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PREFACH

In the year 1874 apogamy was discovered in Ferns by Farlow: and in
1384 instances of apospory in Ferns were demonstrated before the Linnaean
Society of London by Druery. These events stimulated a fresh enquiry into
the nature and origin of Alternation in Archegoniate Plants. My own
abservations on apospory confirmed my interest in this question: it seemed
to me probable that some biological cause had determined the prevalence
and constancy of the alternation, to which apogamy and apospory appear as
occasional exceptions. The theory was entertained that the change of
conditions invelved in the invasion of the Land by organisms originally
aquatic had played a prominent part in the establishment of those
alternating phases of the life-cycle which are so characteristic of Archegoniate
Plants. As early as 1889 I had already written several chapters of a
treatise on this subject: but the necessary facts were found to be then so
imperfectly known that the work was abandoned, and instead of a full
discussion of the matter, the Biological Theory of Antithetic Alternation
was briefly stated in a paper published in the Aanals of Bofany in 1890
(vol. iv. p. 347). The main position of Celakovsky in discriminating
between Homologous and Antithetic Alternation was adopted: but the
latter type, as seen in Archegoniate Plants, was recognised as having been
fixed and perpetuated in accordance with the adaptation of aquatic organisms
to a Land-Habit. The Stwdies in the Morphology of Spore-producing Members
were then entered upon as preliminary investigations to elucidate the facts
requisite for a more full statement, and they were published in five parts,
from 1894 to 1g9o3. Meanwhile, in 1894 Strasburger contributed to the
Meeting of the British Association in Oxford his paper on the * Periodic
Reduction of Chromosomes.” He brought together a wealth of facts
establishing the cytological distinction of the alternating generations, and
his theoretical position was virtually identical with that of my paper of
four years earlier.
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Now, after the lapse of seventeen years, it has been possible to state the
biological argument more fully in the present volume, strengthened by many
new facts. The First Part (pp. 1-254) deals with the general theory. The
Second Part (pp. 255-657) is taken up with a detailed statement of the facts,
together with comparison of the constituents of the several phyla infer se.
The Third Part (pp. 658-717) is devoted to general comparisons and con-
clusions. The attempt has been made to work in the results of Palaeonto
logical research with those of the comparative analysis of living forms. The
enquiry has related to all the characters, both vegetative and propagative, of
the sporophyte generation : these include the external form, the embryogeny,
and apatomical features, and especially the structure and development of
the Spore-producing members, while the characters of the gametophyte
have also been taken into account. It is found that the conclusions
arrived at are supported by general convergence of the lines of evidence
derived from all of these sources.

The method adopted in the preparation of this work has been to
examine not only the mature structure, but also the development of the
organisms, and of their several parts. While fully utilising the results of
Palaeontological and anatomical study, considerable weight has throughout
been given to the facts of the individual development : sometimes the latter
appear to oppose the former. It is not held that the ontogenetic history
will always serve as an infallible guide, and opportunity has been taken
to point out that conclusions based upon it are lable to be overruled by
the results of wide comparison (pp. 159, 636, and 660, footnote). But it
is felt that in much of the recent work on Pteridophytes, and especially
where fossil comparisons come in, the arguments from individual develop-
ment have been accorded less than their due share of attention.

I have made no attempt to give comprehensive or complete biblio-
graphical references: from Campbell's Mosses and Ferns and from other
sources such references can readily be obtained. But wherever a quotation
is made, or where a substantial body of information derived from another
author has been embodied in the text, the reference is fully given. While
thus acknowledging my indebtedness to those whose work is published,
I desire also to record the continuous personal help so willingly given by
three friends and colleagues, who have all allowed me the use of unpub-
lished drawings and facts. Mr. Kidston's peculiarly exact knowledge has
greatly strengthened and amplified the Palaeontological statements, while
Dr. Lang and Mr. Gwynne-Vaughan bhave given me throughout the
assistance of friendly criticism, and the support of their special knowledge
of certain branches of the matter in hand.

In conclusion, I am well aware that the chief question dealt with
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lies outside the realm of possible proof under present conditions: the
theory is submitted as a working hypothesis. Naturally it is applicable
with greater readiness to those organisms which are less advanced, but
less readily to those which have depﬂrtéd furthest along the lines of
adaptation to life on exposed Land-Surfaces. Other opinions on the origin
and nature of Alternation have come into fresh prominence in recent
years, and especially the wiew that the present condition of the Arche-
coniatae has originated by differentiation of phases of a life-cycle originally
Homologous. This theory has not been disproved any more than the
theory of Antithetic Alternation has been proved  Whatever view be
ultimately taken of the prime origin of the alternating generations, many
of the conclusions arrived at here as to the morphological progress and
phyletic grouping of the Archegoniatae will stand: they have a validity
of their own quite apart from any question of the ultimate origin of the
sporophyte, which has finally become the dominant factor in the Flora of
the Land.

F. Q. BOWER.

Grascow, Deceniber, 1907,
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ADDENDUM.

By a regrettable oversight no mention has been made in the text
of the interesting new genus ZLoxsemeopsis, described by Dr. Christ as
having been discovered in Costa Rica (Bull de I'Herb. Boisster, zme
ser., tome iv., pP. 393, 1904). This rare Fern, still unknown as
regards stipe and rhizome, shows a habit like that of Lexsema, but larger.
The outline of the leaf, especially at the base of the pinnae, shows
archaic characters, while the sori correspond in general features to those
of Lexsoma; but the sporangia have a lateral dehiscence, and a complete
ring composed of very numerous cells. In these details ZLoxsomopsis
corresponds to Fhyrsepferis. Pending a better knowledge of its characters
and especially of its anatomy, it may be accorded a place in the
neighbourhood of ZLeaxsoma and ZThyrsopleris, about the base of the

series of Gradatae (compare p. 655, and Fig. 354).




INTRODUCTION.

OF the two branches of the Organic World, the Vegetable Kingdom
might be expected to present a simpler problem of Descent than the
Animal Kingdom, on account of the prevalent non-motility of the mature
individual. That fixity of position which the Higher Plants show, should
tend to a more obvious record of previous events than -the ambulatory
habit of Animals, and especially of their higher types, would seem to
allow. It is reasonable to expect that organisms of fixed position
should demonstrate in their distribution some traces of their past history ;
these would be specially valuable in the elucidation of the problem of
the Origin of a Land Flora, and of the relation of the ILand-growing
Plants to those of the water. 1

But this prima facie probability is largely discounted by the extra-
ordinary facility shown by Plants for the distribution of their germs. A
comparison of the Higher Animals with the Higher Plants in respect
of motility shows that the motile parent in the former is without special
provision for distribution of its germs, while the Plant with its fixity of
station shows high elaboration and wvariety in the methods of their
dissemination. In consequence of this there will be a natural tendency
in the vegetable kingdom, as there is also in that of animals, towards
the obliteration of any such genetic record as the fixity of position of
the individual plant during its active vegetation might otherwise have
been expected to have left. Accordingly, on examination of the vegetation
of any ordinary country-side, its uplands and lower levels, its swamps,
streams, and pools, plants of the most varied affinity are found to be
promiscuously shuffled together, and show little sign of ranking in their
position according to their descent. For instance, the Flora of still
fresh waters may be found to consist of such plants as various green
Algae and Characeae ; of Jfseetes and Pilularta ; together with Angiosperms,
such as Littorella, Lobelia, and Swubularia. In flowing mountain streams,
in addition to green Algae may be found Chantransia and Lemanea,
associated with Fontinalis and sundry Angiosperms. Conversely, in various

positions on land, along with certain Algae in moist spots, representatives
A
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of the great groups of Bryophytes, Pteridophytes, and Seed-plants may
be found in close juxtaposition, and sharing the same external conditions.
On  the sea-littoral it i1s otherwise: there Algae are found associated
together almost to the exclusion of other plants. Nevertheless, occasional
Phanerogams do invade the belt between tide-marks, and thus even this
limit between the Vascular Flora of the land and the Algal Flora of the
sea-littoral is apt to be blurred.

It 1s plain, then, from such simple examples as these, which might
be indefinitely varied and extended, that the problem of the origin of
a Land-Flora is not to be solved by any mere reading of the facts of
distribution into terms of the evolution of the characteristic plants of
the land. Some other basis than that of distribution at the present day
must be found for the solution of the problem. It is to be sought for
in their comparison as regards structure and function, and that not only
in the most complete condition of full development, but also in the
successive phases of the individual life-cycle.

The study of the form and structure of plants, as well as of their
physiclogy, directs attention naturally to the water-relation: this more
than any other single factor dominates the construction of land-living
plants, while comparison with kindred aquatics shows how profoundly
land-living plants are influenced by the necessity of adequate water-supply.
But not only is this dependence of land-plants on water a general
feature of the whole life-cycle: in certain large groups of plants it 1s
found that leading events in the individual cycle are directly dependent
upon the presence of external fluid water. The importance of such
matters in relation to the present problem of the Origin of a Land-Flora
will be gauged by their prevalence and constancy in large groups of
organisms. Now in the whole series of Archegoniate Plants (Mosses and
Ferns), and in some Gymnosperms the act of fertilisation can only be
carried out in presence of fluid water, outside the actual tissue of the
organism : their spermatozoids are for a time independently motile in
external water, and it is a mere detail that in the higher and more
specialised forms, the distance to be traversed is only short from the
point of origin of the spermatozoid to the ovum which it is to fertilise.
The importance of fertilisation need not be insisted on here: everyone
will admit it to be a crisis, perhaps the most grave crisis, in the life-cycle
of the plant. When this critical incident in the life is found, in so large a
series of allied plants as the Archegoniatae, to be absolutely dependent on
the presence of external fluid water for its realisation, that fact at once
takes a premier place in any discussion of the relation of plants to water.

A comparison of the Seed-Plants with the Archegoniatae leads without
any doubt to the conclusion that their method of fertilisation by means
of a pollen-tube is a substitution for that by means of the motile
spermatozoid. The Seed-Plant by adopting this siphonogamic mode of
fertilisation hecomes thereby independent of the presence of external
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fluid water at this critical period: 1t may thus be held to have broken
away from a condition of life inconvenient and embarrassing to organisms
which live on exposed land-surfaces: and to have established itself in
this character, as well as in its vegetative development, as a typical
land-living organism. If this view of the matter be adopted, it follows
that the Mosses and Ferns occupy a middle position in the relation to
water: they may almost be described as amphibious, since, though they
vegetate mostly on land, and show certain advanced structural adaptations
to such life, they are nevertheless dependent upon external water for the
important incident of fertilisation in each individual life-cycle.  The
strange feature is that they have retained so persistently this aquatic
type of fertilisation.

Looking further down in the scale of vegetation, attention is naturally
directed towards the Algae, plants resembling, in some superficial
characters of cell-structure and of colouring, the simpler terms of the
Archegoniate series, though still more dependent than they upon external
fluid water for the completion of their life-cycle. It may well be that
the affinity which such features suggest is at best only a remote one;
but at least the existence of such forms would seem to justify the view
as a probable one, that the great Archegoniate series, which has had
so large a share in initiating that Land-Flora which we now see occupying
the exposed land surfaces of the globe, has had its origin in aquatic
forms: that from these a gradual adaptation to a land-habit has provided
those forms of wvegetation which we group together under the terms,
Liverworts, Mosses, Club-mosses, Horsetails, and Ferns: and finally,
with further adaptation to the land-habit, came the Seed-Plants—first
the Gymnosperms and subsequently the higher Flowering Plants. The
latter culminated in the Gamopetalous Dicotyledons, which are essentially
of Flowering Plants the most typical elements of a Land-Flora, since
they include a smaller proportion of aquatic species than either the
Monocotyledons or the Archichlamydeae.

This, then, is the general position adopted at the outset: it is in
accordance with the known facts of Palaeontology, and is the view
generally entertained by modern morphologists. It will be the object of
the present work to enquire into the details of such progressions as
those above mentioned; especially it will be our duty to see how far
the life-histories of Archegoniate forms will justify the view that the
present Land-Flora has originated from an aquatic ancestry, and that
there has been a migration from the water to the land: in that case,
it will be a further object to ascertain how this has been carried out,
and to trace those methods of specialisation to a land-habit, which
have led to the establishment of the higher terms of the series as the
- characteristic representatives of the Flora of exposed land-surfaces.

It is no new view which is thus to be put forward; for it has long
ago been concluded that the origin of life, whether animal or vegetable,
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has been in the water, and that the higher forms of either kingdom
have assumed such structural and physiclogical characters as enable them
to subsist in greater independence of aquatic surroundings than their
simpler progenitors. The present attempt will be to fill in certain of
the details into this general scheme, as applied to the vegetable kingdom,
and to present some connected story of how the transition may have
come about, as it may be seen reflected in the plants themselves,
whether of the present day or of the remote past.




CHAPDERS.

THE SCOPE AND LIMITATIONS OF COMPARATIVE
MORPHOLOGY.

CoNFRONTED with the great variety of plant-types which exist living and
fossil on the earth’s crust, the Botanist may regard them in various ways
with a wiew to reducing them to some general conception of order. He
may be satisfied with the mere cataloguing and description of the
divers forms which he is able to distinguish, and with the grouping of
those together which show characters in common :—this is the work of
the Descriptive Botanist, and it naturally took the first place in the
historical development of the science. Or he may attempt to find in
such similarities of form as are shown by orgamisms thus grouped
together some consecutive account of their probable origin:—this is the
work of the Scientific Systematist, or student of Phylogeny, and 1t 1s the
ultimate aim of all current Morphology.

In the earlier periods the student of form understood himself to be
enquiring into the details of the Divine plan, as illustrated in a series
of isolated creations: and any similarities which species might show
would demonstrate for him merely the underlying unity of that plan.
But in these later days he believes that the comparative study of form
will lead him towards a knowledge of the mam lnes of descent
Contributory to this, which can only result in a balancing of probabilities,
or often of mere surmises, i1s the study of the Fossils: Palacophytology
gives the only direct and positive clue to the sequence of appearance
of plantforms in past time upon the earth. Unfortunately the results
acquired as yet along this line of observation are so fragmentary that
they do not suffice to indicate even the general outline of the true
picture : they must for the present be used rather as a check to phyletic
theories than as their constant guide. The field i1s thus left in great
measure open to other lines of enquiry.

A second line of evidence which bears upon the evolutionary history
may be derived from the geographical distribution of plants upon the
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earth’s surface. This is, however, applicable only within certain limits:
one of those limits i1s 1mposed by the wide distnibution of germs
which is so prevalent in plants. Wherever the mechanism for dispersion
of germs 1s highly elaborated, and successful, the traces of evolu-
tionary history, as shown by geographical distribution, are apt to be
obliterated. The consequence is that in practice such distribution is
only available as evidence of descent within restricted limits. The
great geographical barriers, such as the tropics, the greater oceans, and
the more continuous mountain ranges, it is true, delimit at present certain
areas of vegetation, within which evidence of value as contributory to
a knowledge of descent may be gathered; but at best this applies only
to the later phases of evolution, and geographical distribution of plants
at the present day gives little clue, or perhaps none at all, to the origin
of the great groups which constitute the Vegetable kingdom at large.
The fact that such genera as Egwisetum, Lycopodinm, Selaginella, I[soetes,
Marattia, Marsifia, and Prlularia are, within their several limits of
temperature, virtually cosmopolitan shows how little can be expected from
geographical distribution of living forms as a key to the evolution of
early types. Among fossils, Lepidodendron 1s virtually cosmopolitan.  Plants
of the Glossopteris flora, long thought to be distinctively southern, have
recently been recognised from Russia. Such examples suggest that neither
does the geographical distribution of fossils as yet give any certain
evidence as to deseent of the main phyletic lines.

Another closely related branch of Botanical science i1s the study of
organisms from the aspect of function and circumstance, as tested by
physiological experiment. The intimate connection between form and
environment 1s too obvious to need insistence here; but though the
individual shows a high degree of plasticity under varying conditions, still
there is a large field, embracing the very fundamentals of plant-form,
such as the evolutionary origin of leaves, of roots, or of sporangia, which
lies as yet outside the region of physiological experiment. Thus, however
interesting the branch of physiological morphology may be, its scope is still
narrowly limited. The method of experiment, with a view to ascertaining
the effect of external agencies in determining form, is now nascent, and
carries with it high possibilities. But it is well in the enthusiasm of the
moment to keep in view the limitations which must always hedge it
round. It is to be remembered that the effect of external conditions
upon form is always subject to hereditary control, and that thus a large
field is left open still for speculation. This seems to have been forgotten
by a recent writer, who remarks that “the future lies with experimental
Morphology, not with speculative Morphology, which is already more than
full blown.”! Though we may question the cogency of this antithesis, still
the assertion contains an important truth, inasmuch as it accords prominence
to experiment ; but the case is overstated. All who follow the development

\ Flora, 1903, p. 500.
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of morphological science will value the results already obtained from the
application of experiment to the problems of plantform. But it is
necessary at the same time to recognise that the two phases of the
study, the experimental and the speculative, are not antithetic to one
another, but mutually dependent: the one can never supersede the other.
The full problem of Morphology is not merely to see how plants behave
to external circumstances #eze—and this is all that experimental morphology
can ever tell us—but to explain, in the light of their behaviour now, how
in the past they came to be such as we now see them. To this end the
experimental morphology of to-day will serve as a most valuable guide,
and even a check to any more speculative method, by limiting its
exuberances within the lines of physiological probability. But present-day
experiment can never do without theory in questions of descent.
Experiment by itself cannot reconstruct history; for it is impossible to
rearrange for purposes of experiment all the conditions, such as hght,
moisture, temperature, and seasonal change, on the exact footing of an
earlier evolutionary period. And even if this were done, are we sure that
the subjects of experiment themselves are really the same? There remains
the factor of hereditary character: there is also the question as to the
circumstances of competition which cannot possibly be put back to the
exact position in which they once were. Consequently there must always
be a margin of uncertainty whether a reaction observed under experiment
to-day would be the exact reaction of a past age. So far, then, from
experiment competing with, or superseding speculation in Morphology, it
can only act as a potent stimulus to fresh speculation, whenever the
attempt 15 made to elucidate the problem of descent. It will be only
those who minimise the conservative influences of heredity, or, 1t may be,
relegate questions of descent to the background of their minds, who will
be satisfied by the exercise of the experimental method of morphological
enquiry, apart from speculation.

The relations of Morphology and Physiology have been wvariously
recognised in the course of development of the science. In the earlier
periods the two points of view rarely overlapped. Ewven Sachs, the great
pioneer of modern experimental physiology, kept the two branches distinct
in his text-book, recognising the * Difference between Members and
Organs.” But later, in his lectures, he brought them more -closely
together, and habitually regarded morphological facts in their physiological
aspect. T'his is indeed the natural position for any adherent of Evolution:
and it has been concisely said that morphology deals with the stereotyped
results of physiology. Such a statement may, however, be criticised as
assuming too much, in that it accords all initiative in, and determination
of form, as well as its selection and perpetuation, to the influence of
circumstance and function. A more apposite summing up of the relations
of the two branches of Biological science has lately been given by Goebel !

1te

Die Grundprobleme der heutigen Pflanzenmorphologie,” Hiol. Centrbl., Bd. xxv., No. 3.
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when he said that * Morphology includes such phenomena as are not
yet physiologically understood.” He further indicates that the separation
of the two points of view has not any foundation in the nature of the
case, but it 1s only a preliminary aid to a clear view amid the multiplicity
of phenomena. The limits between morphology and physiology must
necessarilly fall away as advances are made. But meanwhile Morphology
must continue to exist, even though it is not and cannot be an exact
science : it deals comparatively with phenomena imperfectly explained as
regards their origin in the individual or the race. The history of develop-
ment of plant-form 1s an ideal to be approached experimentally, and the
final object will be not merely a knowledge of the phylogenetic development,
but of the very essence and cause of the development itself. It will be
obvious how far present phylogenetic theory falls short of this ideal of
Causal Morphology, but that is no sufficient reason for discontinuing its
pursuit as a progressive study.

For the present the comparative study of plant-form from the point
of view of descent, as exhibited in the various phases of the individual
life-cycle, must be pursued as in itself a substantive branch of the science:
it is clear from what has been said above that it is not co-extensive with
either Palaeophytology, Plant-Geography, or Plant-Physiology : nevertheless
it overlaps with all of these, and must be liable to be checked by the
results of any of these branches. Furthermore, the extension of knowledge
of any of these branches will inevitably lead to further overlapping, till
in the end the knowledge derived from the various methods of investigation
should coincide in conclusions which will be general for them all, and
constitute a true perception of the evolutionary story. But at the moment
this consummation is so far from being attained that there is still room
for the theoretical treatment of the evolution of plants as based on the
formal comparison of their life-cycles. This must take due cognisance of
the other branches of study, but will still rest upon its own footing of
fact and conclusion.

There is one assumption involved in such comparative study which
should be clearly apprehended and considered, rather than tacitly passed
over. An evolutionary argument based on comparison of life-cycles is
only valid if the organisms compared have retained the main incidents
in their individual life unchanged throughout descent. In the main argu-
ment of this work, the assumption is deliberately made that such constancy
existed, or, rather, the argument proceeds upon the conclusion derived
from broad comparison, that the main incidents once initiated have been
pertinaciously retained. It may be held, and reasonably defended, that
sexuality may have arisen in many distinct phyletic lines. It is not our
present purpose to distinguish those different origins, or defend their
distinctness. But comparison leads us to conclude that, once initiated in
an evolutionary sequence, sexuality remained throughout descent substantially
the same process in normal life-cycles. It may be modified in mechanism,
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as indeed there is good reason to see that it was; but it consisted still in
the fusion of two cells together, bringing, as we believe generally, and see
proved already in so many cases, a doubling of the chromosome-number
as a consequence. Seeing sexuality of this nature a constantly recurring
feature in the life-cycle of various definite phyla leads to the conclusion
that in those phyla it was also constant during their descent. Similarly,
a reduction of chromosome-number has been found to be regularly associated
with normal spore-production, and spore-production is found to be a
constantly recurring event in large series of plants. In these it is concluded
that reduction and spore-production have also been constantly recurring
incidents throughout the descent of those series. It is hardly right to
designate this opinion as an assumption: it seems rather to be a natural
and valid outcome of comparative study. But if, on the other hand, such
constancy of the leading events of the life-cycle in any phylum during
descent were to be clearly disproved, then it will follow with equal clearness
that the comparative argument based upon such facts will have to be
revised for that phylum. It may seem hardly necessary to put down i
exfense reasoning which is so obvious; but, on the other hand, it is well
to see clearly the basis upon which the main argument will proceed. The
constancy of the events of sexuality and of spore-production in normal
life-cycles of the several ascending series of green plants is itself the cardinal
point of the theory to be advanced in relation to the origin of a Land-Flora,
In so far as inconstancy of either of these events occurs in them it will
be shown that there i1s good reason to believe such exceptions to be of
relatively late origin.

The further facts which form the basis of Comparative Morphology
include those relating to the mature external form of the plant, as seen
in the successive phases of the individual life-cycle: the internal structure,
as shown by its anatomical study: the form and structure of the parts
involved in propagation, and the embryology of the individual. Such
facts relating to living organisms are to be read in the light of comparison
with the fossils, and the wvalidity of any conclusions tested as far as
possible according to the results of physiological experiment.

It has been customary from the earliest times of natural classification
to group together as akin, according to their degree of similarity, those
organisms which correspond in form. Such alliances, long ago recognised,
received a new significance in the light of evolutionary theory: the likeness
thus comes to be attributed to community of descent, the nearness of the
kinship being held proportional to the similarity of form, structure, and
development of the individual. It is essential, however, to bear in mind
always that this 1s only an hypothesis, incapable of complete proof under
present conditions of study, and that the extent of direct evidence as
yet available is small indeed. It is true that variation in different degrees
is widespread : that, whatever the causes or methods involved, new races
may be, and indeed have been established, which come true in more or
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less degree after propagation by seed: and that thus the possibility has
been demonstrated of origin and establishment of new forms from more
or less dissimilar parents. This i1s not the place to discuss the sources of
variation : whether it arises by a cumulative summation of slight differences,
or by mutations per saltum, or both: nor whether the characters acquired
during the individual life are or are not transmitted to the offspring, thus
giving a positive direction to variation: nor yet to consider the effect of
sexuality, and of the subsequent reducing-division of the nucleus in dis-
tributing the qualities inherited from the parents. It suffices for our
theoretical position that variations do occur, and that they are liable to
be transmitted to offspring. The struggle for existence in this greatly
over-populated world necessarily acts as a sieve upon such variants, and
though the survival of the fittest is in no sense a positively constructive
factor in itself, it results in the preservation of what is capable of self-support,
and the elmination of what is physiologically less efficient. But when
thus much is granted, it amounts only to this: that living organisms
demonstrate that such an origin as evolutionary theory contemplates 1s
at least possible. It does not necessarily follow that all known forms did
originate in this way. Still, we are justified in accepting this view as a
“working hypothesis,” much more probable than any other explanation
hitherto given of the existence of various living forms.

But though we may readily adopt an evolutionary view, as a working
hypothesis applicable to organic forms at large, it is when we apply it 1n
detail that the real difficulties begin. We contemplate, for instance, some
group of plants which have essentially similar form, structure, and develop-
ment: we find that they differ in certain details and proportions, and
that it is possible to lay them out in a series extending from one extreme
form, through minor gradations, to another extreme form. Such a series
may be strengthened by tracing parallelism of variations of two or more
characters. Where this can be done the probability of the series representing
a real evolutionary line is greatly enhanced. But there are at least three
ways in which such a series may be read: (1) that the simplest form was
the most primitive, and the whole series one of progression: (2) that the
most complex was the most primitive, and the whole series one of reduction :
(3) that the origin was from some central point, and the development
drvergent tn fwo or more directions. Any one of these alternatives would
be compatible with general evolutionary probability. How are we to
decide which to adopt in any given case?

The general principle that progress has been from the simpler to the
more complex gives to the first alternative a primd facie probability. As
a matter of fact this consideration weighed largely in the phylogenetic
decisions of a quarter of a century ago, and the opinions on the descent
of Ferns serve as a good illustration of it. Those Ferns which have
the smallest sporangia (Polypodiaceae, Hymenophyllaceae) were held to
be the most primitive. while those with larger and more complex sporangia
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were regarded as more advanced (Osmundaceae, Schizaeaceae, Marattiaceae).
But this, which was little better than an assumption, needed to be tested
on other grounds, such as comparison with other Pteridophytes, and
reference to the results of physiological and palaeontological enquiry. It
is now pointed out, first, on the comparative basis, that the Leptosporangiate
Ferns are isolated from other plants by the simplicity of their sporangia,
and that the link in sporangial character with other early types is to be
found more probably through the Eusporangiate than through the Lepto-
sporangiate types. Secondly, it can be shown experimentally that reduction
of complexity of leafstructure follows the shade-habit; and the “filmy”
character of the leaf in the Hymenophyllaceae is probably only an extreme
case of this, while the smaller size of the individual sporangia shows some
degree of parallelism with this adaptation : certainly it is so in the genus
Todea. There is also some experimental basis for the conclusion that
the thin-leaved habit is a derivative condition following on a shade-habit.
Thirdly, the Palaeontological evidence shows that whereas the Eusporangiate
Ferns were the characteristic Ferns of the primary rocks, while Lepto-
sporangiate Ferns were certainly rare, the Leptosporangiates were in the
ascendant in later strata, and are the dominant Ferns of the present day.
From such evidence, which will be seen to be convergent along three
lines of argument, the conclusion i1s drawn that the general series of
Ferns has not been one of advancing complexity of sporangial structure,
but of reduction. This case will serve as an illustration how the prima
facie probability of advance may be overruled by the cumulative effect
of other evidence. As a consequence perhaps of such proof of reduction
in this and other cases, the tendency of the moment among Botanists
is to look with general mistrust upon ascending series. For my own
part, I think this tendency has been allowed too free scope: the prima
facie probability of a series being truly progressive should be kept clearly
in mind until it i1s disproved on more exact grounds.

Wherever a linear series of forms is recognised these two alternatives,
of the series being an ascending or a descending one, will present them-
selves. But there is also the third alternative, viz. that the series may
have been one of divergent development from some central point. It will
be apparent that this is in truth merely a combination of the two pre-
ceding cases, and the lines of argument will be the same, though necessarily
more complicated. As a consequence such divergent series are less readily
substantiated than simple series would be. '

But there remains the still more serious question whether a series which
may have been laid out on ground of form as a presumable evolutionary
sequence reflects actually any line of evolution at all. It may be composed

~of members of distinct phyletic lines, which have converged in respect of those
characters which lie at the foundation of our comparison. It has long been
known that similarity of form may be arrived at along distinct evolutionary
routes : this is designated parallel, or polyphyletic development, and examples
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can readily be found in the vegetative and propagative parts of plants both
high and lower in the scale: it may affect not only the modification of
parts already present, but also the origin of new parts. As prominent
examples which will be discussed at length later, the polyphyletic origin
of leaves, of heterospory, and of the seed-habit may be quoted This
frequent occurrence of parallel development should serve as a check on
the too ready acceptance of conclusions based on mere formal comparison,
and it shows that it is necessary to be sure of the phyletic unity of a
series before sound conclusions can be arrived at from comparison of
its components.

It may be useful to quote a specific case of fallacious reasoning based
on comparisons which are not within one phyletic unity. It is possible
to compare the sporangia of Calamostackyvs with those of Selaginella, of
Isoetes, and of the Hydropterideae, as examples of heterospory : and general
conclusions might be drawn from such comparison as to the progressive
steps of the heterosporous differentiation. But these plants are now
recognised as representing three (and possibly even four) distinct phyla,
all of which include homosporous forms. The latter fact indicates that
heterospory arose after the differentiation of those phyla. It is therefore
impossible to argue correctly from one phylum to another as to the
course which a common spore-differentiation has taken, since its course
must have been distinct in each case from the others. The most that
can be properly attained is an analogy between the separate progressions
as seen in those several phyla.

It is plain then that organic nature is not self-explanatory, and that
Comparative Morphology is a study beset with pitfalls. There is uncertainty,
first, in the recognition of true evolutionary sequences: still more In
their interpretation as ascending, descending, or divergent: and again
in the connecting of these sequences together so as to construct some
more or less consecutive story of descent: indeed, this can only be done
when liberal use is made of the imagination, in bridging over the wide
gaps in the series, which even the known fossils are so far from filling.
The details of a story thus constructed depend so largely on comparative
opinion, or balancing of probabihities, and n so shight a degree upon
positive demonstration that the history as told by competent experts in
Comparative Morphology may wvary in material features. A little more
weight allowed for certain observed details, or a little less for others,
will be sufficient to disturb the balance of the evidence derived from a
wide field of observation, and consequently to distort the historical
picture. In the absence of more full “documentary” evidence from the
fossils there is in truth no finality in discussions on the genesis and
progress of organic life. But as long as the human mind has the power
of and inclination towards enquiry, so long will such discussions con
tinue, together with their kaleidoscopic changes of opinion. Every new
fact of importance will in some dégrcc affect the weight accorded to
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others and vary the general result. It will be seen in the discussions
which follow how largely this is so in the morphology of plants.

It may be objected that conclusions which are so plastic are lhttle
better than expressions of personal taste, or even of temperament: that
the study of Comparative Morphology is therefore calculated to dishearten
its votaries, while the non-specialist public, which is compelled to take
its information at second hand, will be bewildered, and will conclude
that it is useless to pursue a science which shows so little stability. But
even where problems are apparently insoluble under circumstances of
present knowledge, it is a satisfaction to most minds to entertain an
opinion, even if that opinion be of a theoretical nature, and be hable to
future modification or ultimate disproof. On the other hand, as regards
the actual progress of morphology, those who follow its history with
sympathetic care will gain heart when they compare the present position
with that of a generation ago. And especially for Botanists it is encouraging
to think that it is little more than half a century since the history of the
life-cycle of a Fern was first completed by Suminsky. In some sixty years
a vast array of kindred facts has been acquired, and a theoretic super
structure is being raised upon them which, though still protean, is gradually
acquiring some settled form. Never in its history has the advance of
morphological thought been so rapid as at present. But in no field of
morphological research has investigation been more amply rewarded than
in palaeophytology : the luminous facts derived from fossils are shedding
a fresh and a direct light upon obscure problems, such as the origin of
the seed-habit, and helping us to locate such difficult groups as the
Psilotaceae and Equisetineae. When we regard these rapid advances. and
truly estimate the influence they bring to bear in strengthening the positions
already indicated by morphological theory, we shall not only see that this
branch of the science is very actively alive, but also that its theorisings
are not merely unsubstantial figments of the mind.

Considerations such as these go far to justify the statement in the
present work of a theoretical view of the origin of a Land-Flora. Some
may deem the opinions expressed as unduly speculative, but in the first
place, they are based upon a wide area of fact, and secondly, as above
remarked, comparative morphology must necessarily assume a theoretical
form under present conditions. We have seen that its conclusions as to
descent are at best the result of a balancing of probabilities. As long as
this is clearly understood by the reader, and the author abstains from any
dogmatic attitude, good should come from any duly reasoned statement,
even though, like the present, it may be of a theoretical nature. A working
hypothesis, open like others to refutation, is better than no hypothesis
at all. This is the position consciously adopted here, for it is believed
that the full statement of even a speculative view will stimulate enquiry,
which may lead towards its ultimate proof or disproof.



CHAPTER 1.
THE LIFE-HISTORY OF A FERN.

TrE middle years of the nineteenth century marked an important epoch
in the history of Plant Morphology. Before that period this branch of
botany could hardly be said to exist as a science. What gave distinction
to that period was the publication of observations which made it possible
for the first time to give a consecutive account of the various stages in
the life-history of the Higher Cryptogamia. Up to that time it had been
the custom to compare Ferns with Flowering Plants, notwithstanding that
the facts, so far as they were known, gave little support to any view of
their close similarity; and to attempt to express the hfe-story of these
and others of the lower plants in terms of the higher. But the investigations
of that period, by following out the actual facts of development, showed
not only that there was no correlative of the seed in the life-cycle of a
Fern, but also that there was in the prothallus of Ferns a phase of the
life-cycle which differed in essential points from anything which was then
known to exist in the development of Seed-Plants.

The spores of Ferns were experimentally recognised as reproductive
organs by Morison (169g), who raised young plants from them. But Kaulfuss
first observed their germination (1825), and the formation of the prothallus,
which had already been described by Ehrhart (1788) : it was Bischoff (1842)
who first recognised the embryo attached to the prothallus. Naegeli (1844)
discovered the antheridia and spermatozoids, while Suminski (1848)
ascertained the true nature of the archegonium, and its relation to the
embryo. But it remained for Hofmeister to put together, and complete
the story. In 1849 his description of the germination of Pdularia and
Salvinia appeared, and two years later, in 1851, he gave to the world his
Vergleichende Untersuchungen, a work which dealt in the most com-
prehensive way with the life-story of a number of Liverworts, Mosses,
Ferns, Fern-Allies, and Gymnosperms.

It is impossible to exaggerate the importance of the advance in view
which the publication of Hofmeister’'s book brought. The middle years
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of the nineteenth century were indeed the heroic age of Plant Morphology,
and the results then attained will always continue to be the basis of com-
parison, as applied to the ascending series of green plants. It must,
however, be remarked that those results were achieved on a purely comparative
footing, and at the moment carried no further interpretation with them.
For these were the days before evolutionary theory held sway in the
Biological sciences, and accordingly no underlying phylogenetic meaning
was as yet seen in the facts observed and compared. But eight years
later Darwin's Origin of Species was published, and “the Theory of Descent
had only to accept what genetic morphology had actually brought into
view.” It is also to be noted that at first no past physiological history
was traced in the facts of the individual life ; this line of interpretation suffered
much longer delay, and 1s even now only gradually becoming apparent.
As we shall see, however, such a meaning and such a history may still
be found reflected in those successive phases of the individual life which
Hofmeister and his predecessors were able to detect and to compare.
It is along lines such as these that we may best seek for the solution of
the problem presented by the origin of a Land-Flora.

It will then be essential for our purpose, in the first place, to follow
through all its phases the life-history of certain typical organisms, and
we shall best begin with those which occupy a middle position in our
system, viz. the Pteridophytes. The common Male Shield Fern (NVephrodim
Filiz-mas. Rich.) will serve as a familiar, and also a suitable example.

This Fern is known to every one as growing in woods and hedgerows,
and even in more exposed situations, such as the open gills and hill-sides
of higher-lying districts. It presents a robust appearance, and when fully
developed it consists of an oblique and massive stock, which is relatively
short : this 15 entirely covered over by the bases of the leaves, of which
the youngest constitute a closely packed terminal bud (Fig. 1). Those
leaves which are situated further from the apex, and immediately below
the terminal bud, may in summer be found to be of large size and
compound structure (Fig. 2); they are of a rather firm texture: individually
they are in outline not unlike the ancient Greek shield, and collectively
they form a crown-like series surrounding the terminal bud. Passing again
further back from the apex of the stock, its surface is found to be closely
invested by the bases of the numerdus leaves of former seasons, the
upper portions of which, having performed their functions, have rotted
away. If the plant be dug up, and the soil carefully removed from it,
an ample root-system will be seen, consisting of thin, wiry, and dark-
looking fibrils, which spring from the basal parts of the leaves, and may
bear numerous branch-rootlets.

All these parts consist of tracts of tissue differentiated to subserve
distinct functions. The Vascular Skeleton, which appears as a cylindrical
network of strands within the massive axis (Fig. 1, E, F), throws off
continuous and connected branches, on the one hand into the leaves,
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where they ramify and extend upwards to the extreme tips and margins.
On the other hand, strands of vascular tissue derived from the leaf-bases
extend towards the tips of the roots, and laterally into their branchlets.
The Vascular System 1s thus a connected conducting-system throughout
the plant. It is embedded in softer parenchymatous tissues, which serve

Nepghroaiwm Filivomas, Bich., A, stock in longitudinal section; &, the apex ; £f, the
stem ;- the leaf-stalks : & ane of the stll folded leaves : £ vascular strands., &, leaf-
stalk bearing at £ a bud with root at @, and several leaves. O, a similar leaf-stalk cue
longitudinally, bearing bud, &, with root, 2. 8, steck from which the leaves have been
cut away to their bases, leaving only those of the terminal bud. The spaces between the
leaves are filled with numerouws roots, =, w'. £, stock from which the rind has been
removed to show the vascular network, g2 7, a mesh of the network enlarged, showing
the strands which pass out into the leaves. {(After Sachs.

various purposes in the different jparts: thus in the young root they may
be absorbent, or serve to hand on the fluids absorbed to the conducting
system: in the stem they may serve the purpose of storage of reserve
materials, while in the leaf the parenchyma carries out the function of
photosynthesis, together with the passing on of the supply thus acquired
to the conducting-system. The parts exposed to the air are covered by




MATURE SPOROPHYTE 17

an epidermal layer, with a cuticularised external wall, which prevents
indiscriminate loss of water by surface-evaporation. But the epidermis
is perforated by numerous stomata, the motile guard-cells of which can
control, according to circumstances, the width of the pores leading into
the intercellular spaces. There is thus a highly organised ventilating
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Nephrodineon Fifiv-mas, Rich. Fertile leaf about one-sixth natural size, the lower

part with the under surface exposed. o the left a single fertile segment, enlarged about
= times, (After Luerssen.}

system. Finally, there are also firm, brown, resistant tissues, disposed
sometimes near the outer surface, as in the stem and in the leafstalk :
sometimes more deeply seated, as in the root, while in the leaf they
follow the course of the vascular strands. These give to the several parts
increased mechanical strength, and power of resistance.

Thus constituted the Male Shield Fern is an organism which is

capable of leading an independent life on an exposed land-surface: it
B
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1$ in a position to nourish itself by taking up from the soil the water and
salts which it requires, and to elaborate therefrom, and from the carbon-
dioxide of the air, fresh supplies of organic food. Further, though for
reasons to be explained later, it frequently 1s found growing in situations
where moisture is abundant and the air moist ; still it can resist considerable
drought, and 1is capable of living under as exacting conditions as any
ordinary terrestrial plant. As proof of this, cases may be quoted of the
removal of mature Shield Ferns from a more moist habitat to exposed
situations, where there is no shade, nor any special supply of water:
they are found to flourish there permanently; but they show slight
differences of form from the shade plants: the leaves are more robust,
of smaller area, and of a paler colour.

In this power of resisting drought the Shield Fern is by no means
an isolated exception, nor in any sense an extreme type among Ferns.
It is a familiar sight in this country to see dry hill-sides covered with the
common Bracken, and taking no harm from a summer drought. There
15 also a small British Flora of Ferns of dry wall-tops, including such
species as Folvpodivm vulgare, Aspleniwm Ruta-muraria, and Celerach ;
these may be found sometimes with their leaves dried to crispness in
summer. Abroad there are certain genera, such as MNethocklaena, and
Samesonia, and the Niphololus section of Polypedium, which are typically
xerophytic: in other cases isolated species may show special adaptation
to dry surroundings; for example, Hymenoplvllum sericewm which 1s a
member of a peculiarly hygrophytic genus. These xerophytic Ferns
inhabit dry climates, such as the higher Andes: or they are epiphytic
in habit, and have no access to the water-reservoir of the soil. The forms
which the xerophytic modification may take are succulence of the smooth
leaf, with well-developed epidermis, as seen in Folypodium nummulariae-
Jolfium, and piloselloides, and also in Platyceriwm: or a development of
a thick felt of hairs may cover the surfaces, as in Niphobolus, Nothockiaena,
and Jamesonia: or of scales, as in Folvpodium {Lepicystis) incanum, or
Asplenium Ceferach: or there may be a xerotropic folding of the pinnae,
as in Noethochlaena sinwata and ferruginea, and in Jamesonia. There 1s
also a very efficient mode of resisting extreme drought which is not
shown structurally, wviz. the power of retaiming vitality after drying up.
A good example of this is seen in FPolypodivm (Lepicystis) incanum, which
grows commonly in Trinidad on tree-trunks, and there shrivels for weeks
without rain, under a tropical sun; but when moistened again it swells,
and continues growth. Such vitality i1s shared in some degree by the Ferns
of our wall-tops, and is a common feature leading to the survival of
many other plants, notably among the Bryophytes. Such cases as these
quoted will serve to show that a moist habitat is not always a necessity
for the life of the mature Fern-Plant, and even that Ferns, as a family,
show a considerable aptitude for resisting extremes of drought. But never-
theless most Ferns do affect moist situations, while to some, such as
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the Filmy Ferns of tropical forests, an atmosphere approaching complete
saturation with moisture is a constant necessity, The Male Fern may
indeed be accepted as a medium type, showing no special adaptation
nor susceptibility either to moisture or drought, while structurally it
shows such characters as are usual
in average Land Vegetation.

With very few exceptions Ferns
are perennials, and in the case of
the Shield Fern there is no theoretical
limit to the duration of the individual
life: in point of fact the plant may
grow conlinuously for a long term
of years, as is shown by the length of
the stock, and the long succession
of the bases of leaves of former years
which may be observed persistent
upon it in the larger specimens. But
still it is subject to many vicissitudes,
which are liable to terminate its exist-
ence. Some provision must be made
for the maintenance of the race by
the formation of new individuals.

The vegetative mode of propaga
tion in the Shield Fern 1s by means
of buds which appear at a late period
upon the persistent bases of leaves of
former years. These develop leaves
similar to those of the parent, with
roots which form an independent
system, so that when the progressive
rotting, which is always advancing
from the base of the stock onwards,
isolates the parent leaf from the rest
of the plant, the bud is in a position
to subsist as an independent individual
(Fig. 1, B, c). This is merely one FiG. 3.
example of what is"a very common Gt Ser e L ies (1) Berabil g toart of 2
phenomenon in Ferns, viz. the vege: ivenitions bud which has fallen off, formine &
tative propagation of the individual. F% Comenhat enisrged: (Afier Matonseet )
The details of the process, such as
the position and the number of buds, may wvary greatly in different
cases (Fig. 3), but the essential point is the same, that by a purely
vegetative growth, and without any known cytological complications,
new individuals may be derived, which are similar in all essentials to
the parent. Such means of increase are styled collectively under the head




20 THE LIFE-HISTORY OF A FERN

of Sporophytic budding. It is plain that such growths are only methods
of amplification of the morphological individual ; though ultimately quite
separate from the parent plant, there is no reorganisation of the protoplasts
imvolved in their initiation.

There 1s, however, an alternative mode of increase in number of
individuals, which deals with much larger numbers of potential germs,
and imvolves a much greater complexity of the phases of production than
the mere sporophytic budding: 1t i1s by means of spores. Since this
spore-production is a constant feature in the normal life of all Ferns, and

Fic. 4.

Vertical section of the sorus of Nephvodtem Filiv-mas, (After Kny.)

indeed of Archegoniates at large, while sporophytic budding only occurs
in relatively few, there is good reason to believe that this was a more
primitive and important form of propagation. It therefore demands more
serious attention. ;

An examination of the leaves of the Male Fern will show in many
cases, and especially in young plants, merely a smooth, rather pale green
under surface: these are then the vegetative leaves, or * #roplophylls,” as
they are sometimes called, and they always appear first in the develop-
ment of the individual. But other leaves of older plants, and especially
those formed later in the season, bear on their lower surface, and chiefly
near their apical part, numerous roundish patches, which are green or
brown according to age: these are the sor7, and the leaves bearing them
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are termed °*sporophyils,” but they do not differ in outline from the
vegetative leaves (Fig. z). The sori are disposed in a single linear series
on either side of the midrib of the pinna, or pinnule, being seated on
the secondary veins. The kidney-like outline which they present is
due to a membranous covering called the indusium, which is protective :
it is attached by a central stalk to a projecting cushion of tissue—the
receptacle—which is in close connection with the vein, while there is

Young stages of segmentation of the sporangium of Neplroadim Fifiv-omas, (After Kny.)

a vascular extension from the vein into the receptacle. To the latter
are also attached the numerous sporangia, stalked capsules of lenticular
form, which are collectively overarched by the umbrella-like indusium.
Various stages of development of the sporangia may be found together
in the same sorus: those which are younger are smaller, and of pale
colour ; those which are mature are larger, and are filled with numerous dark
brown spores: these showing through the more transparent wall give to the
ripe sporangium a deep chocolate colour. .

In order properly to understand the arrangement of the parts of the
sorus it must be cut in vertical section (Fig. 4): it will then be seen
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how the indusium, rising from the receptacle, overarches the sporangia,
which are also attached to it by long thin stalks. The head of each
sporangium is shaped like a biconvex lens: its margin is almost com-
pletely surrounded by a series of indurated cells, which form the mechanically
effective annulus: this stops short on one side, where several thin-walled
cells define the stomium, or point where dehiscence shall take place.
Within are the dark-coloured spores, which, on opening a single sporangium

Fic. 6.

Later stages of segmentation of the sporangiom of Nepdrodfrene Filirv-mas, (After Kny.)

carefully in a drop of glycerine, may be counted to the number of
approximately 48.

The origin of the sporangium is by outgrowth of a single superficial
cell of the receptacle, which undergoes successive segmentations as
illustrated in Figs. 5: 1-3. A tetrahedral internal cell is thus completely
segmented off from a single layer of superficial cells constituting the wall.
The former undergoes further segmentation (Fig. 5. 11, 12) to form a
second layer of transitory nutritive cells, called the tapetum, subsequently
doubled by tangential fission (Fig. 6. 1). The tetrahedral cell which
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still remains at the centre, having grown meanwhile, undergoes successive
divisions till usually twelve spore-mother-cells are formed (Fig. 6. 2, 6, 7):
these become spherical in form, and are suspended in a fluid which,
together with the now disorganised tapetum, fills the enlarged cavity of
the sporangium. Each spore-mother-cell then divides twice, so as to form
a group of four cells, which constitute a spore-fetrad (Fig. 7), the component
cells showing some differences in their arrangement. Finally, as ripe-
ness is approached the individual cells of the tetrads separate as the
spores, each of which has meanwhile developed a protecting wall: owing to
the absorption of the fluid contents of the sporangium the separate spores
are dry and dusty, and readily scattered. Since each
of the 12 spore-mother-cells may form four spores
their number is 4x12=48 in each sporangium.
Each mature spore consists of a protoplast with
nucleus, bounded by a colourless inner wall, and
a brown epispore, which extends outwards into
irregular projecting folds.

Meanwhile the wall of the sporangium has
become differentiated into the thinner lateral walls
of the lens-shaped head, and the anwuwius, which
15 a chain of about 16 cells surrounding its margin
(Fig 6. 4a, 4£). These constitute a mechanical HP;:};“'""“!fﬁi,“{?ﬂ?:iﬂ::":,‘
spring, which on the rupture of the thin-walled
stomium becomes slowly everted as the cells dry in the air, and then
recovering with a sudden jerk, throws out the spores to a considerable
distance (Fig. 8), each individual spore being separate from its neighbours.
If a Fern leaf on which the sori are fully matured be laid with its lower
surface downwards upon a sheet of paper, and left in dry air for some hours,
or if the drying be accelerated by heat, a fine brown dust, consisting of
the mature spores, will be deposited on the paper, and they are shed in
such vast numbers as to give a natural print of the outline of the leaf.
A rough estimate may be made of the numerical output of spores from
a large plant of the Shield Fern, as follows. In each sporangium 48
spores may be formed: a sorus will consist of fully 100 sporangia, usually
more : 20 is a moderate estimate of the sori on an average pinna: there
may be fully 5o fertile pinnae on one well-developed leaf, and a strong
plant would bear 10 fertile leaves. 48 x 100 x 20 x 50 x 10=48,000,000.
The output of spores of a strong plant in the single season will thus, on
a moderate estimate, approach the enormous number of fifty millions.

As we shall see, each of those spores is capable of acting as the starting-
point of a new individual, and yet Male Ferns are not increasing perceptibly
in number: the fact is that in open Nature the vast majority of these
potential germs do not survive the vicissitudes of early life. It is evident,
however, that the maintenance of the race is very fully prowvided for, while
there is an ample margin for the effect of selection of those fittest to survive.

Fic. 7.
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In this connection it is well to note further that the spores are produced
upon the leaves fully exposed to the air, and that dry circumstances
favour the shedding of the spores: Ferns grown in uniformly moist con-
ditions show how essential a dry period actually is, for their sporangia
often do not burst atall. The spores of Zbdea and of some Hymeno-
phyllaceae may even be seen germinating within the sporangium. Such

iy 125 1 | :|I

Fic. 8.

Dispersion of the spores from sporangium of Aspidiume acrosticheides, showing different
stages of the eversion and snapping of the annulus.  (After Atkinson. )

a condition is obviously of no advantage to the plant, and is to be
looked upon as a failure in the normal action of the annulus. We #hus
see that a relatively dry period, such as the Male Fern is able to undergo
in summer, is a normal stale, and indeed essential for the last phase of spore-
production, vz, the dissemination of e numevous living germs.

But the relatively dry conditions which lead up to and are necessary
for the dissemination of the spores do not suffice for their further
development : in order that they may germinate moisture is required,
as it is also throughout the immediately succeeding stages of life. When
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exposed to suitable conditions of moisture and temperature each spore may
germinate : the outer coat bursts, and the nner protrudes and increases
in size, cell-divisions appearing as the growth proceeds. The body which
is thus produced is called the profhalius, and it may vary in its form
according to the ecircumstances. In average cases of not too crowded
culture it usually takes first a short filamentous form, attached by one
or more rhizoids to the soil (Fig. 9. 4): it then widens out at the tip

Fic. g

Germination of the spore in Neplhoodinm Filiz-mas, and early stages of the prothallus.
(After Knv.)

to a spathula-like, and finally to a cordate form (Fig. ¢. 5 and 6). This
is the usual type, but when crowded closely together, the filamentous
form may be longer retained, and prothalli are then of the type shown
in Fig. 11. 1. It is thus seen that the form of the prothallus is plastic, a
fact which may be brought into further prominence by culture under
various conditions of lighting, etc.

The body of the prothallus, exclusive of the downward growing rhizoids,
consists of cells which are essentially alike, arranged at first in a single-
layered sheet. This simple structure is maintained permanently by the



26 THE LIFE-HISTORY "@F ATFERN

peripheral parts, but in the central region, below the emarginate apex,
the cells divide by walls parallel to the flattened surfaces of the prothallus,
and thus form a somewhat massive central cushion. The mature cells
are thin-walled, with a peripheral film of cytoplasm surrounding a large
central vacuole, and embedding the nucleus and numerous chloroplasts.
The whole body is capable of leading an independent existence, nourishing
itself by absorption [rom the soil, and by photosynthesis (Fig. 10).
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Mature prothallus of Nepldroainm Frice-mas, as seen from below, bearing antheridia and
archegonia. (After Kny.}

Its structure at once suggests dependence on a continuous and efficient
water-supply ; for there is a large proportion of surface to bulk, while the
cell-walls are thin, and the wvacuole-contents voluminous. There 15 no
arrangement to offer serious resistance to evaporation of water in dry air.
As a matter of experience prothalli shrivel readily when exposed to dry
conditions, while in Nature theyv are regularly found in moist and protected
positions ; a fact which goes far to determine the habitat also of the
sporophytes which arise from them, and this cannot fail to act as a
substantial check upon the distribution of Ferns. But shrivelling under
drought does not mecessarily involve death: in certain cases at least only
a temporary arrest of activity is the consequence, and prothalli which have
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been thus dormant for a considerable time have been seen to revive
when soaked out, and to continue their growth. They share in some
measure that faculty which is so important to many Bryophyta, of recovery
after dormancy under drought. Comparing the prothallus with the Fern-
Plant as regards the water-relation, it is plainly less adapted for life on
exposed land-surfaces, and more immediately dependent on moisture.

Fig. 11.

1. An attenuated male prothallus of Neplrodrane Frliv-mas; 2.5 stages of development
of antheridia ; 6, 7. ruptured antheridia; 8 a spermatozoid. (After Kny.)

The prothallus thus constituted is capable in some cases of vegetative
propagation, by gemmae, and other forms of *gametophytic budding,”
but this does not occur in the Male Fern.

Though the close dependence on moisture for functional activity is
thus seen in the prothallus, it is much more obvious in the behaviour
of the sexual organs which the prothallus bears. These in the Male Shield
Fern! are commonly borne, male and female, on the same individual

1Tt is hardly necessary to say that the **Male” Fern is a misnomer, surviving from
the misconceptions of earlier times. The Fern-Plant is neutral, being neither male nor
female, while it is on the prothallus that the sexual organs are borne.
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(Fig. 1o); but conditions of crowded culture may lead towards a partial,
or even complete separation of the sexes. The flattened hermaphrodite
prothallus of the ordinary cordate outline, grown under normal circumstances
of moisture and moderate lighting, on a horizontal substratum, lies with
one of its flattened surfaces facing the substratum, and produces upon
that lower surface antheridia and archegonia, the former in the basal or lateral
regions, the latter upon the massive cushion: here they develop in acropetal
succession, the youngest being nearest to the emarginate apex of the
thallus. This position of the sexual organs 1s evidently favourable to
their continued exposure to moist air, or even fluid water: and indeed
the latter 1s necessary for the completion of their function.

The antheridium, which arises by outgrowth and segmentation of a
single superficial cell, consists when mature of a peripheral wall of tabular

Fre. ra.

Archegona of Padipodinm vuifgare. A, still closed : e=ovum. A '=canal-cell. A" =ventral-
canal-cell. &, an archegonium ruptured.  ®zqc.  (After Strasburger.)

cells, surrounding a central group of spermatocytes (Fig. 11. 4, 5). The
antheridium readily matures in moist air, but does not open except in
the presence of external fluid water : this causes swelling of the mucilaginous
walls of the spermatocytes, and increased turgor of the cells of the wall:
the tension is relieved by rupture of the cell covering the distal end,
and the spermatocytes are extruded into the water, the cells of the wall
assisting by their swelling inwards, and consequent shortening (Fig. 11. 6).
The spermatocytes, thus extruded into the water which caused the rupture,
soon show active movement, and the spermatozoid which had already
been formed within each of them escapes from its mucilaginous sheath,
and moves freely in the water by means of active cilia attached near one
end of its spirally colled body (Fig. r1. 6 and 8).

The archegonium also originates from a single superficial cell, and
grows out so as to project from the downward surface of the thallus. It
consists when mature of a peripheral wall of cells constituting the
projecting neck, and a central group, arranged senally : the deepest seated
of these is the large ovum, which is sunk in the tissue of the cushion,
and above this is a small ventral-canalcell, and a longer canal-cell
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(Fig. 12, o).  If prothalli be grown in moist air, and only watered by
absorption from below, the archegonia will have no access to fluid water,
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Fertilisation in Queclea sensddilis @ the arrows indicate direction of the growing point of
tha '|_n'4,r|!h;:|.|:'1|m. A. vertical section through an open archezonium probably within ten
minutes after the entrance of the first spermatoroid.  ® goo. K. vertical section of the
venter of an archegomum contaimng spermatozonds, and the collapsed egg with a sperma-
tozoid within the nuclens, Thirty minutes. xr1zoo. (After Shaw.)

and they will then remain closed, and fertilisation will be impossible ; but
if watered from above, as they would be in the ordinary course of Nature,

the external fluid water will bathe them,
and rupture will result. This may be
observed in living archegonia which
have been kept relatively dry, and then
mounted in water under the micro-
scope : the neck dehisces at the distal
end owing to internal mucilaginous
swelling, and its cells diverge widely :
the canal-cell and ventral-canal-cell are
extruded, and the ovum remains as a
deeply seated, spherical protoplast, while
access to it is gained through the open
channel of the neck (Fig. 12, B). Thus
the same conditions lead to the rupture
both of the male and female organs:
in Nature a shower of rain would supply
the necessary external fluid water, and
would at the same time supply the

FiG. 13 érs.

Horizontal section of an egg, showing coiled
spiral male nucleus within the female. Twelve
hours. Xi1zoo. (After Shaw.)
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medium of transit of the spermatozoids to the ovum. But the movements
of the spermatozoids are not subject to blind chance: the chemiotactic
attraction of the archegonium directs the spermatozoids through the water,
towards the open neck, which they may be seen to enter, and finally one
of the spermatozoids coalesces with the ovum: fertilisation is effected

Fic. 14.

Young embryvo of Adiasfum concinnm. F=leaf-quadrant ; 5 =stem-quadrant ;
: b | ' q
: A =root-quadrant ; F=foot-quadrant. (After Atkinson.)

by the absorption of the male nucleus in that of the egg (Figs. 13
and 13 dis).  Thus the presence of external fluid water is essential for the
process of fertilisation : withowt it the prothallus is unable to achieve that
alject of ils existence.

The consequence of fertilisation is the growth and segmentation of
the ovum, or zygote, as it may now be called, to form a mass of
embryonic tissue, which at first remains embedded in the tissue of the
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parent thallus (Fig 14): as it grows, leaf, stem, and root become

differentiated (Fig. 15), which finally emerge; at first the embryo Fern-
Plant is dependent for its nourishment upon the prothallus which embeds
it; but as the first leaf expands it begins to exercise the assimilating
function, which is taken up also by the later formed leaves. The first
root also projects into the soil, and soon. functionates as an absorbing
organ: it is followed later by others. Thus the young plant soon
becomes physiologically independent of the prothallus, which rots away,

Eig. =,

Embryo of Adiastserr conciupenne, older than that in Fig. 14, L=leal; &=root;
S=stem ; FM=foot. (After Atkinson.)

leaving the young plant established on the soil. It gradually attains the
mature characters similar to those of the parent from which it originated.

The above is a bare statement of the salient events in the life-cycle,
or ontogenetic period of a Fern, as it is seen in its simplest form: and,
the adjoining diagram may serve to present them graphically to the eye
(Fig. 16). The two most notable points are those where the new
individual is represented by a single cell, wviz. the spore, and the
fertilised ovum, or zygote. These are two landmarks between which
intervene two more extensive developments, on the one hand the sexual
generation, or prothallus, on the other the spore-bearing generation, or
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Fern-Plant. If the events above detailed recur in regular succession
there will be seen a regular alternation of two phases of life, or generations :
of these the one, the prothallus, bears the sexual organs, which contain
the sexual cells or gametes, and it may accordingly be styled the
gamelophyte : the other, the Fern-Plant, is non-sexual or neutral, and bears
the sporangia, containing the spores: accordingly it may be styled the
sporophyte. The study of Ferns at large leads to the conclusion that this
| regular alternation of generations
};ﬁﬁﬁ' is typical fD:l‘ the I'amil]_f. T}]ESE
/ i two alternating generations differ
/ not only in form, but also in
their relation to external circum-

/

y. stances, and especially in the
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hFDlh‘i. A exposure to the ordinary atmo-
'l. o ﬁ-fr-&?‘:f"f’“” spheric c_nmfhtmns, I:‘rut dryness
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ill-fitted for exposure, with un-
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/ tissues, and no ventilating

i .,;:Jf,-.:g-,g-r;.;.,ag"' system, while the object of its

Bl existence, viz. the fertilisation

Fic. 16. carried out by the sexual organs,

Scheme of life-cycle of a Fern. can only be achieved in the

presence of external fluid water.
There is thus a marked difference between these two phases, and their
sequence may be said to constitute an anfithefic alternafion. As regards
the water-relation, the whole lifecycle of the Fern might not inaptly
be designated as awmphibions, since the one phase is dependent on
external flmd water for achieving its object of propagation, while the
other is independent of it.

It will be seen in the next chapter that this is not a condition for
Ferns alone, but that such alternation as is seen here has its parallel in
many other plants, though with great differences in detail, and especially
in respect of the balance of size of the two generations.
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ON THE BALANCE OF THE ALTERNATING GENERATIONS
OF ARCHEGONIATAE.

HorMEISTER'S great work on the Higher Cryptogamia, alluded to in the
previous chapter, was not a mere description of observations, but a com-
parative treatise. It not only revealed the life-stories of the various types
of plant-organisation which he examined, but in it he also showed that
their several stages corresponded in essential features. Notwithstanding
wide differences of detailed form and of proportion, it was demonstrated
that, as regards position among the recurrent events of each life-cycle,
the neutral generation, or sporophyte, and the sexual generation, or
gametophyte, remained distinct and recognisable in such diverse plants as
the Bryophytes, Pteridophytes, and Gymnosperms. In arriving at this
conclusion it was Hofmeister's great merit that he kept his eye securely
upon those critical points where the individual life is represented by a
single cell, viz. the zygote, and the spore. However differing in size or
in complexity, he held as comparable, or, as it is said, **homologous,” the
phases which intervened respectively between those two events. This great
generalisation of Hofmeister, stated by him with a brevity and a simplicity
of language as remarkable as its content was new and far-reaching, has
formed the essential foundation of all subsequent morphology of Archegoniate
Plants. A series of examples will now be quoted in illustration of it, and
these will be selected to show the differences in form and in the relative
proportions of the two generations; but it will not be necessary to enter
into a continuous account of the life of each example, for with certain
modifications the essentials of sexuality and of spore-production remain
the same in them all.

In #ieera, one of the simplest of the Liverworts, the gametophyte, or Kiccia-
plant, as 1t 1s called on account of its being more prominent than the
sporophyte, i1s a green, dichotomously branched thallus, showing localised
apical growth, while it is thick in proportion to its area: some species float

on water, others are attached by rhizoids to the substratum of soil. The
c
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only appendages other than rhizoids and occasional hairs are small flat
scales borne on the lower surface. The gametophyte is thus of very simple
form (Fig. 17). The sexuval organs are borne
in acropetal succession on its upper surface,
and are sunk in depressions. The sporophyte,
which results from fertihsation of the ovum by
spermatozoids motile through water as in Ferns,
1s a small spherical body, with no distinction
of apex and base (Fig. 18). It consists of a
single layer of cells forming a peripheral wall,
which is, ‘however, disorganised before the
ripeness of the spores. The latter are pro-
duced by a tetrad division of the spore-mother-
Fi. 17. cells, which occupy the whole internal space of
Riceia meinima. A, thallus of the sporogonium (Fig. 18a); on germination
natural size. A, the same in vertical -
section, showing two sporogonia sunk  the spores yield fresh gametophytes. Thus the
Ch b e o o hatlus Magmifed: oy generations are here as distinct from one
another, structurally and in origin, as in the
Fern, though both are of small size and simple form. It is to be
noted, however, that the sporophyte i1s throughout its life dependent

Fig. 18a.

Ricciocarpus natans. Theupper figure

Fic. 18 shows the spherical spore-mother-cells

surrounded by nutritive material. The

Kiccfocarpus natans. Young sporogonia in longitudinal section, lower shows the tetrads formed rﬂ:l-m

surrounded by the archegonial wall. The younger {x666) shows them : the sporogonial wall (shaded) is

the amphithecium (shaded) surrounding the sporogenous cells @ in sl seen surrounding them, and covered

the older [ 560) these are separated, as the free, and rounded externally b:.‘ the :I.Ti;lill:,l,""-l.'-l‘l-iﬂl wall of two
spore-mother-cells.  (After Garber.) cell-layers. =666, (After Gaher.)

upon the gametophyte, both mechanically and physiologically, and that it
1s an almost entirely undifferentiated, spore-producing body.
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Taking Catharinea undulata (1. ), Web. and Mohr, as an example of the
condition commonly seen in Mosses, the gametophyte and sporophyte are
both on a more advanced scale than in Kiecda, and both show locahised
apical growth, but their relations remain substantially the same. The  Moss

f;ﬁ" _ {
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FiG. 10.

Catharinea (A frickum) undedata (L), Web, and Mohr. The leafy gametophyte, bearing
sporogonia.  (After Schimper.)

Plant,” or gametophyte (Fig. 19) appears as an upgrowing, branched, and
leafy structure, attached to the soil by numerous rhizoids, and nourishing
itself partly from materials absorbed by them, partly by the activity of
its chlorophyll-containing shoots: it is thus physiologically an independent
organism, as is also the simpler thallus of Kieza. In most Mosses the
plant is ill protected against drought; but they commonly show, as a set
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off against this, a remarkable power of recovery on the return of moisture
after being dried up. The sexual organs are usually borne by the Moss-
Plant at or near to the apex of its upward-growing branches. The result
of fertilisation—here again carried out by spermatozoids motile through
water—is the formation of the Moss-Fruit, or sporophyte, which is
throughout life a mere appendage on the Moss-Plant. At first it s,
like that of Aieza, completely enclosed by the venter of the archegonium
(Fig. 20); but it soon shows apical growth and
elongation : the venter is then ruptured trans-
versely, and the sporogonium is exposed. As
it elongates its base remains embedded in the
tissue of the Moss-Plant: its apex is still
covered by the upper part of the archegonial
wall, the calyptra; but at ripeness this is shed,
and the enlarged capsule on dehiscence is able
freely to scatter its spores. After this the
ephemeral sporophyte dies away.

Comparing such a Moss with Ria, the
phases of the life-history correspond, but their
elaboration 1s different: the thalloid gametophyte
of Kicaa 15 replaced by the upright leafy plant
of Catharinea. The fertilisation is still dependent
on fluid water, but its product is more complex:
there 1s in Catharinca a distinction of apex and
base, with localised apical growth ; but the form
is still relatively simple, the whole construction
being on the radial type, without appendages.
The spore-production is restricted to the upper
region, and takes place in one continuous sac.
The sporophyte is still borne and nourished

Hge 3o throughout its hife by the parent gametophyte ;
u&%:i;:?%u%z:;.?{‘;:I;r;::al?:zé jf’:‘j]]: Ihﬂutc;t”i?s able :IJ}’ it?: chlqrughyl]‘-cm:taining cells
AFehaon il wall (Aosr e y on photosynthesis 1n some degree, as

an accessory to the supply derived ifrom the
parent. It has a wvenulating system like that characteristic of aerial
plants, while this is absent from the gametophyte.

A comparison of such a Moss with a Lycopod shows a different
balance of the two alternating generations. The gametophyte of Lyeo-
podium cernurem 1s shown in Fig, 21 as a somewhat massive structure,
bearing lobes of chlorophyll-containing tissue above, which have sometimes
been compared with the leaves of a Bryophyte: below it is attached by
rhizoids to the soil. Like the Moss it is an independent organism capable
of selfnourishment. It bears its sexual organs about the bases of the
lobes, and is dependent upon external fluid water for its fertilisation.
Notwithstanding its massive bulk it is without a ventilating system. The




IN LYCOPODS 37

sporophyte of ZL. cernuum, on the other hand, is a large dendroid plant,
which may attain a height of even 3-4 feet (Fig. 22). In the embryo
state it is nourished by the gametophyte which bore it, but it soon
establishes itself independently in the soil as a much-branched plant,
with relatively massive axes showing localised apical growth and numerous
small leaves; while true roots, not mere rhizoids, ramify in the soil
The whole plant is traversed by a vascular system, and there is also an
efficient ventilating system. This ample vegetative development precedes
the formation of the spores, which is localised in the terminal strobili:

Fic. 21.

Young leafy plant of Lycopodinm cermurnn, L., with the prothallus, bearing its irregular
assimilating lobes, attached on its lefi-hand side. xabout zo. (After Treub.)

these do not differ in general plan from the vegetative shoots, but in
the axil of each leaf®of these fertile branches a single sporangium is
borne, containing many small spores, which are all alike (Fig. 22 b, E).

The gametophyte of Lyecopodium is among the most elaborate known
in Vascular Plants: and yet it falls short of the complexity seen in the
plant of Catkarinea. 1t is clear that the two correspond from the fact
that they both arise from spores and bear sexual organs. On the
other hand, the proportion of the sporophyte, as well as its conformation,
differs in high degree in the two plants. In place of the dependent
and ephemeral sporogonium, with limited apical growth, without appen-
dages, and bearing a single terminal capsule of spores, as in the Moss,
Lycopodiem shows an independent and perennial plant, with apparently
unlimited apical growth and numerous appendages: it is rooted in
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Eycapodinm cernunme, L., var. Eicliers, Glaz. A, general habit (f natural size); 5,

end of a branch (natural size); C, sirobilus (= 3); /2, sporophyl]l seen from above; &
ditto, from the side (x 20).  (After Pritzel, in Engler and Prantl. Aar. Zfanz.)
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the soil, and capable of complete self-nourishment for an extended
period before the production of spores. Moreover, these are produced,
not in a single sac, as 1n the Moss, but in very numerous distinct
sacs—-the sporangia. These essential differences of the sporophyte are
those which clearly define the Bryophytes from .the Pteridophytes. In
the latter the mature sporophyte is always a free-growing organism, and
a considerable vegetative period usually precedes the formation of the
spores.

Referring back to our observations on the Male Fern in the previous
chapter, it will be seen that these remarks apply there also. The most
obvious difference between a Lycopod and a Fern is in the size of the
leaf ; but they correspond in all essentials,
and both show a very marked advance
of complexity of the sporophyte over the
Bryophyte sporogonium. On the other
hand, the prothallus of the Fern 15 a
smaller and simpler thing than that of
L. cernuum, and stands thus n sull
stronger antithesis to the leafy plant of
the Moss. Putting all these points
together, it 1s plain that in the Pterido-
phytes the balance in size of the
generations is inverted as compared with
that in the higher Bryophytes.

In all the Bryophytes, and also 1n
many Pteridophytes, the spores are all
alike, and of small size, as we have seen
them to be in Nephrodiwm and Lyco-
podiem :  this is  described as  the Fic. 23
“ homosporous ” condition, and it may MR e e OF Selartualie wpus in
be accepted as a primitive state. But "L‘:g::‘? prctsalosecuon, Sias: SAfter Mia
in certain other Pteridophytes, and in
all Seed-Plants, there are two different types of spore:—the relatively
small spore, which is easily transferred when shed, and produces a small
male prothallus : and the large spore which, though less easily transferred,
develops within it what is so important to the progeny—a bulky female
prothallus stored with nutriment. This store is derived from the parent
plant, and is thus ready to supply the young immediately after fertilisation.
The * heterosporous” condition brings a clear advantage, notwithstanding
that the separation of the sexes on different prothalli increases the obstacles
in the way of fertilisation being carried out. In certain cases the two
types of sporangia and spores start their development alike, and only
differentiate in the later stages; for this reason, as well as on grounds
of general comparison, the heterosporous state may be accepted as the
later and derivative. From the example of Selaginella it will be seen
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that heterospory may occur without any essential change in the
sporophyte ; for the plant of Selaginelia is of the general Lycopod type,
with small-leaved, much-branched shoot rooted In the soil, showing

Flc. 24.
&, megasporanginm of Selag fnedle apus in median vertical section, showing three of the
four megaspores,  ®zr. A, a single megaspore, with prothallus and an archegenium,
more highly magnified. (After Miss Lyon.)
continued apical growth and terminal strobili. These are constructed
essentially upon the Lycopodinous plan, but instead of the sporangia
being all alike, some contain numerous small microspores, others contain

@ &,
[ ]

Fic. zs. Fic. 26.
Microspore of Sefaginelia apus, alver Microspore of Selaginedia apus, just before extru-
germination. (After Miss Lyon.) sion of the spermatoroids.  (After Miss Lyon.)

only four large megaspores. In both cases these result, like other spores,
from a tetrad division: the chief difference is in their size (Figs. 23, 24 B).

But though the sporophyte is essentially unaltered, the changes in the
gametophyte which accompany the heterosporous state are important. The
prothallus 15 no longer a free-growing, self-nourishing organism, but it

e — e —
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tends to become, and often actually 1s, a mere means of working up the
material stored in the mature spore into gametes and an embryo, and
does not possess any functional vegetative system. This is exemplified 1n
Figs. 25, 26 of Selaginella, which show the contents of the germinated
microspore developed as little more than an antheridium. In Fig. 26 the
wall of the spore is ruptured, and the contents are ready to be extruded
as numerous spermatozoids. Fig. 24 A shows the megaspore with the
female prothallus within it, bear-
ing an archegonium. Fertilisation
takes place as in Ferns through
the medium of water. The ovum
after fertilisation forms the embryo
which remains for a time embedded
in the prothallus: but later it bursts
through, and establishes itself as
the independent sporophyte.

In many heterosporous plants
the germination takes place after
the spores are shed, just as 1s the
case in homosporous plants. But
in others germination of the mega-
spore may be initiated or even
carried through within the spor-
angium. This is the case in
Selaginella apus (Fig. 24), in
which 1t 1s ewvident that, even
when the sporangium has not yet
opened, the prothallus may be
well advanced in the megaspores.
Fertilisation may be carried out AT
Wi The S=poran i after | 1ts e sae loowinidinal acetion ofl che ovule of Faces

exceisa, at tme of ferulisation ®xg. ¢ embryo-sac

s filled by the prothallus; &, the venter; «, the neck of
l'l_lptLll'lE., b}r means of S[JEI'I'ﬂ.ﬂt'D- an archegonium ; o, ovum ; #, its nm,]em.r #e, nucellus

il - of vvule ; 5, polltn grains ; £, pollen-tubes ; 7, integument.
zoids derived from spores shed 2 ouwes /s PoSrs :

from adjoining microsporangia,

and the embryo may be developed while the megaspore is still within
the sporangium. It is no great step from this condition to that seen In
the Seed-Plants, in which the megaspore—or embryo-sac as it is called
in Seed-Plants—remains embedded in the tissue of the megasporangium
or ovule (Fig. z7). The physiological advantage gained by this step 1s
an important one: there is no longer any need to hurriedly pass the
nutritive supplies into the spore before its wall, thickened for protective
purposes, stops the process of transfer; for in the Seed-Plants the wall
of the megaspore, no longer needed for protection, remains thin, and the
nutrition of the female prothallus can be continued until long after the
embryo 1s initiated within it.
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These points are illustrated in the Gymnosperms, which the positive
evidence of the geological record shows to have been the primitive Seed-
Plants. Since the time of Hofmeister comparative morphology has arrived

FiG. =8,

FPinws Laricie, showing a series from the formation of the tetrads to the development of
the pollen-tuhe. , vegetative cells ; s, stalk cell ; &, body cell ; £, tube nucleus. X &oo
{After Coulter and Chamberlzin.)

at the same conclusion, though along a distinct line of argument. Taking
examples from the Pinaceae, the sperophyte is represented by the Tree,
which 1s a large, much-branched, independent, and perennial organism,
with theoretically unlimited apical growth, and a highly differentiated

e
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system of root and shoot. A long vegetative period precedes the spore-
formation. The sporangia are no longer ahke as in Selagrnel/a, but differ
widely in form and position, and are located on distinct male and female
strobili. ‘I'he microsporangia, or pollen-sacs, produce after the usual tetrad
division the microspores, or pollen-grains, which are shed at maturity.
The male prothallus which they produce i1s partly formed on the parent
plant, partly after shedding, and is restricted merely to a few cells (Fig. 28).
Typically the megasporangia, or ovules, develop each only a single mega-
spore—or embryo-sac as it is called in Seed Plants—and within it there is
at the period of fertilisation a massive female prothallus, bearing archegonia
(Fig. 27). Since the male and female strobili are distinct, it is necessary
for fertilisation that the microspores, or pollen-grains, should be shed;
but no independent vegetative thallus is produced from them: the pollen-
grain, landing on the apex of the megasporangium, forms a pollentube or
siphon, which penetrates the sporangial wall, and by its means the non-maotile
male cells are transferred to the ovum. The essential
point of fertilisation i1s the same as before, but the
means are different. The dependence on external
fluid water, characteristic of all Pteridophytes, is
dropped, and the siphonogamic method of fertilisation
may be held to mark the distinctive terrestrial habait.
But as a lately acquired proof of the justice of
Hofmeister's comparisons, the fertilisation by a motile
spermatozoid 1s still retained, in a somewhat un-
practical form, in certain primitive Gymnosperms, e A
Cycadaceae, and Ginkgoaceae. The nursing of the [Follenanin showing . the
embryo in the female prothallus, or endosperm, ;’,:*an‘r*:t;:i;:t::;_}t;’ * 540.
follows in the Pine on essentially similar lines as in

Selaginella, also the final germination to establish again the independent
sporophyte.

Lastly, in the higher Seed-Plants, or Angiosperms, which Palaeontology
indicates as of later origin, the outline of the life-cycle is as in the
Gymnosperms, but with still further reduction of the prothallial development
in the pollen-grain (Fig. 29). Fertilisation is of the terrestrial siphonogamic
type. The embryo-sac remains like that of Gymnosperms embedded in the
tissue of the parent plant: it contains before fertilisation only an exiguous
tissue-development, the exact homology of which is still a question in
debate (Fig. 3o).

The above sketch illustrates the general trend, though probably not
the exact course, of evolutionary progress in the Archegoniate series. But
it is necessary to remark that the examples selected do not form any actual
phyletic sequence : of them all no two (excepting Lycopodinm and Selaginella)
belong to a single recognised phylum. The general result of their com.
parison is therefore a history read between the lines. But, with this
proviso, the following conclusions may be drawn from it, as to the

Fic. =zg.
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fluctuations of balance of the two generations of the antithetic alternation
involved in the upward progress of plant-form.

The gametophyte was at first the predominant feature, and there is
good reason, as we shall see later, to believe that it was the originally
pre-existent phase. It was an independent, self-nourishing organism, with
unlimited apical growth, and is seen in the Bryophytes either in
the thalloid form, or developed as a more elaborate leafy plant. In

the Mosses, and in the leafy Liverworts the

- _p sexual generation reached il? morphological
—p climax. But nevertheless 1n the relative

7t simplicity of its tissues, and in the absence

i of an internal ventilating system, it remained,

& | L] i as its method of sexuality proclaims it to

be, at best only an imperfect adaptation

o to growth under conditions of subaerial

7 exposure. In the homosporous Pterido-

ei— Ll N e phytes, though there is in Zyespodium, and
T [ ' also in Eguisefum, some indication of lateral
| ;,_" P appendages, the gametophyte is thalloid, but

it still shows its physiological independence,
while there may be a brief and ill-defined
apical growth. Nevertheless, in the Pterido-
phytes the gametophyte as a rule bears the
stamp of a temporary phase in the cycle
rather than that of a permanent organism :
but this becomes much more pronounced
in the heterosporous forms: in these the
independent, selfnutritive existence is lost,

Fic. 3o and the prothallus is without localised apical
Ovary of Polyeonnm convolowlusduring ~ growth : the male gametophyte becomes little

fertilisation. %, stalk-like base of ovary ; : .
Ju, funiculus ; oha, chalaza; mu, nucellus;  IMNOTE ph}'SIUIDgIEEI”}' than a means of pro-

wif, micropyle : if, inner, fe, outer ins

tegument ; ¢, embsyo-sac ; ek, nucleus of QUCING spermatozoids: the female is at first
;ﬁg[‘,j;ﬁ:ﬂ;f'ﬂ’t;i“;':;jf*::‘f;t,:f;‘ J,;’_’:;L.,‘]'ﬂf,fl a producer of ova, and later it is simply a
grains: fs pollen-tubes.  x48  (After  1means of nourishing the embryo at second
| hand from the plant on which it is depen-
dent. The morphological reduction which follows the heterosporous state
is clear enough in Selaginelia and in the Pine, and it reaches its climax in
the Higher Flowering Plants, where the gametophyte is found to have
dwindled away to an exiguous residuum of a few 1ill-defined cells, with
virtually no vegetative characters at all. The whole story indicates the
eclipse of the generation which appears to have been originally the pre-
dominant partner in the life-cycle.
The sporophyte, on the other hand, has a cnmi}lﬂmcntar}r story, It is
seen in the simplest Bryophytes as an ephemeral, spherical body, without
distinct apex or base, and no vegetative system except a temporary

£ :"-I"I!E
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protective wall of cells: it is dependent through life upon the gametophyte,
and results in a limited number of spores. In more complex Bryophytes
it is still short-lived and dependent, but larger, with distinction of apex
and base, a brief apical growth, and a basal vegetative region distinct
from the terminal capsule: there 1s entire absence of appendages, but
a partial differentiation of tissues, with internal ventilating system and
some assimilatory tissue. The spore-production is on a larger scale, but
limited wusually to the simultaneous development of one continuous
spore-sac.

In the Pteridophytes the mature sporophyte i1s an independent, self-
supporting organism; but it 1s dependent in youth upon the parent
prothallus: it is commonly perennial. It has theoretically unlimited
growth of axis and root: the appendages vary greatly in size: there 1s
high differentiation of the tissues, with an elaborate ventilating system :
the plant thus constituted is capable of complete and continued self-
nutrition. The spores are produced after a more or less prolonged
vegetative phase, and in perennial forms their production may be
continued for an unlimited succession of seasons. They are borne
in separate sporangia, which are commonly seated upon the appendages:
the sporangia themselves are frequently produced in a continued succession.
These arrangements are such as to lead to a high and even long-continued
output of adequately nourished spores. The sporangia are frequently
restricted to certain shoots, in which the parts are closely aggregated:
these are termed strobili.

The heterosporous state seen in all the highest Vascular Plants,
introduced advantages conducing to certainty in nursing the embryo, and
led in Seed-Plants to an infinity of special developments which secured
that transfer of the microspores which is so necessary for fertilisation.
But the essential plan of the independent, self-nourishing Vascular Plant
once laid down was not departed from, even in the highest forms. The
sporophyte, thus sprung from small beginnings, remains the dominant
generation 1n all distinctively terrestrial plants.

The entire inversion of the balance of the two alternating generations
thus briefly sketched—the dwindling away of the one and gradually
achieved dominance of the other—is a fact which requires some
physiological explanation. We may be sure that such things do not
happen without good reason. It will be our object later to enquire into
this. Meanwhile we recognise the fact itself, and we shall see in the
comparisons which lead to 1ts recognition an enduring monument to
the genius of Hofmeister who first pointed them out.
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CYTOLOGICAL DISTINCTION OF THE ALTERNATING
GENERATIONs OF ARCHEGONIATAE.

ALTERNATION is thus found to be a general phenomenon for Archegoniate
Plants. It was at first recognised chiefly on the basis of the propagative
organs which the alternating generations respectively bore, and the dis-
tinction was confirmed on grounds of external form and of anatomical
structure. The two phases, however, presented no very strict criteria by
which they could with certainty be told apart. As regards external form,
a foliar development was found to exist in the sexual generation of the
Bryophytes, and again in the neutral generation of Vascular Plants: and
however strongly it might be urged on grounds of detailed comparison
that these were distinct in origin, and therefore only analogous, still the
fact that foliar development exists in them both showed that external form
did not constitute a strict criterion. As regards anatomical structure, the
presence or absence of vascular tissue, and of intercellular spaces appeared
at first to give a ready distinction ; but a better knowledge of the anatomy
of the larger Mosses showed that they also contain conducting tissues closely
analogous to the vascular strands of Pteridophytes. Again, it is a fact
that there is an ample ventilating system in the sporophyte, and that
intercellular spaces are generally absent in the gametophyte; but in the
leaves of certain Filmy Ferns there may be no intercellular spaces through-
out considerable tracts, while the statement for the gametophyte is one of
those negative statements which are at any time open to reversal. Even the
production of the characteristic organs of propagation, and the transition
by spore or zygote from one generation to the other, is not so absolute a
distinction as was once thought; for first apogamy, and later apospory
were discovered, and it was thus seen that a vegetative transition might
take place from either generation to the other, without the critical incident
of production of spore or zygote intervening as a limit. The climax of
these difficulties in definition of the two generations was reached when
Lang described, in 1896, how in certain Ferns sporangia might be borne
directly upon the prothallus itself.
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This absence of strict criteria distinguishing between the two alternating
generations of Archegoniate Plants has given rise to much discussion,
and the differences of opinion have centred round the question of their
origin. Were the two generations distinct ad initio, or were they merely
phases differentiated from a common source? Under the *“homologous™
theory of alternation the two generations were held to have been similar
in origin, and the alternation to have originated by a secondary modification
arising in a pre-existent and independent organisation. The adherents of
the “antithetic” theory held that the sexual generation was pre-existent,
and that a new organisation arose, derived by amplification from the
zygote : the sporophyte was thus originally not a result of change in a
pre-existent organisation, but it arose as a newly expanded phase, distinct
in its origin from other phases of the life cycle. The difference of opinion
entailed in these two theories is essentially one of history, and of method
of origin.

In the absence of strict criteria of distinction, such discussions are apt
to be long and inconsequent. It seemed accordingly to be a welcome
advance when facts. were gradually disclosed, showing that a cytological
difference exists between the two generations. This appeared to raise
the whole doctrine of alternation in Archegoniate Plants to a higher plane,
and to relate the origin of the two alternating phases intimately with the
existence of a sexual process. In order to understand the nature of
this new criterion of distinction it is necessary to be acquainted with
the main features of nuclear division. When a nucleated vegetable cell
divides, the nucleus takes the initiative, and goes through a series of phases
as shown in Fig. 31, which is quoted from Strasburger, to whom the
discovery of the details is chiefly due. Without describing these at
length it may be stated that the chromatin, that constituent of the nuclear
pody which stains most deeply, distributes itself in the linin: the body
thus formed changes from a network of fine fibrils in the resting nucleus
(1) to a thicker convoluted thread, which then divides transversely into
segments—the chromosomes (3, 4). These segments then divide longitudin-
ally (6, 7, 8), and. the balves of each, separating from one another, pass
to the opposite poles of the nuclear spindle, which has meanwhile been
formed (8, g, 10): they there reconstitute the chromatin-system of the
two new nuclel (1o, 11, 12). An essential part of this process is found to be
that the number of chromosomes is definite, and though in different plants
and groups of plants it may vary within wide limits, still in the species
or individual the number is (with some exceptions) strictly maintained.
But this is so normally only in the cells of the one or of the other
generation ; for it has been found, in cases which are constantly becoming
more numerous as observations extend, that there 1s a numerical difference
in the chromosomes of dividing nuclei in the two alternating generations
of the same plant: in the sporophyte the number i1s twice that in the
gametophyte : the former has accordingly been styled the “diploid,” the
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latter the “haploid” phase. It happens that the facts are more readily
observed in most Seed-Plants than in Pteridophytes, owing partly to the
greater size of the spindles, partly to the number of the chromosomes
being smaller than in most of the Archegoniates. Accordingly we have
the record of the numbers from over 6o Seed-Plants, showing with remarkable

FiG. 3r.

Successive stages of nuclear- and cell-division in an embryvonic tissue. a=nucleus.
af=nucleclus. w=nuclear wall. ec=cytoplasm. ch=chromosomes. 4&=polar-cap.
s=szpindle. &p=nuclear plate. rf=vyoung daughter-nuclei. w=connecting threads.
z=cell-plate. se=new septum. In 1 the resting nucleus is shown. In 2 and 3 the
segregation of the chromosomes.  In 4 the chromosomes are seen with transverse discs.
In 5 the arrangement of the chromosomes to form the nuclear plates and their longitudinal
fission.  In 3-5 the formation of the spindle from the polar-caps. In 6 the longitudinal
fission of the chromosomes.  In 7 their separation towards the poles has begun.  In 8 the
daughter-chromosomes are completely separated. In g they are proceeding towards
the poles. In 1o, 11, and 12 the davghter nuclei are being formed. Ing-rr the connecting
threads and the cell-plate are being formed. In 12 the completion of the septum.
® about oo, (After Strasburger.)

constancy that the number of chromosomes in the dividing nuclei of the
sporophyte is double that in those of the gametophyte. Common numbers
are 32:16—z24:12—16:8; while they run as low as 12:6 or 6: 3, and
as high as 64: 32 or g6:48.

Records from the Gymnosperms bring evidence of the same difference
between the two generations in various species of Zraws, etc. Among
Pteridophytes 1t has been observed in such Ferns as Osmunda, Alsophila,
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Fic. 32.

Follen-mother-cells of a Lily in course of division, somewhat diagrammatic. 1. Mother-
cell with resting nucleus, 2. The segregation of the chromosomes. 3. Synapsis.
4- Double threads already beginning to coalesce, 5. The spirem derived from the
coalescent double-thread, apparently a single thread. 6. Subsequent separation of
the threads. 7. The spirem transverszly segmented, double chromosomes. 8. Diakinesis.
g. Imitiation of multi-polar spindle. 10, Spindle of the mother-nucleus, the nuclear plate
composed of double-chromosomes. 11, Reduction-division, the separating chromosomes
showing a partial separation of their longitudinal halves. 12, Formation of danghter-
nuclei. 13. The longitudinal halves of the chromosomes (daughter-chromosomes) are
disposed in the nuclear spindles connected in pairs. 14, Daughter-nuclear-spindles.
15. Separation of the daughter chromosomes. 16. Formation of the nuclei of the second
generation. X about 8co.  (After Strasburger.)
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and various Polypodiaceae. In the Bryophytes, the earliest case described
was that of APallavicinia investigated by Farmer, with four chromosomes
in the gametophyte and eight in the sporophyte: and the same relation
between the generations has since been found also in other genera of
Liverworts. In Mosses few observations have yet been made, but Mr.
M. Wilson has found that in MWaurwm hormwm the numbers are 6 and 12
respectively in gametophyte and sporophyte. Accordingly the difference
in chromosome-number may with high probability be held as a general
diagnostic feature between the two generations in normal representatives of
the Archegoniate series.

This being so, the recognised limits between the generations will
naturally be expected to be the points of transition from the one chromosome-
number to the other. Now it i1s found that when the sexual fusion of
the two nuclei takes place, the subsequent divisions of the fusion-nucleus
show the doubled number of chromosomes: therefore the zygote will be
the one limit, and this is in accord with the old distinction of the
generations dating from the time of Hofmeister. In his practice the
other limit was the spore, since this is the actual body separated as an
independent germ. But it is found that the actual reduction of the number
of chromosomes to one half, that is, to the original pre-sexual number, takes
place at the tetrad-division of the spore-mother-cell. This cell divides
twice in rapid succession, and the process is well illustrated in the case
of the pollen mother-cells of Liffum, in which it has been specially studied
(Fig. 32). It starts from a cell with a nucleus having the double number
of chromosomes, as shown by its origin. The nucleus first enters the
condition of synapsis (Fig. 32. 3, 4), in which a lateral fusion of the
chromosomes in pairs, respectively of paternal and maternal origin, is
believed to take place: presently a coiled thread frees itself from the
tangle of synapsis (Fig. 32. 4, 5), which becomes shorter and thicker,
still showing, however, indications of its double nature (Fig. 32. 6, 7),
and divides into segments, which are half as many as those of the parent
nucleus (Fig. 32. 7, 8): each individual of the chromosome-pairs then
moves apart (Fig. 32. 10, 11), one of each pair passing to either pole
of the spindle which has meanwhile been formed: as each half is an
original chromosome, the number at each pole is one half that of the
parent nucleus, and the division is styled the heterotype, or reducing
division (Fig. 32. 12). The second division in each of the two nuclei
thus formed follows quickly, and is homotypic, that is, each chromosome
undergoes longitudinal fission into two, as in a vegetative division (Fig. 32.
13, 14, 15). The four nuclei thus constituted have also half the number
of chromosomes present in the nucleus of the spore-mother-cell; but the
reduction is actually effected, as has been seen, in the first, or.reducing
division.  Accordingly, Strasburger has recognised the spore-mother-cell,
in which the reduction is initiated, as the actual limit between the two
generations.  But it is the spore itself which normally terminates the
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Fic. 33.

Apogamy in Plerts crefice, L. A and B, development of the first foliar process close
1o the ema.rg_'m:nl,inn (&) on under surface of prothalius. C, a whole 1:mthn|]u:i seen from
below, showing a young apogamous shoot. g=prothallus ; 8! =first leaf ; r=stem-apex |
w=root. Jf7, a similar growth more advanced. 4 and & x 145, © and £ highly magnified.
(From Engler and Praml, after De Bary.)
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one generation and forms the starting-point for the next generation: the
older usage based upon this obvious fact is, therefore, to be preferred,
and the spore may be still held to be the obvious boundary between
the two generations. The gametophyte, or haploid phase, will then be
recognised as extending from the spore to the zygote in each cycle, and
it shows “n” chromosomes normally in all its nuclear divisions: the
sporophyte, or diploid phase, 1s recognised as extending from the zygote
to the spore, and it shows “2n” chromosomes in all its normal nuclear
divisions.  However difficult these nuclear details may be to recognise
in any given case, so far as observation goes within the limits of the
Archegoniatae they provide a structural basis for the distinction of the
Iwo gﬁl'lﬂl’&tiﬂl]ﬁ- moreg exact
= than any other, a distinc-
tion which runs parallel
with those less accurate
criteria on  which the
recognition of the genera-
tions was first founded.
The possession of this
means of diagnosis neces-
sarily turns attention afresh
to those cases where the
transition from one genera-
tion to the other is bridged
over by direct vegetative
growth, viz. the phenomena

FiG. 34. of Apogamy and Apospory,

-‘-'nfh"r{,m:?'efw'w; wreleave. Prothallus from the branched cylindrical which have ﬁgurEd S50 ]atg'&l}’
srocess of which ten roots : eight of these are visible in the - - .

r:lr;l.'.rim::u| * :ilml:t‘l';:"Fe;;u:n;::.m;!!k] a EC R L N ST the discussions on alter-

nation. It has long been
known that the two alternating generations are not always delimited from
one another respectively by those unicellular phases of the spore and the
zygote ; but that in certain cases, and among the Archegoniatae most
commonly mn the Ferns, there may be a vegetative transition either from
the prothallus to the sporophyte without the intervention of a sexual
process—this i1s termed apogamy ; or conversely, from therspumph}?te to the
prothallus without the intervention of spores —this is designated apospory.
In the most frequent examples of apogamy in Ferns the place of an
embryo is taken by a process which originates from the tissue of the
cushion as a result of vegetative growth and division of its cells (Fig. 33,4):
it soon takes a form corresponding to that of an embryo, with first leaf,
root, and apex of axis (Fig. 33, B and c¢), and it finally becomes an established
plant in the same way as those sexually produced (Fig. 33, p). In some
cases these developments may take place in entire absence of archegénia
on the prothallus; in others various conditions of the archegonia may be
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found, either showing normal structure or various modifications of it. But
in other cases, which have been described in detail by Lang! the
apogamous developments may diverge far from the normal m point of
the number and position of the parts. Originating by direct vegetative
orowth from the tissues of the thallus, in place of the normal sequence
and position of the parts the several constituents of the sporophyte, root,
leaf, sporangium, may appear without order or numerical rule: ten or
more rtoots have been found apoga-
mously produced upon a prothallus
without other parts of the sporophyte
(Fig. 34): sporangia have been ob-
served without sporophylls, originating
directly from a formless mass of
sporophytic tissue apogamously pro-
duced on the prothallus (Fig. 35),
or even, in an extreme case, from
the prothalloid cells of the archegonial
wall (Fig. 36). The irregularity of
such growths must be taken into
consideration in their theoretical
interpretation, as will be seen later.
Among the Archegoniatae apogamy
has hitherto been observed in a score
or more of species of Ferns, belonging
to the Osmundaceae, the Hymeno-
phyllaceae, and chiefly to the Poly-
podiaceae ; and examples are also
recorded from the Marsiliaceae. In
the Bryophytes, the Lycopodiales,
and the Equisetales no cases are as R
yet recorded. It may be noted, how- el e T O e by T
ever, that similar phenomena have &g Frothallowd cylindrical process, . bearing

archegonia near its base. It arises by the side of an

: y e ¥ ; imperfect sporangium {(s#), and bears a similar
been observed mn Flow Ering I Iﬂnth’ sparangium l:.frp]l u: the ':Jlll'l'.‘; side, and on the tip are

such as  Alckemilla, Thalicirum, 3 number of sporangia associated with ramenta.
3 1 * 35. (After Lang.)

Antennaria, and Taraxacum.”

Turning now to Apospory,” that is, the transition by direct vegetative
growth from the sporophyte to the gametophyte without the intervention
of spores, instances are recorded from the Liverworts (Anthoceres, Lang)?
from the Mosses (Hypnum and Brywm, Pringsheim,” Ceraltodon, Stahl"

' Phil. Trans., vol. cxc. (1898), p. 187, etc.

2For references see Strasburger, Flora, 1907, p. 130.

“The term ** Apospory ” was introduced by Vines, in an article on the * Proembryo
of Chara,” fowrnal of Botany, 1878, p. 355.

Y Annals of Betany, vol. xv., 1901, p. 503. 5 Pringsh. fakrb., xi., 1877.

S Bot. Zeit,, 1876, p. 68q. '
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Lunaria, Brizi),) and from various species of Ferns belonging to the
Hymenophyllaceae and Polypodiaceae,” but no examples are on record
from the Lycopodiales or Equisetales. Those cells which would in the
normal course produce the spores take no part in the formation of the
gametophytic growths. In Adathoceros the origin of these is commonly
from sub-epidermal cells: in the Mosses from the cells of the seta, or of
the sporogonial wall ; while in Ferns the archesporial cell if already defined
in a sporangium is abortive. Thus the aposporous growths are in no
sense mere irregularities of
development from sporogenous
cells. In Anthoceres each
growth is apparently referable
in origin to a single cell, and
the same 1s probably the case
also for Mosses. But in the
Ferns this is not so: here the
vegetative development may
start from a sporangium formed
in its normal place: a plurality
of the cells of the stalk, or
of the sporangial wall surround-
ing the abortive central cell
may divide, and assume pro-
thalloid characters (Fig. 37),
or the growth may arise from
the receptacle of the sorus
(Fig. 37E): or again, 1t may
be initiated at some point
on the leaf, usually marginal,
which thus extends directly
into the prothallial expansion.

Fic. 36. b
and may bear antheridia and
Scologendrivm vulpare. Group of sporangia {58) on a S a
projection, the structure of which indicates its relation to an ﬂI‘Cthﬂﬂla {Flg 378 G D}*
e e p s ST vl The matter may be further

complicated by the combination
of apogamy and apospory in the same individual, and this condition has
been seen in about half the recorded cases of these abnormalities in Ferns.
The apogamous seedlings of Nephrodium pseudo-mas, var. ¢ristata (Cropper),
not only sprang themselves in an apogamous manner from the prothalli,
but proceeded almost at once to an aposporous production of new prothalli
on the margins of the young leaves.,® These prothalli bore antheridia,

YAnn. Inst. Bot. Rom., v., p. 54

*For references sce Engler and Prantl, Vat. PA., 1. 4, p. 88, and Goebel, Flora,
1905, p. 239.

S Druery, fourn. Linn. Sec., vol. xxix., p. 479.
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Fic. 37.

Apospory. A =Soral-apospory of Al fhyrinm JEi e focutina,
ar. clevissima.  Jones. Pare of nrpim'l'llle with veins (od)
ind 2 sorus. In the latter, in place of the sporangia, prothalli

g formed (perf) with antheridia (@aed) and archegonia
arek). X 4o. S=apical apospory of Pedysiichum anguiare,
ar. fulcherrimumn. Padley. A prothallus ae the up of a 2
nnulr.}as a direct continuation of it. g/=marginal glands, ¢=the cushion. Y

B0 =the first initiation of a prothallus as in B, at the apex of a pinnule.
he shading indicates a vein beyond the tip of which the prothallus arises
b T 30 =ga similar growth, but borne on an elongated cylindrical process:
hegonia (2red) are already present. = 1o, E=szaral apospory in Padystichum
aripudare, var. pulcherrimene. A prothalloid growth bearing an antheridiom

aniie) and rhizeids (&) has arisen from the stalk of a sporangium. = 7o
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but Dr. lLang’s drawing shows how, nevertheless, the prothalli in turn
hasten to a fresh apogamy (Fig. 38), thus the two transitions may be
repeated at near intervals of time. The same was scen to be the case
. Trichomanes alafum, in which apospory and apogamy were found to
succeed one another,) and it has recently been proved to hold also for

Athyrivm filix foemina, var. clarissima, |ones, and other Ferns.®
Lastly, Goebel has shown?® that when the seedling leaves of certain
ferns are removed and cultivated on a moist substratum, aposporous
growths may be induced, which show sometimes the most intimate inter-
mixture of characters of the sporophyte and

s the gametophyte. These developments appear
," 5 to be similar in kind, though not in detail, to
s o those described by Lang and others. It would

i1 doubtless be possible to erect upon such facts

a superstructure of theory; but it is necessary
to remember that by the abscision of a young
part it is placed in an anomalous and extreme
physiological position. It is improbable that
such circumstances ever arose in the course
of descent: and accordingly it must remain
a quite open question what bearing, if any,
such observations have upon the evolutionary
story. They demonstrate possibilities: but
possibilities are not the equivalent of historical
data.

The rapid succession of the transitions
thus actually seen in some Ferns from the
Nephoodinm pscudo-mas, var. cris- gporaphyte to the gametophyte, and the con-

fata (Crepper). Drawing by Dr. Lang,
thowing apogamous iramsition from  verse, give some colour to the suggestion
et aposporus ansition pprothallus - made by Goebel, that the sporophytic buds
he found in the deep-water specimens of
[soetes are to be wviewed as extreme cases of the telescoping of the
alternate generations.* This state of affairs is very nearly matched by
certain Adiantums observed by Lang, in which numerous sporophytic buds
were produced from the sarus. Examination showed that they sprang in
certain cases from the sporangia themselves, but not from the sporogenous
tissue. If we imagine the gametophyte stage reduced in such cases, not
to a very short phase only, as it is in Lang's Neplrodium, but to the
vanishing point, the result might be as in Goebel’s /Jsoefes. But we may

VAnn. of Bot., vol. 1., p. 269.

*Farmer and Dighy, Ann., of Sot., 1907, p. 163-167.

S Sitz. d. Math.-phys., Klasse d. K, BRayer, Akad. d. Wiss., xxxvii.,, 1907. Heft. ii.,
p. 119. This is interesting for comparison with my own negative results on leaves of
mature plants recorded in Awnwn. of For., iv., p. 168 (188g).

A Bot. Zeit., 1879, p. 1.
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well ask whether such an interpretation does not read into the facts more
than actually exists? If Jsoefes were a plant which babitually showed
combined apospory and apogamy, and if various steps were present leading
towards the extreme result, then the conclusions might be accepted. But
fsoetes is a plant which is structurally stable as a rule, and there is in
" these abnormal growths no prothalloid tissue at all. Thus they appear to
be merely sporophytic buds formed from sporophyte tissue, and having
sporophytic character throughout. They will rank with those sporophytic
buds which are found arising from the sorus in various Ferns, or from
the nucellus in some Phanerogams: they are, in fact, a mode of vegetative
continuance of the neutral generation, and nothing more.

The question necessarily presents itself, what is the cytological state
of the tissues in the plants which show those vegetative transitions from
one generation to another, such as have been described for the Mosses
and Ferns above named? The facts would appear to be inconsistent with
the structural distinction of the two generations, since the acts of sexuality
and of spore-formation, by which the cytological changes are normally
effected, are liable to be omitted. It will be important to know how
far the distinction between the haploid and the diploid phases will remain
valid. The facts have lately been elucidated for a number of the
abnormal Ferns by Prof. Farmer and Miss Digby,! and for the very
pecubar case of the genus Marsilia by Prof. Strasburger.*

Taking first the case of apogamy : already in 1898 Dr. Lang had observed
in prothalli of Scolopendrizem, in the tissues bordering on the change
from gametophyte to sporophyte, the frequent presence of two nuclei in a
single cell (Fig. 36). More detailed observations have since been made on
other apogamous Ferns, by examination of very young prothalli, before any
apogamous growths had begun to manifest themselves.? Similar cells with
two nuclei were observed in the case of prothalli of Lastraca psewdo-mas,
var. polydactyla ; but it was shown that when two nuclei are seen in a single
cell a neighbouring cell is without one, and cases were found where the
passage of the nucleus through the cell-wall was actvally in progress
(Fig. 39). This process is regarded as a kind of irregular fertilisation
for ultimately the two nuclei fuse. On their division the nuclei of the
apogamous growth thus produced show, as a consequence of the fusion.
evidence consistent with a doubling of the chromosomes, just as it
happens in the normal postsexual stage. But instead of one cell only
serving as the starting-point for the new generation, a number of such
units co-operate loosely to produce it. These results have their interesting
bearing on the irregularity of number, and the sporadic position of the
parts in such cases as those observed by Lang. It is thus seen that even
in these irregular examples the cytological criterion between the two
generations may hold, and the structural limit will be found in the cells

YAunwn. of Bot., xxi., p. 161. : Flora, 1907, p. 123.
! Farmer, Moore, and Digby, Roy. Soc. Proc., Ixxi., 1903, p. 453
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in which the doubling of the chromosomes is initiated by the nuclear
fusion.

The first case of apospory to be cytologically investigated was that
of Nephrodium psewdo-mas, var. cristata apospora, where the prothallus
srows directly out from the margin or surface of the leaf. It was shown
in this case by Miss Digby! that there is no nuclear change involved,
but that both sporophyte and gametophyte have a number of chromosomes
about 5o. This result would at first sight appear to show that the
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Neplirodoiem poesedo-mas, var. podvdaceyiune.  Tissue of prothallus where an apogamous
crowth 15 to be formed, showing to the left a cell with two nuclei, while an adjoining cell
has none. At the centre a nucleus is seen passing through a perforation of the wall,
and fusing immediately with that of the cell it enters.  [(After Farmer, and Moore, and
Miss Ingby.)
chromosome-criterion had hopelessly broken down. But a better under-
standing of such cases 1s obtained when the whole nuclear cycle is
considered, than by contemplation of a single phase of it. It has been
above noted that there i1s a frequent relation between apogamy and
apospory in the life-cycle of the same individual: it is important to
know the nuclear conditions throughout such cycles. The case of
Athyrium filix-foemina, var. clarissima, Jones, may be taken as a first
example where the complete chromosome-cycle is known.* In this Fern
' Roy. See. Proc., lxxvi., 1905, p. 466.
*Farmer and Ihgby, Aun. of Bot., 1907, pp. 163-7.
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it has been shown by Farmer and Miss Digby that there is apogamy
as well as apospory. The cytological investigation shows that in those
cases where sporophytes were borne on the apogamous prothalli there is
not any migration of nuclei from one prothallial cell to another, such
as has been described for some cases of apogamy; nor is there doubling
of the chromosomes in any other way. In fact, the chromosome-number
is the same for the sporophyte as for the prothallus which bears it
Investigation of the aposporous transition from the leaf to the prothallus
showed also that no change of number marks the passage from sporo-
phyte to gametophyte. There is here a case of cytological uniformity
throughout the whole cycle, with chromosome-number about go. This is
approximately the number found in the diploid stage of a typical A#hyriem
filixfoemina. ‘The condition of the variety is as though reduction had
been omitted from the cycle: as a consequence the prothallus being
itself diploid, fertilisation would be unnecessary to produce a new
sporophyte : accordingly apogamous budding will suffice, and that is what
actually occurs. _

A near parallel to this has been worked out with similar exactitude by
Strasburger in Marsilia Drummondii, A.Br.! The typical chromosome-
numbers are 16 and 32 respectively for gametophyte and sporophite,
and normal plants show the usual succession of events. But on ger
mination of the megaspores borne by certain plants, the gametophyte
was found to have the diploid character, and this was seen even
in the division to form the ventral-canal-cell: thus the ovum itself is
diploid. In such archegonia the neck does not open, so that fertilisation
by spermatozoids is impossible: the unfertilised diploid egg develops
apogamously into an embryo, which is naturally diploid also. An
examination of the sporangia showed further that while in typical Marsilias
the reduction to 16 chromosomes takes place as usual in the spore-
mother-cells, in M. Drwmmondii the megasporangia show two types of
spore-mother-cells: the one type 1s normal in number, and shows
reduction : the other type is produced in smaller numbers in the sporangia,
for instance only four in place of the usual 16: these on division
have diploid nuclei, and the interesting fact is that their diploid state
does not divert them from the usual characters of form and structure.
Since the apogamous plants produce both diploid and baploid spore-
mother-cells, it is accordingly not surprising that both apogamous and
sexual plants should be produced from their sporocarps: and it is apparent
that among the representatives of the species there will be individual
cycles completed without any change of chromosome-number: certain
cycles will accordingly be diploid throughout. In this they correspond to
what is seen in Afhyriwm filix-foemina, var. clarissima, Jones, though
they differ in the detail that the diploid ovum here forms the embryo,
while in the 4#4yrium the embryo arises from the prothallus by apogamous

1 Flora, 1907, p- 123, elc.
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budding. But an exact parallel 1s found in Athveium filix-foemina, var.
clarissima, Bolton, and in Seolopendrivem wviigare, var. crispum Drummondae,
in which the embryo arises from the unfertilised ovum.! It may be
remarked that the phenomena thus seen in the last-named Ferns and in
Marsidia correspond essentially to what has been described for certain
Phanerogams.* It thus appears that in a number of cases, systematically
apart from one another, a diploid condition of the gametophyte is associated
with apogamous development from a diploid unfertilised ovum : the
abnormality is imtiated by omission of the reduction in the spore-mother-
cell, and consequently the diploid state is continued in the gametophyte,
which 1s normally haploid. It i1s important to note in such cases that
a double number of chromosomes may be present without producing
fundamental change of form or of external character in the gametophyte.

The further question will then present itself, whether under any
circumstances the converse is possible, or has been observed, viz. that
the phase normally diploid, that is, the sporophyte, may be haploid 2
Strasburger states (le, p. 1606) that no case has come under his
observation m which the generation normally diploid has only the reduced
number of chromosomes. No case of a haploid sporophyte has yet been
proved beyond doubt: but a reasonable probability has been established
by Farmer and Miss Digby in the case of Lastraca psendo-mas, var.
cristata, Druery (Le., p. 180). The detached leaf of this plant produces
prothalli from its margin or surface, which bear occasional antheridia,
but the sporophyte is apogamous. The chromosome-number in the
prothallus is about 6o: in the embryo the number varies considerably,
one mean being 6o, another mean number being about 78. No nmugration
of nuclei was observed, nor is there any reduction in the whole cycle.
The relatively small number of chromosomes in the nuclel of the sporophyte
is striking, and suggested to Farmer and Miss Digby that the gametophyte
character had been impressed on the sporophyte—the converse, in fact, of
what was seen in the varieties of A#kyriwn and in Marsifia. A comparison
of the chromosome-number (6o, 78) with that 1n normal Zastraea
psendo-mas (144) certainly indicates that this is the probable condition
of the apogamous sporophyte of Druery's variety: that the sporophyte is
irregularly haploid, and that the whole cycle is essentially haploid
throughout.”

It still remains to refer briefly to two other modifications of the normal
cycle of alternation in Archegoniate Plants, so as to complete the tale of
those which have been observed: I mean sporophytic and gametophytic
budding.  The former has already been mentioned in the case of

1 Farmer and Dighy, fe, p. 171,

= Ew-alchemilia, Thalictrum, Antennavia, Taraxacum. See Strasburger, le., p. 130.

*The examples quoted illustrate the more important modifications of the chromosome-
cycle hitherto described. For further details reference must be made to the papers from

which these have been derived.
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Nephrodium Filix Mas, as occurring on the leaf-bases (Fig. 1), and 1n
Cystopteris bulbifera, at points on the upper region of the leaf (Fig. 3).
It also occurs in various forms in many other Ferns, in Lycopods, and
Equiseta. The essential feature of it is that a portion of tissue of the
sporophyte, developed as a bud with axis leaves and roots, on being
detached from the parent plant, may continue its growth apart from the
parent. This is plainly a mere vegetative amplification of the sporophyte
itself, and its tissues are at first continuous into those of the bud: there
is no reason to think that any nuclear change accompanies the production
of these growths, and the result is the establishment of physiologically
independent individuals ; but their origin and detachment do not modify
our conception of the sporophyte as a whole in any essential point. If
that conception be based upon nuclear changes accompanying fertilisation
and reduction, it will include all such results of vegetative amplification :
they will be held to be intra-sporophytic means of propagation.

Similarly, in the case of gametophytic budding., which i1s common in
Liverworts, Mosses, and in certain Ferns, by means of gemmae: these
are small bodies, consisting of one or more cells, which are easily
detached and under suitable conditions develop into new gametophytes.
Here again the gemmae appear to be mere vegetative growths, and
they secure inecrease in number of physiologically independent individuals ;
but there is no reason to think that there is any nuclear disturbance
involved : they may be regarded as intra-gametophytic means of propagation.

How, then, do the irregularities above described affect the general view
of the cytological distinction between the two alternating generations of the
Archegoniatae? It 1s quite clear that an absolute chromosome-distinction
cannot be held as universally applicable at the present time to the two
alternating phases: nor does form depend on the exact number of the
chromosomes: nor yet is there any obligatory ratio according to which
the gametophyte is always haploid and the sporophyte always diploid.
These facts give an opening to the facile conclusion that the chromosome-
distinction 1s worthless, and opinions to this effect have already been
expressed. But the recognition of the present existence of aberrant forms
does not negative the importance of the relation which is usually seen,
nor exclude i1t from taking its due place in the reconstruction of the
history of the past. It i1s contrary to all evolutionary theory and
experience to assume that what has been normal in the past is
obligatory for the present or the future. Moreover, it seems probable
that these abnormalities do not represent anything which took a settled
place in the course of the evolution of the plants in which they appear:
our opinion might be different if in any of the great phyla it could be
shown that a definite stock, or line of descent, had been permanently
established showing aberrant characters; for instance a permanent Arche-
goniate phylum showing a ecycle without any chromosome-differences. But
of this there is no evidence at all: every one of the main phyla
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show normally the regular succession of events as described, viz. the
haploid gametophyte leading through sexuality to the diploid sporophyte,
which, again, through reduction or meiosis in the spore-mother-cells, leads
back to the haploid prothallus. The constancy of this is too great
to allow its recognition as the “normal” to be seriously disturbed by
the occasional irregularities described—irregularities which bear all the
characters of late, individual, and probably non-permanent aberrations.
Their existence 1s suggestive on certain points, but it cannot be held to
invalidate the view that the cycle as above stated existed in all probability
throughout the earlier phases of descent of the Archegoniatae.

Accordingly the cytological distinction of the two generations may be
upheld as the normal condition for the Archegoniatae. Further, the opinion
of Farmer may be accepted, that the new facts relating to apogamy and
apospory leave the question of alternation where it was: they tend neither
to destroy the one theory of its origin nor to uphold the other (/¢
p. 193). Moreover, the facts of the normal chromosome-difference may be
held to accord with either of the theories of alternation, the homologous
or the antithetic : they are not finally distinctive for either, and a decision
must remain still in doubt until the actual history of the genesis of the
diploid phase in the Archegoniatae can be traced. Towards forming a
just opinion on this question it is desirable not only to compare the
Archegoniatae among themselves, but also to take into consideration
the life-cycles of the Thallophytes: for these plants often show a simpler
mode of life, and have always been held to afford suggestions as to the
probable origin of the more complex land-vegetation. This will be the
subject of the next chapter.



CHAPTER V.
ALTERNATION IN THE THALLOPHYTES.

Tue early recognition by Hofmeister of alternation of generations as a
general feature in the life-cycle of the Archegoniatae naturally led Botanists
to enquire whether any similar succession of phases existed in other
plants: and the question was soon directed towards those lower in the
scale, which are collectively termed the Thallophytes. Notwithstanding
that this term covers a most heterogeneous series of organisms, a very
large number of them show processes of propagation analogous to those
seen in the Mosses and Ferns. The existence, on the one hand, of the
phenomenon of sex, and on the other of the means of propagation by
non-sexual bodies, or spores of various kinds, suggested the comparison
with corresponding features in the Archegoniatae. Such comparison at
once raises the further question how far the study of the Thallophytes
may throw light on the origin of those recurrent and alternating phases
seen in Archegoniate Plants.

It will be well at once to realise that the phenomenon of sex, and the
production of germs, by which the number of individuals may be increased,
are not necessarily in any way connected in plants at large. It is true
that in certain plants, and even in large groups of them, experience shows
us that there is an obligatory succession of such events in the life-history,
liable, however, as we have seen in the Ferns, to certain exceptional
modifications. We know from experience that the fertilised zygote of the
Archegoniatae grows into the sporophyte, which has as its ultimate end
the production of spores: it has never yet been seen to grow directly into
a prothallus again. The spore of the Archegomatae, according to our
invariable experience, germinates to form a prothallus: it has never
been seen directly to produce a new sporophyte. There is then an
obligatory succession of events in the life-history of the Archegoniatae.
External circumstances may affect the production of fertilised zygotes, or
of matured spores; but so far experiment has not altered the product
which arises respectively from the zygote or the spore, nor has such
change been observed in Nature. When, however, we turn to organisms
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lower in the scale, the case is found to be often different: the first clear
demonstration for a Thallophyte that the phases do not follow an obligatory
succession was given by Klebs for Hydrediciyon: subsequently his
observations were extended to Fawcheria, and later to many other Algae
and Fungi.! Up to 1890, when Klebs' first paper on Hydrodictyvon was
published, the comparison of the various stages of life in the Thallophytes—
and indeed in plants at large

had rested on form, and very little was
known of their behaviour under varying conditions. But Klebs applied
to them the expenmental method, and found 1n many cases that where
the organism possesses two or more kinds of propagation, each 1s directly
dependent upon quite definite external conditions. There appears in many
cases to be no cause in the inner nature of the organism for one of these
to be developed earlier or later: it lies in the hand of the experimenter to
determine their succession. An exact knowledge of the conditions gives the
experimenter the secure control over the organism, which can at will be
forced into any desired mode of propagation within the limits of its species,

This may be well illustrated by the case of Fawcheria, which happens
to have had its simple life-history adequately investigated through the
experiments of Klebs. He found that the formation of the vegetative zoo-
spores is most active if well-nourished plants are transferred to fresh
external conditions, and especially to diminished intensity of light; while
the formation of sexual organs can always be counted on when nutrition
proceeds slowly, under relatively equable conditions, and under good
illumination. Similar observations, correlating the phases of lhife of various
Algae and Fungi with external conditions, have also been carried out,
and though the determining circumstances may differ in different plants,
the fact is now demonstrated for a number of Thallophytes, that there is
in them no obligatory succession of phases: sexual reproduction or vege-
tative propagation may be repeated indefinitely, according to the conditions
of life: neither of these leads of inner necessity to the appearance of the
other. In fact the relation of the wvegetative mode of propagation by
1solated germs to the life-cycle of such Thallophytes is somewhat similar
to the production of gemmae on the gametophyte of Archegoniate Plants,
or to the sporophytic budding of Ferns or Lycopods. In all such cases,
which may collectively be styled under the general term of somatic
budding, the increase in number of individuals is secured, but only by an
incident which takes no part in any rhythmic succession of obligatory
phases, and involves no cytological change. The result is simply a repetition
of the same phase from which the bud, gemma, or zoospore was itself
derived. The experimental method of Klebs, by showing that the order
of events in such cases is not obligatory, has laid the foundation for a
more rational comparative study of the life-story in the Thallophytes. It
may be considered probable that many more of the Fungi and Algae will
be found to behave like the species which have been tested. As operative

I Klebs, Bedingungen der Fortpflanzung bei etnigen Algen wnd Pilsen, Jena, 1896,
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factors, external stimulus, light, temperature, moisture, access to oxygen,
and the chemical composition of the nutritive medium, have already been
recognised. These and others in various combination have been found,
or may in the future be found, to determine the succession of propagative
methods in many of the Thallophytes.

But, on the other hand, accurate observation is showing in an increasing
number of examples that this freedom from obligatory succession of phases
15 not universally the case in the Thallophytes. It is beginning to be
clear that here, as elsewhere, complications have arisen, associated with the
phenomenon of sex, which lead frequently to an obligatory succession of
phases, over which external conditions have little or no control. It has
been seen in the Archegoniatae and in the Phanerogams that the result
of sexuval coalescence is a doubling of the number of chromosomes in the
subsequent nuclear divisions, with reduction as the final consequence. The
similarity in essentials of fertilisation in the Thallophytes to that in the
Archegoniatae is obvious: it has been found In many cases to result in a
doubling of the chromosomes in Thallophytes also, and this makes it seem
probable that there should be post-sexual nuclear complications of somewhat
the same nature in them also. Strasburger has drawn attention to the
impossibility of indefinitely continued doubling of chromosomes in fertilisation,
and the necessity for a reduction-process in plants which show sexuality :
we must assume that some process of reduction will sooner or later follow
in each life-cycle where sexual coalescence occurs; but the mechanism of
the process, and the period at which it occurs in the life-cycle, may differ
in different cases. The differentiation of the sexes in the Thallophytes
has proceeded along many distinct lines. * What is then more probable
than that n different lines of descent the problem of reduction, as a
necessary consequence of sexual fusion, should have been solved in different
ways, and at different points in the life-story?

The facts observed in certain Thallophytes point to the conclusion
that this has actually happened: reduction has now been shown in some
of them to follow on sexuality, but its place in the life-cycle varies in
different cases. The point of interest for present consideration is not so
much the details of the process of reduction, as the place which it holds
in the life-cycles of various Thallophytes, and the influence which it appears
to have had in determining in them an obligatory succession of phases.

The question must for the present remain open how the reduction,
which we may presume to be a necessary consequence on fertilisation,
is carried out in those Thallophytes which show sexuality but have not
any fixed succession of phases, such as Vawucheria, etc. Subsequent observ-
ations will doubtless provide the actual facts, and will probably locate
the reduction-process either in near proximity to the germination of the
zygote, or it may be to the production of the gametes.! We may even

! Oltmanns, Merphol. . Biol. d. Algen, 1904, p. 324 B. M. Davis, * Qogenesis in

Vaucheria, ” FSot. Gaz., 1904, vol. xxxviil., p. 81,
E
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anticipate that one or other of these locations will be found to be a
general feature of those plants where there is no obligatory succession of
phases, and their somatic condition would accordingly! be in the former case
haploid, in the latter diploid. With this remark they must be left on one
side for the present.

In other cases, however, a succession of obligatory phases, defined on
the one hand by the incident of sexual coalescence, and on the other by
reduction, has been brought to light; in fact, examples of alternation
have been found among the Thallophytes, showing eytological limits closely
comparable with those which have been accepted in the previous chapter
for the alternating generations in the Archegoniatae. Among the Algae
one of the best cases of this, substantiated on both cultural and cytological
evidence, is that of Dictyota dichofoma, Lamour. It has long been known
that the tetraspores, antheridia, and oogonia of this plant are 8Histributed
on different individuals, but it has only recently been shown in what
relation these plants stand to one another.! We now know that the number
of chromosomes in the somatic divisions of the plants which bear antheridia
and oogonia is 16: that there is no change of chromosome-number in
the formation of the sexual cells, but that the fertilisation results in a
zygote which on germination gives a plant with 32 chromosomes in its
somatic divisions. This plant bears tetraspores; but in their production
the mother-cell, on dividing its nucleus into two and then into four,
shows a reduction to the original 16, the details of the process being
closely comparable to those in the tetrad-reduction of Archegoniates and
Phanerogams. The tetraspores on germination give plants which show 16
chromosomes on their somatic divisions, and thus correspond to the original
sexual plants. The only gap which is left in the full demonstration of
the life-cycle, both by cultures and by cytological observation, is that the
plants raised by cultures from tetraspores have not yet been seen to bear
sexual organs: but still they correspond in their chromosome-number.
Here, then, is a succession of phases which appears to be obligatory,
involving two stages which have the same chromosome-relation as the
alternating generations in the Archegoniatae, But there is this difference:
that in external form and structure the two alternating generations of Dectyota
are substantially alike though the one is haploid and the other diploid.

Somewhat similar phases, which alternate in a less exact and obligatory
manner, and in which the cytological details have not yet been observed,
are seen in the life of Cwtleria: they are known as the Cufleria and
Aglaozonia stages.®? This case is quoted here as showing that in plants
probably akin to Dictyeta, the exactitude of the alternation in not maintained.
But this fact comes out much more strongly in the case of Fuaus, in

']. Lloyd Williams, ** Studies in the Dictyotaceae,” Annals of Bofany, 1904; ID. M.
Mottier, ** Nuclear and Cell Division in Dictiota dichotoma,” Aunals of Botany, 1900.

tSee Oltmanns, Morph. wn. Biologic der Algen, Jena, 1904, p. 396, etc., where the
current literature is fully dealt with.
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which the thallus itself is diploid, but no alternation is known to exist.
The cytological observations would indeed seem to exclude it; for the
doubling of the chromosomes which follows on fertilisation is maintained
throughout the somatic divisions, and reduction has been found to take
place in Fucus in the first divisions respectively of the antheridium and
the oogonium.! Such examples as these, taken from the group of the
Brown Seaweeds, show that an obligatory alternation, though present 1n
some of them in a type comparable cytologically with that of the Archegoniatae,
is not a constant feature for them all, in the same sense as it is in the
Mosses and Ferns.

In the Red Seaweeds the probability has long been contemplated that
the peculiar developments following on fertilisation consist in the formation
of a phase of the nature of a sporophyte. This position and a corresponding
terminology have been accepted and developed for the Florideae generally
by Oltmanns, in his work on Algae® Until quite recently the necessary
cytological details have only been observed in Nemalion, though the
demonstration is not yet quite convincing.® It is stated that on fertilisa-
tion of the procarp by the spermatium a nuclear fusion takes place:
this results in a doubling of the chromosome-number from eight,
which is the number in the somatic divisions of the thallus, to sixteen 1n
those post-sexual divisions of the cystocarp which precede the maturing
of the spores. On the other hand, though no tetrad-division occurs, a
reduction-division 1s stated to be immediately associated with the pro-
duction of the carpospores. If this be so, then the post-sexual stage,
being diploid, will be cytologically comparable with the sporophyte-stage,
and the carpospore on germination will initiate again the haploid or
gametophyte stage. It is, however, to be borne in mind that neither
Nemalion nor the genera allied with it bear tetraspores, which are so
marked a feature in most members of the family. Fortunately the cyto-
logical history of Polysiphonia, a genus which bears tetraspores, 1s now
before us, fully worked out by S. Yamanouchi.*

He finds in 2 wlacea that the carpospore on germination shows
40 chromosomes, and that the same number appear in the vegetative
mitoses of the tetrasporic plant: so that 1t may be inferred that the tetrasporic
plants come from carpospores. The tetraspore on germination shows
20 chromosomes, and the same number appear in the vegetative mitoses
of the sexual plant: so it may be inferred that the sexual plants come
from tetraspores. The nuclei of the gametes contain each 20 chromo-
somes : the fusion-nucleus in the fertilised carpogonium has 40 chromosomes,
and gives rise to a series of nuclei in the central cell: some of these
enter the carpospores, which are consequently a part of the sporophytic

1 Strasburger, Pringsk. fakrb., 1897 ; Farmer, Phil. Trans., B, 18g8.

2 Morphologie 1. Biologie der Algen, 1904-5.

*Wolfe, ** Cytological studies on MNewadion,” Annals of Botany, 1904, p. 607.
i Bot. Gazette, 1906, p. 40I.
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phase to be continued in the tetrasporic plant. Tetraspore-formation
terminates the sporophytic phase with typical reduction-phenomena, so
that the tetraspores are prepared to develop the gametophyte generation.
There 1s thus an alternation of a haploid, gametophytic phase with a
diploid, sporophytic phase in the life-history of Polysiphonia, the cysto-
carp being included as an early part of the latter.

It appears, then, from the two types in which alone the cytological
details are as yet available, that there 1s a want of uniformity of the cycle
within the Florideae, not unlike that already noted for the Phaeophyceae.
The alternation in Nemalion, where there are no tetraspores, i1s of a more
restricted type than that in Pelyvsiphonia ; for in the former reduction
appears to follow comparatively soon after the fertilisation, but in the
latter the event 1s deferred till the diploid plant produces tetraspores.
Yamanouchi suggests that the tetrasporic plant may have arisen by a
suppression of the reduction-phenomena in connection with the carpospore,
so that it germinates still with the sporophytic number of chromosomes,
producing a diploid plant, and that the first tetraspore-mother-cells probably
corresponded to monospores produced on the sexual plant of the simpler
type, since such reproductive cells would very naturally become the seat
of the delayed reduction-phenomena. This is a possible, though a some-
what bold hypothesis. [t may be anticipated that as the details become
more fully known for the Florideae, a comparative basis, illustrated by
intermediate steps, may provide more certain knowledge of the relation
of these extreme types of cytological difference. At the moment it is
interesting to see how great these differences are in the Florideae, as they
have also been found to be in the Phaeophyceae: moreover, they are
marked by no corresponding differences of external form: there is no
haploid type of plant distinct from the diploid. This fact is probably
referable to the umformity of the conditions under which both generations
live ; but it also has its own interest in relation with what has been
seen in the Archegoniatae ; for there it has been shown that a gametophyte
may be either haploid or diploid without any modification of form.

In certain Fungi also there has long been a suspicion that there is a
somewhat similar alternation, and recent observations have tended to
demonstrate that here also a cytological basis exists in some cases. The
records of nuclear fusion in Fungi are rapidly increasing: in some cases
in which such fusion may properly be held to be of a sexual nature, a
doubling of the chromosomes has been observed in the post-sexual
divisions ; but it has been found more difficult to locate the necessary
reduction exactly: among the Fungi there seems indeed to be the same
want of general uniformity in this as in the Algae. For instance, in the
Peronosporeae, though the observations on FPeronospora and on Albuge
( Cystopus) are somewhat divergent,! there are several records of nuclear

VWager, Anwals of Botany, iv., p. 127, x., p. 205, xiv., p. 263; Berlese, Jakr. f. wiss.
Bot., xxxi., p. 159; Stevens, Fof. Gaz., xxviil., p. 149.
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fusion with consequent doubling of the chromosome-number taking place
on fertilisation, but actual chromosome-counting is difficult. There is, on
the other hand, notwithstanding earlier statements which tended to locate
reduction at the germination of the oospore, a growing opinion, based in
part on exact counting, that the reduction in these plants is pre-sexual,
and takes place at the maturing of the ocogonium and antheridium.
This receives considerable support from Trow's results on Ackfya:! he
finds that doubling occurs as usual on fertilisation, but the necessary
reduction takes place in gametogenesis in this plant, as in most animals,
and not in sporogenesis, as in most plants. Such a conclusion from the
Saprolegniae would thus correspond to what seems probable for the
Peronosporeae : it has also been seen to be probable according to some
writers for Vawcheria, and has been conspicuously proved for Furews.
In such plants the chromosome-number in the somatic divisions will be
“2n,” as in animals, and there will be an absence of cytologically distinct
generations with obligatory alternation.

There are various cases among the higher Fungi in which, on grounds
of comparison of form combined with nuclear fusion, a sexual process
15 now recognised, for instance in the simpler Ascomycetes. Here the
carpogonium has long been regarded as a female organ, and the polli-
nodium male; a position which is now justified by the nuclear fusions
observed. It naturally follows to regard the ascogenous hyphae as a
post-sexual stage analogous to that in the Florideae: they hold the same
place in the life-cycle as the carpogonial filaments of the latter. The
condition of this stage as regards chromosome-number is still a matter
of doubt; but there i1s some reason for believing that reduction may take
place on formation of the ascospores, while their number in each ascus
1s in itself suggestive. Further observations will be required to show
how far such comparisons have a cytological justification.

But in the Uredineae the case for an alternation based upon cyto-
logical detail has been fully made out for Gymunosporangium and Phragmidium,
the facts being as follows:® The mycelium which bears aecidia and
spermogonia has single nuclei: each 1s usually in a separate cell, and shows
two chromatin-masses on division. This stage is compared with a gameto-
phyte, capable of bearing sexual organs. The spermatia are held to be
functionless male cells, and fertilisation is effected by other means. The
young aecidium is held to be a sorus of female reproductive organs,
each of which may be fertilised by the migration into it of the nucleus
of one of the adjoining undifferentiated mycelial cells. The male and
female nuclei do not fuse, however, but continue to divide simultaneously,
and the product of fertilisation is accordingly a growth with paired nuclei:
this condition is persistent throughout the rest of the life-cycle, includ-
ing the aecidiospores, the mycelium which germinates from them, the

Y Awnals of Botany, xviil., p. 541.
*V. I. Blackman, Annals of Botany, xviii., p. 323, etc.
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uredospores, and the teleutospores: these collectively are compared with a
sporophyte-generation, and all show in their cells the paired nuclei, which
divide in close association together, showing on division four chromatin-
masses. The final nuclear fusion takes place in the maturing teleutospore,
while the subsequent division of the fusion-nucleus shows changes which
correspond to synapsis: at the same time there is a reduction of the
chromatin-masses from the four characteristic of the paired naclei
collectively, to two. It seems thus clear that an alternation of phases,
the one with “n,”
known to be obligatory in those Uredineae which show the full cycle,
and the limits of the two generations coincide respectively with a process
of fertilisation (with suspended nuclear fusion), and a process of reduction.
It 1s therefore comparable in its broad cytological features with the
obligatory alternation seen elsewhere. The analogy with the Florideae is
here again so obvious as to have led to the suggestion of some phyletic
relation of the Uredineae with that group. As a corollary on these
observations and conclusions, it has been further suggested that the
absence of sexuality' in the Basidiomycetes may be due to an apogamous
shortening of the life-cycle, so as to omit the sexual stage altogether.

There remain for consideration certain of the Algae, which show
post-sexual complications of an obligatory nature: they have been reserved
to the last because they have long been singled out as those Thallophytes
which most naturally suggest the manner in which the alternation in the
Archegomatae may have originated. An important feature in them 1is,
that in close relation to the sexual fusion, rearrangements of nuclear
condition occur ; in some, these precede the act of fusion, though commonly
they follow it; but in either alternative an apparently obligatory phase
is associated with sexual fusion in the life-cycle, and there is good reason
to think that its existence is bound up with the post-sexual reduction. This
has been specially remarked by Strasburger in connection with the germination
of zygotes in the Conjugatae! and in various Chlorophyceae. The actual
fact of post-sexual reduction has not yet been established in them by
chromosome-counting ; but the fact that the post-sexual divisions of the
nuclei are commonly into four, shows a pregnant analogy with tetrad-
division, while in some cases the four nuclei are formed notwithstanding
that only two are eventually required. This would hardly have been the
case unless there were some importance attached to the division into
four. Examples will now be given illustrating these points.

In the unicellular Desmids, where no somatic complications arise,
conjugation and germination of the zygote have been studied by Klebahn,
whose drawings of Clesterium are here reproduced (Fig. 40).* The nuclei
of the conjugating cells remain apart throughout the winter in the resting
zygote (Fig. g4o0. 1), and only coalesce when germination begins in the
spring : the contents escape from the thin-walled zygote, and division of

the other with “2n” chromatin-masses exists. It is

U eber Kednubtrons-theiluns, cle., 1900, p. 33_ = Fr;',ug:.-?;. fa&f&., vol.  xxii.
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the fusion-nucleus soon follows (Fig. 40. 2, 3): this is succeeded by
further mitosis (Fig. 40. 4), with the result that four nuclei are formed :
two of these are larger than the other two, and a pair of nuclei of unequal
size, one small the other large, finds its place in each of the two cells
into which the zygote divides (Fig. 40. 5, 6). Of these nuclei the
smaller one in each cell disappears, and it 1s thought that it becomes
disorganised, while the other remains as the definitive nucleus of the new
Closterium cell. .

Certain Diatoms show on conjugation a singular parallelism of behaviour
to this, but with important differences, and again it is to Klebahn that
we owe the description of the details.! In the conjugation of Rhopalodia

Fig. 40

Germination of Clesterinmr, after Klebabn, 1. Zygote before nuclear fusion. 2. First
mitosis. 3. Bi-nuclear stage. 4. Second mitosis 5. Bi-cellular stage with large and
small nucler,. 6. Fornmation of the two germs,  {(From Oltmanns. )

{Fig. 41), the protoplasts of the two cells come into close relation, but
the nuclei remain distinct (Fig. 41. 2), and undergo each a division into
two, and again into four (Fig. 41. 3, 4): of these, two in each cell are
soon reduced in size, while the others are distinguished by their larger
size (Fig. 41. 4). Then comes an abstriction of each of the original
protoplasts into halves, and each half contains two nuclei, one large and
one small (Fig. 41. 5): these halves coalesce in pairs, and each fusion-pair
finally develops into an auxospore (Fig. 41. 6, 7): the two larger nuclei
of each pair meanwhile fuse, while the smaller nuclei become disorganised
(Fig. 41. 8).

In these cases there is conjugation, and a tetrad-division of nuclei
accompanies it. There is no evidence as yet of chromosome-number,

1 Pringsh. fakrb., vol. xxix.
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Conjugation of Xfhepalodia, after Klebahn.

four, and by analogy with what is seen elsewhere it would appear probable

that the importance lies in a process of réduction accompanying it.

What-

ever the actual cytological condition may be, at all events this is clear,

that, in these strangely similar plants, the tetrad-division of the nuclei
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in the Diatom immediately precedes conjugation, while in the Desmid
it immediately fo/losos on conjugation. This fact is important for comparison
with the order of events in other Thallophytes.

The post-sexual phase in Ubthrix, Ocdogonium, and Coleochaete has
been frequently brought into comparison with that of the Bryophytes,
but the necessary detaills are still very imperfect as regards their nuclei.
In Ulothrix the zygote is formed by the fusion of two motile gametes,
and after encystment 1t undergoes a period of rest: parthenospores similar
to the zygotes are also produced, as shown by Klebs,! when the sexual
cells are exposed to a o'5)/ culture solution: these also undergo a period
of rest. On germination it is found that in either case there is a division
of the contents into non-motile cells, which grow directly into new filaments.
But apparently there is this difference, that the parthenospores form only
two of these, while the zygotes form four. If this be constantly so, the
point has a special interest as indicating that the tetrad-division is a
consequence of sexual fusion, and need not happen unless the fusion be
carried out. In a similar way the zygote of Oedogoniim divides on germina-
tion into four, a number which suggests reduction; it is quite possible
that the exceptions to this noted by Pringsheim,® may be explained on-
the ground of parthenogenesis, as in lothrix. The cell-body formed on
germination of the zygote of Coleockaete is that which has most frequently
been compared with the simplest sporogonia of Bryophytes. In this plant
nuclear fusion has been observed in the ovum (Fig. 42. 6, 7), after which
the zygote undergoes a period of rest, as a unicellular, uninucleate body,
covered by a pseudoparenchymatous coat. On germination a transverse
wall is formed at right angles to the axis of the oogonium: then follow
longitudinal walls to form octants, and these usually divide further till 8-16
cells are formed in each hemisphere. The outer coat then bursts about
the region of the transverse wall, and a zoospore is formed from each
of the cells, which germinates like any ordinary zoospore. The question
of homology of this body with a simple sporophyte has recently been
decided by observations made by C. E. Allen®: he found that reduction
takes place, with characteristic synapsis, on the first nuclear division in
the germinating zygote. The cells of the “fruit-body” are then haploid,
and correspond cytologically with the gametophyte, not with the
sporophyte as had been commonly assumed. But there is no need
as an alternative to hold this body as in any sense a derivative of the
ordinary Coleockaete thallus: it seems more natural to see in it merely
an extension of the usual tetrad: for if the second division of a normal
tetrad were in this case repeated twice or thrice, a cell-group would
result just as is seen in Coleockaete, and the biological advantage of increase
in number of the progeny would thus be secured. Morphologically such

L Bedingungen der Fortpflanzung, p. 321.
= Gesammelte Abkandlungen, 1., p. 251.
Y Ber. . D. Bot. Ges., 1905, p. 285.
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a development stands hitherto alone,! but biologically it occupies the
same place as a simple sporophyte.

Far
-

ST
¥ i
A e T TR

=
P

FiG. 4z.

Coleochacte pufoinada, after QOltmanns. 1, Young soosporangium (7). =2, 3, Antheridia
() and young cogonium (e} 4, Oogonium shortly before opening. 5, Ditto after opening.
6, Zygote still with two nuclei, 7, Zygote developed to *"fruit.” 8, Germinating hypno-
zygote. &, Antheridium. o, Qogomum. &£, Male nucleus. e, Female nucleus. cf,
Chromatophore, gy, Pyrenoid. £, Nucleus.

Though the cases are thus seen to be still comparatively few in which
the Thallophytes have had their cytological condition traced throughout
the whole course of the individual life, there is a growing body of evidence
to show that an obligatory alternation of cytologically distinct generations

'Tt is possible that the multicellular spores of Ascomycetes supply a parallel. If,
a5 is probable, the reduction accompanies the formation of the ascospores, then the
subsequent divisions in those spores would hold a similar place in the cytological cycle

to those in the fruit of Coleochaete,
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exists among them. According to the criterion of chromosome-difference
there may be recognised a haploid, pre-sexual phase, characterised by
having “n” chromosomes—this corresponds cytologically to what has
been termed elsewhere the gametophyte; and a diploid, post-sexual stage,
characterised by having “2n” chromosomes—this corresponds in this
respect at least to the sporophyte. The alternation of these phases
depends primarily upon sexuality, which doubles the chromosome-number.
The reduction of the chromosome-number to one half appears to be a
necessary consequence of it, and the process by which the original number
is restored is found to be commonly associated, here as elsewhere, with a
tetrad-division.

As Professor V. H. Blackman has pointed out (/¢, p. 364), three nuclear
stages are to be observed in the sexual cycle of animals and plants:
nuclear assoctation by fusion of the protoplasts which contain them ; nuclear
reduction, or fusion, which doubles the chromosome-number ; and chromosome-
reduction, by which their number is halved. Of these three stages the
second may take place at the same time as the first, or it may be delayed
for a short time, as in Spirogyra or Cosmarium: or, as in the Uredineae,
it may be delayed until the stage corresponding to chromosome-reduction.
According to the relative time of these successive nuclear stages the sexual
cycle may vary greatly, as we see that it does in the Thallophytes; and
three leading types of the cycle emerge, though they severally may graduate
into one another by intermediate steps: they include:

1. Those in which reduction immedialely precedes gametogenests and
sexual fusion. The order of events would then be (a) somatic division
with “2n” chromosomes: (#) chromosome-reduction: (¢) gametogenesis
and sexual fusion. This is the case generally for animals: in plants the
best demonstration has been in Fucwes : it 1s also seen probably in KXkepalodia ;
but it probably occurs also in many of those Thallophytes which have
no obligatory succession of phases, and especially in Ackfya, and probably
in the Peronosporeae. : :

2. Those tn which reduction itmmediately follows on sexwual fusion. The
order of events in these would be (2) somatic division with “n” chromo-
somes: (#) gametogenesis with sexual fusion: (¢) chromosome-reduction.
This is probably the case in Desmids and other Conjugatae, and in the
filamentous Chlorophyceae, including Coleochacte.

3. Those in which a somatic pliase of some extent intervenes betiveen sexuwal
Juston and reduction, and again between reduction and sexwal fusion. This is
seen in Dictyota, probably in the simpler Ascomycetes, in Uredineae, and
Florideae : it is comparable with what is seen in the Archegoniate series.

It is interesting to compare the grouping of types of alternation as
thus stated with the position adopted by Celakovsky in his paper which
was published some thirty years ago at Prag.! The data, both physiological
and cytological, are now much more precise, though still very deficient.

L5itz. d. Ges. d. Wiss. in Frag, 1874, p. 30
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The criterion of chromosome-number is new: the method of physiological
experiment is also new. Stll, the conclusions are in the main unaltered.
What was then styled ‘homologous alternation” now stands on a basis
of cytological unity as regards the somatic divisions, and denotes such
recurrent phases in plants as appear to be dependent on external condition,
not obligatory in their succession. and involve no cytological change :
this includes the cases grouped under (1) and (2) above. There is hardly
any need to designate such life-cycles as showing alternation at all, were
it not that this is the type of life-history for which the term was first
introduced by the zoologist Steenstrup. The types grouped above under
the heading (3) were distinguished by Celakovsky as showing *antithetic
alternation,” and it is now found to bave its basis in a cytological difference
of the successive phases, which also show an obligatory succession, not
determined directly by external conditions.

The conception of normal antithetic alternation now turns upon the two
critical points of sexual fusion and reduction: it is necessary to enquire how
far these events are historically the same in organisms at large. It would
seem probable that sexual differentiation, and perhaps even sex itself
originated along several distinct phyletic lines: on this point there is no
definite information, though the differences of character of the organisms
which show the simplest types of sexuality distinctly suggest that it had
not one common source only. In the present state of uncertainty it seems
undesirable to depart from the usual convention by which the zygote is
held to be “homologous ”; and, accordingly, it serves as a point for general
comparison between representatives of distinct phyla. But it must be
distinctly understood that this is in itself a conventional understanding, and
that its adoption for convenience of description does not necessarily imply a
strict “homogeny, ” in the sense that sexuality was established once for
all. Similarly with reduction, which is theoretically a necessary consequence
of sexual fusion, it i1s only by a similar conventional understanding that
in divers organisms the cell where this is initiated is held to be “homologous”:
it 1s not to be assumed that it is truly “homogenetic” in distinct phyla,
as though reduction had been initiated once for all in sexual organisms.
But, on the other hand, in organisms that are akin, such as the members of
the phyla of the Ferns or the Mosses, it may reasonably be held as probable
that the zygote and the spore-mother-cell are actually identical things, in fact
homogenetic for the whole phylum, in the sense that each probably sprang
from a phyletic source common for the whole phylum.

A comparison of plants at large as regards the position of the reducing
process in the life-cycle relative to sexual fusion shows great differences,
as we have seen. It is not improbable that these may have been due
in part to initial differences: we have no right to assume that there was
uniformity at the outset. Some ground for the view that initial differences
existed is to be found in such cases as the Desmids and Diatoms ; for in
Closterinm the rejection of the superfluous nuclei, and probably also
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reduction, follows on nuclear fusion, while in Rhopalodia these events
precede nuclear fusion. Such cases seem to point to a probability that
the problem of reduction was solved independently and in different ways
in different lines of descent.

Nevertheless the term sporophyte has been adopted as applicable
collectively to the non-sexual phase which intervenes between sexual fusion
and reduction in those plants in which it occurs. But, following the above
reasoning, it must not be understood to convey necessarily any community
of descent for all the bodies which it covers. It seems probable that the
establishment of the sporophyte, whether by a process of intercalation or
otherwise, has taken place independently in several distinct phyla: thus
the sporophyte-stage in them, though in some more lax sense it may be
styled “homologous,” is not to be held as “homogenetic”; nevertheless,
useful analogies may be drawn between the corresponding phases in
distinct phyletic lines.

But, on the other hand, comparison within groups that are held to be
akin gives strong reason for recognising that there has been a shifting of
position of the event of chromosome-reduction in certain lines of descent,
and that the balance of the generations has thus been altered in the
evolutionary course. For instance, it seems probable that in the Uredineae
there has been a deferring of the event of reduction after sexuality, with the
result that the binuclear phase has attained considerable dimensions; the
same seems probable also for the Ascomycetous Fungi, though along a quite
distinct line. A similar intercalation has been suggested in the Flondeae.
Such conclusions can only become cogent when the cytological details are
known in a la