gliedern sind, und wo sie im einzelnen anschliessen, ist 
noch ungeklart (vgI. dazu ZIMMERMANN 1930 und die dort zitierte Litera
tur). 

2) Ausser den 3 Hauptabteilungen diirfen wir damit rechnen, dass es 
noch weitere ganz unabhangige Stammreihen gibt, deren Vertreter sich 
nur sehr schlecht in eine der 3 Haupt-Abteilungen pressen lassen, weil die 
phylogenetischen Zusammenhange allzuweit, schon bei den Ur-Psilophy
ten, zuriickliegen. Auch hierfiir habe ich - gewissermassen nur als 
Beispiele - die Psilotales, die Noeggerathiales und Dolerophyllum ein
getragen. 

Vielleicht ist es ferner unrichtig, makrophylle Typen wie die Sphenophyl
lales (einschI. der Cheirostrobales und Pseudoborniales) in eine eng ere Ver
wandtschaft mit den Equisetales zu bringen, oder Pleuromeia mit den 
Lycopsiden zu vereinigen. 

Gerade das letztgenannte Beispiel ist ein gutes und in letzter Zeit mehr
fach diskutiertes Beispiel (vgI. z.B. MAGDEFRAU und HIRMER), urn die 
Schwierigkeiten solcher sippenphylogenetischer Aussagen zu erlautern. 
Der auch von mir, in Ubereinstimmung mit MAGDEFRAU und HIRMER ge
zeichnete Anschluss (Fig. 20) von Pleuromeia an die Lycopsiden wird ge
stiitzt durch die grosse Ubereinstimmung im vegetativen Gesamtaufbau. 
Wir nehmen also bei dieser Stammbaumkonstruktion an, dass die vegetati
yen Grundeigentiimlichkeiten wie die Stammbildung mit mikrophyller Be
blatterung, die Stigmarien usw. sich zuerst in einer fUr die Lepidophyten 
charakteristischen Weise herausdifferenziert hatten, so dass wir einen kar
bonischen Ahn von Pleuromeia, den uns ein giinstiger Zufall in die Hande 
gespielt hatte, zu den Lepidophyten stellen wiirden. 

Die Schwierigkeit liegt in der Sporophyllform: als einzige Ausnahme un
ter den bekannten Lycopsiden hat Pleuromeia die Sporangien hochst
wahrscheinlich auf der Blattunterseite! 

Eine wissenschaftliche Diskussion ist nur unter Beriicksichtigung des 
hologenetischen Rahmens moglich. Derartige Sporophylle - einerlei ob 
die Sporangien oben oder unten sit zen - gehen am Vegetationspunkt aus 
undifferenzierten (wenn auch meist schon determinierten) Hockern, ahn
lich der Fig. 21 hervor. Beim Lycopsidentyp wird der obere und beim Pleu
romeiatyp der untere Abschnitt fertiI. Wenn, unserer Annahme entspre-
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chend, all die verschiedenen SporophyUtypen sich auf einen einheitlichen, 
wenig differenzierten Telomstand zuruckfUhren 
lassen, muss auch bei der Entstehung des Pleuro
meiatyps eine Umdeterminierung in irgend einer 
Form stattgefunden haben: Das embryonale Ge
webe, das-entsprechend der Fig. 21 - mindestens 
in einer hologenetischen "Seitenkette" aus der 
Oberseite Sporangien liefert, liefert in der zu 
Pleuromeia fUhrenden hologenetischen Kette die 
Sporangien aus der Unterseite 1). 

Die verschieden beantwortbare Frage ist nur 

FIG. 20. Embryonalzu
stande von Sporophyl
len. Links Sporangien
teil (schraffiert) unten, 

rechts oben. 

die: Wan n hat diese U mdeterminierung stattgefunden? Da kommen 
zwei Zeitpunkte in Frage: 

Entweder, wie das der oben geschilderten MAGDEFRAU-HIRMERSchen 
Ansicht entspricht: N a c h der Herausbildung des Lycopsiden-Typs als 
eines Ahns von Pleuromeia. Ein derartiger phylogenetischer Ablauf ware 
durchaus moglich. Nur fehlen leider fUr eine solche Auffassung alle fossilen 
Belege. Es fehlen vor allem entsprechende Ubergangsformen innerhalb der 
Lycopsiden. Denn wenn eine solche spate Umdeterminierung stattgehabt 
hatte, dann durfen wir - in Ubereinstimmung mit gut bekannten ahn
lichen Umbildungsvorgangen - annehmen, dass die Umdeterminierung 
sich nicht mit einem Schlage irreversibel vollzogen hat. Vielmehr ist wahr
scheinlicher, dass es zunachst auch Ubergangsformen gegeben hat, die etwa 
im selben Zapfen ober- und unterstandige Sporangien vereinigt hatten. Ob 
nun solche Ubergangsformen nur wegen der bekannten Mangelhaftigkeit 
der pflanzlichen fossilen Uberlieferung aus dem oberen Perm und der un
teren Trias unbekannt sind, oder ob sie iiberhaupt nicht existiert haben, 
mussen wir dahin gestellt sein lassen. 

Oder aber die verschiedenartige Determinierung der Sporangienstellung 
von Pleuromeia und den anderen Lycopsiden hatte auf einem so fruhen Zeit
punkt stattgefunden, dass die Entscheidung, ob Ober-oder Unterseite zu 
Sporangien determiniert werden, noch nicht streng festgelegt war. Kurz 
diese zweite Auffassung fuhrt die verschiedenartige Sporangienform von 
Pleuromeia und den Lycopsiden bis auf einen psilophyten-ahnlichen Urtyp 
zuruck. Damit aber nehmen wir an, dass sich zuerst die Sporophyllgestalt 
herausdifferenziert hatte, und dass sich erst nachtraglich die ubereinstim
mende vegetative Grundgestalt von Pleuromeia und den Lepidophyten ge
wandelt hatte. Auch fUr diese 2. Auffassung fehlen fossile Belege, so dass 
mir eine sichere Entscheidung zwischen den zwei Auffassungen heute 
nicht moglich scheint. 

Kurz, das sippenphylogenetische Pleuromeia-Problem gehort zu jenen 

') THOMSON, 1909 hat in entsprechender Weise bei der Conifere Saxegothaea 

<j> Sporangien auf der Sporophyllunterseite beobachtet. 
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sippenphylogenetischen Einzelproblemen, die deshalb so umstritten sind, 
wei! der entscheidende Teil der Merkmalsphylogenie, hier der Sporophyll
phylogenie, hinsichtlich des Wandlungszeitpunktes noch ungeklart ist. 

Uberhaupt muss auch hier eines unterstrichen werden: 1m Gegensatz zu 
den auch in vielen Einzelheiten wohl begrtindeten merkmalsphyletischen 
Anschauungen, sind die sippenphyletischen Anschauungen gerade in 
ihren Einzelheiten noch sehr wenig geklart. Auch mein Stammbaum Fig. 
20 solI nur ein Anhaltspunkt sein fUr ktinftige phyletische Forschung. 
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Aneurophyton 480, 499, 552, 555, 572, 584. 
- germanicum 584. 
Angarodendron 478. 
- Obrutschewi 486. 
Angiopteris 9, 28, 48, 81, 97, 101, 103, 123, 

137,164,244,312,321,426,461,522,527. 
- d'Urvilleana 247. 
- evecta 9, 28, 83, 95, 166, 193, 194, 

247, 354. 
- longifolia 321. 
Anisopteris 485. 
Anisosorus 457, 536. 
Ankyropteris 481, 586. 
- Grayi 79. 
Annularia 480, 487, 488, 512, 514, 561, 

591. 
- asteriscus 487. 

australis 491. 
- crassiuscula 488. 
- gracilescens 488. 
- maxima 488. 
- mucronata 488. 
- orientalis 488. 
- papilioniformis 488. 
- pseudostellata 488. 
- Shirakii 488. 
- stellata 488. 
Anogramma 305, 306, 383, 384, 385, 394, 

398, 461, 538. 
- chrysophylla 331, 333. 
- leptophylla 326, 327, 331, 538. 
Anomopteris 486. 
Anomorrhoea 483. 
- Fischeri 487. 
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Anopteris 458, 536. 
Anthoceros 201, 575. 
Antirrhinum asarina 407. 
Antrophyum 459, 539, 540. 
- callaefolium 429. 
- plantagineum 335. 
Aphlebiopteris 555, 586. 
Aphyllopteris 580, 599. 
Aralia nudicaulis 404. 
Archaeocalamites radiatus 28. 
Archaeopteris 485, 581, 582, 583, 585, 612. 
- fissilis 583, 585. 
- Howittii 492. 
Archaeosigillaria 478, 506. 
Archangiopteris 164, 459, 464, 527. 
- Henryi 456. 
Arctodendron 506. 
Arctopodium 556. 
Arthonia candida 158. 
Arthrodendron 92, 480, 512, 515. 
Arthromeris 459, 548. 
Arthropitys 91, 480, 512, 515. 
- bistriata 91. 

communis 9'I, 515. 
- Felixi 515. 
- gigas 91. 
- Hirmeri 515. 
- J ongmansi 515. 
- linearis 487. 
Arthropteris 461, 536, 543. 
Arthrostigma 477, 499. 
Ascoch yta Pteridis 151. 
Asolanus 478, 506. 
Asphodelus tenuifolius 93. 
Aspidiaria 505. 
Aspidiopsis 505. 
Aspidium 4, 122, 123, 237, 485. 
- capense 331,334. 
- macrophyllum 331, 334. 
- marginale 331, 332. 
- molle 255. 
- violascens 152. 
Aspleniopsis 459, 538. 
Asplenium 130, 247, 316, 320, 339, 363, 

386, 388, 395, 406, 408, 418, 419, 430, 
460, 472, 485, 538, 541, 542. 

- Adiantum-nigrum 151, 204, 219, 363, 
393, 408. 

- adulterinum 363, 393. 
- africanum 430. 
- bulbiferum 314, 319, 320,448. 
- celtidifolium 331, 332. 
- cuneifolium 393, 408. 
- dimorphum 331. 
- epiphyticum 47. 
- fallax 393. 
- fissum 393. 
- fIaccidum 448. 
- fontanum 363. 
- germanicum 273, 274, 284, 285. 
- incisum, 154, 205. 
- lanceolatum 388. 
- lineolatum 316. 
- Mannii 324, 327, 331. 
- marinum 388. 
- mont anum 393. 
- myriophyllum 101. 
- Nidus 169, 193, 323, 326, 331, 424, 

430, 431, 442. 

Asplenium obtusilobum 324. 
- oceanicum 324, 325, 327, 331. 
- platyneuron 423. 
- praemorsum 455. 
- rutaefolium 326, 331. 
- Ruta-muraria 130, 204, 216, 284, 285, 

339,386,388,391,393,418,419,473. 
- Sandwichium 326. 
- Seelosii 393, 407. 
- septentrionale 151, 273, 285, 363, 388, 

393, 418. 
- serpentini 393. 
- serratum 326, 331. 
- tenerum 429. 
- Trichomanes 64, 146, 151, 204, 219, 

273, 285, 336, 339, 393, 394, 407, 418, 
419, 454, 472. 

- tripteropus 205. 
- viride 314, 363, 388, 393, 472. 
- viviparum 324, 325, 331, 395. 
- Wrightii 154. 
Astelia Banksii 386. 
Asterocalamites 12, 31, 40, 479, 512, 514, 

590. 
- Lohesti 12, 13, 14. 
- radiatus 12. 
- scrobiculatis 28, 486, 491. 
Asterochlaena 79, 481. 
~ laxa 39. 
Asterochlaenopsis 481, 564. 
- kirgisica 487. 
Asterophyllites 480, 488, 512, 514, 591. 
- equisetiformis 13. 
- longifolius 488. 
Asteropsis noveboracensis 597. 
Asteropteris 79, 481, 552. 
Asterotheca 482, 489, 492, 553, 611. 
- arborescens 489, 492. 
- Candolleana 489. 
- Cisti 489. 
- Daubrei 489. 

denmeadi 493. 
Fuchsi 493. 

- hemitelioides 489. 
- Hillae 493. 
- Norinii 489. 
- orientalis 489. 
- oriopteridia 489. 
- truncata 553. 
Asteroxylon 30, 37, 43, 68, 75, 76, 77, 79, 

100, 477, 498, 499, 586, 589, 590, 591, 
595, 597, 600, 604. 

- elberfeldense 30, 43. 
- Mackiei 43, 509, 555. 
Astromyelon 91, 94, 97, 480, 512. 
Atalopteris 458, 544. 
Athyrium 288, 352, 417, 456, 460, 541, 542, 

543. 
- alpestre 336, 388, 394, 409. 
- angustifolium 151. 
- coreanum 154. 
- Filix-femina 148, 150, 151, 204, 212, 

213, 239, 243, 258, 260, 277, 281, 286, 
288, 308,326,331,355,357, 409, 455. 

- nipponicum 205. 
- rigescens 205. 
- thelypteroides 409. 
Aulacotheca 518. 
Austroclepsis 481. 
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AustrocJepsis australis 491, 599. 
Autophyllites 479, 512. 
Avena 313. 
- sativa 309. 
Azolla 27, 142, 156, 157, 199,241,242,248, 

258, 261, 264, 383, 385, 392, 397, 416, 
417,418,445,460,550. 

caroliniana 242, 246, 26!. 
filiculoides 417. 
pinnata 416. 

Balantium 552. 
- cu1cita 533. 
Baragwanathia 31, 32, 33, 35, 479, 499, 589. 
- longifolia 27, 490. 
Barinophyton 498. 
Barrandeina 499, 556, 557, 588. 
Bathypteris 483. 
- rhomboidalis 487. 
Bernouillia 482. 
Blechnum 306,400,418,461,472,532,540. 
- auriculatum 408. 
- brasiliense 316, 325, 331, 351, 352, 354, 

374, 375, 376. 
capense 326, 332, 400, 455. 
discolor 447. 
Francii 402. 
lanceolatum 448. 
nipponicum 205. 
occidentale 246, 247, 248, 316. 
orientale 151, 444. 
penna-marina 390, 455, 472. 
procerum 401, 448. 
Sodiroi 395. 
Spicant 146, 363, 385, 388, 392, 409. 

- tabulare 390, 400, 455, 472. 
- volubile 40!. 
Boegendorffia 556. 
Bolbitis 459, 544, 545. 
Bommeria 462, 538. 
Bothrodendron 47, 478, 490, 505, 506. 
- antrimense 572. 
- mundum 562. 
Bothrostrobus 486. 
Botrychioxylon, 86, 87, 481, 491, 552. 
Botrychium 86, 87, 90, 94, 97, 103, 119, 

120, 121, 167, 239, 245, 274, 321, 324, 
336, 412, 418, 419, 455, 456, 460, 527. 

australe 174. 
lanceolatum 174. 

- lanuginosum 41!. 
- Lunaria 48, 151, 171, 173, 388, 393, 398, 

412,419,455. 
- rna tricariae 15!. 
- obliquum 48. 
- onondagense 412. 
- ternatum 151. 
- virginian urn 107, 167, 237, 244, 270, 

273, 412. 
Botryopteris 481, 552. 
Botrytis cinerea 144. 
- longibrachiata 144. 
Boweria 484, 554. 
Bowmanites 488. 
- laxus 488. 
Brachysporium Crepini 152. 
Brainea 462, 54!. 
- insignis 54!. 
Broeggeria 557. 

Brunonis 78, 8!. 
Bucheria 477, 498. 
Burmannia 19!. 

Caenodendron 478. 
- primaevum 486. 
Calamaria 500. 
Calamariophyllum 512. 
Calamites 12, 74, 77, 86, 87, 90, 91, 92, 

94, 97, 480, 489, 491, 512, 514, 517. 
Brongniarti 516. 
carinatus 12, 13, 516. 
Cisti 488, 516. 
crassicaulis 14. 
discifer 14. 
gigas 486, 516. 
jubatus 488. 
multiramis 12, 13, 14. 
Schulzi 516. 
Suckowi 488, 491, 516. 
varians 491. 

Calamocladus 488. 
Calamodendron 92, 480, 512, 515. 
- gigas 515. 
- undulatus 515. 
Calamophyton 479, 511, 512, 556. 
Calamostachys 35, 40, 41, 47, 480, 491, 

512,514,518,519,562. 
- Binneyana 519. 
- Casheana 47, 519. 
- magnae crucis 4!. 
Calidion 145. 
Callipteridium 585. 
Callipteris 585. 
- conferta 584. 
- strigosa 584. 
Calomophyllites verticillatus 12. 
Calymmodon 549. 
Camarosporium Asplenii 15!. 
Camptodium 458, 544. 
Camptopteris 485, 554. 
Camptosorus 463, 54!. 
- rhizophyllus 324, 327, 392, 395, 402, 

422, 423. 
- sibiricus 395, 402. 
Campylogramme Trollii 332, 334. 
Campy]oneurum 458. 
Caragandi tes 478. 
- rugosus 486. 
Cardiocarpon 500. 
Cardiomanes 386, 455, 463, 531. 
Cardiopteris 584. 
Carex 415. 
Caulerpa 6. 
Caulopteris 482, 553. 
Cecropia 442. 
Cephalotheca 481. 
Cephalothecium roseum 142. 
Ceratopteris 112, 113, 119, 129, 135, 143, 

306, 307, 310, 383, 385, 416, 418, 445, 
460, 473, 537. 

- thalictroides 135, 204, 260, 309, 326, 
327,328,332,398,416. 

Cercospora Asplenii 15!. 
Ceropteris 538. 
Cerosora 459. 
Ceterach 339, 386, 391, 394, 412, 418, 462, 

54!. 
- officinarum 339, 392, 407. 
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Chara 222. 
Chasmatopteris 483. 
- principalis 487. 
Cheilanthes 359, 386, 391, 392, 407, 461, 

472, 485, 529, 539. 
- Feei 407. 
- pteridioides 407. 
- varians 395. 
Cheilanthopsis 459, 537, 539. 
Cheiropleuria 462, 546. 
Cheirostrobus 32, 34, 35, 41, 479, 512, 513, 

514, 518. 
Chiropteris 486, 495. 
- copiapensis 495. 
- cuneata 495. 
- Etheridgei 495. 
- lacerata 495. 
- tasmanica 495. 
,- Zeilleri 495. 
Christensenia 459, 527, 528. 
Christiopteris 458, 546, 547. 
Chytridium subangulosum 152. 
Cibotium 418, 443, 461, 533. 
- barometz 419, 443. 
- Chamissoi 351. 
- macrocarpa 533. 
- Schiedei 144, 326, 332. 
Cicendia 415. 
Cingularia 480,512,514. 
- cantrilli 514. 
- typica 514. 
Cionidillm 459, 544. 
Cladonia 406. 
Cladophlebis 483, 492, 494. 
- adnata 487. 
- Albertsi 494. 
- antarctica 494. 
- australis 492, 494. 
- Browniana 494. 
- concinna 494. 
- denticulata 494. 
- indica 494. 
- Johnstoni 494. 
- nebbensis 494. 
- Nystroemi 489. 
- oblonga 494. 
- Roylei 492, 494. 
- sublobata 494. 
- tasmanica 494. 
- tychtensis 487. 
Cladosporium herb arum 143. 
Cladoxylon 480, 556, 564, 597, 598, 599, 

611. 
- mirabile 556, 597. 
- scoparium 499, 556, 597, 610. 
- taeniatum 556, 597. 
Clathraria 506. 
Clathropteris 485, 554. 
- polyphylla 495. 
Clepsydropsis 481, 556, 564, 597. 
- australis 564. 
Cochlidium 458, 549. 
Colchicum 413. 
Colletotrich urn 151. 
Colysis 462, 548. 
Completoria complens 143. 
Coniogramme 205, 208, 459, 538. 
- japonica 154. 
Conioptcris 484. 

Coniopteris arguta 494. 
- delicatula 494. 
- hymenophylloides 494. 
- lobata 494. 
- nephrocarpa 495. 
Coniosporium 144. 
Cooksonia 498. 
Cordaites 580. 
Cornopteris 542. 
Corticium 146. 
- anceps 146. 
- koleroga 145. 
- Sol ani 146. 
Corynepteris 481, 552. 
Craspedaria 458, 549. 
- piloselloides 549. 
- vacciniifolia 549. 
Craspedodictyon 458. 
Craspedodictyum 538. 
Craterium minutum 153, 15b. 
Crossotheca 482, 518, 553. 
- pinnatifida 553. 
Cryptogramma 391, 409, 455, 463; 485r 

537. 
- acrostichoides 409, 410. 
- crispa 388, 392, 393, 394, 409. 
- Stelleri 388, 393, 410. 
Cryptomyces Pteridis 148. 
Cryptosorus 549. 
Ctenitis 459, 544. 
Ctenopteris 460, 549. 
Culcita 461, 533, 534. 
- macrocarpa 419. 
Cuscuta europaea 399. 
Cyathea 405, 440, 442, 456, 460, 533, 542. 
- arborea 150. 
- boninsinensis 400. 
- dealbata 326, 332, 447. 
- Manniana 439. 
- medullaris 144, 209, 326, 332, 447. 
- moluccana 78, 81. 
- serra 350. 
- sinuata 44. 
Cvathodium cavernarum 426. 
Cyclodendron 478, 556. 
- Leslii 490. 
- Mathieui 490. 
Cyclodium 458, 543. 
Cyclopeltis 457, 543. 
Cyclophorus 391, 432, 460, 548. 
- acrostic hoi des 145. 
- adnascens 205. 
- lingua 385, 402. 
- serpens 448. 
Cyclopteris 581, 585. 
Cyclosorus 461, 544, 545. 
Cyclostigma 478, 490, 503, 506, 600. 
- australe 490. 
- Kidstoni 506. 
- Kiltorkense 506. 
- Wijkianum 506. 
Cyclotheca 486. 
Cylindrocladium Pte rid is 151. 
Cyrtomium 462, 543. 
Cystodium 458, 533. 
Cystopteris 129, 326, 388, 394, 402, 418, 

461,541,542,543. 
- alpina 129. 
- bulbifera 129, 332, 395. 
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Cystopteris fragilis 129, 146,259, 309,332, 
352, 363, 388, 390, 391, 392, 393, 397, 
407, 409, 454, 542. 

- montana 129, 149,393, 408. 
- regia 393, 408, 409. 

Dactylotheca 486, 554. 
Danaea 164, 166, 311, 458, 528. 
- elliptica 95. 
Danaeites 482, 553. 
Danaeopsis 482, 553. 
- cacheutensis 493. 
Davallia 461, 485, 534, 535, 536. 
- bullata 361, 375. 
- canariensis 326, 327, 328, 330, 332, 

402, 535. 
- solida 205. 
Davallodes 458, 536. 
Dawsonites 477, 498. 
Delphinium 25. 
Demetria 478. 
- asiatica 486. 
Dendraena 484, 554. 
Dendroconche 459, 548. 
Dennstaedtia 401, 445, 460, 533, 534, 535. 
- cornuta 83, 261. 
- punctilobula 394, 409. 
- rubiginosa 84. 
- rufescens 84. 
Deparia 123. 
- Moorei 122, 123. 
Desmella 145. 
Desmopteris 585. 
- integra 584. 
- serrata 584. 
Diacalpe 459, 542. 
Diachaea leucopoda 153. 
Dicksonia 158, 308, 405, 460, 533. 
- antarctica 309, 354. 
- Berteroana 472. 
- Dayi 326, 332. 
- fibrosa 326, 332, 447. 
- lanata 401. 
- Sellowiana 400, 419. 
- squarrosa 326, 384, 447. 
Dicranopteris 460, 530. 
- linearis 530. 
- pectinata 530. 
Dictyoc1ine 459. 
Dictyophyllum 485, 495, 554. 
- acutilobum 495. 
- Carlsoni 495. 
- Davidii 495. 
- obtusilobum 495. 
- rugosum 495. 
Dictyota dichotoma 566. 
Dictyoxiphium 458, 535. 
Dictyoxylon 600. 
Didymium difforme 153. 
- effusum 153. 
Didymochlaena 457, 543, 544, 545. 
- lunulata 455. 
Diellia 459, 535. 
Dineuron 481. 
Dipiasterotheca 482. 
Diplaziopsis 458. 
Dipiazium 460, 541, 542. 
- celtidifolium 324, 332, 426. 
- esculentum 129, 335. 

Diplazium expansum 158. 
- melanocauion 326, 332. 
- pallidum 150. 
Diplolabis 481, 552. 
Diplophyllum albicans 404. 
Diplora 458, 541. 
Diploschistes 399. 
Dip10stachium 500. 
Diplotmema 582, 584, 585. 
Dipteris 456, 462, 464, 545, 546, 582. 
- conjugata 456. 
- Lobbiana 434, 435. 
Dischidia 433. 
Discopteris 483, 553. 
- kogendoensis 489. 
Distichium 406. 
Ditrichum 406. 
Dolerophyllum 561, 616. 
Doodia 237, 241, 249, 253, 316, 462, 540. 
- aspera 316. 
- caudata 114. 
- media 205. 
Doryopteris 456, 459, 471, 539. 
- concolor 455. 
Dracaena 9, 53. 
Drepanophycus 479, 496, 499, 556,562,588. 
Drosera 405. 
Drymoglossum 433, 457, 548. 
- microphyllum 205. 
- piloselloides 432. 
Drymotaenium 462, 547. 
Drynaria 323, 431, 432, 462, 485, 548. 
- herac1ea 323, 332, 333. 
- rigidula 326, 330, 332. 
Drynariopsis 548. 
Dryopteris 206, 210, 219, 247, 254, 259, 

314, 317, 363, 384, 410, 413, 438, 460, 
464, 526, 536, 541, 542, 543, 544. 

- africana 205. 
- athamantica 358, 418. 
- austriaca 204, 364, 365, 366, 367, 368, 

369, 370, 373. 
- barbigera 409. 
- Braunii 393. 
- canescens 150. 
- cristata 363, 393, 414, 455. 
- decussata 325. 
- dentata 206, 207, 212, 216, 217, 233, 

243, 246, 248, 251, 253, 265, 267, 316, 
318, 455. 

- dilatata 336, 455. 
- dissecta 426. 
- erythrosora 154. 
- Filix-mas 16, 85, 110, 146, 149, 151, 

204, 205, 206, 219, 236, 240, 241, 242, 
254, 257, 258, 260, 263, 267, 268, 269, 
270, 273, 278, 280, 281, 285, 308, 316, 
326,332,353,354,355,356,359,360,377, 
378, 379, 380, 381, 394, 399, 409, 418, 
543. 

- fragrans 409. 
- Goldiana 393. 
- gongylodes 414, 455. 
- hexagonoptera 410. 
- hirtipes 268, 269, 273, 281, 332. 
- inaequifolia 408. 
- Linnaeana 410, 544. 
- marginalis 278, 279, 280, 297, 298, 332, 

409, 418. 
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Dryopteris normalis 151. 
- noveboracensis 409. 
- oreades 409. 
- Oreopteris 393, 409. 
- oyamensis 410. 
- parasitic a 152, 197. 
- Phegopteris 332, 393, 410, 544. 
- prolifera 395. 
- pulchella 149. 
- Raddeana 409. 
- remota 236, 241, 245, 251, 253, 254, 

255, 257, 259, 263, 268, 269, 270, 272, 
273, 274, 281, 285, 336, 410. 

- rigida 357, 363. 
- Robertiana 393, 410, 544. 
- setigera 261, 263. 
- sophoroides 154. 
- spinulosa 145, 146, 149, 151, 241, 242, 

254, 257, 260, 263, 271, 273, 285, 358, 
361, 365, 366, 369, 370, 373, 394, 409, 
455. 

- stipellata 325. 
- Thelypteris 204, 332, 413. 
- Thomsonii 325. 
- triphylla 205. 
- Villarsii 393, 409. 
Dryostachyum 548. 
Duisbergia 499, 556. 
Dutoitia 477, 498. 
- pulchra 490. 
Dysoxylum spectabile 384. 

Eboracia, 484. 
- lobi folia 495. 
Egenoifia 459, 545. 
Eichhornia 417, 418. 
Eichwaldia 478. 
- biarmica 486. 
Elaeis 430. 
Elaphoglossum 386, 432, 453, 456, 460, 

472, 526, 549. 
- palustre 402. 
Elatine 416. 
Elatostema 466. 
Eleocharis dulcis 444. 
Eleuterophyllum 478. 
- mirabile 565, 590. 
Enterosora 458, 549. 
Entyloma Aspidii 149. 
- Nephrolepidis 149. 
- polysporium 156. 
Entylomella Aspidii 149. 
Eospermatopteris 480, 499, 552, 555, 572. 
Ephedra vulgaris 312. 
Epirrhizanthes 191. 
Equisetites 480,493,512,517. 
- approximatus 493. 
- arenaceus 517. 
- calamitinoides 491. 

Czekanowskii 487. 
morenianus 491. 
Mougeoti 517. 
Nicoli 493. 
platyodon 493. 

- rajmahalensis 493. 
- rotiferum 493. 
- wonthaggiensis 493. 
Equisetum 1,5,8,9, 14,26,28,29,33,34, 

40, 42, 47, 48, 63, 68, 74, 77, 86, 94, 98, 

100, 107, 108, 111, 114, 115, 117, 118, 128, 
129, 143, 154, 155, 192, 194, 197, 199, 
202, 203, 219, 222, 226, 227, 228, 230, 
235, 236, 237, 239, 244, 245, 248, 249, 
252, 255, 256, 259, 261, 274, 285, 306, 
307, 308, 309, 311, 332, 339, 341, 342, 
383, 384, 385, 390, 392, 394, 396, 418, 
419, 454, 456, 461, 463, 511, 512, 513, 
514, 517, 518, 519, 520, 521, 522, 561, 
562,564,575,590,600,603. 

- arvense 12, 25, 63, 109, 118, 129, 143, 
154, 199, 202, 203, 204, 227, 228, 229, 230, 
231, 235, 253, 254, 259, 267, 275, 276, 
308, 349, 350, 353, 363, 385, 390, 394, 
397, 414, 418, 454, 473, 590. 

- debile 227. 
- fluviatile 40, 65, 353, 415. 
- giganteum 561. 
- Heleocharis 68, 414, 520. 
- hiemale 69, 118, 154, 349, 350, 392, 

411, 414, 455. 
- Kansanum 109. 
- laevigatum 154. 
- limosum 63, 118, 119, 129, 143, 154, 

203, 204, 227, 228, 229, 231, 275, 276, 
361,414,417. 

- littorale 63, 415. 
- maximum 63, 336, 349, 352, 353, 361, 

363, 392, 411. 
- Moorei 415. 
- palustre 2, 63, 111, 143, 231, 308, 353, 

359, 360, 394, 411, 414, 455, 473, 520. 
- praealtum 154, 414. 
- pratense 63, 411, 455. 
- ramosissimum 69, 204, 411, 414. 
- Schaffneri Ill, 129. 
- scirpoides, 390, 414, 454, 455. 
- silvaticum 63, 154, 155, 204, 411, 454. 
- Telmateja 109, 118, 130, 131, 204, 228, 

349, 350. 
- trachyodon 415. 
- variegatum 108,231,388,390, 414, 454, 

455. 
Eremopteris 585. 
Eriocaulon 415. 
Eschatogramme 458, 548. 
Etapteris 481, 552. 
Eucalamites Brongniarti 516. 
Eupatorium perfoliatum 414. 
Eurhacopteris 485. 

Fadyenia 395, 458, 544. 
Festuca vallesiaca 412. 
Fissidens 406. 
Freycinetia Banksii 384. 
Fuchsia excorticata 384. 
Fucus 6. 
Fusarium 147. 
- avenaceum 154. 
- bulbigenum 154. 
- Equiseti 154. 
- graminearum 155. 
- roseum 155. 

Gahnia javanica 446. 
Galcola hydra 165. 
Galtonia 249. 
Gangamopteris 585. 
Gastrodia callosa 165, 183. 
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Gaultheria fragantissima 446. 
Geranium 44. 
- silvaticum 411. 
Gibberella Saubinetii 155. 
Gigantopteris 562, 601. 
Ginkgo 604. 
Glaphyropteris 544. 
Gleichenia 45, 410, 413, 424, 442, 443, 444, 

445, 448, 461, 472, 494, 530, 531, 554. 
- cryptocarpa 390. 
- linearis 443, 455. 
- pectinata 78, 79. 
Gleichenites 484. 
- acutus 494. 
- gleichenoides 494. 
- micromerus 494. 
- pectin at a 494. 
- rewahensis 494. 
- sanmartini 494. 
Gloeosporium 149. 
- Equiseti 154. 
- Kriegerianum 154. 
- leptospermum 151. 
- necans 151. 

Nicolai 151. 
Osmundae 151. 

- Phegopteridis 151. 
- Polypodii 151. 
- Pteridis 148, 151. 
Glomerella Nephrolepis 151. 
Glossopteris 400, 585. 
Goeppertella 485, 554. 
Gonatosorus 484. 
Goniophlebium 548. 
Goniopteris 458, 545. 
Gosslingia 70, 75. 
Grammatopteridium 458, 547. 
Grammatopteris 481. 
- Baldaufi 564, 595. 
Grammitis 440, 460, 547, 549. 
Griggsia cyathea 150. 
Gymnocarpium 410, 544. 
Gymnogramme 79, 143, 305, 306, 310, 

462, 472, 538. 
- aurea 352. 
- chaerophylla 385. 
- chrysophyIIa 285, 332, 333. 
- cordata 352. 
- farinifera 332. 
- Hookeri 326, 332. 
- Laucheana 326, 333. 
- leptophylla 385, 386, 388, 392, 412. 
- sulphurea 215, 285. 
Gymnoneuropteris 481. 
Gymnopteris 461, 538. 
Gyropteris 481. 

Halonia 11, 505. 
Haplostigma 477, 499, 556, 600. 
- irregulare 490. 
Hausmannia 485, 554. 
- dichotoma 495. 
- Pelletieri 495. 
- Wilkinsi 495. 
Hecistopteris 335, 458, 539. 
- pumila 335, 336. 
Hedeia 477. 
- corymbosa 490. 
Helenia 478. 
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Helenia inopinata 486. 
Heleniella 478. 
Helianthus 313. 

. - annuus 385. 
Helminthostachys 48, 86, 90, 97, 120, 324, 

458, 527. 
- zeylanica 167, 171,235,274. 
Hemigramma 458, 544. 
Hemionitis 458, 538. 
- arifolia 333. 
- cordata 333. 
- palmata 44, 326, 327, 328, 333, 336. 
Hemipteris 459, 536. 
Hemitelia 456, 460, 533. 
- capensis 81, 400. 
- Smithii 401, 447. 
Herpobasidium filicinum 149. 
- Struthiopteridis 149. 
Heterogonium 459, 544. 
Hevea 444. 
Hicklingia 477, 498. 
Hieracium 282. 
Hierogramma 556, 597. 
Histiopteris 460, 536. 
- incisa 408, 447, 455. 
Holodictyum 458. 
Holostachyum 548. 
Homostegia Polypodii 151. 
Hornea 27, 28, 70, 73, 75, 477, 497, 499, 

570, 601, 603, 607. 
- Lignieri 570, 603. 
Hostimella 477, 490, 498, 499. 
- pinnata 607. 
Humata 462, 536. 
- parvula 437. 
- repens 536. 
Hura crepitans 176. 
Huttonia 512, 514. 
Hyalopsora 144, 145. 
Hydnophytum 432. 
Hyenia 479,511,512,556. 
Hymenodium 549. 
- crinitum 549. 
Hymenolepis 149, 457, 547. 
- spicata 547. 
Hymenophyllites 484, 494. 
- Mendozaensis 494. 
Hymenophyllopsis 458, 471, 532. 
Hymenophyllum 194, 257, 260, 263, 264, 

336, 387, 390, 418, 460, 472, 531, 532. 
- asplenioides 247. 
- cilia tum 194. 
- demissum 247, 260. 
- flabella tum 447. 
- Fomini 403. 
- fucoides 247. 
- holochilum 436. 
- line are 194. 
- multifidum 404. 
- peitatum 388, 390, 403, 404. 
- tunbridgense 246, 247, 250, 260, 261, 

263, 388, 403, 404. 
Hymenoscypha Asplenii 150. 
Hymenotheca 485. 
Hypericum 414. 
Hypodematium 462, 543. 
Hypoderris 458, 542. 
Hypolepis 445, 447, 460, 535. 
- repens 394. 

40 
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Hypolepis rugulosa 408. 
- tenuifolia 447. 

Iris 581. 
Irydyonia filicis lSI. 
Isoetes 4, 5, 8, 25, 28, 31, 35, 36, 42, 48, 

49, 56, 58, 59, 60, 61, 62, 63, 65, 73, 74, 
86, 92, 93, 94, 96, 98, 99, 103, 104, 115, 
128, 155, 196, 197, 205, 210, 220, 225, 
226, 236, 238, 239, 242, 243, 252, 253, 
259, 342, 383, 385, 392, 393, 395, 396, 
399, 415, 416, 417, 418, 453, 456, 463, 
464, 461, 500, 501, 593, 504, 522, 572, 
575, 602. 

- adspersum 415. 
- asiatica 276. 
- coromandelina 236. 
- Dodgei 415. 
- Duriei 128, 415, 416. 
- echinosporum 155, 236, 276, 415, 416. 
- Engelmannii 415. 
- hypsophilum 416. 
- Hystrix 59, 99, 415, 416. 
- japonica 58, 60, 92, 204, 205, 220, 238, 

267, 276. 
- lacustre 35, 59, 60, 65, 73, 128, 155, 

204, 220, 221, 267, 350, 388, 415, 416. 
- macrosporum 416. 
- melanopoda 221, 225. 
- Pringlei 416. 
- riparium 416. 
- saccharatum 416. 
- Savatieri 416. 
- setaceum 415, 416. 
- Welwitschii 416. 
Isoetites 479. 
Isoloma 535. 
Ithycaulon 457, 534. 

Jamesonia 338, 453, 458, 472, 537, 543. 
J egosigopteris 483. 
- Jaworskii 487. 
Juncus bufonius 415. 
- capitatus 415. 
- pygmaeus 415. 

Kaulfussia 164, 553. 
Kidstonia 483, 553. 
Klukia 483, 553. 
- exilis 494. 
Knightia excelsa 384. 
Knorria 490, 505. 
- anceps 486. 
- mamillaris 486. 

Lastraea 94, 299, 333, 352. 
- atrata 295. 
- opaca 327, 333, 334. 
- pseudomonas 332, 333. 
Lathyropteris madagascariensis 40 I. 
Lecanopteris 432, 433, 459, 547. 
Leiodermaria 506. 
Lemmaphyllum 462, 547. 
Leocarpus fragilis 153. 
Lepicystis 548. 
Lepidocarpon 35, 479, 505. 
Lepidodendron 18, 20, 26, 38, 42, 52, 56, 

85, 90, 91, 92, 98, 99, 477, 485, 486, 488, 
500,501, 505, 595. 

Lepidodendron aculeatum 488. 
- australe 490. 
- brevifolium 89. 
- Clarkei 490. 
- esnostense 99. 
- Gaudryi 488. 
- Hickii 99. 
- kirgisicum 486. 
- mesostigma 488. 
- molle 488. 
- not hum 490. 
- obovatum 47, 490. 
- ocuJis felis 488. 
- Osbornei 490. 
- ostrogianum 486. 
- pedroanum 490. 
- Posthumi 488. 
- Rhodumnense 89. 
- rimosum 490. 
- Schmalhauseni 486. 
- scutatum 490. 
- selaginoides 88, 89. 
- vasculare 89. 
- Veltheimianum 11, 19, 486, 490, 500. 
- vereenigingense 490. 
- Volkmannianum 19, 20, 490. 
Lepidodendropsis 478, 503. 
Lepidodendrum 39. 
Lepidophloios II, 47, 478, 505. 
- laricinus 12, 490. 
- Scoticus 506. 
- Wunschianus 54. 
Lepidophyllum 490, 505. 
Lepidopteris 518. 
- Ottonis 610. 
Lepidostrobophyllum 488. 
- latisquamum 488. 
- longitriangulare 488. 
Lepidostrobus 35, 47, 486, 488, 490, 500, 

505, 603. 
- Veltheimianus 47. 
Lepidotis 500. 
Lepisorus 461, 547. 
Leptochilus 395, 458, 526, 545, 548. 
- zeylaniCum 205. 
Leptogramma 460, 545. 
- totta 205. 
Leptolepia 455, 463, 534. 
Leptophloem 479, 506. 
- australe 490. 
Leptopteris 101, 463, 528. 
- superba 247, 263, 401. 
Leptospermum 448. 
Leptosphaeria Crepini 155. 
- marcyensis 155. 
Leptostroma filicinum 152. 
Lesleya 561, 585. 
Leucostegia 462, 536, 542. 
Ligniera Isoetis 155. 
Lindsaya 79, 435, 460, 535, 543. 
Linopteris 585. 
Lithostegia 459, 542. 
Li torella 399. 
- americana 416. 
- australis 416. 
- lacustris 416. 
Llavea 458, 537. 
Lobatannularia 480,512,514. 
- ensifolia 489. 
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Lobatannularia heianensis 489. 
- inaequifolia 489. 
- lingulata 489. 
- Schtschurowskii 487. 
- sinensis 489. 
Lobelia Dortmanna 416. 
Loganella 477. 
Lomagramma 422, 423, 427, 458, 545. 
Lomaria 532, 540. 
- capensis 326, 332, 333. 
Lomariopsis 421,427,457,545. 
Lonchitis 462, 536. 
Lonchopteris 585. 
- Bricei 584. 
Lophiodendron 478. 
- superum 486. 
- tyrganense 486. 
Lopholepis 549. 
Lophosoria 462, 533. 
Lorinseria 413. 
Loxogramme 459, 546, 547. 
Loxoscaphe 457. 
Loxsoma 79, 455, 463, 532. 
- Cunninghami, 456. 
Loxsomopsis 456, 458, 532. 
Luerssenia 459, 544. 
Lupinus 44. 
Lycopodioides 500. 
Lycopodiopsis 479. 
- Derbyi 49l. 
Lycopodites 479, 488, 493, 500, 506. 
- gracilis 493. 
- victoriae 493. 
Lycopodium 1,2,4,5,8, II, IS, 16, 19,20, 

26, 28, 29, 31, 32, 33, 37, 38, 47, 48, 49, 
56, 64, 67, 74, 75, 77, 85, 86, 94, 95, 
96, 99, 100, liS, 117, 123, 125, 126, 
ISS, 179, 183, 184, 220, 222, 223, 226, 
233, 243, 252, 265, 341, 342, 351, 362, 
384, 390, 404, 417, 418, 419, 424, 430, 
443, 448, 454, 461, 463, 466, 500, 501, 
502, 503, 522, 564, 571, 600, 613, 616. 

- alopecuroides 502. 
- alpinum II, 72, 204, 348, 350, 362, 

391, 405, 455. 
- andinum 388. 
- annotinum ISS, 179, 184, 245, 348, 351, 

362, 363, 398, 404, 405, 419, 455. 
- Billardieri 179, 181, 350, 362. 
- carinatum 10, II, 17,37. 
- casuarinoides 445, 502. 
- cernuum 5, 179, 188, 189, 350, 362, 396, 

424, 442, 443, 444, 500, 502, 571. 
- chamaecyparissus ISS, 362. 
- clavatum 5, 25, 37, 72, 99, liS, ISS, 165, 

177, 178, 179, 183, 184, 185, 187, 204, 
235, 245, 257, 259, 348, 350, 351, 353, 
361, 362, 398, 404, 405, 419, 424, 454, 
502. 

- complanatum 10, 15, 117, 155, 170, 178, 
181, 183, 184, 185, 187, 351, 355, 361, 
362, 405, 455. 

- dichotomum 37. 
- diffusum 502. 
- Hippuris 9, 37. 
- inundatum 18, 98, 99, 127, 179, 188, 

333, 391, 405, 502. 
- laterale 188, 502. 
- lucidulum 18, 85, 125, 392, 395, 405. 

Lycopodium Phlegm aria 37, 179, 180, 181, 
336, 362, 383. 

- pinifolium 441. 
- ramulosum 126, 188. 
- reflexum 395. 
- salakense 179. 
- Saururus 361, 388. 
- Selago 11, 18, 37, 42, 47, 48, 68, 71, 98, 

120, 122, 125, 126, 127, 138, ISS, 165, 
178, 179, 180, 187, 204, 245, 348, 350, 
362, 388, 390, 392, 395, 397, 398, 405, 
454. 

- tuberosum 502. 
- volubile II, 42, 351, 401, 448, 502. 
Lycostrobus 479, 506. 
Lyginodendron 600. 
Lygodium 45, 110, 145, 214, 215, 313, 

401, 442, 445, 460, 483, 528. 
- japonicum 336, 387. 
- palmatum 208, 212, 214, 237, 265, 267, 

387, 401, 529. 
- polymorphum 144. 
- scandens 10, 40l. 
Lythrum hyssopifolium 415. 

Macroglossum 459, 527. 
Macrosporium Scolopendrii lSI. 
Macrostachya 512, 514. 
- huttoniaeformis 489. 
Marasmius 146. 
Marattia 68, 83, 94, 97, 103, 164, 191, 460, 

528. 
- alata 95, 164, 166, 168, 327, 333. 
- fraxinea 247. 
Marattiopsis 482, 553. 
- macrocarpa 493. 
- Muensteri 493. 
Marchantia 133. 
- polymorph a 202. 
Marginaria 462, 548. 
Marginariopsis 458, 547. 
Mariopteris 585, 586. 
- muricata 584. 
Maroesia 478. 
- rhomboidea 488. 
Marsilea2, 116, 132, 138, 197, 198,210, 

219, 235, 237, 259, 310, 337, 354, 362, 
385, 397, 416, 417, 445, 460, 522, 526, 
530, 575. 

Drummondii 239, 275, 282, 418. 
hirsuta 416. 
nardu 418. 
pubescens 415. 
quadrifolia 210, 217, 219, 237, 239" 

249, 267, 275, 350, 397. 
- strigosa 415. 
- vestita 210, 211. 
Matonia 459, 531, 545, 546, 554, 582. 
- pectinata 78, 79, 84, 447. 
- sarmentosa 456. 
Matonidium 484, 554. 
- indicum 494. 
Mationiella 484, 554. 
Matteuccia 388,399, 409,418,455,462,540. 
- intermedia 540. 
- orientalis 205, 263, 271, 280, 358. 
- Struthiopteris 7, 46, 113, 130, 133, 149, 

152, 204, 206, 214, 273, 307, 324, 327, 
409, 540, 563, 612. 
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Maxonia 458, 543. 
Medeola virginica 404. 
Megaphyton 482, 553. 
Melanotaenium Selaginellae 156. 
Melasmia imitans 151. 
Meniscium 545. 
Menopteris 481. 
Mentha pulegium 415. 
Merianopteris 482. 
Merinthosorus 458, 548. 
Mertensites 484, 554. 
Mesocalamites 480, 512, 514. 
Mesochlaena 545. 
Metacalamostachys 480, 512, 514. 
Metac1epsydropsis 481, 552. 
Metaxya 458, 533. 
Metrosideros lucida 447. 
- robusta 447. 
- tomentosa 386. 
Miadesmia 479, 505. 
l\1icheevia 478. 
- pulchella 486. 
- rimnensis 486. 
- uralica 486. 
Microcachrys 565. 
Microgramma 547. 
Microlepia 459, 534, 535. 
Microphyllopteris 494. 
Microsorium 462, 547, 548. 
Microstaphyla 457, 549. 
Milesia 144, 145. 
- australis 144. 
Milesina 144, 145. 
- Kriegeriana 145. 
- Lygodii 145. 
Milium 411. 
Milleria 499. 
Mnium cuspidatum 201. 
Moehringia muscosa 410. 
Mohria 462, 528, 529. 
Monachosorella 463, 544. 
Monachosorum 462, 544. 
Moniliopsis Aderholdi 144. 
Monocarpia 484, 554. 
- Posthumi 489. 
Monogramma 305, 336, 457,' 539. 
Monograptus 27, 563. 
Monotropa hypopitys 178. 
Morenoella Nephrodii 150. 
Myiocopron Lycopodii 155. 
Myriophylloides 512. 
Myriotheca 486. 
Myrmecophila 547. 
Myxotheca hypocreoides 158. 

Nathorstia 479, 482, 553. 
- alata 493. 
- Willcoxi 493. 
Nathorstiana 4, 49, 58, 63, 504. 
Nectria 144. 
Nematopteris 458, 549. 
Neocalamites 480, 512, 517. 
- Carreri, 491, 493. 
- hoerensis 493. 
- Meriani 489. 
Neocheiropteris 459, 464, 546, 547. 
- palmatopedata 456. 
Neottia 176. 
Nepenthes 444. 

Nephrodium 197, 219, 238, 333, 485. 
- hirtipes 237, 332, 333. 
- molle 197, 218, 316. 
Nephrolepis 194, 195, 293, 313, 315, 317, 

351,445, 459, 536. 
- acuta 455. 
- biserrata 149, 195, 327, 328, 333. 
- cordifolia 154, 315, 318, 355, 455. 
- exaltata 151, 261, 293, 295, 455. 
- hirsutula 146. 
Neurocallis 458, 537. 
Neurodontopteris 584. 
Neuropteridium 486. 
- moombracense 495. 
- plantianum 492. 
- tasmanense 492. 
- validum 486, 492. 
Neuropteris 584, 585. 
Neurosoria 459, 537. 
Nicotiana tabacum 371. 
N igri tella 412. 
Niphobolus 432, 526. 
- fissus 145. 
Nipholepis filicina 158. 
Nitella capitellata 415. 
Noeggerathia 557. 
- foliosa 557. 
- vicinalis 557. 
Nolina recurvata 58. 
Norimbergia 483, 553. 
Notholaena 359, 386, 392, 407, 461, 472, 

539. 
- dealbata 407. 
- Fendleri 387. 
- flavens 333. 
- Marantae 333, 363, 393, 407, 409, 539. 
Notogramme japonica 205, 206, 208, 238. 

Ochropteris 459, 536. 
Odontopteris 584. 
- alpina 584. 
Odontosoria 401, 445, 458, 535. 
Oenotrichia 459, 534. 
Oishia 485, 554. 
OIeandra 460, 536. 
Olfersia 458, 543. 
Oligocarpia 484, 554. 
- Gothani 489. 
Omphalia flavida 146. 
Omphalophloios 478, 506. 
Oncopteris 484. 
Onoc1ea 131, 197, 198,214,237, 333, 409, 

463, 485, 540. 
- sensibilis 130, 151, 214, 265, 267, 270, 

271, 275, 277, 324, 409, 540. 
Onychiopsis 485. 
- Mantelli 495. 
- psilotoides 495. 
Onychium 459, 537. 
Ophioglossites eozaenicum 482. 
Ophioglossum 8, 28, 32, 44, 45, 48, 68, 96, 

119, 129, 164, 167, 239, 253, 274, 321, 
334, 363, 394, 412, 413, 415, 418, 424, 
460, 527. 

- arenarium 393. 
- ellipticum 238, 259, 263. 
- Engelmannii 393. 
- lusitanicum 482. 
- moluccanum 167, 169, 174, 396, 595. 
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Ophioglossum pedunculosum 335. 
- pendulum 107, 165, 167, 168, 169, 170, 

171, 172, 174,424,430. 
- vulgatum 152, 167, 173, 174, 237, 244, 

259, 270, 335, 350, 393, 413, 455. 
Orchis 412. 
Oreogrammitis 459. 
Ormoloma 458, 534. 
Orobanche trichocalyx 399. 
Orthiopteris 534. 
Osmunda 144, 199,205,233,236,237,238, 

241, 242, 249, 252, 253, 255, 259, 310, 
314, 315, 320, 324, 336, 342, 388, 397, 
399, 409, 413, 453, 461, 528. 

- cinnamomea 85, 86, 151, 205, 247, 248, 
414, 595. 

Clavtoniana 409. 
gracilis 205. 
japonica 411. 
palustris 205. 
regalis 47, 107, 110, 112, 114, 120, 133, 

135, 136, 137, 138, 148, 151, 199, 203; 
204, 205, 234, 237, 246, 247, 249, 250, 
252, 255, 257, 258, 261, 263, 278, 279, 
281, 297, 308, 319, 320, 327, 333, 454, 
613. 

Osmundites 483, 494, 595. 
- Dunlopi 493. 
- Gibbiana 493. 
- Kolbei 493. 
Ovopteris 585. 
- pecopteroides 584. 
- Weissi 586. 
Oxalis 44,337,411. 
Oxycoccus 405. 
- macrocarpus 414. 

Paesia 461, 536. 
Paikhovia 478. 
- Tschernowi 486. 
Palaeopteridium Reussi 583. 
Palaeopteris 584. 
Palaeostachya 47, 480, 512, 514, 518. 
- incrassata 489. 
Palaeoweichselia 564, 585. 
- Defrancei 584. 
- vuani 584. 
Palmatopteris 582, 584, 585. 
- furcata 582. 
Paltonium 458, 547. 
Papuapteris 466, 543. 
Paracalamites 480. 

decoratus 487. 
- izylensis 487. 

Kutagorae 487. 
laticostatus 487. 
robustus 487. 
sibiricus 487. 
similis 487. 
striatus 487. 

Paradoxopteris 482, 553. 
Para pecopteris 482. 
Parapolystichum 544. 
Parasorus 459, 535. 
Parmelia 399. 
Parmularia discoidea 150. 
Parthenocissus tricuspidata 503. 
Pecopteridium 585. 
Pecopteris 561, 581, 585, 611. 

Pecopteris Armasi 584. 
lamurensis 582. 
Pluckeneti 611. 
synica 487. 
vestita 582, 584. 

Pectinophyton 477, 498. 
Pellaea 386, 388, 407, 460, 472, 539. 

atropurpurea 236, 407. 
Breweri 409. 
Bridgesii 409. 
densa 409. 
glabella 407. 
nivea 333. 
termifolia 327. 
ternata 326, 327. 

Pelletiera 483. 
Peltochlaena 543. 
Peranema 459, 542. 
Pestalozzia Cibotii 144. 
- funerea 151. 
Petasites niveus 410. 
Petscheropteris 483. 
- splendida 487. 
Phanerophlebia 462, 543. 
Phanerosorus 458, 531. 
Phaseolus multiflorus 337. 
- vulgaris 385. 
Phegopteris 398, 410. 
- Dryopteris 10, 149, 151, 153, 392, 398, 

410. 
- polypodioides 132, 133, 148, 149, 204, 

327, 332, 333, 410. 
- Robertiana 204. 
Phialophloios 478, 506. 
Phlebodium 458, 548. 
Phlebopteris 484, 554. 
- polypodioides 494. 
Phoma Botrychii 151. 
Photinopteris 459, 548. 
Phragmites 415. 
Phyllitis 204, 297, 386, 388, 391, 392, 

408, 461, 541. 
- Scolopendrium 129, 133, 135, 146, 151, 

153, 204, 213, 259, 260, 283, 286, 288, 
290, 291, 292, 293, 294, 295, 297, 298, 
299, 333, 334, 336, 352, 361, 363, 374, 
408, 418, 541. 

Phylloglossum 8, 29, 93, 94, 125, 126, 128, 
383, 385, 455, 463, 502, 571. 

- Drummondii 29, 416, 502. 
Phyllosticta Platycerii 151. 
Phyllotheca 480, 487, 491, 493, 512, 517, 

591. 
australis 489, 491, 493. 
bardensis 487. 
concinna 493. 
deliquescens 487, 491. 
equisetoides 487. 
Etheridgei 491. 
Griesbachii 491. 
Hookeri 493. 
indica 491. 
macrostachya 487. 
minuta 493. 
pauciflora 487. 
peremensis 487. 
robust a 491. 
Sokolowskii 487. 
stellifera 487. 
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Phyllotheca uluguruana 491. 
- Whaitsi 491. 
- Zeilleri 491. 
Phymatodes 461, 546, 547, 548. 
Physarum gyrosum 153. 
Phytophthora 166. 
Pilularia 2, 196, 210, 212, 214, 233, 265, 

397, 416, 462, 522, 526, 529, 530. 
- globulifera 199, 204, 210, 236, 237, 239, 

243, 263, 267, 397, 416. 
- Mandoni 416. 
- minuta 415. 
Pinacodendron 478, 503, 506. 
Pinnularia 512. 
Pinus 92. 
Pistia 416. 
Pityrogramma 359, 460, 538. 
- adiantoides 326. 
- calomelanos 284, 359, 442. 
- chrysophylla 243, 284, 326, 327, 332, 

333. 
Plagiogyria 324, 440, 442, 461, 526, 532. 
- glauca 324. . 
- pycnophylla 324. 
Platycerium 47, 64, 129, 323, 324, 354, 355, 

421, 424, 431, 432, 460, 546. 
- bifurcatum 151, 323, 333, 335. 
- divergens 205. 
- grande 333, 335, 432. 
- Hillii 333, 335. 
- iridioides 205. 
- Stemaria 335, 430. 
- Willinckii 335. 
Platygloea Hymenolepidis 149. 
Platytaenia 458, 535. 
Platyzoma 78, 459, 530, 595. 
Plecosorus 458, 543. 
Pleopeltis 461, 547, 548. 
- astrolepis 547. 
- lanceolata 547. 
- pteropus 193. 
- superfacialis 193. 
Pleuromeia 4, 32, 49, 55, 58, 61, 62, 63, 

103, 104, 478, 493, 504, 505, 562, 563, 
572, 616, 617. 

- Sternbergi 32. 
Pleurosoriopsis 463, 541. 
Pleurosorus 455, 463, 541. 
Podoloma 485. 
Poecilitostachys 479. 
Polybotrya 273, 274, 458, 543, 545. 
- cervina 259, 268, 270, 271, 273. 
Polypodium 129, 151, 152, 247, 305, 306, 

314, 323, 324, 339, 370, 371, 386, 419, 
440, 456, 461, 464, 471, 473, 485, 546, 
548, 549. 

- aureum 205, 259, 261, 273, 275, 276, 
278, 279, 280, 282, 297, 308, 327, 328, 
329, 330, 333, 354, 375, 376. 

- australe 390, 472. 
- bifrons 433. 

Billardieri 448. 
- Brunei 433. 
- caespitosum 243. 
- cambricum 151, 153. 
- coronans 548. 
- crassifolium 152. 
- diversifolium 448. 
- Feei 446, 447. 

Polypodium Fendleri 327, 328, 334. 
- glycyrrhiza, 418. 
- heracleum 324, 325, 326, 327, 328, 330, 

333, 335, 548. 
- imbricatum 432. 
- irioides 336. 
- line are 145,402. 
- longissimum 151. 
- loriceum 327, 334. 
- lycopodioides 64, 334. 
- musifolium 327, 330, 334. 
- paradiseae 209. 
- phymatodes 418. 
- polypodioides 198, 205, 206, 207, 339, 

392, 402. 
- pteropus 402, 445. 
- punctatum 152, 243, 336, 355. 
- pustulatum 418. 
- quercifolium 323. 
- Reinwardtii 316. 
- rigidulum 323. 
- Schneideri 261, 270, 271, 273, 274. 
- sinuosum 432, 433. 
- stipitatum 388. 
- taeniatum 436. 
- vulgare 100, 114, 146, 151, 153, 204, 

237, 261, 270, 271, 273, 276, 334, 339, 
369, 385, 388, 390, 391, 392, 402, 418, 
548, 549. 

- Willdenowii 323. 
Polystiehum 299, 388, 408, 453, 456, 461, 

464, 472, 543. 
- aC'rostichoides 408, 419. 
- aculeatum 146, 151,219,316. 
- adiantiforme 151,316,327,334. 
- anguhfre 287, 295, 296, 327, 334, 

408. 
- anomalum 46. 
- aristatum 148. 
- Braunii 204, 274, 408. 
- capense 455. 
- carvifolium 148. 
- craspedosorum 395. 
- drepanum 456. 
- Duthiei 388, 408. 
- falcatum 134, 143, 268, 281, 282. 
- falcinellum 456. 
- lobatum 392, 408. 
- lonchitis 363, 392, 408. 
- mohrioides 390, 455, 472. 
- scopulorum 408. 
- Standishii 205. 
- tripteron 205. 
- varium 205, 327, 334. 
- vestitum 448. 
- Webbianum 456. 
Polytaenium 540. 
Porodendron 478, 506. 
- tenerrimum 486. 
Pothocitopsis 480, 512. 
Primula 249. 
Prosaptia 458, 549. 
Protasolanus 478, 506. 
Protocalamites 480,512. 
Protoclepsydropsis 481. 
Protolepidodendron 31, 57, 478, 479, 496, 

499, 556, 588, 608. 
- lineare 490. 
- yalwalense 490. 
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Protopteridium 477, 496, 499, 552, 555, 
580, 584, 599. 

- hostimense 581. 
Protopteris 484. 
Protorhipis 485, 554. 
- Buchii 495. 
Psammiosorus 459, 536. 
Psaronius 28, 82, 93, 97, 482. 
- brasiliensis 491. 
- Demolei 83. 
- Haidingeri 93. 
- infarct us 82, 83. 
- sibiricus 487. 
- Ungeri 82. 
Pseudobornia 31,479,511,512. 
Pseudodrynaria 548. 
Pseudolarix 604. 
Pseudomarattia 527. 
Pseudosporochnus 477, 499, 555. 
- Kreji'ii 578. 
Psilogramme 538. 
Psilophyton 477, 496, 498, 499, 591, 607. 
- Goldschmidtii 43. 
- princeps 563. 
Psilotum 2, 4, 5, 15, 28, 32, 33, 34, 48, 49, 

50, 51, 68, 70, 71, 75, 86, 98, 100, 106, 
174, 176, 177, 184, 191, 233, 239, 245, 
252, 255, 256, 354, 395, 405, 422, 454, 
456,460,500,501,507,508,509,589,608. 

- Bernhardi 67. 
- flaccidum 51. 
- nudum 193, 194, 237. 
- triquetrum 10, 32, 37, 50, 51, 162, 

170, 174, 175, 195, 203, 234, 237, 238, 
239, 244, 257, 259, 261, 262, 274, 275, 
276, 280, 350. 362, 405, 509. . 

Psomiocarpa 459, 544. 
Psygmophyllum 557. 
Pteridium 146, 204, 316, 384, 390, 394, 

411, 419, 443, 445, 448, 454, 460, 536. 
- aquilinum 16, 46, 100, 107, 146, 147, 

148, 151, 153, 154, 193,203,204,212,213, 
259, 308, 316, 322, 323, 330, 349, 350, 
351, 352, 355, 361, 363, 364, 366, 367, 
368, 369, 370, 373, 390, 392, 394, 399, 
410, 411, 418, 454, 536. 

- esculentum 146. 
Pteridrys 544. 
Pteris 25, 259, 321, 371, 461, 470, 536. 
- aspericaulis 148. 
- biaurita 455. 
- Blumeana 148. 
- cretica 134, 143, 205, 238, 246, 247, 

248, 249, 250, 252, 260, 261, 262, 275, 
276, 313, 334, 419. 

- Droogmantiana 267. 
- Kunzeana 84. 
- longifolia 107, 110, III, 135, 143, 146, 

308. 309, 310, 334. 
- longipinnula 154. 
- multifida 205, 208, 238. 
- nemoralis 148. 
- quadriaurita 148, 455. 
- serrulata 114, 313. 
- tremula 255, 275, 276, 327, 334. 
- umbrosa 313. 
- vittata 455. 
- Wallichiana 322. 
Pterozonium 458, 537. 

Ptychocarpus 482, 553. 
- unitus 489, 492. 
Puccinia Lygodii 144. 
Pulsatilla 565. 
Pycnoloma 459, 547. 
Pyrrhosia 548. 
Pythium 143. 
- aphanidermatum 146. 
- autumnale 143. 
- de Baryanum 143, 156. 
- Equiseti 143. 
- intermedium 143. 
- megalacanthum 143. 

Quercifilix 459, 544. 

Ramularia Botrychii 151. 
- Scolopendrii 151. 
Regnellidium 458, 530. 
Renaultia 486, 554. 
Rhacopteris 483, 485, 492, 584. 
- inaequilatera 492. 
- intermedia 492. 
- lindsaeformis 584. 
- Machanecki 492. 
- ovata 492. 
- petiolata 584. 
- Roemeri 492. 
- septen trionalis 492. 
- Szajnochai 492. 
- Weissiana 492. 
- Wilkinsoni 492. 
Rhagado1obium Hemiteliae 150. 
Rhipidopteris 44, 458, 549. 
Rhizoctonia 190. 
Rhizodendron 484. 
Rhizophidium Sphaerotheca 155. 
Rhodea 584. 
Rhopalostylis sapida 384. 
Rhynia 25, 28, 30, 33, 68, 76, 77, 78, 477, 

490, 497, 499, 507, 510, 518, 560, 566, 
570, 575, 586, 598, 603, 604. 

- Gwynne-Vaughani 9, 70, 85, 569. 
- major 70, 75, 77. 
Riccia 415. 
Ricinus 605. 
Rienitsia 482. 
- spathulata 493. 
Rimnoc1adon 478. 
- minutum 486. 
Ruffordia 483. 
- acrodentata 494. 
- Goepperti 494. 
- Mortoni 494. 
Rumex scutatus 410. 

Saccoloma 459, 534. 
- domingense 83. 
- elegans 83. 
- inaequale 83. 
Sadleria 459, 540. 
Saffordia 459, 539. 
Sagittaria subulata 416. 
Salpichlaena 401, 540. 
Salvinia 44, 46, 47, 115, 196, 205, 212, 218, 

238, 241, 242, 248, 258, 259, 261, 264, 
321, 324, 325, 335, 342, 350, 383, 385, 
392, 416, 417, 445, 461, 485, 550. 

- auriculata 275, 276. 
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Salvinia natans 196, 198,204,205,209,210, 
218, 237, 244, 259, 260, 275, 276, 277, 
350, 362, 397, 398, 416. 

Saxegothaea 565, 617. 
Saxiglossum 463, 548. 
Schefflera digitata 384. 
Schizaea 4, 44, 383, 413, 460, 529. 
- australis 390, 472. 
- fistulosa 467, 472. 
- malaccana 79. 
- pusilla 164, 409, 413, 529. 
- rupestris 235, 271. 
Schizaeopsis 483. 
Schizaeopteris 483. 
Schizoloma 460, 535. 
- corda tum 535. 
Schizoneura 480, 491, 493, 512, 517, 591. 
- africana 491, 493. 
- gondwanensis 491, 493. 
- polyfolia 489. 
- Wardi 491. 
Schizopodium 499. 
Schizostege 458, 536. 
Schoenoplectus 415. 
Sciadophyton 498, 499. 
Scirpus americanus 413. 
Scleria 444. 
Scleroglossum 458, 549. 
Sclerotium deciduum 152. 
- Rolfsii 146. 
Scolecopteris 482, 553. 
- Verbecki 489. 
Scolopendrium 129, 289, 293, 294, 299, 485. 
- vulgare 235, 286, 288, 292, 295, 299, 

334. 
Scyphularia 458, 535. 
Selaginella 2, 4, 5, 16, 22, 23, 24, 27, 28, 

29, 31, 32, 35, 38, 42, 47, 48, 49, 51, 52, 
53, 56, 64, 68, 72, 73, 94, 96, 98, 
115, 116, 117, 123, 124, 128, 131, 137, 
138, 156, 161, 162, 163, 192, 195, 197, 
199, 200, 203, 205, 210, 220, 222, 223, 
224, 225, 226, 227, 233, 236, 238, 239, 
242, 243, 244, 252, 259, 263, 265, 274, 
276, 282, 284, 285, 322, 334, 335, 339, 
342, 350, 351, 352, 354, 383, 385, 386, 
391, 396, 427, -453, 455, 456, 461, 466, 
500, 501, 502, 503, 504, 572, 576. 

- abyssinica 504. 
- alligans 503. 
- anocardia 282. 
- apoda 257. 
- apus 203, 226, 265, 398. 
- atroviridis 73. 
- Belangeri 456. 
- biformis 504. 
- borealis 454. 
- Braunii 504. 
- caesia 199, 243, 340, 504. 
- caracensis 117, 322. 
- caulescens 204, 504. 
- chrysocaulos 156, 322. 
- concinna 98. 
- cuspidata 199. 
- deflexa 503. 
- delicatissima 73. 
- denticulata 334, 406, 455, 504. 
- Emmeliana 204, 226, 276. 
- erythropus 504. 

Selaginella Galeottiana 334. 
- gracillima 503. 
- grandis 52, 124, 125, 130, 199, 263, 340. 
- haematodes 504. 
- helvetica 406, 456, 504. 
- hispida 503. 
- imbricata 386. 
- inaequifolia 204, 334. 
- intermedia 455. 
- involvens 205, 220, 222, 267, 455. 
- Kraussiana 49, 73, 124, 125, 128, 200, 

204, 220, 223, 243, 340. 
- laevigata 72, 334. 
- lepidophylla 204, 322, 352, 386, 419, 

453, 504. 
- Lindenii 503. 
- Lyallii 31, 98, 100, 122, 123, 164, 322. 
- Martensii 42, 72, 199, 200, 203, 204, 220, 

225, 239, 243, 263, 276, 277, 334, 335, 
340. 

Menziesii 156. 
- molliceps 98. 
- mongholica 454. 
- monospora 501. 
- Ouvrardii 263, 276. 
- pallescens 203, 204, 504. 
- pallidissima 504. 
- pentagona 193. 
- picta 504. 

pilifera 504. 
- plumosa 204. 
- Poulteri 49, 73. 
- Preissii 453. 
- proniflora 456. 
- pulcherrima 204. 
- pygmaea 503. 
- radiata 455. 
- Rothertii 504. 
- rubricaulis 282. 
- rupestris 38, 156, 203, 220, 226, 270, 

273, 282, 398, 406, 454, 503. 
- Salvatieri 504. 
- sanguinolent a 117, 322, 503. 
- selaginoides 16, 17, 406, 417, 453, 500, 

503. 
- serpens 276, 503. 
- siamensis 504. 
- spinosa 72, 75, 76. 
- spinulosa 38, 117, 163, 282, 350, 406. 
- suberosa 322. 
- sulcata 322. 
- tamariscina 385, 386, 406, 419. 
- trachyphylla 503. 
- uliginosa 503. 
- umbrosa 504. 
- uncinata 334. 

Vogelii 263, 276, 504. 
- Wallichii 24, 25. 
- Watsoniana 204. 
- Willdenovii 501, 504. 
Selaginellites 479, 504. 
- primaevus 504. 
- Suissei 501, 504. 
Selaginites 500. 
Selaginoides 500. 
Selago 500. 
Selenocarpus 484, 554. 
Selliguea 461, 547. 
Senftenbergia 483, 553, 611. 
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Septobasidium Polypodii 152. 
Septoria 149. 
- Asplenii 151. 
- mirabilis 151. 
- Scolopendrii 151. 
Sequoia sempervivens 515. 
Serphyllopsis 455, 463, 531. 
Shansitheca 484, 554. 
- Kidstoni 489, 492. 
- palaeosilvana 489. 
Shirakia bilobifolia 489. 
Sigillaria 18, 20, 21, 39, 41, 42, 52, 55, 57, 

92, 99, 100, 478, 488, 490, 501, 505, 506. 
- acutangula 488. 
- australis 490. 
- Brardi 99, 490. 
- cactiformis 55. 
- Cortei 39. 
- elegans 20, 73. 
- laevigata 41. 
- mamillaris 21, 39. 
- muralis 490. 
- scutellata 21. 
- semipulvinata 488. 
- spinulosa 89, 99. 
- tesselata 20. 
- yajidoensis 488. 
Sigillariopsis sulcata 98. 
Sigillariostrobus 47, 488. 
Signacularia 478. 
- Noinskii 486. 
Sinopteris 463, 539. 
Sorica maxima 152. 
Soromanes 459, 543. 
Speirocarpus 483, 553. 
Spencerites 35, 503. 
Spiropteris 584. 
Sphaerella 151. 
- Botrychii 151. 
- callis tea 151. 
- Filicum 151. 
- Polypodii 151. 
- subostiolica 151. 
Sphaerocarpus 412. 
Sphaerostephanos 458, 545. 
Sphaerulina Polypodii 154. 
Sphagnum 350, 442, 447, 448, 603. 
Sphenasterophyllites 480, 512. 
Sphenomeris 535. 
Sphenophyllostachys fertile 32. 
Sphenophyllum 31, 34, 41, 43, 51, 74, 75, 

77,86,87,90,91,92,97, 100,479,488, 
491, 507, 509, 510, 512, 513, 515, 518, 
579, 588, 590, 591, 597, 607, 608. 

- angustifolium 32. 
- costae 488. 
- Dawsoni 32, 47. 
- denticulatum 486. 
- emarginatum 488. 
- fertile 32. 
- fimbriatum 488. 
- insigne 92. 
- macrophyllum 488. 
- macrotruncatum 488. 
- majus 32, 608. 
- oblongifolium 488, 491. 
- orientale 488. 
- pseudocostae 488. 
- rotundatum 488. 

Sphenophyllum sino-coreanum 488. 
- speciosum 488, 491. 
- Stuckenbergi 486. 
- subtenerrimum 591. 
- tenuissimum 47. 
- Thonii 488, 491, 591. 
- verticillatum 42, 488. 
Sphenopteridium 584. 
- Smithi 584. 
Sphenopteris 584, 585. 
- furcata 584. 
- Hoeninghausi 562, 584. 
- Norinii 584. 
Sphyropteris 486. 
Sporogonites 27, 477, 498, 562, 603. 
- Chapmanni 490. 
- exuberans 603. 
Spumaria alba 153. 
Stachygynandrum 500, 501. 
Stachypteris 484. 
Stamnaria americana 154. 
- Equiseti 154. 
Stauropteris 44, 101, 481, 552, 595, 598, 

604. 
- oldhamia 563. 
Stegnogramma 545. 
Steiropteris 544. 
Stemonitis flavogenita 153. 
Stenochlaena 421, 429, 462, 537, 545. 
- palustris 401, 419, 445. 
Stenolepia 458, 542. 
Stenoloma 459, 535. 
Stenosemia 458, 544. 
- aurita 324. 
Stereocaulon graminosum 446. 
Sterzelia 588. 
Sticherus 460, 530. 
- glaucus 530. 
- laevigatus 530. 
Stigeosporium 166. 
- Marattiacearum 164, 165, 166. 
Stigmaria 52, 57, 58, 73, 491, 500, 505. 
- asiatica 488. 
- bacupensis 52, 57. 
- ficoides 53, 88, 488, 491. 
- rugulosa 488. 
Stigmariopsis 52. 
Stigmatopteris 459, 543. 
Stipidopteris 482, 553. 
Stromatopteris 459, 530. 
Struthiopteris germanica 203. 
Sturia 484, 554. 
Sturiella 483. 
Stylocalamites 12. 
Susum anthelminthicum 437. 
Syncardia 597. 
Synchytrium Athyrii 148. 
- Phegopteridis 148. 
- Selaginellae 156. 
Syngramma 457, 538. 

Taeniocrada 477, 498, 499. 
- decheniana 498. 
Taeniopteris 585. 
Taenitis 458, 535. 
Taibia tyrganensis 487. 
Tapeinidium 458, 535. 
Taphrina 148. 
- Cornu cervi 148. 
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Taphrina Laurencia 147. 
- Selaginellae 156. 
Targionia 412. 
Taxus 610. 
Tectaria 459, 542, 544. 
- Maingayi 327, 334. 
- martinicensis 334. 
- semibipinnata 435. 
Tectaridium 459, 544. 
Teichospora salicina 158. 
Tempskya 483, 553, 563. 
Teratophyllum 421, 427, 459, 545. 
- aculeatum 428. 
Tetrameridium 482, 553. 
Thallomia 498. 
Thamnopteris 483, 595. 
- Gwynne-Vaughani 487. 
- kazanensis 487. 
- Kidstoni 487. 
- Schlechtendali 80, 487. 
Thaumasiodendron 478, 506. 
Thaumatopteris 485, 554. 
Thelypteris 413, 417, 424, 461, 544, 545. 
- palustris 210, 326, 327, 413 414 417 

544. ' , , 
Thuja 412. 
- gigantea 515. 
Thursophyton 477, 498. 
- Milleri 490. 
Thyrsopteris 84, 455, 463, 533. 
- elegans 456, 472, 533. 
Thysanosoria 459, 545. 
Tietea singularis 491. 
Tillaea aquatic a 416. 
Timmiella 412. 
Tingia 557, 608. 
Tmesipteris 48, 70, 71, 75 100 177 242 

405, 448, 454, 456, 462: 501: 507: 508' 
509,575,581,608. ' 

- tannensis 28, 177, 238, 242, 243, 256, 
257, 259, 262, 263, 276, 508, 509. 

- Vieillardi 51, 508, 564. 
Todea 143, 455, 463, 528. 
- africana 143. 
- barbara 86, 206, 216, 217, 218, 398, 528. 
Todeopsis 483. 
Todites 483, 494, 553. 
- Goeppertiana 494. 
- Roesserti 494. 
- Williamsoni 494. 
Tomistachys thyrsiculus 486. 
Toxicodendron vernix 414. 
Trachypteris 457, 538. 
Trapa 417. 
Trichomanes 5, 25, 28, 29, 321, 383, 388. 

390, 395, 427, 460, 471, 531 532 571. . 
- bimarginatum 314. " 
- caespitosum 403. 
- Colensoi 247. 
- flabella tum 403. 

Hildebrandtii 28. 
- Kaulfussii 236, 281. 
- Kraussii 334. 
- minutissimum 599. 
- Motleyi 599. 
- muscoides 29. 
- papillatum 435. 
- parvulum 403. 
- pinna tum 158. 

Trichomanes radicans 247. 
- reniforme 247, 386, 447. 
- speciosum 403, 531. 
Triletes giganteus 572. 
Trillium grandiflorum 260. 
Trisetum 412. 
Trismeria 459, 538. 
Trogostolon 535. 
Tschernowia synensis 487. 
Tubicaulis 481. 

Ulodendron 11, 478, 491, 500, 506. 
- minus 490. 
Unkomasia 613. 
Uredinopsis 144, 145. 
- Osmundae 144. 
Urnatopteris 486. 
Urobasidium rostratum 148. 
Ustilago Isoetis 155. 
- Osmundae 148. 

Vaccinium 447. 
- Myrtillus 150. 
Vaginularia 458, 539. 
Valdensa heterodoxa 150. 
Valeriana montana 410. 
Validopteris 585. 
Vaucheria 305. 
Vermicularia Scolopendrii 151. 
Viatcheslavia 478. 
- vorcutensis 486. 
Vicia 313, 314. 
- faba 264. 
Vittaria 100, 305, 336, 460, 539, 549. 
- elongata 327. 
Voelkelia 480, 556. 

Weichselia 482, 553, 563. 
- reticulata 493. 
Whittleseya 518, 612. 
Woodsia 386, 388, 392, 453 461, 533, 539, 

542 ' 
- alpina 327, 393, 407, 455. 
- glabella 390, 393, 408 455. 
- ilvensis 111, 112,393,407,455. 
Woodwardia 388, 413, 417, 462, 540, 541. 

areolata 413. 
- r~di?a~s 154, 242, 243, 316, 395, 540. 
- vlrglmca 265, 278, 279, 297, 334, 413. 
Woodwardites 554. 

Xyris 415. 

Yarravia 27, 33, 477, 498, 518, 612. 
- oblonga 490. 
- subsphaerica 490. 

Zalesskya 483, 595. 
- diploxylon 487. 
- fistulosa 487. 
- gracilis 487. 
- uralica 487. 
Zeilleria 481, 611. 
Zimmermannia eleutherophylloides 590. 
Zosterophyllum 477, 498, 499. 

australicum 490. 
- myretonianum 604. 
Zygopteris 481, 586. 
- Grayi 564. 
- Primaria 564. 
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