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NOTE TO THE FOURTH EDITION.

R —

Tue present edition has been revised and brought up to
date where necessary. The most important change is
under Type XXI., the Lichens, the description of which
has been considerably extended, so as to include an
account of the sexual reproduction, the evidence for
sexuality in Lichens having been materially strengthened
of late years. The author is greatly indebted to Dr.
O. V. Darbishire for various valuable suggestions re-
garding this group, and especially for the opportunity of
making use of the three new Figures (Figs. 102-104),
which are taken from Dr. Darbishire’s introduction to
Dr. v. Fischer-Benzon’s work on the Lichens of Schleswig-
Holstein.

D. H. 5COTT.
September 9, 1903,






PREFACE TO PART II

OwixGg to the immense variety of organisation among
the Cryptogams, it has been necessary to describe a
much larger number of types in the present volume
than in Part I. While it was possible to give some
idea of the main outlines of structure in Flowering
Plants by the full deseription of three representatives,
it has seemed desirable to select no less than twenty-
three types for the illustration of Cryptogams, and even
then many important groups have been left out. The
increased number of types has involved a curtness of
treatment, in most cases, which only the relative sim-
plicity of many of the forms has rendered possible.

It is hoped, however, that the essential morphological
points have been brought out, and that a certain
continuity has been maintained throughout the book
so that the study of the selected examples may serve
to give a connected idea—however elementary—of the
great groups of plants. In order to alford a general
view of the whole field, the concluding sumary has
been added.

When theoretical points are touched on, the great
aim has been to avoid dogmatism, and, so far as space
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permitted, to put the reader in possession of the evidence
as a whole. This applies especially to the question of
alternation of generations, as to the nature of which
such different views are held.

As regards the fundamental homologies between
Cryptogams and Phanerogams, an attempt has been
made to demonstrate, and not merely to state them.
Unless the student be taught to follow the reasoning by
which such conclusions are arrived at, morphology loses
at once 1ts interest and its educational value.

It may be well to state again explicitly that the use
of this book requires to be accompanied from the first
commencement onwards—i(1) by the study of living plants
in the field, without which all botanical teaching 1s dull
and barren ; and (2) by practical work in the laboratory.

The author is indebted to the Trustees of the British
Museum for permission to make use of the cuts, re-
produced in Figs. 113-117, from Mr. Arthur Lister’s
Monograph of the Mpycetozoa. As in Part I., the
figures signed IR. S. have been drawn from nature by
Mrs. D. H. Scott. Figs. 5 and 44 are the work of Mr.
W. C. Worsdell. The source of all figures not original
is acknowledged in the descriptions. Special thanks
are due to Professor J. Bretland Farmer for his kind help
in connection with the Liverworts and the Fucacew.

D. H.-S8COTT
October 12, 1898,



























STRUCTURAL BOTANY

pact 11
FLOWERLESS PLANTS

—_— —

CHAPTER 1

THE VASCULAR CRYPTOGAMS

TYPE |V

SELAGINELLA KRAUSSIANA

Selaginella, from which our first type of Cryptogams
1s taken, 1s a large genus, containing between three
and four hundred species, most of which inhabit the
damp forests of tropical countries. A few are natives
of Europe, and one, Selaginella spis oTOWS 1n our own
country, on boggy moors, or in mountainous districts.
Some of the tropical species are universally grown in
hothouses, and are often popularly called Lycopodium,
but the real ZLyeopodium, or Club Moss, 1s quite a differ-
ent, though an allied, genus. A

In general appearance the Selaginellas resemble large
Mosses, for they have long, usually creeping, stems, thickly
clothed with numerous small leaves. With the true

1




2 STRUCTURAL BOTANY

Mosses, however, which we shall describe later on, they
have nothing whatever to do.

Selaginelle is chosen as our first flowerless or
Cryptogamic type, because in its reproduction and general
course of development the genus, perhaps, comes nearer
to Flowering Plants than do any other Cryptogams?! now
living. In other respects, such as its vegetative ana-
tomy, the structure of Selaginella is peculiar to itself.
We shall therefore pass rapidly over this part of its
organisation, and give most of our attention to
those reproductive processes which illustrate the
relation between Cryptogams and Phanerogams. We
will, however, begin by examining the external characters
of one or two of the species.

I. EXTERNAL CHARACTERS

A. VEGETATIVE ORGANS

Selaginella Kraussiana, A. Br.? a native of S. Africa,
Madeira, and the Azores, and the commonest species
cultivated in greenhouses, has a creeping stem, which,
however, rises a little above the surface of the ground.
The main stem is repeatedly forked, and the two branches
arising at each bifurcation are alike. From the principal
shoots other smaller branches are given off laterally, and
these again bear still finer ramifications. The origin

! The word Cryplogams, constantly used for Flowerless Plants, dates
from Linneus, who lived in the eighteenth century. It implies that in
these plants the process of fertilisation is hidden, while in Flowering Plants
(Phanerogams) it is manifest. This distinetion no longer holds good, for,
with the help of the microscope, fertilisation is at least as easy to observe
in Cryptogams as in Phanerogams. The names, however, are still kept up.

? Alexander Braun, the authority for the name.
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of the branches is really the same all through the plant,
for all branches are really lateral, but they are formed
so near the growing-point that the latter seems to give
rise to two equal shoots. In the earlier ramifications,
both shoots develop similarly, so that we cannot dis-
tinguish between the main axis and the branch. This

Fic. 1.—Selaginella Kraussiana ; general view. #, rhizophores ;
8, spikes or cones. (Reduced.)

is not the case with the later-formed branches, which
are evidently different from the axis which bears them.
When a growing-point gives rise to two perfectly equal
shoots, the branching is said to be dichotomous. In
Selaginella, the branching is not really dichotomous, but
it comes very near to being so.

The stem bears very numerous small leaves, which
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are separated by distinet internodes on the older parts,
but are crowded together towards the growing-points.
The leaves are arranged in four rows, two of which
spring from the lower and two from the upper side of
the stemm. The leaves on the
lower side are much larger
than those on the upper (see
Fig. 2).

The arrangement, if care-
fully examined, is found to be
in pairs, each pair consisting
of one of the large lower
leaves and one of the small
upper ones, which are exactly
opposite each other.

Each leaf bears on 1ts upper
surface and close to the base,
a small membranous out-
growth, the ligule, which 1is
best observed on the very
young leaves (see Figs. 10
and 16), as it soon withers

16, 2.—Selaginella Kraussiana ; and dlﬁ&ppears. This hguIE

young plaut. i, megaspore is characteristic of the whole
still in connection with plant ; Slrdinall 1
¢, two cotyledons; 7, main S€DUS Ofagmela, and one

root; 27, first lateral root. gther living genus, Jsoétes, and,
Note the two kinds of leaves, : : ;
Magnified 6 diameters. (R. S.) unimportant as 1t seems, 1s
a very ancient character, for
it is found in a large family of fossil plants of the coal
period (Lepidodendrec).!
At each ramification of the stem, a root-like organ is
given off, which arises at the side of the stem, just below
the fork (see Figs. 1 and 3). These organs, the rhizophores,

1 See Studies in Fossil Botany, p. 115,
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are colourless and destitute of leaves; they grow straight
down to the soil and resemble roots, but have no root-
caps. On coming into contact with the ground they
branch, giving rise to subterranean rootlets, which have
root-caps as usual.

If the plant which we examine is fruiting, we shall
find that some of the branches,
stead of creeping along near
the ground, grow straight
upwards; it is these vertical
branches which form the
terminal spikes or cones.
The cones bear the repro-
ductive organs; they differ
from the vegetative branches
in the fact that all their leaves
are of the same size (see Figs.
1 and 3).

Other species of Selaginella
differ very widely from that
just deseribed.

Some are minute creeping
plants of almost miecroscopic
dimensions, with unbranched Ti6. 3.—Selaginclla helvetica,

: showing procumbent stem
stems (S. simplex) ; others have  and two fertile spikes. r,
clinbing stems, which ascend  gusoppores b sroruga.
tall trees, and may attain a  Dodel-Port.)
length of 60 feet (S. cxaltata) ;
while in others again the stem is stiff and erect, rising
vertically to a height of three feet from the ground (S
grandis).

A still more important variation is in the arrangement
of the leaves. The majority of species agree with 5.
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Kraussiana and S. helvetica (see Fig. 3), in having four
rows of leaves, two large and two small,in the vegetative
region, while in the spikes all the leaves are alike. In
another group, however, to which our native species (S.
spinosa) belongs (see Fig. 5), the leaves are all similar,
and are arranged spirally, both on the ordinary stem and
on the spike. In certain foreign species again, the case
is just opposite, for the leaves of the spike, like those of
the vegetative stem, are of two kinds.

B. REProDUCTIVE ORGANS

The true reproduect-
1ve organs of Selaginella
are the sporangia, con-
taining the spores.
Each sporangium is a
stalked sac, reaching a
diameter of about a
millimetre (3% inch),
and is borne in the
axil of one of the
leaves of the cone (see
Figs. 4 and 5).

The sporangia are
of two kinds: the one

Fi6. 4. — Selaginclia helvetica ; part of R4 (the microsporan-

lt}mgitudiua] section through = spike, gtwm) contains very
showing two sporophylls. ma, mega- ! 1
sporangium dehiscing ; three ont of four 11u1:ﬂemua small PO
megaspores  visible ; note abortive (microspores), compar-
mother - cells ; mi, microsporangium Tl i 11
with numerous microspores. Magnified able In size to pollen-

about 15 diameters. (After Dodel-Port.) grains. The other

! The word spore is applied to any single cell which becomes isolated
rom the parent plant for reproductive purposes; ef. Tart I. p. 113,
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kind (the megasporangium or macrosporangium) contains
only four spores, megaspores or macrospores, but these
spores are so large that the sporan-
gium which contains them has to be
much larger than that which holds
the innumerable microspores (see
Fig. 4).

Both kinds of sporangia are borne
on the same cone ; generally the micro-
sporangia are the more numerous, and
occupy the axils of all the upper
leaves of the cone, while the few
megasporangia are found at the base
of the cone only. The arrangement,
however, varies In different species. '

The development and structure of the Flg;aia;’s;ﬁﬂﬂ;;ﬁi

sporangia will be further described  spike. Magnified
14 diameters.
below. (W. C. W.)

II. INTERNAL CHARACTERS OF THE VEGETATIVE
URGANS

Among the TFlowerless Plants we find a very great
variety in characters, which in the I’hanerogams remain
fairly constant throughout whole Classes.

This holds good especlall}r for the internal structure.
A description of the anatomy of the Wallflower was
sufficient to give a fair general idea of the -chief
anatomical features of the Dicotyledons generally, and
so it was with our other types of flowering plants.
With the Cryptogams the case is quite different. Not
only i8 the anatomy of Selaginelle peculiar to that one
genus among plants now living, but the variation of
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structure among the species is so great that a general
description, even of the genus as a whole, is impossible.
In an elementary book, we cannot enter into all these
variations; we can only give a short description of two
or three forms, which may serve to give some idea of the
peculiarities of the genus and of the range of variation
among ifs species.

a. The Stem

In each of our types of Flowering Plants we found
that the stem was traversed by one central cylinder,
consisting of the vascular bundles and conjunctive tissue
(see Part I. pp. 47, 152, 236). We learnt further that
the bundles of the stem are directly continuous with
those of the leaves. These facts hold good, with certain
exceptions, for the Phanerogams generally.

In the Selaginellas the arrangement is totally different.
The number of cylinders or sfeles varies from one up to
five or more, not only in different species, but some-
times even in different parts of the same plant. The
conjunctive tissue is very little developed, and pith
is almost always absent, the whole interior of the
cylinder being occupied by a solid strand of wood.
Consequently it is generally impossible to distinguish the
limits of the individual vascular bundles in the stele,
or, to be more accurate, the stele in the stem is not
differentiated into distinet bundles. Lastly, the vascular
system of the stem is not built up entirely of leaf-trace
bundles. The greater part of the xylem and phloém
can be traced continuously through the whole stem, and
only certain portions of the vascular tissue are directly
connected with the bundles of the leaves.

[t will be convenient to begin with a short deseription
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of the anatomy of our native species, S. spinosa, which,
though exceptional in the genus, illustrates several points
of importance.

In the upper part of the ascending branches the stem
has the structure shown in transverse section in Fig. 6.

Fic. 6.—Sclaginelle spinosa ; transverse section of stem. ep
epidermis ; en, trabecul® representing endodermis; e,
external cortex ; sf, stele; the seven dark groups are proto-
xylem. Magnified about 85 diameters. (Alter Harvey
Gibson.)

There is a single central cylinder traversing the
middle of the stem. This is surrounded by a
wide intercellular space, which is bridged over at
intervals by long radiating cells connecting the stele
with the cortex. The latter i1s thick and of ordinary
parenchymatous structure, and is bounded externally by
a large-celled epidermis without stomata. Now, returning
to the stele, we find the structure quite different from
anything which we have previously met with in a
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stem. There is no pith whatever; the whole interior of
the cylinder is occupied by solid wood, which consists
entirely of tracheides. The development of this central
mass of wood is also peculiar, for the first-formed elements
or protoxylem-groups lie at the outside of the wood; in
this particular case there are seven such groups, and it is
from these points that the development of the xylem starts;
so we see that in this stem the wood develops centri-
petally, just as it does in the root of other plants. This
is a very important difference from flowering plants.

This centripetal development of the xylem holds good
as a general rule ' for the stems of the Selaginellas and
their allies.

Surrounding the xylem is a ring of phloém, consisting
of parenchyma and sieve-tubes, but with no companion-
cells. The sieve-tubes, like those of the Conifers, have
their sieve-plates on the lateral walls. The whole stele
is bordered by a layer of cells containing starch. Outside
this layer is the intercellular space. Each of the cells,
which stretch across the space, has a cuticularised band;
these cells represent the endodermis.

We see, then, that we have a vascular structure in
this plant which differs from anything which we have
seen before in stems, as shown by (1) the centripetal
xylem ; (2) the absence of pith ; (3) the want of separation
between the vascular bundles. This type of stele i1s a
very ancient one: many of the plants of the coal period
(Lepidodendron, ete.) had a wvascular system almost
exactly like that of S. spinosa, though on a much larger
scale. This was the case, for example, in stems such as
that of which the stump is shown in Part I, Fig. 5.

1 In the trailing part of the stem of 8. spinose it appears that the
protoxylem is central, Sce also p. 13.
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From each angle of the stele in S. spinose. where
the protoxylem is situated, a slender bundle runs out
to a leaf, which it traverses from end to end without
branching.

As we have already mentioned, the structure of this
species is exceptional in the genus; its interest lies
chiefly in the resem-
blance to so many
fossil forms, from which
we may probably infer
that it is a wvery
primitive  type  of
structure. = A great
many Selaginellas, like
S. spinosa, have only a
singlevascular cylinder,
or, in other words, are
monosteltc; but most
commonly the single
stele has a simpler
structure.

If we now return to
the species, S. Kraus-
siana, with which we

started, we find a total- Fie. 7. — Selaginella Kraussiana ; dia-
v diff grammatic transparent view ol stem.
y dillerent arrange- st, the two steles, anastomosing at base
ment. In this Epegieg, of branches; .¢, leaf-trace bundles, only

: shown in upper part, (After Harve
the stem is traversed  Gibson.) ol ( 5

by two parallel steles,

each of which has a single protoxylem-group. The
structure of these steles, their course through the
stem, and their relation to the leaves, are sufliciently
indicated in Figs. 7 and 8. In other species the steles
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are more numerous and are sometimes fused together
i a complicated manner. The anatomical peculiarities
of the stem of the
genus Selaginella may
be summed up as
follows :—

(1) The stele con-
tains no pith.

(2) The vascular
tissue of the stele
is not divided into
X distinet bundles.
A (3) The xylem is

Bh. usually  developed

Fio. 8. — Selaginella Kraussiana ; part of centripetally.
transverse section of stem showing ome
stele. a, the wood ; px, protoxylem ; ph, (4:) In man ¥

phloém ; pe, pericycle; em, endodermal . .
cells forming the whole  or part of Eptete there is more

trabe.c_ulze; ¢, inner lB:jFBI'S of cortex. than one stele.
Magnified about 100 diameters. (After As regnrds the

Harvey Gibson. ) ; _
details of the tissues,
it is only necessary to add that the tracheides of the
protoxylem are annular or spiral, as 1s usually the case.
The other tracheides usually have long transverse pits,
and are hence called scalariform (see Fig. 23, p. 47), from
the ladder-like appearance which these pits give to their
walls. We shall find this form of tracheide very general
among the higher Cryptogams, and shall study it more
fully in the Ferns. In one or two species of Selaginella
true vessels, arising by cell-fusion, occur in the wood.

h. The Leaves

The leaves of Selajinelle are of excessively simple
gtructurc ; each leif, as we have seen, receives a single
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vaseular bundle from the stem. The bundle traverses
the leaf from end to end, forming the midrib; it has
no branches, neither is there any transfusion - tissue,
which in Conifers takes the place of the branched veins.
The bundle consists of a slender strand of tracheides
surrounded by a thin layer of phloém. Around the
whole is a bundle-sheath.

The mesophyll of the leaf is very slightly differentiated,
the intercellular spaces being a little larger toward the
lower surface. The epidermis, like the mesophyll, con-
tains chlorophyll; the chlorophyll bodies in each cell
are few and unusually large.

The stomata, which have the ordinary structure, are
usually found on the under-side of the leaf only, and especi-
ally in the neighbourhood of the midrib. The membranous
ligule at the base of the leaf on its upper surface has already
been mentioned (see Figs. 10 and 16, pp. 18 and 29).

This is the simplest type of leaf that we have yet
met with.

c. The Rhizophores and Roots

These organs are generally similar to one another in
structure ; the rhizophores in fact may be recarded as
roots which have not yet begun to form a root-cap. The
anatomical structure is simple, but unlike that in most
other roots. There is a single stele, which contains only
one group of xylem and one of phlotm. This structure,
which may be called monarch, is pretty general in
Selaginella and its allies. It is a very ancient character,
for the rootlets of the fossil relations of Selaginella, which
lived in the Carboniferous epoch, had an almost identical
structure. The rhizophore, as distinguished from the root,
of S. Kraussiana is peculiar in having central protoxylem.
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d. Growing Points and Mode of Branching
a. The Stem

The growing-point of the stem in Selaginelle differs
from that in Flowering Plants in the fact that the
meristem at the apex shows no trace of stratification,
2. of any arrangement in distinct layers. In many
species, among which 1s S. Kraussiana, we find at
the apex a single cell, larger than its neighbours,
. from the divisions of which all the new tissues and
organs are ultimately produced. The presence of this
single apical cell, as 1t 1s called, is very general, though
not universal, among Cryptogams, and contrasts sharply
with the small-celled meristem -characteristic of the
Flowering Plants. We shall, however, have better
opportunities of studying growth by an apical cell when
we come to other groups of Cryptogams, so we will defer
the further consideration of this subject.

The branches arise laterally by the growth of a group
of cells just below the apex; the main axis and its
lateral branch, however, often develop so equally that
the stem appears to be forked. The branching of
Selaginella, may be described as an apparent bifurcation
or dichotomy. True dichotomy only exists when the
growing-point itself is equally divided. The branches
of Selaginella, unlike those of Flowering Plants, are not
axillary.

The development of the leaves proceeds in the same
way as in the Phanerogams (see Part I. pp. 84, 169, 261).

B. ERhizophores and Roots

In those species which have special rhizophores, the
latter may either grow by means of an apical cell, or
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may have a small-celled meristem more like that of
the higher plants. As soon as the rhizophore reaches
the ground, roots begin to grow out at its end. The
growing-points of these roots arise endogenously, i.c. from
the interior of the tissue at the end of the rhizophore
The roots themselves, which grow by means of an apical
cell, differ from most other roots in their manner
of branching. The rootlets arise quite close to the
growing-point, where they are only covered by the root-
cap of the parent root, so that they are not really,
endogenous in origin like other roots, which arise beneath
the cortex. This is a very rare case, and does not hold
good for most other Vascular Cryptogams.

We have found great differences between Selaginella
and the Flowering Plants, even as regards the vegetative
organs. The structure of both stem and root, their
apical growth, and their mode of branching are all quite
distinet from anything we met with in our Phanerogamic
types. These differences, however, are unimportant
compared with those which we shall find in the re-
productive organs and life-history. We will now go
on to describe the reproductive processes. We shall
find that they at first seem quite distinet from those in
Flowering Plants, but a careful comparison will enable
us to see that there is, after all, a close relation between
the two methods of reproduction. Among the flowerless
plants Selaginelle is one of those which in its course of
development approaches most nearly to the I’hanerogams.
It is this fact which makes it of special interest to
the student of botany. '
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[1I. REPRODUCTION AND LIFE-HISTORY

a. The Sporangia and Spores

We have already learnt that Selaginells is repro-
duced by spores, which are of two kinds. The organ
in which the spores are immediately produced is the
sporangium.  In Selaginelle a single sporangium is
borne in the axil of each fertile leaf or sporophyll of the
cone. The cone is a vertical shoot differing but little
from the ordinary vegetative shoots of the plant, and
bearing many sporophylls (see Figs. 3, 4, and 5).

We will now trace the development of a single
sporangium. It does not matter whether we take a
microsporangium or a megasporangium, for up to a
certain point they develop in the same way.

Each sporangium arises just below the growing-point
of the cone, from the outgrowth of a little group of
meristematic cells, situated either exactly in the axil
between leaf and stem or rather higher up, on the stem
itself. A little ridge of tissue is thus produced, which
at first consists of uniform cells. Very soon, however, a
few cells in the middle of the young sporangium, lying
immediately below its epidermis, begin to be distinguished
by their more abundant protoplasm (see Fig. 9, B). Only
one or two such cells are visible in a radial section such
as that shown in the figure. This little group of cells is
called the archesporium (see Part I. pp. 113, 264), for
ultimately, after much growth and numerous cell divisions,
it produces the spores. The archesporium soon becomes
surrounded by a well-marked layer of cells, the tapetum,
formed partly from the surrounding tissue, and partly
from the archesporium itself (see Fig. 9, 4 and B, i).
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The whole sporangium continues to grow and its cells to
divide. At the stage shown in Fig. 9, 4, it already has
a short stalk, and the arche-
sporium has given rise to a
many-celled tissue.

Up to this point both
kinds of sporangia behave
exactly alike. The reader
will at once see that, thus
far, the development of the
young sporangium is in all
respects similar to that of a
pollen-sac (compare Fig. 9,
A, with one of the four
pollen-sacs shown in Fig. 39,
B in Parb I.op. 110. It
1s also evident that in the
youngest stages there is a
considerable resemblance to
an ovule at its first origin : :

(cf. Fig 9, B; with Fig. 44, " goung  miproeporengium ia
1 or 2, in Part L p. 121). longitudinal section ; ¢, tapetum;
: . a (darkly shaded), mass ol

Henceforth it will be sporogenous cells derived from

necessary to  distinguish archesporium. B, very young

: : megasporangium ; {, tapetum ;
between a microsporangium @, archesporium; ¢, ligule of

anda megasporangiom. We  shephil, daguled, abm
will first deseribe the former.

The divisions of the archesporial cells of a microspor-
angium give rise to a mass of spore-producing tissue,
each cell of which now rounds itself off and becomes a
spore mother cell.  Each of the spore mother-cells, lying
free within the cavity of the sporangium, next divides
into four, the division taking place exactly in the same

g
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way as in the pollen mother-cells of Dicotyledons (see
Part I. Fig. 39, B, p. 110). The four daughter-cells
become the microspores. Each group of four is tetra-
hedrally arranged. The microspore aequires a cell-wall
of its own, the outer layer of
which 1s thickened and cuti-
cularised.

The microsporangium is now
ripe, and the space within the
sporangium-wall 1s filled with
thousands of microspores (see
Figs. 4 and 10).

We see that in every respect
the macrosporangium, through-
out its whole development,
closely resembles a pollen-sac,
while the microspores, in their
structure and mode of origin,
precisely correspond to the
pollen-grains.

We will consider the further

Fra. 10.—Selaginella spinosa ;

microsporangium in radial
section, I, sporophyll ; lig,
ligule of sporophyll; mi,
microspores still grouped in
tetrads inside the sporangium;
¢, persistent tapetum ; d,
place of dehiscence. Magni-
fied about 40 diameters,
(R. 8.)

destiny of the mierospores later
on, and will now pass to the
megasporangium.

Up to the time when the
spore mother - cells become
1solated from one another, the

development of the mega-
sporangium goes on in just the same way as that of
the microsporangium. Now, however, a striking differ-
ence manifests itself. In the megasporangium, out of all
the numerous mother-cells, only a single one undergoes
division ; all the rest remain undivided and are abortive
(see Fig. 4).
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The one favoured mother-cell divides into four tetra-
hedrally arranged daughter - cells; each daughter - cell
becomes a megaspore. The four megaspores develop
enormously, and gradually displace and absorb all the
remaining mother-cells, which, however, can be seen for
a long time lying inert in the sporangial cavity. The
four megaspores,
as they grow, Wiy
gradually  take S
possession of the
whole interior of
the sporangium,
which itself grows
to a greater size
than the micro-
sporangium (see
Figs. 4 and 11).
The megaspores
acquire  greatly
thickened  cell-
walls, the outer
layers of which

are cubticular- Fia. 11.—Selaginclla spinose ; megasporangium
el i from same cone in tangential section (trans-
15ed, and often verse to sporophyll); myg, megaspores, three out

have a rouch of the four are visible ; £, persistent tapetum ;

& d, line of dehiscence ; /iy, ligule; L, sporo-
and warty sur- phyll. Magnified about 40 diameters. (R. S.)
face.

We see then that a megasporangium differs from a
microsporangium in the fact that only one mother-cell
divides, and that its daughter-cells occupy the whole
sporangium, which thus contains four spores only.

The megaspores, the diameter of which 1s about
twenty times that of the microspores, attain their
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great dimensions at the expense of the abortive mother-
cells.

We cannot understand the relation of the microspores
and megaspores to each other, or to the reproductive
cells of Flowering Plants, until we are made acquainted
with their further history. We will therefore now go
on to describe the changes which take place in the spores,
on their germination.

b. Germination of the Microspores

The microsporangium, when ripe, opens by transverse
dehiscence, the walls splitting along a line parallel to
the surface of the adjoining leaf (see Fig. 10). The
microspores are thus set free, and if they fall onto damp
earth germination takes place.

' The first change that happens is that the spore
divides into two cells of very unequal size. A very
small cell is cut off on one side of the spore (see Fig. 12,
A, p). This little cell takes no further part in the
development, and may be called the prothallus-cell. The
large cell now divides into two equal parts (see Fig.
12, A4); each half undergoes several further divisions.
The final result is that we find the spore divided up
into about a dozen cells. One of these is the little
prothallus - cell first formed, which remains unaltered.
Of the remainder, eight form an external layer, withiu
which the central cells are enclosed, their number being
either two or four according to the species. In S. Kraus-
stana there are four (Fig. 12, B,¢). While these divisions
are in progress, the spore grows a little, becomes more
spherical, and bursts its outer hard membrane, so that
its contents are now enclosed only by its inner cellulose
wall. The central cells next undergo several successive
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divisions ; the small cells thus formed become rounded
and lie freely in the space enclosed by the external layer
(Fig. 12, ). Subsequently the external cells become
disorganised, their contents contributing to the nutrition
of the central group.  The prothallus - cell, however,
persists all through. The round central cells are alone
concerned in  the
further development.

When the external
layer becomes dis-
organised,its cell-walls
disappear and the
contents flow together
into a structureless
mass, in which the
round cells are em-
bedded. In the mean-

Fic. 12.—Selaginella ; germinating micro-
spores. A, young stage ; p, prothallus-

timeimportant changes
go on 1n the contents
of these cells. The
large nucleus, which
each cell contains, be-
comes converted into

cell ; first wall formed in antheridium.
B, more advanced stage ; ¢, central cells
which will form spermatozoids. C,mature
stage ; sp. m, spermatozoid mother-cells,
surrounded by cells of wall of anther-
idinm. D, free spermatozoids, each with
two cilia. 4, magnified 290 diameters ;

B, magnified 290 diameters; C, magni-
fied 640 diameters; [, magnified 780

a lmlg, rather club- diameters. (After Belayeff.)

shaped body, which

has a spiral twist. At the thin end of this body there
is a little protoplasm, and at this point two excessively
fine protoplasmic threads are attached (see Fig. 12, D).
The whole body now constitutes a spermatozoid, and the
protoplasmic threads are its cilie. The cell in which a
spermatozoid is formed is called its mother-cell. The
surrounding cells having completely broken down, the
spermatozoid mother-cells are let loose into the water,
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for the whole process of the germination of the micro-
spores can only go on in water. The microspores are,
however, so small that a very little water is sufficient,
such as we should find on the surface of the ground
~ after rain or heavy dew.

The spermatozoids next become freed from their
mother-cells, the walls of which dissolve. As soon as the
spermatozoids are at liberty, or even sooner, their cilia
begin to lash about in the water, and when free the
spermatozoid sets off in active locomotion, exactly like
some water-animalcule.

The movement is a double one: the spermatozoid
travels through the water with its narrow ciliated end
foremost, and at the same time it rotates about jits own
axis. Its motion, in fact, is just like that of a rifle
bullet through the air, or that of the screw of a steamer
through the water.

We must remember that the spermatozoids are of a
very minute size; the body is about zglyy of an inch
long, the cilia about twice that length.

The spermatozoids are the bodies which perform the
act of fertilisation. Each spermatozoid corresponds to
one of the generative cells in the pollen-tube of Flower-
ing Plants (see Part I. pp. 178, 185, and 269). We
know that the generative cell chiefly consists of a very
large nucleus, with only a little protoplasm. This is also
true of the spermatozoid, which is all nucleus, except the
small part at the pointed end and the cilia, which are
protoplasmic. The spermatozoid is an actively moving
cell, which swims off on its own account, and may eventu-
ally find its way to an ovum. It thus differs from the
generative cell of the higher plants, which, except in
some of the Gymnosperms (see p. 303), is conveyed pas-
sively to its destination by the growth of the pollen-tube.
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It may seem strange to us at first to find a cell
belonging to a plant swimming actively about, as if it
were an animal. When the first examples of such
moving vegetable cells were observed, more than fifty
years ago, the discoverer was so much astonished that
he thought he had caught the plant at the very moment
of its turning into an animal! Now, we know better.
Actively moving cells are produced by most eryptogamic
plants; sometimes they are male cells, as in Selaginella ;
sometimes they are sexless spores (see below, p. 151).
Movement, in fact, is not specially characteristic of
animals as distinguished from plants, for all protoplasm
is capable of spontaneous motion. We have seen this
already in the case of Elodea (Part I. p. 42), only there
the movements go on within a closed cell-wall. Wher-
ever movement is of advantage to the plant, we find that
its protoplasm can show itself just as active as that of
animal cells. In plants, however, owing to their different
mode of nutrition, the necessity for locomotion arises less
often.

We cannot follow the fate of the spermatozoids any
further, until we have seen how the megaspores germinate.
Before we go on to this, however, we will carry the com-
parison between a microspore and a pollen-grain, rather
further than we have done hitherto.

If we refer back to the account given in Part I. (p.
269) of the germination of the pollen-grain in the
Spruce Fir, we shall recall the fact that several cell-
divisions take place before the generative cells are formed.
In like manner we have found several cell-divisions in
the microspore of Selaginella before the spermatozoid
mother-cells are formed.

The little prothallus-cell, which is first cut off, prob-
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ably corresponds to the first two cells cut off in the
pollen-grain of Picea (see Part I. Fig. 111, cells marked
2 and 3, p. 269). In neither case do these cells take
any part in the further development. The succeeding
divisions are more numerous in Selaginella than in
our gymnospermous type. The whole resulting group,
including both enveloping and central cells, constitutes
an antheridium, the characteristic male organ of *the
Cryptogams. In the higher Cryptogams, this organ
always consists of an enveloping layer of cells enclosing
the central group from which the spermatozoids are
derived. In the Gymnosperms the antheridinm is only
represented by the “stalk-cell” and the two genera-
tive cells (see Part I. Fig. 111, 4 and 5, p. 269). The
whole 1s enclosed in the undifferentiated vegetative
cell, which forms the bulk of the pollen-grain. In
Selaginelle the vegetative cell ceases to exist; it is all
used up in forming the antheridium, while in Gymno-
sperms it persists in order to produce the pollen-tube.
We see, then, that microspores and pollen-grains,
which agree exactly in their mode of origin, agree also
up to a certain point in their mode of germination.
The differences between them are connected with the
different means by which fertilisation is effected.

¢. Germination of the Megaspores

Unlike the microspores, the megaspores of Selaginella
begin to germinate while still in the sporangium.
Each of the four megaspores is tetrahedral in shape,
like a microspore. It contains at first a single nucleus
and abundant protoplasm, in which 1s a large vacuole
containing oil. The nucleus lies near the angle, where
the megaspore joins its three sister-cells. We will
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call this angle the apexr of the megaspore. The first
gign of germination is the division of the nucleus into
two. The divisions are repeated many times, and soon
cell-walls begin to appear in the protoplasm, between
the daughter - nuclei.  The cell - formation is at first
limited to the apical part of the spore, but it gradually

Fio. 13. — Selaginella Martensii; germinating megaspore.
¢, cellular tissue of prothallus, only complete in upper part of
spore ; n, free nuclei; p, undivided protoplasm of spore ;
i, inner, ¢, outer, layer of cell-wall of spore. Magnified
335 diameters. (After Heinsen.)

spreads downwards and inwards. In Fig. 13 a
megaspore is shown which is already nearly half-filled
with tissue. As a rule, the cell-division extends so
far that the tissue fills the whole cavity of the spore.
In some cases this process is completed even before
the megaspores are set free from the sporangium, while
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in other cases the lower part of the tissue is developed
after the spores have fallen on to the ground.

The tissue which fills the megaspore is called the
prothallus. The prothallus gives rise to the archegonia,
or female organs. A cell at the apical end of the
prothallus grows larger than the rest, and divides into
two by a wall parallel to the outer surface. The upper
cell divides by two longitudinal walls, crossing each
other at right angles, into four, and each of these four
cells divides by a transverse wall
into two. Thus a neck is formed,
consisting of eight cells arranged
in two tiers (see Fig. 14, n, n).
(Of course only four of the cells
can be seen in longitudinal section.)

In the mean time the lower cell,
which has so far remained un-
divided, forms an outgrowth which
Fla 14 - Silipkls’ penetrates between the cells of

archcgnniu]u I‘Ell.'lljlf for the ﬂEEk. lThiE Gutgl'Dwth is l:',ut

fertilisation. 0, ovum; off a5 a distinet cell, called the
n, cells of neck; m,

mucilage in canal. Mag- neck canal-cell. Another smaller
:;;L‘t‘;dm “'ET&ETE’I??EES;E' cell, the ventral canal-cell, is cut
off below it; the remaining lower

portion of the original central cell is the ovum (cf. Fern-
archegonium, p. 68, Fig. 35). We see, then, that the devel-
opment is just like that in Picea, except that in Selaginella
we find two canal-cells instead of one  In Selaginella a real
canal is formed, for the canal-cells break down, and an open
passage, containing only mucilage, is left between the cells
of the neck leading down to the ovum within (see Fig. 14).
The first archegonium is sometimes formed before

the megaspore is shed, After the dehiscence of the
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megasporangium, which takes place as in the micro-
sporangium by a transverse slit, the megaspores are shed
onto the ground. The growth of the prothallus con-
tinues, the coats of the megaspore are ruptured at its

Fic. 15.—S8elaginella Martensii ; longitudinal section through
old prothallus showing two embryos. p; and p,, prothallus ;
a, unfertilised archegonium ; .k, root-hairs; s, suspensors
of embryos ; larger embryo shaded, no cells shown ; #, root ;
f, foot ; st, stem ; I, I, cotyledons; Ke, wall of megaspore,
Magnified 165 diameters. (After Pflelfer.)

apical end, and so the upper part of the prothallus
becomes exposed, and grows a little beyond the limits
of the megaspore (see Fig. 15).

Other archegonia are formed around the first one,



28 STRUCTURAL BOTANY

and a few root-hairs grow out from the prothallus,
The mode of development of the prothallus bears a
striking resemblance to that of the endosperm of the
Spruce Fir or other Gymnosperms, so that we are justified
in calling both by the one name of prothallus (see Part
I. p. 272). The archegonia are formed in the same
way in both. The prothallus of Picea is developed
within the embryo-sac, that of Selaginella within the
megaspore.

d. Fertilisation and Embryology

The archegonia are fertilised by spermatozoids;
this takes place under water. The spermatozoids, when
liberated from the ruptured antheridia, swim actively
through the film of water covering the damp earth, and
some of them are attracted to the archegonia of any
female prothallus which lies near enough. The probable
nature of the attraction will be considered when we
come to the Ferns (see p. 70). At this time the
mucilage formed from the disorganised ecanal-cells not
~only fills the canal of the archegonium, but spreads
a little beyond its opening (see Fig. 14, m). The
details of fertilisation are not so well known in
Selaginelle as in the Ferns, but there is no doubt that
the spermatozoid becomes eaught in the mucilaginous
drop and then passes down through the canal to the
ovum below. In other plants it has been proved that
the spermatozoid unites with the nucleus of the ovum.

The really important distinction, then, between the
fertilisation of a Cryptogam, such as Selaginella, and that
of an ordinary Flowering Plant, consists in the mode in
which the male cell is conveyed to the ovum. In the
Cryptogams, the journey is accomplished by the active
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locomotion of the male cell itself; the spermatozoid
moves by means of its cilia, and this can only take place
under water. In most Phanerogams the generative cell
is carried from the pollen-grain to the ovum by the
growth of the pollen-tube; the final result, the union
of the nuclei of the two cells, and, no doubt, of certain

Fic. 16.—Selaginelle ; advanced embryo in longitudinal section.
S, suspensor ; K, root; F, foot; C, cotyledons (cell-walls
omitted) ; L, lignles; Sf apex of stem; H, hypocotyl.
Magnified 165 diameters. (Alter Pleffer.)

portions of their protoplasm also, is the same in both Sub-
kingdoms. It is now ascertained that spermatozoids are
formed in certain Gymnosperms. (See p. 303.)

After fertilisation the ovum surrounds itself with a
cell-wall of its own, and soon divides by a transverse
septum into two cells. The upper cell, i.e. that lying
next to the neck of the archegonium, becomes the sus-
pensor, which may undergo a few further cell-divisions
(see Figs. 15 and 16, S). The lower cell develops into
the embryo itself. Owing to the growth of the suspensor
in length, the embryo is carried deep down into the
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tissue of the prothallus (see Fig. 15). The embryonic
cell undergoes segmentation, and very soon the first
organs of the embryo are marked out. The apex of the
stem lies at the end opposite the suspensor, but not
quite 1n the middle; the two cotyledons lie on either
side of it. One side of the hypocotyl grows out into a
temporary organ, the foof, which grows so rapidly as to
force the apex of the stem to one side (see Figs. 15 and
16). This organ serves to absorb food for the young
plant from the tissues of the prothallus. The first root
appears a little later, between the foot and the suspensor.
Fig. 15 gives a general idea of the position of these
organs, and their relation to the prothallus. In Fig. 16
a slightly more advanced embryo is shown in greater
detail. At this stage the young stele, consisting of pro-
cambial tissue, can already be traced from the apex of
the stem to that of the root. It will be noticed that
the cotyledons, like all the other leaves of the plant,
possess ligules.

The stem begins to branch while the embryo is still
enclosed in the prothallus. A young plant of Selaginella
Kraussiana after germination is shown in Fig. 2. It is
still attached by its foot to the megaspore, or rather to
the prothallus inside 1t.

In possessing a suspensor, Selaginelle resembles the
Gymnosperms and most other Flowering Plants. The
position of the organs of the embryo, however, is different.
Although the embryo 1s dicotyledonous, like that of
many Gymnosperms as well as of the Dicotyledons,
properly so called, the apex of the stem is displaced
towards one side, and the first root, though it arises near
the suspensor, is not in a line with it (cf. Part I. Figs.
114, F, and 115, pp. 279, 280). The peculiarities
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of the embryo are connected with the presence of the
absorbing organ called the foot, which in Selaginellex and
most of the higher Cryptogams performs a function
(that of absorbing food from the prothallus) which in
most Flowering Plants is discharged by the cotyledon or
cotyledons.

Comparison between Selaginella and the Gymmnosperms

At first sight the differences between even the highest
Flowerless Plants, such as Selaginella, and the Flowering
Plants, seem so great that we see little in common
between them. In the Cryptogams we find no obvious
flowers and no seeds, while fertilisation takes place in a
totally different way from that which prevails among
typical Phanerogams. If, however, we carefully com-
pare the development of Selaginells with that of a
gymnospermous Flowering Plant, we shall find it quite
possible to trace the corresponding stages in their
life-history ; and, having accomplished this for the lower
Flowering Plants and the higher Cryptogams, it will
not be impossible to extend the comparison further so
as to include the Angiosperms on the one hand, and the
simpler Cryptogams on the other. The relations between
Gymnosperms and Angiosperms have already been briefly
discussed in Part I. Chap. IV.

As regards the male organs, the comparison has
been drawn above (p. 18). We need only recapitulate
the results here. 'We found that the development and
structure of the microsporangium of Selaginelle agreed
very closely with that of a pollen-sac in the Flowering
Plants. The microspores produced in the former are
developed precisely in the same way, and have just the
game structure as the pollen-grains formed in the latter.
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When the microspore germinates it begins by cutting off
a little inactive cell (the prothallus-cell), and the pollen-
grain of a Gymnosperm does the same. The subsequent
divisions lead to the formation of the spermatozoids
in the Cryptogam, and of the generative cells in the
Gymnosperm. In both cases these are the bodies which
effect fertilisation. That the generative cells are homo-
logous with spermatozoids has long been recognised. Two
Japanese botanists have recently made the brilliant dis-
covery that in some of the Gymnosperms each generative
cell actually becomes converted info an active sperma-
tozoid resembling those of the Ferns (see p. 303). The
antheridium, ¢.e. the organ in which the male cells are
formed, is more complex in Selaginelle than in the Gymno-
sperms, for in the latter it has almost become reduced to
its most essential part, the generative cells themselves.
The pollen-tube of the Gymnosperm is not represented in
Selaginella, for in the latter the whole contents of the
microspore are used up to form the prothallus-cell and
antheridium. The comparison of the development gives
us then the following chief results .—

Selaginella. Gymnosperm.
. Spermatozoids Generative cells.
2. T'rothallus and antheridium Cell-group in pollen-grain.
3. Microspore Pollen-grain.
4. Microsporangium Pollen-sae.

i

[T T

The student, however, must clearly understand that it is
quite useless to learn up the names of the equivalent
organs, unless he thoroughly grasps the developmental
facts on which their comparison is based.

We will now compare the female organs in the two
Classes. It is best to start with the ovum, which 1s
beyond question the same thing in both. The ovum in
Selaginella is produced in an archegonium, which is
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almost exactly like that of a Gymnosperm, such as Picea,
and which develops in just the same way. The arche-
gonia of Selaginella are formed from superficial cells of
the prothallus, exactly as those of the Fir are formed
from superficial cells of the endosperm. The develop-
ment, moreover, of the prothallus itself 1s just like that
of the endosperm. In both cases free nuclear division
first takes place, then cell-formation begins, and the tissue
thus formed goes on growing until it has filled all the
available space. We can have no doubt, then, that
the female prothallus of Selaginelle corresponds to the
endosperm of the Fir, which we may, if we like, call
by the same name. The only difference is that, in
Selaginella, the prothallus grows a little way out from
the megaspore, becomes partly green, and forms a few
root-hairs. It is, in fact, a more independent structure
in the case of the Cryptogam, developing freely on
the ground, instead of within the closed tissues of the
ovule.

Now the cell in which the prothallus of Selaginella
develops 1s the megaspore, while that in which the
endosperm of Picea arises is the embryo-sac. We
therefore arrive at a new term in the comparison;
the megaspore is the equivalent of the embryo-sac.

There are some differences, however, to be dealt with
at this point: the megaspore is set free and completes
its development on the ground, while the embryo-sac
remains always enclosed in the ovule or seed. We must
remember, however, that the megaspore itself begins its
germination while still in the megasporangium, so this
difference is not so great after all. The thick, cuti-
cularised wall of the megaspore is obviously a necessity

for its protection when it becomes freely exposed. It
3
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is interesting, however, to know that in some Gymno-
sperms the membrane of the embryo-sac likewise be-
comes cuticularised. It has also been found that in
some plants of this class (Cycadew) the development
of the endosperm is only completed while the seeds are
lying on the ground, and in a few cases the endosperm
has been observed to burst through the embryo-sac and
seed-coats and to become green, just like the prothallus
of Selaginella.

A more serious difliculty is that there are four
megaspores in Selaginella, and only one embryo-sac in
the Fir, though there are Gymnosperms which have more
than one, as Guelum. In most Gymnosperms the
sister-cells of the embryo-sac become abortive at an
early stage of their development, as is the case also
with the sister-cells of the fertile megaspore in some
fossil relations of Selaginelle, and in the recent hetero-
sporous Water-Ferns,

The organ in which the megaspores are produced is
a megasporangium ; that in which the embryo -sac
develops is the ovule. DBoth organs arise in the same
way from a group of cells near the growing-point.
The similarity of their development has already been
pointed out (see p. 17). We infer, then, that the
megasporangium corresponds to the ovule, or more
strictly to the nucellus of the ovule, for the megaspor-
angium has no integument.

We have found, however, that the megasporangium
and microsporangium are just alike in the earlier stages
of their growth; the former, as we have seen, corresponds
to the nucellus of an ovule, the latter to a pollen-sac.
Hence we must draw the conclusion that a pollen-sac
and the nucellus of an ovule are equivalent structures— a



THE VASCULAR CRYPTOGAMS 35

result which could only have been arrived at by a com-
parison with Cryptogams. We may sum up our inferences
as to the relations of the female organs in the two types
thus:

Selaginella. Gymmnosperm.
1. Ovum = 1. Ovum.
2. Archegonium = 2. Archegonium.
3. Prothallus = 3. Endosperm.
4. Megaspore = 4. Embryo-sac.
5. Megasporanginm = 5. Nucellus of ovule.

If we try to carry this comparison further, and to find
the equivalent in the Cryptogam of the carpels and
stamens of the Flowering Plant, we meet with some
difficulty. In Selaginella neither kind of sporangium is
borne actually on a leaf, but in its axil. Similar cases,
however, are known among Flowering Plants. We may
regard the leaves, in the axils of which the sporangia
of Selaginella are situated, as representing stamens or
carpels, according as the adjoining sporangium is a
micro- or megasporangium. There is, however, no
differentiation between carpels and stamens in Selaginella
or in any Cryptogam. We may compare the whole spike
of Selaginella to a hermaphrodite ! flower with no perianth,
and with stamens and carpels resembling each other.
In some Gymnosperms also, as in certain members of the
family Cycadee,®> the stamens and carpels are just alike
in their vegetative parts.

! Flowers are called hermaphrodite when, asin those of the Wallflower and
the Lily, the stamens and carpels are both contained in the same flower.

* As the Cycade® have been referred to more than once, it may be worth
while to mention that they are a family of Gymnosperms, of great
geological antiquity, now represented by a few tropical genera, with a
palm-like habit. They all have pinnate leaves of great size. The
student will find a magnificent collection of living Cycadez in the Palm-
liouse at Kew.
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We see, then, that although Cryptogams and Phanero-
gams appear to differ so completely from one another,
we can yebt successfully compare them together and
determine the relations between their organs.

Organs which resemble each other in their development
and their place in the life-history, so that we regard them
as morphologically the same organ, are said to be
homologous one with another. Organs, on the other
hand, which are morphologically different, but are
adapted to the same physiological function, are said to
be analogous. To go back to our old illustration in the
introduetion to Part I. (p. 4), the tuber of a potato is
homologous with a branch of the stem but analojous with
a fleshy root such as that of a carrot. In our comparison
between Selaginelle and a Gymnosperm we have aimed
at establishing the homologies of the various organs;
such comparisons are essential in order to determine the
relationships of different groups of plants, for it is only
by tracing the homology or morphological equivalence of
organs that we can form any idea of the probable
modifications which may have taken place during the
course of descent.

The proof that the reproductive organs in Flowering
and in Flowerless Plants are homologous was due to a
German botanist named Hofmeister, and is one of the
createst discoveries ever made in morphology. We
have every reason to believe that the Flowering Plants
are descended from Cryptogams, which resembled
Selaginella in having two kinds of spores. Their actual
ancestors, however, which, no doubt, have been extinect
for millions of years, may very probably have been in
other respects quite different from Selaginella (see p. 303).

One point remains: we have not yet considered the
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homologies of the seed. One part of the seed, the testa,
is not represented in Selaginella, for the megasporangium
is without integuments. The megasporangium itself
corresponds to the nucellus of an ovule, as we have
already seen, but it never develops into anything of the
nature of a seed. This is because the megaspores are
set free from the megasporangium before fertilisation
takes place, and therefore long previous to the develop-
ment of an embryo. The megaspore, when it is filled
with prothallus and contains an embryo, bears a certain
resemblance to a seed, but there is no complete homology ;
for, as we have already seen, the development shows that
the megaspore is homologous with the embryo-sac only.

The seed, in fact, is a new development, peculiar
to Flowering Plants; it corresponds to a persistent
megasporangium containing a single megaspore, which
has produced a prothallus and, after fertilisation, an
embryo, while still 4n sitw; the shedding of the seed
would correspond to the detachment of the whole mega-
sporangium. Something of this kind takes place in the
heterosporous Water-Ferns, and 1n Selaginella an embryo
is occasionally developed before the megaspore is shed.

TYPE ¥
Tue MALE FErN (Aspidium Filiz-Mas, 1.)

The Ferns are a vast group, enormously outnumbering
all the other Vascular Cryptogams put together. The
order in the widest sense includes at least sixty genera
and three thousand species. In our own native Flora
seventeen genera and about forty species are represented.
The limits of both genera and species are, however, very
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indefinite among the majority of Ferns. The Ferns are
the only order of Vascular Cryptogams which has
successfully held its own down to the present day, while
the other groups are represented by comparatively few
surviving forms.

It need hardly be said that among this immense
family of plants every possible variety of habit is to be
found, while in structure the differences are scarcely less
great. In size, we find every gradation, from the Tree
Ferns of the tropics and New Zealand, which may reach
60 feet in height, down to minute Filmy Ferns hardly
larger than Mosses. The main outlines of the life-
history are, however, with few exceptions, fairly uniform
throughout.

The particular Fern which we have chosen as a type
serves well to illustrate the chief points in the develop-
ment and morphology, but we cannot expect any single
representative to give a fair conception of the Order as a
whole.

I. EXTERNAL CHARACTERS

A. VEGETATIVE ORGANS

The Male Fern, one of the commonest DBritish Ferns,
grows abundantly in woods and hedgerows. The short,
stout stem grows obliquely upwards, and rises but little
above the surface of the ground. It often reaches a
length of about eight inches and a diameter of about one
inch; but it appears much thicker than it really 1s,
because it is completely covered with the bases of the
old leaves.

The stem at first has the form of a cone with the
thin end downwards; for it grows thicker for a tume
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towards the top, till a constant diameter is attained
(Fig. 17). This is commonly the case in plants which
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Fis. 17.—General view of the Male Fern. a, apex, b, base of stem,
which is covered with the remains of old leaves, and bears
numerous adventitious roots ; ¢, ¢, young leaves, showing
circinate vernation. Greatly reduced,

have no secondary growth in thickness, and in which,
therefore, the increase in bulk must depend entirely on
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gradual strengthening of the growing-point. In this
respect, though in no other, Ferns resemble the Mono-
cotyledons (see Part I. p. 173).

The leaves, often called Fronds, are of very large size,
one to three feet
long, and much
subdivided  (see
Figs. 17 and 18).

This is the first
example of a com-
pound leaf we have
had. A compound
leaf is one in which
thelamina or blade
1s completely sub-
divided, so that
its several parts,
7t called leaflets, re-
f i semble  distinet
" leaves. The leaves
of the Maie Fern
are pinnate, that
18, the main stalk
Fic. 18.—A, leaf of Male Fern (much reduced). or rachis, bears

B, part of a fertile pinna seen from below; two rows of leaf-

%uellgégﬁ; 8, sorus, Magnified. (After lets, or pinne, n:.me
row on each side

(see Fig. 18). The pinn® are often subdivided them-
selves in the same way, and then the whole leaf is
said to be bi-pinnafe. In the specimen figured, the
pinne are deeply lobed, but not completely subdivided.
Each lobe, like that shown singly in Fig 18, B, may
be called a segment. The segment is traversed by
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a midrib, springing from the rachis, and giving rise
to lateral veins, which fork, and end near the edge of
the leaf. This type of venation is a common one In
Ferns (see Fig. 18, B).

The petiole and rachis, and sometimes also the larger
veins of the leaflets, are clothed with brown chaffy hairs,
the palece or ramenta, which are characteristic of the
order (see Fig. 18).

The leaves develop very slowly, arising in the bud
two years before they unfold. The growth of the leaf
goes on at the apex like that of the stem. Thus the
leaf-stalk is the first part to be formed, and 1s generally
the only part developed in the first year of growth. The
blade is formed later, and this also grows from the base
upwards. The blade of the young leaf is rolled up in
such a way that the rachis or midrib forms a spiral
like a watch-spring, the apex of the leaf being at the
centre of the spiral (see Fig. 17, ¢). Everyone who has
ever watched a Fern coming up in spring must have
noticed the form of the young leaves. The curvature
is due to the greater growth of the under-side of the
leaf, which 1is external in the bud. Each leaflet 1s
coiled up in a similar way. This mode of folding of
the young leaf is called circinate or crosier-like vernation,
vernation being a general word for the folding of a
leaf in the bud. When the leaf finally expands, the
inner side grows more rapidly than the outer, so that
the curves become straightened out. Circinate vernation
in characteristic of the Ferns generally.

The branching of the stem in this Fern is peculiar ;
no branches at all are formed at the growing point,
but buds arise on the petioles of some of the leaves,
gpringing from their outer sides a little above the
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base. These buds, though their first origin takes place
very early, only develop into branches at a much later
time, and often not until the upper part of the leaf
has died off. Few branches are formed in this particular
Fern.

Ferns vary very much as regards their branching ;
in some, as in the Bracken Fern, the stem forks at the
apex; in a few, as in some Filmy Ferns, the branching
is-axillary like that of flowering plants, while in others,
as in some of the Tree Ferns, the stem does not branch
at all.

The 7oots which we find on an ordinary full-grown
plant are all adventitious, for the original main roof
of the embryo dies away very early. The adventitious
roots, which arise at the bases of the leaves, usually
three below each leaf, are very slender and much
branched. An old stem is densely clothed with a
matted growth of adventitious roots (see Fig. 17).

B. REPRODUCTIVE ORGANS

The ordinary Fern plant, such as we have described,
is purely asexual. Like Selaginella, it bears, at this
stage, sporangia only, but, unlike that genus, its
sporangia and the spores which they contain are all
of one kind. The sporangia of the Male Fern and of
most other Ferns are borne on the lower surface of the
ordinary foliage leaves, so that here there is no difference
between vegetative leaves and sporophylls, In this
respect the Ferns are on a lower level, as regards the
physiological division of labour, than any plants which
we have yet considered.

If we examine one of the fertile leaves In swmmer,
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the clusters of sporangia, or sori, as they are called, are
very conspicuous on the under-surface. They are
usually absent from the basal part of the leaf. On the
larger segments, the sori are arranged in fwo short
rows, one on each side of the midrib (see Fig. 18, B),
while on the smaller segments there may be only
one or two sori altogether. Kach sorus is covered
by a kidney-shaped membranous envelope called the
indusium, and is seated just over one of the lateral veins.
The individual sporangia, which cannot be distinguished
without the aid of a lens, are very numerous in each
sorus, and every sporangium contains a large number
of spores, so that the reproduction of the plant 1s
extremely well provided for.

On germination, each spore gives rise to a prothallus,
which is a much larger structure here than in Selaginella,
and leads quite an independent existence (see Fig. 31,
p. 63). The prothallus is a flat, green, heart-shaped
body, sometimes as much as half an inch in diameter,
attached to the soil by the root - hairs which arise
from its under - surface. Prothalli may be found in
abundance covering the damp ground where Ferns are
growing. In Ferns the same prothallus usually
bears both kinds of sexual organs, the antheridia and
archegonia.  After fertilisation the ovum formed in one
of the archegonia becomes an embryo, which eventually
grows up to be a new Fern plant.

In Ferns, then, we have, in normal cases, a sharp
alternation of generations. The Fern plant is the asexual
generation, or sporophyte, producing the sporangia, and
ultimately the spores. The prothallus is the sexual
generation, or oiphyle! producing the antheridia and
archegonia, in which the sexual cells are developed.

' Also called gamelophyle, the word gamele meaning a sexual cell,
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II. INTERNAL STRUCTURE OF THE SPOROPHYTE

A. THE VEGETATIVE ORGANS

1. The Stem
a. The Vascular System

In all the plants with which we have had to do so far
(except some of the Selaginellas), the vascular system of the
stem evidently constitutes a single eylinder, or sfele. In the
Male Fern and most other Ferns this is only the case
while the stem is still quite young. As the growing-
point strengthens, a more complex structure is gradually
built up, and the stem soon
becomes polystelic, i.e. all the
later - formed part of the
stem contains a number of
distinet steles, or cylinders;
in fact the simple monostelic
structure is only found at
the very base or oldest
portion of the stem; this

o . part soon dies away alto-

Fi all stom of Made Fern. " a, gether, so the whole stem of

apex ; 7, I, bases of leaves; s, a Male Fern,as soon as it is

Effifsm’ g;l‘i‘?;}g“‘)' Aol B, s fairly established in the

ground, is polystelic. This is

the case with the majority of Ferns, but a few, such

as the Filmy Ferns, retain monostelic structure through-

out life. We will now confine our attention to the
mature stem of the Male Fern.

If we examine with the naked eye, or with the aid of
a lens, the transverse section of the stem, we at once
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see the cut ends of the steles, arranged in a ring and
embedded in ground tissue (see Fig. 21).
In order to understand the arrangement it is necessary

st

._ .|. . |

Fic. 20.—Bundle system of the
Male Fern dissected out. s,
principal steles of the stem ;
Z.g, leaf gap corresponding to
the insertion of a leaf ; ¢, steles
passing out into the leaf.
Slightly magnified.  (After
Reinke, )

Fic. 21.—Transverse section
of stem of Male Fern, show-
ing the bases of leaves. st,
principal steles of the stem.
(After De Bary.)

to make a dissection, carefully
removing the parenchyma and
leaving behind the vascular
skeleton only. Such a pre-
paration 1s shown in Fig. 20,
We now see that the steles
form a hollow network, with
large diamond-shaped meshes.
Each of these meshes corre-
sponds to the base of a leaf;
the steles bordering the mesh
give off branches, which enter

the petiole (sece Figs. 19 and 20). As the leaf-bases
of the Male Fern completely cover the surface of
the stem, and no internodes are developed, every
transverse section must necessarily be surrounded by
the bases of leaves, cut across at various levels, and
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showing the steles entering them obliquely from the
stem (see Fig. 21).

Every stele consists essentially of a eentral mass of
wood surrounded by a ring of phloém (see Fig. 22).
This arrangement is usual in Ferns, and vascular strands

Fic. 22.—Transverse section of small stele from the petiole of
the Male Fern. ¢, ¢, cortical cells ; e, endodermis ; st, starch
sheath, made up of inner endodermis and pericycle ; ph,
phloém ; x, #, xylem ; pz, protoxylem ; z.p, xylem-paren-
chyma. Magnified 200 diameters, (R.S.)

of this kind are often called concentric bundles. As,
however, in many cases each of them almost exactly
repeats the structure of the whole vascular cylinder of the
embryonic stem, it is more eonvenient to deseribe them as
steles or eylinders, but no sharp distinction can be drawn.
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The wood consists of tracheides and parenchyma; the
tracheides of Ferns are generally of the kind called
scalariform, or ladder-like, from the peculiar structure
of their walls, shown 1n Fig. 23. This structure
depends on the form of the pits,
which are slightly bordered and
much elongated in the transverse
direction, so that the thickened
ridges between them resemble the
rungs of a ladder. The tracheides
are of great length, with pointed
ends. True vessels, arising from
the fusion of distinet cells, are rare
in Ferns. :

In the stele figured (see Fig. Flfi'ri-ﬂﬁ_tul;illfé?;s ﬁiﬂ?ﬁ

9 : of wall in surface view.
B itus- 15= ouly fone grolip ! Magnified 187 diameters.

protoxylem (pz) lying on one side B, partof wallin section,
of the wood. In the larger steles :}‘E;;E‘ng?g‘{g:i’:; Dl
of the stem there are usually two  brame. Magnified 875
or three such groups. Spiral f;;r';}f‘fm' e
tracheides oceur at these points,

but usually become destroyed very early as the stem
grows in length. Surrounding the wood is a layer
of parenchyma confaining starch, and then we come to
the phloém-zone, consisting of sieve-tubes and paren-
chyma. The former have their sieve-plates on the
lateral as well as on the oblique terminal walls. They
are not unlike those which we observed in Pinus.

The phlotm again is surrounded by a belt of paren-
chyma very rich in starch, beyond which we come to the
endodermis. The endodermis is really two cells thick,
but its inner layer cannot be distinguished from the
pericycle except by the fact that its cells fit on exactly
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to those of the outer endodermal layer. This outer layer

alone has the usual structure of an endodermis (see p.
75, Part 1.) and becomes thick-walled.

B. Other Tissues of the Stem

The great mass of the ground-tissue, in which the
steles are embedded, consists of ordinary parenchyma
containing abundant starch, The outer cells have
thicker walls, and those nearest the epidermis are narrow
and fibrous. They serve to give mechanical stiffness to
the stem. The epidermis itself has a thick brown outer
wall, and otherwise presents no peculiarities. It bears
flat chaffy scales, or ramenta, which are very characteristic
of the plant, and indeed of almost all Ferns. They are
sometimes of large size, reaching half an inch in length,
and consist of a plate of tissue one cell thick, attached
to the epidermis at one end; they arise each from the
growth and division of a single epidermal cell.

2. The Leaf

As we have already seen, each leaf, at least in the
mature plant, receives several steles from the stem (see
Figs. 19, 20, and 21). The structure of the petiole is
simple enough. The steles (see Fig. 22), as seen in
transverse section, are arranged in a horseshoe, embedded
in ground-tissue, the outer layers of which consist of
very thick-walled cells. The basal part of the petiole
is densely clothed with chaffy ramenta, which are more
scattered higher up on the leaf.

A bundle enters each pinna of the leaf, branching
off from one of the two larger steles which are situ-
ated near the upper surface of the leaf-stalk. This
bundle gives off branches to the right and left, which
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enter the successive segments of the lamina, and by their
further ramifications supply its vascular system (see Fig.
18, B). As we trace the bundles into the finer veins of the
leaf, we find that the upper part of the phloém gradually
dies out, so that the ultimate branches of the bundle
system come to be collateral instead of concentric. This
is very generally the case in Ferns.

If we now endeavour to sum up what we have learnt of
the vascular system of the Male Fern, we see that 1ts most
striking peculiarity consists in the polystely of the stem,
where each strand of wood and bast resembles an entire
central cylinder rather than a single vascular bundle.
As we follow the leaf-traces outwards, however, we find
that the steles assume more and more the character of
simple vascular bundles, until in the lamina they have
the same collateral structure as in the leaves of flowering
plants. It is evident that no sharp line can be drawn
between stele and bundle.

Returning to the lamina of the leaf, we find that its
structure is distinctly bifacial. The mesophyll towards
the upper surface consists of closely-packed squarish cells,
forming a kind of palisade-parenchyma, though the
palisade form is not well marked. The lower portion of
the mesophyll, on the other hand, is made up of
irregularly branched cells, attached to each other by only
small parts of their surface, so that large intercellular
spaces are left between them. This tissue is thus a
typical spongy parenchyma. All the cells of the meso-
phyll contain abundant chlorophyll granules (see
"ig. 28, A4).

The epidermis of the lower surface alone bears the
- stomata, which are very numerous (see Fig. 24).

The stomata are characteristic: each pair of guard-
4
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cells is half-surrounded by a subsidiary cell, shaped like
a horseshoe. The subsidiary cell and guard-cells are
ultimately derived from a single mother-cell, which is
cut out from ome of the epidermal cells by a curv d
wall.

The cells of the epidermis on both surfaces of the
leaf have undulating cell-walls fitting closely together.

Fic. 24.—-Part of epidermis from the under-side of leaf of Male
Fern. Note the undulating cell-walls and numerous

chlorophyll - granules. m, nucleus of epidermal cell ; st,
stoma, agnified 105. (R. 8.)

The cells contain chlorophyll, as is generally the case

in the epidermis of Ferns, though less usual among
flowering plants.

3. The Root

The adventitious roots of the Male Fern arise, as we
have already seen, at the bases of the leaves, though
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they are in direct connection with the principal steles
of the stem.

The structure of the root in Ferns is, with one or
two exceptions, essentially similar to that of the root
in flowering plants. In the Male Fern and in many
other Ferns the vascular cylinder of the root is diarch
(see Fig. 25). The
first-formed elements
of the wood, protoxylem,
lie at the two ends of
the xylem-plate,exactly
as in the Wallflower
(see Part I. p. 73), and
the development of the
wood advances from
these two points in
centripetal direction to
the middle of the

cylinder.

The small first- F'ig. 25.—Transverse section of central

: part of root of a Fern, showing origin

formed tracheides are of rootlet. =y, diarch xylem; ph,
. - phloém ; pe, pericycle ; en, endodermis ;
EPH&“F thickened, the ¢’, cortical ::ella; a, apica’l cell of runt:
largEr elements, devel- let ; r.¢, root-cap; p, cortex of rootlet ;
. pl, stele of rootlet. Magnified about

GPEd later, are scalari- 150 diameters. (After Van Tieghem.)

form. On either side

of the xylem-plate, and therefore alternating with the
protoxylem-groups, are two strands of phloém. The
whole is surrounded by a single layer of pericycle, and
this again by the endodermis, which has the usual
cuticularised bands on its radial cell-walls, The cortex
consists of two zones—an inner thick-walled region
forming a firm sheath round the cylinder, and an outer
portion in which the cells have thinner walls. We often
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find that the cell-walls of the inner zone are mot
uniformly thickened; at the points opposite the two
ends of the xylem-plate, the cells remain comparatively
thin-walled so as to leave a free passage, through which
the water absorbed from the soil ecan reach the wood,
and thus pass upwards to the stem and leaves. At
the exterior of the whole root is the piliferous layer,
which bears numerous unicellular root-hairs. We see
that, except for minute details, such a root resembles a
young root of the Wallflower (see Part I. p. 73), but in
the case of the Ferns there is no secondary growth of
thickness. When we come to consider the develop-
ment, we shall find considerable differences from any of
the previous types.

4. The Growing-Points
a. The Stem

With rare exceptions, the development of both stem
and root in Ferns can be referred to a single apical
cell, from the divisions of which all tissues and organs
arise. This important cell can be easily distinguished
from its neighbours, which are derived from it, by its
larger size and characteristic form. In the Male Fern
and most other members of the class, the apical cell
of the stem has the form of an inverted three-sided
pyramid or tetrahedron, with its curved base directed
outwards (see Fig. 26, which is taken from a simpler
Fern-stem, but illustrates the essential features).

In longitudinal section, therefore, the cell appears
triangular ; its three sides are in contact with the
adjacent tissue, while the curved base is free and faces
upwards (assuming the stem to be erect). The apical
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cell divides in regular order by walls suceessively
parallel to each of its three sides. The cells thus cut
off are called segments (see
Fig. 26). By the growth and
repeated subdivision of the three
rows of segments all the tissues
of the stem are produced. The
stem figured is monostelic;
here the first tangential walls
formed in the segments mark
the limit between the central |
cylinder and the surrounding Fi¢. 26.—Apex of stem of a

- Fern (stolon of Nephrolepis)
cortex. In a Pﬂlj’ﬂtehﬂ stem, in longitudinal section. a,

such as that of the Male Fern,  @picalcell; s, s, segments ;
¢, cortex ; p, stele; , cell
the steles are not marked out  from which a root will arise.
. Magnified 80 diameters.
u.ntvll_ after more numerous {After Van Tieghem.)
divisions have taken place. It
is probable that each leaf owes its origin to the out-

growth of cells derived from a single segment.

B. The Reot

The root, like the stem, carries on its apical growth
by means of a single cell, which here also has the
form of an inverted three-sided pyramid. The essential
difference between the divisions in the apical eell of the
root and in that of the stem, is that, in the former, cell-
walls are not only formed parallel to the three sides, but
also parallel to the base of the pyramid, The segments
thus cut off from the outer end of the apical cell (see Fig.
27) go to form the root-cap; those cut off laterally build
up the tissues of the root itself, in much the same way
as in the case of a monostelic stem.

The mode of branching of the root in Ferns differs
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in one important respect from that in the higher
plants. In Ferns each rootlet arises, not from the
pericycle, but from the endodermis, and, in fact, its
origin can always be traced to a single endodermal cell,
lying opposite one of the groups of protoxylem. The
cells destined to give rise to rootlets can be distinguished
by their larger size. The cell in question divides up

Fie. 27.—Apex of root of a Fern in longitudinal section, showing

triangular apical cell. pl, stele; pe, pericycle; en, endodermis;

p, cortex ; r.¢. root-cap. The dark lines mark out the cell-

roups, each formed from a single segment. Magnified 120
Eiameters. (After Van Tieghem,)

by inclined walls, so as to form at once a pyramidal
apical cell, by means of which the further development
of the rootlet is carried on (see Fig. 25). The young
root, as it makes its way through the tissues of the
parent organ, is at first enveloped in a digestive sac,
derived from an inner layer of the cortex, and serving
to absorb the tissues which have to be penetrated.

In the Ferns, the pericycle has nothing to do with the
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development of the rootlet, beyond forming a pedicel
by which it is connected with the vascular tissues of the
main root.

The origin of the adventitious roots, which play so
important a part in the organisation of Ferns, follows the
same rule which holds good for the rootlets. Every ad-
ventitious root arises from an endodermal cell bordering
on one of the steles of the stem. In Fig. 26, for example,
the shaded cell marked » is destined to produce a root.
We see from this that the first differentiation of the
root-forming cells in the stem takes place very early.

v. The Leajf

The development of the leaf in Ferns, like that of the
stem and root, goes on at the apex, whereas in most flower-
ing plants the growth of the leaf chiefly takes place at
the base. It is only when still very young that a Fern
leaf grows by means of a single apical cell. This cell
soon divides up so as to form a row of marginal cells, all
of which take equal parts in the subsequent cell-formation.

B. REPRODUCTIVE ORGANS OF THE SPOROPHYTE

We have already seen that the sporangia of the Male
Fern are grouped in sori, and that the sori are seated on
the back of the leaf, over the lateral veins of a segment
or pinnule (see Fig. 18, B).

Beneath each sorus is a prominent mass of tissue,
which we may call the placenta (see Fig. 28, r). This
receives a short branch from the vascular bundle immedi-
ately below it. The placenta grows out at its summit
into the kidney-shaped indusium, which consists of a
membrane, one cell in thickness, attached to the placenta
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by a massive stalk (see Fig. 28, 7). The sporangia spring
from the sides of the placentn, and are all roofed in
by the indusium. KEaech sporangium consists of a long
slender stalk, made up of two or three rows of cells,
bearing the terminal spore-case or capsule (see Fig. 28,
B, C, E). A club-shaped hair, secreting resin, is usually
borne on the stalk. The capsule is not spherical but
much flattened, resembling the case of a watch in form ;
its wall when mature consists of a single layer of cells;
1ts 1nterior 1s occupied by the spores, forty-eight to sixty-
four in number, which are of a brown colour when ripe.

The sides of the capsule are formed of cells with thin
membranes, but around its edge runs a single row of
larger cells with peculiarly thickened walls of a rich
brown colour, forming a very conspicuous feature under
the microscope, when the sporangium is ripe. This
special row of cells is called the ring or amnulus (see
Fig. 28, B, (', ). The annulus starts from the stalk at
one side, passes over the crest of the capsule,and extends
about half-way down on the other side. Here it
suddenly comes to an end. The cells of the wall
immediately below the termination of the annulus are
broad and flat; this is the place where the capsule
ultimately opens (see Fig. 28, B and C, sf). In the
annulus both the inner and the radial cell-walls are
much thickened ; the free outer walls of the cells, however,
remain thin. The function of the annulus is to cause
the dehiscence of the sporangium when ripe.

Each sporangium arises from a single superficial cell of
the placenta ; in this respect it differs from the sporangia
hitherto considered, namely, the pollen-sacs and ovules
of Flowering IPlants, and the two kinds of sporangia in
Selaginelle.  The great majority of Ferns are distin-
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F16, 28.—A, transverse section of portion of lamina of Male Fern

ssing throngh a sorus; ¢, indusium. Magnified 80

iameters. B, single sporangium in side view ; @, annulus ;
st, cells which dehisce ; d, glandular hair. €, sporangium
dehiscing at st; @, annulus. B and C'm iﬁgg 100 dia-
meters. D), spore mother-cell divided (only three spores
visible). Magnified 350 diameters. E, nearly ripe sporan-
gium. F, young sporangium ; ¢, sporogenous cells; iw,
tapetum ; w, wall. (7, very young sporangium, showing first
divisions. Magnified 260 diameters. (After Luerssen.)

57
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guished by the unicellular origin of their sporangia.
A single cell, then, grows out from the surface of the
placenta and soon begins to divide. One or two basal
cells are often cut off, to begin with, by transverse walls,
but they are of no great importance. The terminal cell
next undergoes division by inclined walls (see Fig. 28, &),
three of which are formed in sucecession, inclined to each
other at an angle of 120°, as seen from above. In
side view, as shown from the figure, only two of these
walls can be seen, and they join each other at an acute
angle. The result of these three divisions is to carve
out a three-sided pyramidal cell with a free base, quite
like the apical cell which we have already described in
the stem and root. The next wall formed runs parallel
to the free base of this pyramidal cell, so now we have a
central cell surrounded on all four sides by the segments
which have been cut off from it. The segments undergo
a great many more divisions, and form the wall of the
capsule, which remains only one cell thick, as all the
cell-divisions are at right angles to its surface. The
lateral segments also cut off cells below, which go to build
up the stalk.

In the mean time the pyramidal central cell bhas itself
divided by walls parallel to its four sides, so that it is
now surrounded by an inner layer of cells separating it
from the wall of the capsule. These intermediate cells
undergo further divisions in various directions and form
the fapetum, the ultimate destiny of which is to afford
food material to the developing spores (see Fig. 28, F, 1w).

The central cell which remains is the essential part
of the whole structure, for this is the archesporium, from
which the spores themselves are produced (see Fig. 28,
F,c¢). We see, then, that in this case the archesporium
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begins as a single cell. It undergoes several cell-
divisions (see Fig. 28, F, ¢). The cells thus produced
round themselves off and become the mother-cells of the
spores. In many Ferns there are sixteen or more
mother-cells in each sporangium, but in the Male Fern
there are usually not quite so many.

The spore mother-cells are spherical ; as the sporangium
has grown more rapidly than they have, they do not fill
the whole interior, but float freely in a half-liquid mass
derived from the disorganised tapetal cells. Each
mother-cell now divides twice so as to form four cells,
each of which has at first the shape of a quadrant of a
sphere (see Fig. 28, D). These four daughter-cells are
the spores. As they ripen they become kidney-shaped,
the convex side corresponding to the free outer surface of
the mother-cell, while the concave edge of each spore
represents the line of junction with its sister-cells. The
spore membrane becomes much thickened, and consists
of two layers, the outer of which is strongly cuticularised,
and assumes a dark-brown colour. We have now seen
how the myriads of microscopic dust-like spores which
we find on the back of a Fern-frond are produced. It
remains for us to learn how they are scattered.

It is the annulus which causes the sporangium to
open ; dehiscence takes place when the wall of the ripe
sporangium has begun to dry up. The cells of the
annulus lose water, and consequently contract, the thin
outer walls of the cells becoming concave instead of
convex (see Fig. 28, (). The final result of this con-
traction 1s that the whole annulus violently straightens
itself, and in so doing necessarily tears the sporangium
open, the rupture taking place across the broad thin-
walled cells at the end of the annulus (see Fig. 28, C,
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st). The annulus not only straightens but bends back
on itself in the opposite direction. The contraction of
the ring and bursting of the sporangium takes place with
so much violence as to forcibly eject the spores, which
are scattered abroad and may be carried to a great
distance by the wind.

On the island of Krakatoa (Malay Archipelago), the
vegetation of which was completely destroyed by the
voleanic eruption of 1883, and which lies about eleven
miles from the nearest land, Ferns were among the very
first plants to reappear after the catastrophe.

It is a very general rule that the dehiscence of
sporangia is so contrived as to take place in dry
weather ; the advantage of this to the plant is obvious.
When the air is dry the spores form a powdery
dust, which is easily scattered by the wind, whereas
in wet weather they hang together in damp clusters,
and could never be properly disseminated.

We have now traced the history of the reproduective
process in the asexual generation. The most important
points in which the Male Fern differs from Selaginella
ave the totally different arrangement of the sporangia,
the origin of each sporangium from a single eell, and the
fact that sporangia and spores are all of one kind.

As regards the two latter points, however, all Ferns
do not agree with the Male Fern, for in some members
of the class the sporangia have a multicellular origin,
while others are heterosporous. It now remains for us
to follow the germination of the spores, to see how the
prothalli are produced from them, to learn how fertilisa-
tion is effected, and finally to study the origin of the
embryo, which develops once more into the asexual Fern-
plant, and thus completes the eycle of life.
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I11. THE OOPHYTE OR SEXUAL GENERATION

A. DEVELOPMENT AND STRUCTURE OF THE PROTHALLUS

Fern spores can be sown successfully on ordinary
garden earth, on peat, on sand, or even on pieces of tile.
The last-mentioned material has the advantage that
very clean cultures can thus be obtained. It is well
to heat the soil, or whatever else is used, up to at least
100° C. (the boiling-point of water) before sowing the
spores, so as to destroy the germs of other organisms,
which are sure to be present, and which might compete
too successfully with the young prothalli. It is important
not to sow the spores too thickly, or else when they
germinate the prothalli overcrowd each other. The
cultures must, of course, be kept moist. It is best to
cover them with a bell glass, and to water from below.

After about a week, the beginning of germination
may be observed; the spore starts growing and bursts
its brown outer membrane. By this time the spores,
which in their resting condition are without chlorophyll,
will have begun to turn green. Fern spores which
contain no chlorophyll when ripe keep their power of
germination for a long time. In a few kinds, such as the
Royal Fern, Osmunda, the spores are green, and will only
cgerminate if sown at once. The first thing which the
germinating spore does is to form a root-hair. An out-
growth containing little or no chlorophyll arises from
the spore, becomes cut off by a ecell-wall, and grows
down into the soil; the remaining larger part of the
spore grows out towards the light, and divides at first
transversely. A few more transverse walls are formed,
the end cell being always the one to divide, so that
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the prothallus soon takes the form of a short green
filament (see Fig. 29), each cell of which may produce
a root-hair. In most Ferns the root-hairs of the pro-
thallus  remain
unicellular; in a
few they become
multicellular.
Soon the
transverse divi-
sions of the
filyament cease,
U an oblique wall

Fic. 29.—Very young prothallus of an Aspidium. appears in the
sp, membrare of spore; .k, first root-hair; 3
a, apical cell. Magnified 210. (R. S.) terminal cell,

followed by
another at right angles to it, and thus a wedge-shaped
apical ecell i1s marked out. This goes on cutting off
segments to the right and left, the segments divide up
further, and soon the young prothallus becomes converted
into a flat cellular plate,
which for a time remains
only one cell thick (see
Fig. 30). As growth goes
on, the prothallus tends to
become heart-shaped, the

growing-point lying at the pyq, 50, —Apex of ]n:runﬁ prothallus
base of a depression between  of Aspidium, older than in Fig.
2 29,seen in surface view, a, apical
two lobes. This is due to  cell. Magnified 210. (R. S.)
the fact that the apical '
meristem does not grow so fast as the older tissue which
has been produced from it on either side.
The single apical cell does not long maintain its in-

dependence. It soon divides up into a row of equivalent
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initial cells, which all talke a like share in the subsequent
development. The prothallus, which for a short time
grows vertically, soon assumes a horizontal position, and
henceforth there is a marked difference between the
lower side, which is in contact with the soil, and the
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Fia. 31.—Full-grown prothallus seen [rom below, showing
archegonia towards the apex, antheridia and root-hairs
towards the base, Magnified about 25 diameters, (After

Luerssen.)

free upper surface. It is from the under-side that the
new root-hairs arise, and to this side also the sexual
organs are limited.

A normal full-grown prothallus seen from below is
shown in Fig. 31. The middle part, lying just behind
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the growing-point, forms a pad or cushion several cells
in thickness, while the lateral portions or wings remain
one cell thick.

The antheridia or male organs arise chiefly on the
older basal part of the prothallus and sometimes also on
the wings. The female
organs or archegonia are
limited to the cushion.
In ordinary cases the
prothallus is monce-
cious, bearing  both
kinds of sexual organs;
but this is not always
so. Male prothalli are
not uncommon, and are
generally of small size,
Sometimes a prothallus
at the earliest stage of
its development, while
still in the form of a
short filament, begins to
form - antheridia. A
filamentous prothallus,

bearing male organs

Fia, 32. — Young male prothallus of - . :
Male Fern. am, antheridia; sp, only, is shown in Fig.

spr_:l-matﬂzuidsi escaping ; .h, root- 32, but still smaller
Efflt?ar Kllr]{;:g::nﬁed about 70 diameters. ..o U!E..Gur.

Specimens with arche-
gonia only are rarer, and are of the ordinary form.
These variations are interesting, because they show how
the distinction of sex among the individual prothalli,
which has become fixed in Selaginelle and other hetero-
sporous forms, appears occasionally as a more or less




THE VASCULAR CRYPTOGAMS 65

casual phenomenon even in the homosporous Ferns.
Small and ill-nourished prothalli suffice for the pro-
duction of antheridia, which quickly fulfil their function
and make no great demands on the food supply. On
the other hand, archegonia are useless unless provision
be made for the nutrition of the embryo after fertilisation;
and so we find female organs on full-grown and well-
nourished prothalli only. In the heterosporous Crypto-
gams provision is made beforehand, in the spore, for the
more abundant nutrition of the female prothallus,

B, DEVELOPMENT AND STRUCTURE OF THE SEXUAL ORGANS
1. The Antheridia

Each antheridium arises from a single cell, the upper
part of which grows slightly beyond the general surface
of the prothallus, and is cut off by a transverse wall.
It then undergoes a few divisions, so that the anther-
idium comes to consist of a central cell, surrounded
by two ring-shaped cells, one above the other, and
covered in on the top by a cap-cell. Some of the stages
of development are shown in Fig. 33, A.

The central cell divides up repeatedly, and gives rise
to the spermatozoid mother-cells, the number of which in
each antheridium averages about twenty (see Fig. 33, B).
In each mother-cell one spermatozoid is formed. The
mature spermatozoid consists of a spirally coiled body
like a corkserew, but thicker at one end than the other.
Near the thin end a number of excessively fine cilia
(contractile protoplasmic threads) are attached (see
Fig. 33, C).

The development has been very exactly followed ; it is

known that the greater part of the body of the spermato-
b
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zoid is formed from the nucleus of the mother-cell; the
cilia, however, and the part of the body to which they are
attached, are derived from the protoplasm. In Fig. 33,
B the young spermatozoids are shown enclosed in their
mother-cells.

Fic. 33.—Antheridia of Male Fern. A, 1, 2, and 3. antheridiaat
three successive stages seated on prothallus ; ¢, central cell ;
w, wall. B, older antheridium ; sp, mass of spermatozoid
mother-cells ; w, wall. C, asingle spermatozoid. Magnified,
A and B about 300, C about 700 diameters. (After Kny.)

In the ripe antheridium every mother-cell contains
its spermatozoid curled up 1inside it; as soon as a
drop of water comes into contact with the antheridia,
they open, by the bursting of their cap-cells (see
Fig. 34).

The pressure which brings this about is due partly to
the swelling of the mother-cells themselves, and partly
to that of the ring-cells, which absorb water and press
upon the mass of mother-cells, squeezing them out from
the antheridium. The whole mass of mother-cells is now set
free, but each spermatozoid is still imprisoned within its
own mother-cell. The membranes of the latter, how-
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ever, are soon dissolved, and now the spermatozoids are
able to escape, and begin their active career. Each
spermatozoid drags with 1t,
attached to the hinder end, a
bladder - like -sac, which is
derived from the inner part
of the protoplasm of the mother-
cell (see Figs. 33 and 34). The
locomotion is very active; the
little spermatozoids go wrig-
gling through the water in all
directions, always keeping their
thin ciliated ends foremost;
they revolve on their axes,
and advance at the same time,
not in straight lines, but in
varying curved paths. Some- -
times the little bladders are Fie. 34.—Ripe antheridium,
left behind, sometimes they i‘;;l;ﬂé M“f;ﬂ}:ﬁ““;;‘;
hang on all the time, until  diameters. (Alter Luers-
an archegonium is reached. eone)

Before describing the ultimate fate of the spermatozoids,
we must now turn our attention to the archegonia.

2. The Archegonia

As we bhave already mentioned, the archegonia do
not arise so indiscriminately on different parts of the
prothallus as the antheridia do, but are limited to the
sides of the thickened cushion. An archegonium, like
an antheridium, arises from a single cell, which at first
projects only slightly above the level of the neighbouring
tissue. It divides by two transverse walls into three
cells; the lowest or basal cell undergoes a few divisions,
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but takes no important part in the further development;
the middle cell ultimately forms the ovum and the two
canal-cells ; while the uppermost of the three grows and
divides to form the neck (see Fig. 35). The neck is the
only part which projects beyond the surface of the cushion.

The neck-cell first divides, by two longitudinal walls

at right angles to each other, into four cells placed cross-
.72,

. a. .

Fi16. 35.—Development of archegonium of Male Fern, A, very

young ; a.n, neck of archegonium ; ¢, central cell ; 4, basal

cell. B, rather older; m.c, neck canal. C, nearly ripe;

n.¢, canal cells disorganised. A,B,C, in longitudinal section,

D, neck seen from above., Magnified about 250 diameters,
(After Kny.)

wise, as seen in surface view (see Fig. 35, D). Each of
these four cells then divides up repeatedly by approxi-
mately transverse walls, so that the neck is finally made
up of four rows of cells. While these divisions are going
on, the neck is increasing in length, and at the same
time the central cell grows up between the four rows of
neck-cells (see Fig. 35, A and B), which separate a little to
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make way for the outgrowth. The projecting part of the
central cell is presently cut off by a wall, and forms
the canal of the neck. This canal-cell may itself undergo
one or two further divisions, but they are usually in-
complete, no cell-walls being formed. A second canal-
cell is now cut off below the first ; the remaining part
of the central cell rounds off its protoplasm, and now
constitutes the ovum. The archegonium has by this time
reached 1ts complete development. The neck 1s not
straight, but is sharply curved backwards, 7.e. towards
the basal end of the prothallus (see Figs. 35 and 36).

We see that the archegonia are really quite similar to
those of Selaginella, and also have much in common with
the archegonia of Conifers.

(. FERTILISATION

In Ferns, as in Cryptogams generally, fertilisation can
only take place under water. In nature this happens
after rain or heavy dew, when the under-sides of the
prothalli are thoroughly wetted. When we are cultivat-
ing prothalli it is necessary to sprinkle them with water
from above, when the sexual organs are ripe, if we wish
to obtain embryos. We have already seen how the
antheridia open under water, and how the active
spermatozoids are set free. In like manner, the
archegonia, when moistened, open to receive them.,
This happens becanse the protoplasm of the canal-cells
swells up and becomes converted into mucilage, which
exercises a pressure on the neck, and causes it to open
abt the top, the four rows of cells being forced apart. The
mucilage now more than fills the canal, and forms a viscid
drop at the mouth of the archegonium (see Fig. 36).
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The spermatozoids swimming through the water are
attracted by the archegonia. This remarkable fact, which
long remained an absolute mystery, is now so far ex-
plained that we have good evidence as to the nature of the
substance which attracts them. When a spermatozoid,
as it makes its devi-
ous way through the
water, comes within a
short distance of the
neck of an open arche-
gonium, it turns aside
from its course, and
makes for the opening.
Here it finds the mu-
cilaginous drop, and
promptly plunges into-
it. Its movements do
not cease, though in the
denser fluid they go on
more slowly ; the sper-
matozoid wriggles 1its
way down the neck,
: through the mucilage
Fic. 36.— Archegonium ready for fer- which fills it, and so at

tilisation. o, ovum ; =, neck; m,
mucilage extruded from canal ; p, cells last reaches the ovum

of prothallus, Magnified 350. (After helow. Qllitﬂ a number
Strasburger. ) .
of spermatozoids may be
seen swarming around the opening of a ripe archegonium,
and several may penetrate down the canal, but probably
only one succeeds in uniting with the ovum.
Now it has been shown by experiment that the
gpermatozoids of Ferus are attracted by certain chemical
substances, and especially by malic acid. If artificial
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archegonia are prepared (consisting of tiny capillary
glass-tubes) and filled with a muecilage to which a small
quantity of this acid has been added, they are found,
when placed in water containing fern-spermatozoids, to
exercise the same attraction upon them which the real
archegonia exercise in nature. The malic acid gradually
diffuses out into the water, and the spermatozoids are
influenced by it, so that they move in the direction in
which the substance is more concentrated, 4.c. towards
the tube. Although it cannot be proved that the
archegonia themselves contain malic acid, as they are
too small for a recognisable quantity to be obtained
from them, yet this substance is known to be present
in the prothallus as a whole; so there can be little
doubt that the natural archegonia owe their attrac-
tive influence to the same chemical agent which has
proved efficacious in experiment.

We see, then, that these minute protoplasmic bodies,
the spermatozoids, are not only capable of active move-
ment, but also possess a certain power of perception, by
which their movements are guided. This is a remark-
able illustration of the great fact that the protoplasm
of plants and animals is essentially the same, and that
the living matter of a plant may show properties usually
regarded as belonging especially to animals, whenever
such properties are needed.

Now that we have learnt how fertilisation is brought
about, we will go on to consider its results

D. EMBRYOLOGY

The first change after fertilisation is the formation of
a cell-wall around the protoplasm of the fertilised ovum.
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It now at once begins to grow and divide, becoming the
embryo, or young plant, of the sporophyte generation.
The embryo of a Fern differs from that of the plants
hitherto deseribed, in having no suspensor; the whole of
the fertilised ovum goes to form the embryo. Through-
out the Fern-group there is considerable uniformity in
the manner of
development of
the embryo from
the ovum. The
first wall (called
the basal wall)
runs nearly par-
allel to the axis
of the arche-
gonium, and at
right angles to
the axis of the
whole prothallus
This divides the
young  embryo

; ) ~ into an epibasal

Hie N Sy of s s (i o men and . Al
S, foot by which embryo is attached to pro- hil]f; the former
'I;-if:fl'ifi; i;ﬂmtha]lus. Magnified 150. (After facey  the apex
and the latter the

base of the whole prothallus. Two more cell-walls then
appear, all three being at right angles to each other, so
that the embryo is now cut up into eight parts or octants:
From the epibasal half the apex of the stem and the
first leaf arise, while the hypobasal part produces the
apex of the root, and an organ called the Joot, which is

of a temporary character and serves to attach the young

. ‘ [ ': ‘
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plant to the prothallus and to take up food from it until
the embryonic stage is past (see Fig. 37, f).

Growth and accompanying cell-division go rapidly on ;
the parts which develop quickest are the root and first
leaf ; for a long time the stem remains very rudimen-
tary. The ventral part of the archegonium becomes
much enlarged, to make room for the developing embryo.
The root is the first part to break through, whereupon
it makes its way down into the soil. It is soon followed
by the first leaf, which turns upwards between the lobes
of the prothallus, and spreads out its blade to the light.
Meanwhile the foot is absorbing the food produced by
the prothallus, but this is soon exhausted, and then
the embryo becomes an independent plant, which con-
tinues its growth, producing fresh leaves and roots.
The leaves which are first formed are always of a
comparatively simple shape, and it is only gradually
that the successive leaves assume the form characteristic
of the species. At the same time the stem increases
in bulk, and its anatomical structure becomes more
complex, |

We have now traced the normal life-cycle through
its complete course, and have got back to the asexual
generation, or sporophyte, from which we started.

FE., COMPARISON BETWEEN THE LirE-HISTOrRY OF FERNS
AND THAT OF THE HIGHER PLANTS

In the Ferns, for the first time, the occurrence of a
distinet alternation of generations becomes manifest.
In these plants the prothallus, though small, is just as
distinet an individual, and leads just as independent a
life as does the asexual Fern-plant itself. In fact, we
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may even say that the prothallus is the more inde-
pendent of the two, for while the young Fern-plant is
for a time dependent for its nutrition on the prothallus,
the latter is never dependent in any way on the Fern-
plant. At any rate we have in normal Ferns two per-
fectly definite generations, as distinct as possible from
each other; one bearing exclusively the sexual, and the
other exclusively the asexual organs of reproduction,
and in the ordinary course of life these two generations
succeed each other in regular alternation. It was in fact
from the Ferns that the idea of alternation of generations
among plants first arose, though it had been recognised
in the animal kingdom long before.

Of course the same phenomenon really occurs in
Selaginelle and even in Flowering Plants, but in all these
it is much less conspicuous, because, as we ascend the
scale, the sexual generation becomes more and more
dependent on the asexual, so that at last the former is
reduced to a mere insignificant appendage of the latter,
and can scarcely be distinguished from it.

We have just seen that, even in such Ferns as our
type, when the prothalli happen to be dicecious, the male
specimens often remain rudimentary. In Selaginella,
where the difference of sex is fixed, this has gone much
further ; the male prothallus is reduced to one little cell,
and is so insignificant as to be scarcely recognisable.
The female prothallus, which has much more work to do,
is much less reduced, but remains aimost shut up in
the coats of the megaspore, and so does not obviously
suggest an independent individual. When we come to
the more ancient Flowering Plants—the Gymnosperms
—we find the male prothallus at an equally low level
with that of Selaginella, but mueh modified, in accord-
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ance with changes in the method of fertilisation. The
fact that the pollen-grains are set free and germinate,
clearly indicates that they mark the beginning of a new
generation, while the production of active spermatozoids in
some Gymnosperms links them directly with the Cryp-
togams. The female prothallus, though not less bulky than
that of Selaginella, remains for ever shut up in the megas-
pore, which itself never gets free from the sporangium ;
so on the female side all trace of an independent existence
of the prothallus has been lost, and, except for minute
developmental research, we should never have suspected
the presence of an odphyte at all.

In the Angiosperms matters are still worse for the
sexual generation. On the male side, indeed, there is
no great change, except that the homologue of the
antheridium is harder to recognise, but in the embryo-sac
the prothallus is scarcely to be traced, and its very
origin has been pushed out of its proper place, so that
most of it (the endosperm) has come to be an after-
product of fertilisation. In fact, the sexual generation
in Angiosperms has become so thoroughly incorporated
with the asexual, that it seems almost an affectation
here to talk of alternating generations at all, and
certainly the existence of such an alternation would
never have been discovered except by the comparison
with Cryptogams. The clue afforded by the life-history
of the Ferns has thus enabled botanists to follow
accurately the true course of development in the higher
plants, which otherwise we should never have under-
stood.

The regular alternation of sexual and asexual indi-
viduals is often modified in special cases among Ferns.
The modification may either result in a lengthening or a
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shortening of the ordinary life-cycle. The life-cycle is
lengthened when we get vegetative propagation of the
Fern-plant, so that the number of asexual generations
interposed between two sexual ones is increased. This
happens in those Ferns which form buds on their leaves;
the buds become detached and give rise to new plants, as
may easily be seen in Asplentum bulbiferum and viviparum,
so commonly grown in greenhouses. KEverybody must
have noticed the minute Fern-plants which are dotted
about on the fronds of these Ferns, and which in the
form of their little leaves are so different from full-grown
specimens.

Another way in which the life-cycle may be extended
1s by vegetative reproduction of the prothallus—just the
converse of the process already described. In this case
a number of additional serxual generations may be
introduced into the life-history. This is pretty common
among Filmy Ferns, and in some tropiecal species, in
which the prothallus produces little buds from which
new prothalli arise, so that the number of sexual
individuals may increase indefinitely without the inter-
vention of the sporophyte generation.

So much for the lengthening of the life-history. In
other cases, 1t 1s cut short, that 1s to say, the one genera-
tion passes over into the other, without the aid of the
regular sexual or asexual reproductive organs. There
are two possible cases of this kind; either the sexual
generation may give rise directly to the asexual (apogamy),
or conversely the asexual generation may give rise directly
to the sexual (apospory). We have no space to go into
the details of these exceptional modes of development,
but it is necessary to mention them, because it is very
important to learn at starting that the distinetion between
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the two generations is not absolute, but that the one may
sometimes pass directly into the other.

In apogamy, which has been sometimes observed in
our type, the Male Fern, and in many other species, the
vegetative tissue of the prothallus grows out into the
various organs (leaf, stem, and root) of the new Fern-
plant, the origin of which cannot be traced to any single
cell, or even necessarily to any definite initial group.
At the same time vascular bundles appear in the tissue
of the prothallus. Archegonia may be absent altogether,
or, if present, have nothing to do with the production of
the new plant, which arises altogether as a vegetative
outgrowth on the prothallus. Every stage of transition
between prothallus and plant may be found. 1In a Fern,
nearly related to our type, and in at least one other
species, sporangia are sometimes produced on the prothallus
itself, among the archegonia and antheridia. Recent in-
vestigations have shown that a fusion of nuelei—a kind
of false-fertilisation—takes place in the prothallus-cells
concerned in the apogamous development.

In the converse case, that of apospory, which has
been observed in several native Ferns, especially garden
varieties, either an abortive sporangium grows out into
a prothallus, without first forming spores; or else the
sporangia are altogether undeveloped, and the prothallus
arises simply as a vegetative growth from the tissues of
the leaf itself. In both these cases the sexual generation
18 formed from the asexual directly, without the inter-
vention of spores,

We thus see that we must regard the regular alterna-
tion of sexual and asexual reproduction as the normal
course of life-history in Ferns and their allies, but not
as a cast-iron scheme which can never be departed from.
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TYPE “¥I
Tue FieLp HoORSETAIL (Fquisetum arvense, 1.)

The Vascular Cryptogams at present existing in the
world belong to three great stocks or Classes. We have
already examined representatives of two of them—
namely, a Club Moss and a Fern. It remains for us
now to make the acquaintance of the third Class, that of
the Horsetails. The latter are not now a very important
group, for there is only one living genus, containing
about twenty species. But small as the family is in
these days, it is a very ancient one, and has now no
connection whatever with its neighbours among the
Ferns and Club Mosses. In early geological times,
especially in the far-off period when the coal-beds
were being formed, the Horsetail family were in the
height of their glory, and were represented by a number
of very diverse forms, many of which grew into trees.
Hence this good old stock, though now so reduced, is
quite as worthy of our study as its more prosperous
fellows.

Several species of Horsetail are natives of England,
and some are very common. In general habit they all
bear a strong family likeness to each other, all having
stiff, upright, jointed stems, with whorls of little-developed
leaves, those of each whorl being united to form a sheath
around the stem. If the stem is branched, its branches
are also in whorls, the whole plant having a very formal
and regular appearance (see Fig. 38). The fructification
is in the form of cones, each of which 1s borne at the end
of an upright stem, or of a branch. In some species
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Fra., 38, —Equisetum arvense. 1 and 2, general view of plant, showing
underground rhizome, bearing roots, with fertile and sterile aérial
stems, 1, Fertile stems; @, ripe cone. 2, much branched sterile
stem ; a (on rhizome), tubers. 3, single peltate scale from cone,
showing sporangia. 4, similar scale from below ; sporangia dehiscing,
5, young spore, with elaters not yet expanded. 6, mature spore in
damp condition ; elaters curled up. 7, the same in dry uuné{itiau:
elaters expanded. Figs. 1 and 2 reduced ; Figs. 3 and 4 magnified
slightly ; Figs. 5, 6, and 7 very highly magnified. (After Wossidlo,
from Strasburger.)
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(as in our type, shown in Fig. 38) there are special fertile
stems which only bear the cones, but do not branch,
and are not green. In others, the cones are borne on
the ordinary green vegetative stems. Underground the
plant has a much-branched rhizome, which penetrates
to a great depth in the soil, and makes these plants most
obstinate weeds. If such a species as E. arvense or F.
maximum has once established itself in garden ground,
it is almost impossible to get it out again, for its rhizome
goes too deep to be easily dug up, and is perpetually
civing rise to new shoots.

FEquisetum, as we shall find, resembles other Vascular
Cryptogams in having a sharply marked alternation of
generations. The plant, as we see it, is the asexual
sporophyte, and with this we will begin.

I. EXTERNAL CHARACTERS OF THE SPOROPHYTE

A. VEGETATIVE ORGANS

The general habit of the commonest British species,
E. arvense, is well shown in Fig. 38, but only some of
the upper branches of the rhizome are represented. We
must picture to ourselves the main part of the rhizome
deep down in the soil, perhaps three feet below the
surface, sending up branches which alone are visible in
the figure. The characteristic leaf-sheaths are obvious
on all the stems whether above or below the ground;
on the older parts of the rhizome, however, they often
wither away. KEach sheath consists of a whorl of
coherent leaves, the free parts of which are only repre:-
sented by the teeth at the top of the sheath.

The rhizome bears numerous slender adventitious
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roots, arising at the nodes, and in this species also
produces round tubers, each of which represents a short
branch consisting of a single swollen internode. These
tubers are capable of giving rise to new plants, and thus
form a means of vegetative propagation (see Fig. 38, 2, a).
The characters of the stem are best studied in detail
on the shoots which rise above the ground. The surface
is ribbed lengthwise, each rib lying in the same straight
line as one of the leaves of the node next above. Both
ribs and leaves alternate regularly in successive inter-
nodes. The stems above ground are in this species
(E. arvense) of two kinds. TFirst, we have the fertile
shoots, which show themselves in spring (March) and
have no other function than to bear the cones (Fig. 38,
1). These fertile shoots are unbranched, and are of a
pale colour, containing little or no chlorophyll. They die
down as soon as the spores are shed. The other shoots
are sterile, and their branches constitute the assimilating
apparatus of the plant, for the leaves are of little im-
portance in this respect (Fig. 38, 2.) They are of a deep
green colour, and are repeatedly branched, the branches
breaking out from the stem through the lower part of
the leat-sheaths. In each whorl the branches are equal
in number to the leaves, and alternate with them. The
ultimate ramifications are very slender, and only have from
three to five ribs, while the main stem may have as
many as twenty. The surface of the aérial shoots is
very hard and somewhat rough, especially at the ridges.
We see then that our plant has a very characteristic
habit, marked partly by the small development of
the leaves, and partly by the great regularity of the
whorled branches. Other species differ considerably from

this type; many have only one kind of stem, the cones
6
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being borne on ordinary vegetative shoots, while in
others the aiérial shoots branch little, or not at all. In
E. mazimuwm, the largest British species, the barren stems
sometimes attain a height of six feet, but some of the
tropical kinds, such as Z. giganfeum, a native of tropical
America, are much taller, even, it is said, reaching
forty feet.

B. REPRODUCTIVE ORGANS

The cone of an Eguisetum is unlike the fructification
of any other living plant, and cannot be mistaken when
once seen, though the male flowers of some Conifer,
such as the Yew, are found to bear a certain resemblance
to it when closely examined. The cone is terminal,
either on the main fertile shoot (as in ZE. arvense) or on
a branch (as in E. limosum). It consists of a fairly
stout axis, giving rise to densely crowded alternating
whorls of peltate scales (sporangiophores) on which the
sporangia are borne (see Fig. 38, 1, ). The scales of the
cone are usually called sporophylls, and their mode of
development agrees well with their leaf-nature, but some
of the fossil forms throw a certain amount of doubt on
this interpretation, so we prefer to call them simply
sporangium-bearers. In each whorl there are a consider-
able number of sporangiophores,—about twenty in many
cases. Hach sporangiophore has a short cylindrical stalk,
and expands at the end into a flat disc, to the under-side
of which the sporangia are attached,—five to ten on each
scale. The peltate heads of the sporangiophores are in
such close contact that they usually become hexagonal
from mutual pressure. The sporangia extend inwards
as far as the axis, so as to fill up all the room that is
left between the peltate scales. They contain very
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numerous spores, which are all of one kind. At the
bottom of the whole cone is a ring of abortive leaves,
called the annulus (see Fig. 38, 1, a); sometimes there
are two such rings. These rudimentary structures are
of some interest, because in many of the fossil forms
there are whorls of barren leaves or bracts between the
whorls of sporangiophores. It is possible that we find

the last remnants of these bracts in the annulus of living
Horsetails.

II. INTERNAL STRUCTURE AND DEVELOPMENT OF
THE SPOROPHYTE

1. VEGETATIVE ORGANS

a. The Stem

The general structure of the stem in the genus
Lquisetum is at once simple and characteristic. Among
all the Cryptogams now living, these plants approach
most nearly, as regards their anatomy, and especially
that of the stem, to the simpler Gymnosperms and
Dicotyledons, though in other respects they differ widely
from them. The stem of FEguisetum is invariably
traversed by a number of collateral leaf-trace bundles,
arranged in a single circle. The course of these bundles
18 excessively simple; a single one enters the stem from
each leaf, ... from each tooth of the coherent sheath.
It passes straicht down the whole length of the internode,
without joining on to any other bundle until it reaches
the node below. Here it forks into two, and the forks
attach themselves to the two adjoining bundles coming up
from below, just where they are beginning to bend out into
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the leaves ; consequently every internode contains just as
many bundles as there are leaves at the node above, and
as the leaves alternate with each other at successive
nodes, so also do the bundles in the corresponding inter-
nodes. As all the bundles enter the stem to the same
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Fic. 89. —Equisctwm arvense ; transverse section of a branch of
sterile stem. @, xylem ; ph, phloém ; ca, carinal cavity ; en,
endodermis ; se, sclerenchyma; a, assimilating tissue ; vl,
vallecular cavities (imperfectly formed); sf, stomata.
Magnified 45 diameters, (R. S.)

depth, and then turn vertically downwards, it follows
that, as seen in transverse section, they always form a
single ring. It will be seen that the bundle-system is
just of the kind typical for Conifers and Dicotyledons,
but it is one of the very simplest examples of this type.
The stem is always ridged on the surface, as mentioned
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above. Each of the ridges corresponds in position to one
of the vascular bundles (see Fig. 39).

The Equiseta are characterised by a great development
of intercellular spaces, which have a very definite
arrangement. There is usually a ring of large spaces in
the cortex, and these cortical cavities are alternate in
position with the bundles, and thus lie opposite the
depressions or furrows of the external surface. For
this reason they bear the name of wvallecular cavities.
Another ring of intercellular canals accompany the
bundles, one on the inner side of each; these lie
opposite the ridges of the stem, and are consequently
called the carinal cavities. We shall see presently how
they arise. These canals are interrupted at the nodes.
Lastly, the whole interior of the pith of the internodes
often becomes hollow, leaving only a persistent dia-
phragm at each node. This almost always happens
in the main aérial stems; but in the finer aérial
branches (see Fig. 39) and in the rhizome the pith often
remains solid, as is the case In ¥ arvense. The
intercellular spaces do not all fulfil the same function ;
the carinal cavities and the central cavity, if present,
usually contain water, while the vallecular cavities are
always full of air.

In E. arvense and some other species the central
cylinder 1s well defined, a common endodermis sur-
rounding the whole ring of vascular bundles on their
outer side. In other species, however, there is a
separate endodermis round each individual bundle, as in
E. limosum (see Fig. 40).

In others again there is an intermediate state of
things, for a common endodermis is present imside the
ring of bundles, as well as outside them (. variegatum).
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These differences, however, do not otherwise affect the
anatomy.  Although the same general structure is
maintained throughout the shoot, yet in the minute
ultimate branches the number of bundles becomes

much reduced, often down to three, and in these cases
the appearance of

T the transverse

: section ma be
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: very different from

Lt that of a main

S stem or larger

branch (see TFig.
40).

We will now
consider the tissues
rather more in
detail, and will
begin with the
vascular bundles.

Each bundle is

Fra. 40, — Eguisctwin  limosum ; transverse nﬂrmﬂll}r collateral,
section of an ultimate branch of the aérial . .
stem. o.b, the three vascular bundles, each %€ with X}'IEH‘L on
with its own endodermis; sf, the depressed 1tg inner and
stomata. The pith is hollow, but there are hloi : :
no vallecular cavities. Almost the whole PRIOEm on 1ts outer
cortex is assimilating palisade-tissue. Mag- gjde. The ecarinal
nilied 100 diameters. (R. 5.)

cavity marks the
position of the profoxylem or first formed tracheides
of the bundle (see Fig. 39). Here a few tracheides
have become thickened (in an annular or spiral
manner) at a very early stage of growth; consequently
they cannot follow the expansion of the surround-
ing tissues, and a rupture takes place, forming the
cavity. Projecting from the walls of this cavity we see
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the rings or spirals of the disorganised trachee (see
Fig. 39). The later-formed part of the xylem, con-
sisting of a few scalariform tracheides (not vessels), is
usually separated from the protoxylem by a little
parenchyma, and forms two groups to the right and
left of the bundle, The whole wood therefore, if
continuous and not disturbed by the carinal cavity,
would form, as seen in fransverse section, a V with the
point inwards and the limbs outwards. The phloém
lies between the limbs of the V (see Fig. 39, ph). It
consists of sieve-tubes (with sieve-plates on their oblique
transverse walls) and parenchyma. Beyond this, on the
outer side, we come to the pericycle and then to the
endodermis (with well-marked cuticularised bands on 1ts
radial walls) which marks the beginning of the cortex
(Fig. 39). The xylem is often very little developed,
especially in the rhizomes and the stems of aquatic
species. The pith, or what remains of it, when the
stem is fistular, consists of ordinary parenchyma, and
presents no features of interest.

The cortex, however, at least in the aérial stems and
branches, is highly differentiated, as indeed we might
expect, considering that it has here to perform the
assimilating function usually assigned to the leaves.
The inner cortical layers consist of large - celled
parenchyma traversed by the air-containing vallecular
spaces. The outer cortex is made up of two kinds of
lissue, namely, sclerenchyma, fulfilling the mechani¢al
function of strengthening the stem, and chlorophyll-
tissue, to which the functions of assimilation and
transpiration belong (see Fig. 39). Now both these
tissues need to be as near the surface as possible,
in order to do their work to the best advantage. The
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mechanical tissue offers the greater resistance to bend-
ing strain, the further it is removed from the centre-
line, or “mneutral axis,” as it is called in mechanics, of
the column, here represented by the stem. For this
reagon we know that iron columns are always made
hollow, for the same amount of material can be used to
better advantage if brought as near the exterior as
possible, than 1f distributed all over the transverse
section. This mechanical principle is constantly illus-
trated in the construction of plants. Again, the
assimilating tissue obviously requires to be as near the
surface as possible, so as to be fully exposed to light,
without which its work ecannot go on.

Now we will see how in the stem or in a branch of
Lquisetum a compromise 18 made between these two
competing interests. Each prominent ridge of the stem
1s occupled by a strand of sclerenchyma, and there are
an equal number of additional strands placed at the
bottom of the furrows (see Fig. 39, s¢). The assimilat-
ing tissue occurs in curved bands, each of which lies
behind one of the sclerenchymatous ridges, and reaches
the surface on either side of if, between the mechanical
tissue of the ridge and that of the furrow (see Fig. 39, a).
The epidermis has stomata at those places only where the
chlorophyll-tissue reaches the surface, so they are placed
where they are most needed for transpiration and the
passage of gases. We notice also that the bands of
chlorophyll - tissue lie directly opposite the vascular
bundles, so that they are well situated both for receiving
the water and mineral substances from the latter, and
also for transferring to them in return the products of
assimilation. In the very minute ultimate branches,
such as that of which a transverse section is shown in
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Fig. 40, things are simplified. Here there is little need
for mechanical strength, as the weight of the branch is
trifling, and so we find the whole cortex utilised for
assimilation ; the vallecular spaces also are absent.
Functionally these little twigs do duty as leaves.

The epidermis is chiefly remarkable for its strongly
silicified outer cell-walls, which make the surface
extremely hard. If all the organic matter be complete'y
burnt away, a perfect skeleton of silex, still showing every
marking on the cell-walls, is left behind. The stomata are
peculiar, because the guard-cells are completely covered in
on the top by the subsidiary cells, so that a double pair
of guard-cells, one above the other, seems to be present.

The deseription of the structure of the stem, which
we have just given, refers more especially to the sterile
shoots growing above ground. Both the underground
rhizomes and the fertile shoots are somewhat modified in
structure. In the former the epidermis is destitute of
stomata, and the cortex of chlorophyll-tissue, while
mechanical tissues are little needed and little developed ;
thus the whole differentiation of the outer tissuesis much
reduced.

In Z. arvense the pith of the rhizome is solid, and this
is often the case in the smaller airial branches also, as
shown in our Fig. 39. The tubers consist simply of
parenchyma crowded with starch, and traversed by a
few reduced vascular bundles; each tuber corresponds to
a single internode.

The fertile stem being a transitory organ, with no
other function than to bear the cone, has a simplified
structure, and is destitute at once of stomata, chlorophyll,
and sclerenchyma. Throughout all parts of the shoot,
however, the vascular system maintains the same struc-
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ture, and this tissue-system is the most constant and
characteristic feature in the anatomy.

bh. The Leaves

The leaves of FKguisetum are of little importance as
organs for gaseous interchange, and probably serve
chiefly as a protection to the lateral buds which arise
beneath them. MHowever, they no doubt take a certain
part in assimilation and transpiration, as is shown by
their structure. These functions are of course limited
to the leaves of airial shoots, and in the case of species
like E. arvense, to those of the sterile stems.

The vascular bundles of the leaf-sheaths are of siraple
collateral structure, and do not have ecarinal canals.
Each bundle is surrounded by its own endodermis,
whether this is the case in the stem or not. As in the
stem, the bundles correspond in position to the ridges
of the sheath; outside each bundle lies a strand of
sclerenchyma. A narrow band of chlorophyll-containing
tissue lies between the sclerenchyma and the vascular
bundle, and approaches the surface on either side of the
ridge. The stomata are placed where the assimilating
cells reach the epidermis, so that there are two longi-
tudinal series of stomata corresponding to each wvascular
bundle. The rest of the leaf-sheath consists of ordinary
parenchyma, which thins out between the ridges. The
teeth, which alone represent the free part of the leaves,
are still further simplified; a vascular bundle enters each
tooth, but gradually dies out.

¢. The Roots.

The roots of Eguisetum are always very slender, and
must not be confused with the underground parts of
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the stem, which are much larger (see Fig. 38). All
the roots seen on a mature plant are adventitious;
the main root of the embryo only lasts a short time; its
structure 1s like that of the adventitious roots, and our
Fig. 41, which was drawn from the main root, will serve
to represent either. The young parts of the root bear
numerous root-hairs. They have a wide cortex, enclosing
a small and
simple central
cylinder, the
structure of which
is usually either
triarch ortetrarch.
The arrange-
mentof the xylem-
and phloém-
groups 1s that
usual in roots;
the centre 1is

occupied by a Fia. 41.— Egquisctum ; transverso section of
l Baid main root. wm, triarch xylem ; ph, phloém
arge tracheide, (three groups); en, double endodermis; ez,

The chief Peﬂuliar_. thick - walled exodermis; ¢p, epidermis.
: Magnified about 100 diameters, (After
ity of the root  Buchtien.)

is its  double

endodermis ; the inner layer taking the place of a peri-
cycle, which is quite absent. That this layer 1s really
part of the endodermis is proved by the development,
and by the fact that its cells fit on acecurately to those
of the outer sheath, which alone has the usual endo-
dermal structure (see Fig. 41, en). This double
endodermis is a character quite peculiar to the roots
of Fgwisetum. The origin and mode of growth of the

root will be considered in the next section. Aparg
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from the peculiarity in the endodermis, the structure
quite agrees with that of a simple root in the higher
plants.

d. Growing-Points and Branching

The growing-points of FEgquisetum afford perhaps the
very best examples of growth by means of a single apical
cell, by the divisions of which all the tissues arise. The
apex of the stem is acutely conical (see Fig. 42), and the
top of the cone is occupied by the large apical cell, which
has the form, so common in apical cells, of an inverted
three-sided pyramid, of which the curved base is free,
while the three sides are adjacent to the surrounding meris-
tematic tissue. Divisions take place in the apical cell
by walls formed in succession parallel to each of its three
sides ; each segment cut off is then divided into two by
a wall parallel to the first.

The cells thus formed are again divided by approxi-
mately radial walls, and then for the first time division
takes place in a plane parallel to the external surface of
the growing-point. 'We now have an outer and an inner
set of cells. The former, by their further growth and
subdivision, give rise to the whole of the vascular tissue,
cortex and epidermis, the inner cells only form the pith,
which in the main stem soon becomes hollow. There is
here no trace of the distinet layers giving rise to epi-
dermis, cortex, and stele, such as are sometimes to be
recognised in Flowering Plants. The ring of vascular
bundles is only marked out at a long distance below the
growing-point. About the fifth internode from the apex
we find a small-celled zone of tissue, derived from the
inner part of the outer layer. This zomne gives rise to
the vascular bundles, and to the medullary rays between
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them. The epidermis is also differentiated late, for
there is no distinet dermatogen near the apex.

The whorls of leaves are at first crowded closely
together ; the internodes between them only begin to
lengthen some way down the stem. Each whorl arises
from the outgrowth of a ring of tissue which extends all

il

Fic 42.—Equisetum arvense ; longitudinal median section of the
apex of the stem. @, apical cell ; s, segment cut off from it ;
iy 14, 15, youngest leaves, in order of age. I, outline of

older leaves. Magnified 180 diameters. (R. S.)

round the stem. The circular ridge thus produced, which
1s at first of equal height all the way round (see Fig.
42, I, and ), is the young sheath, and soon grows
out at certain places to form the leaf-teeth. We see
then that the sheath is formed first, and the free part of
the leaves later.

The development of the branches in ZEguiselum is
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peculiar. They are apparently of endogenous origin, and
for a long time were thought really to arise below the
surface, though this is not the case. The branches are
arranged in whorls in the axil of each sheath, but alter-
nating with the leaf-teeth. The buds arise near the
growing-point, each from a single superficial cell, lying

Fic. 43.—Equisetuin arvense ; part of a radial section of stem,
just below the apex, to show exogenous origin of branch.
a, apical cell of branch ; [, cortex of stem ; &, base of leaf
below branch ; e, crevice between them, about to close up.
Magnuified 360 diameters. (R. S.)

immediately above the junction between leaf-sheath and
stem (see Fig. 43).

This cell divides up so as to carve out a pyramidal
apical cell like that of the main stem, and the growth of
the branch now goes on in the usual way. But while it
still consists of a very few cells only, the leaf-sheath
grows out above it, and joins on to the tissue of the
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stem on the upper side of the bud, so as completely to
shut it in. Our figure shows the bud just before it ix
quite enclosed, while there is still a crevice left above
it, between the stem and the leaf-sheath. When this
passage is once shuf, it never opens again ; the bud goes
on developing within a closed chamber. It lives to
some extent at the expense of the surrounding tissue,
and eventually breaks through the base of the leaf-sheath,
and at last reaches the light of day. Seen from outside,
these branches appear to arise below the node, which of
course is not the case really. Endogenous buds are very
rare, and we see that those of Eguwisefum are not among
them, but only become enclosed after they have started
in the usual way, as superficial outgrowths.

Another peculiarity in Zyguisetum is the arrangement of
the adventitious roots, which do not grow on the main
stems, but are always in connection with lateral buds.
As a rule, one root (occasionally more) is formed at the
base of each branch, arising on its lower side, just below
its first leaf-sheath. On the aérial branches these roots
generally remain undeveloped, while the branch goes on
growing. On the rhizome the reverse is the case, for, as
a rule, the buds themselves are abortive, while the roots
which they bear grow vigorously. The root grows at the
apex by means of a single apical cell of the same pyra-
midal shape as that of the stem, from which it differs,
however, in forming walls parallel to the free base, in
addition to those parallel to the sides. The cells thus cut
off at the end increase and multiply very rapidly, and
form the root-cap. All the rest of the root is formed from
the segments cut off from the three sides of the apical
cell. The mode of growth is much the same as in the
Fern-root, shown in Fig. 27 (p. 54).
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The roots of Kquisetum branch freely; the origin of
the branches, as in other roots, is deep-seated or endo-
genous. In this case it is from the inner layer of the
double endodermis that the rootlets are formed, each of
them arising from a single cell which lies just on one
side of a protoxylem-group. This cell divides up so as
to form an apical cell of the usual pyramidal form. The
rootlet has to make its way through the whole thickness
of the cortex, and in doing so is helped by the presence
of a digestive sac (see Part I. p. 171), formed from
the outer endodermal layer, which thus constitutes a
temporary covering to the young root.

2. REPrRODUCTIVE ORGANS OF THE SPOROPHYTE

We have already learnt the main points in the
structure of a cone of Kguisetum so far as they can be
seen with the naked eye or a pocket lens (see p. 82).
It remains for us to make ourselves acquainted with the
more minute characters. The anatomy of the axis of
the cone is in all essentials just the same as that of a
vegetative stem, and the development takes place in the
same manner, though the growth of the cone is limited.
The whorls of sporangiophores are in origin somewhat
similar to the whorls of vegetative leaves, but in the
fertile cone scarcely any sheath is developed, so the
sporangiophores are separate outgrowths almost from the
first. The upper part of the sporangiophore soon begins
to grow in diameter more rapidly than its base, which
thus becomes constricted, so that the mature peltate form
18 already indicated. At about the same time the spor-
angia begin to show themselves as slight outgrowths pro-
jecting from the under-side of the expanded portion. Each
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sporangium, of which there are many, arises from the
growth of a little group of cells. The essential part,
however, can all be traced to a single superficial cell,
which by its repeated divisions gives rise both to the
archesporium and to that part of the wall lying over it.

Fic. 44.—FEquisetum wmazximum ; part of transverse section of
young cone, showing one complete peltate scale, and parts
of two others (P). sp, sporangia ; the shaded part is the
archesporium ; ».4, vascular bundles ; the scattered shaded
cells are tannin sacs. Magnified 50 diameters. (W. C. W.)

At the stage shown in Fig. 44 the archesporium has
already grown and divided up, so as to form a good-
sized mass of spore-producing tissue. The wall is several
cells in thickness. The layer of cells which immediately
gsurrounds the spore-producing tissue on all sides, and
may be called the tapetum, is soon used up for nutritive

7
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purposes, and the intermediate layers also disappear, so
that the wall of the ripe sporangium 1s only one cell
thick. In the mean time the sporogenous tissue goes on
increasing, but all its cells do not become mother-cells ;
a good many break down and give up their contents, which
serve, together with the tapetum, to feed the survivors.

The remaining mother-cells, of which there are a
large number in the sporangium, then divide each into
four, the nucleus dividing twice before the partition-
walls are formed. Finally, the four daughter-cells are
arranged in a tetrahedron. This rule of the division of
the spore mother-cells into four is wonderfully constant,
and holds good throughout the whole of the Mosses and
Vascular Cryptogams, as well as in the anthers of
Flowering Plants.

The young spores of Equisctum, when first formed,
have a thin wall of cellulose only, but as they ripen the
structure becomes very complicated and characteristic.
The actual membrane of the spore consists of three layers,
but outside all these we find a structure quite peculiar
to Equisetum, namely, the elafers. They are formed
from the fourth or outermost layer of the membrane—
the epispore, as it 1s called ; this layer splits along spiral
lines into two long bands (with flattened ends), which,
until the spore is mature, remain closely wrapped round
it (see Fig. 38,5). When the spores are quite ripe, and
getting dry, however, the two elaters stretch themselves
out, remaining attached only in the middle of their
length, and at one point (Fig. 38, 7). If it is damp
they coil themselves up again (Fig. 38, 6). These
extraordinary hygroscopic movements may be repeated
an indefinite number of times, as we can see by mounting
some spores on a dry slide under the microscope, and
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then breathing on them. The moist air makes the elaters
coil up, and as they dry they stretch out again, setting
the spores in motion by their contraction and expansion.

The use of this curious arrangement has been a good
deal discussed. Probably the chief function of the
elaters is to help in the dehiscence of the sporangium.
As this loses moisture the spores inside begin to stretch
out their elaters; this causes the whole mass of spores
to take up more room, and so to press on the wall of
the sporangium, which they thus tend to burst. Another
use of the elaters may be that they cause the spores
to keep entangled together, so that they are obliged to
germinate in company. This may be of importance, as
the prothalli are usually dicecious.

The outermost layer of the sporangial wall, which alone
persists till maturity, consists of spirally thickened cells.
Dehiscence takes place by a longitudinal slit (Fig. 38, 4).

The development of the cones, at least in some species
of Hgquisetum, 18 remarkably slow. Thus the cone from
which the section shown in Fig. 44 was made, would not
have matured for two years. In this species (Z.
mazimum, the largest in the British Flora) the cones of
three successive years are present on the plant at the
same ftime. In March, when the spores are shed, we
have not only the ripe cones rising into the air on the
fertile stems, but underground, still enclosed in buds, we
find the cones of the next year, and the year after that
too. In some species, however, as in Z. limosum, the
development 1s a great deal quicker.

The spores of Eguisetum contain not only a nucleus,
but chlorophyll-granules. As is usually the case with
green spores, they must be sown within a few days after
ripening, or they will not come up at all.
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111. DEVELOPMENT AND STRUCTURE OF THE
SEXUAL GENERATION (OOPHYTE)

1. THE PROTHALLUS

On the whole, the sexual generation of the Horsetails
is much like that of the Ferns, though there are many
differences in detail, and the mode of growth and ultimate
form of the prothallus are less regular in Equisetum than
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Fic. 45.— Eguisctum maximum ; large female prothallus, seen
from below. 1, , lobes; a, @, archegonia ; 7.k, root-hairs.
Magnified about 30 diameters. (Aflter Buchtien.)

in such Ferns as Aspidium. The spore begins by dividing
into two unequal cells, and usually the smaller of these
grows out into the first root-hair, while the larger gives
rise to the green part of the prothallus. The latter
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usually divides up so as to form at once a flat plate of
tissue; a distinet apical cell is not always to be found.
The development is very variable, but generally the
prothal'us puts out filamentous branches, and forms a
kind of eushion with a midrib in the middle, while the
sides remain one cell thick. The male prothalli often
have no definite growing-point. They remain, on the
whole, decidedly smaller than the females, and begin to
form antheridia very early. Sometimes antheridia are
formed at the ends of branches, while in other cases they
arise from the thickened cushion. Fig. 45 represents a
very large and complicated female prothallus; the male
individuals are much smaller and less branched. The
large female prothalli possess a distinef growing-point,
which produces a series of lobes on the lower side of

the prothallus. Between these lobes the archegonia are
placed.

2. THE SEXUAL ORGANS

a. The Antheridia

The antheridium of an ZLguiselum is a very simple
structure (see Fig. 46). It arises from a single cell,
which divides into two by a wall parallel to the free
external surface. The outer of these two cells simply
forms the cover; the inner, after very numerous divisions,
gives rise to all the spermatozoid mother-cells. The
cover-cell divides up two or three times, by walls at
right angles to the surface, usnally forming a triangular
cell in the middle of the cover, through which dehiscence
takes place.

In each of the very numerous cells in the interior of
the antheridium a single spermatozoid is produced. Its
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spirally coiled body is derived almost entirely from the
nucleus of the mother-cell, while the cilia themselves,
and just that part
of the body to which
they are attached, are
formed from the pro-
toplasm. The spermato-
zoids are almost exactly
like those of Ferns, and
go spinning through the

antheridium. w, wall; sp, tissue

from which spermatozoida will be In fact there are some
formed. Magnified about 200 dia- Ferns in which the

meters. (After Buchtien.) o
antheridia as well as
the spermatozoids agree in every respect with those of
the Horsetails.

b. The Archegonia

The first archegonia arise on the cushion-like part of
the prothallus; as fresh lobes go on forming, additional
archegonia are developed at the base of each lobe (Fig.
45, @). The archegonia at first point downwards as in
the Ferns, but subsequently get turned upwards by the
growth of the lobes. The development of the individual
archegonium 1s almost exactly like that in some Ferns.
Usually no basal-cell is formed; the mother-cell of the
archegonium divides at once into central cell and neck.
The central cell cuts off two canal-cells at the top, and
in the mean time the neck goes on growing. Here also
there are four rows of neck-cells, each row consisting of
three or four cells. The four cells at the top are very
long, and bend far back, leaving a wide opening between
them when the organ is ripe (see Iig. 47).
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It is remarkable that while the Horsetail plant bears
no resemblance whatever to a Fern plant, the prothallus
and sexual organs are so much alike in both. It is true
that they differ a good deal from those of the Male Fern,
but other Ferns come very near the Horsetails as regards
their sexual generation.

The conditions of life of the sexual prothallus are, as a
rule, simple and uniform compared with those to which the
asexual plant is exposed, a..
so that the former has &
less need for varied strue-
tural adaptations. Conse-
quently we often find that
at this stage there is much
1n common betweenfamilies
which, so far as their sporo-
phytes are concerned, have
lost all traces of relation-

ship.

Fie. 47. — Eguisctum  maximum ;

The most striking point
about the prothallus of the
Horsetaills 1s 1its being

fertilised archegonium. a.n, neck
ofarchegonium ; em, youngembryo,
showing first divisions. Magni-
fied abont 150 diameters. (After
Buchtien.)

usually (though not without
exception) dicecious. We found that in the Ferns very
small prothalli often form male organs only, while the
better-grown individuals produce archegonia as well.
In Horsetails this difference has gone further and
become more constant. Even in Horsetails, however, it
is not fixed, but depends a great deal upon nutrition.
Prothalli grown on a bad soil (eg. damp sand) will only
produce male organs, while those which are better treated
and provided with plenty of food (say in the shape of a
food-solution such as that described in Part I p. 202)
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will generally become females. This is interesting, for
here we see the beginning of sexual differentiation of the
prothallus, which has become quite a fixed thing in other
families of Cryptogams. It is now a well-established
fact that some of the relations of the Horsetails, which
lived in the very ancient coal period, were heterosporous.
Evidently our living Equiseta come from some of the less
specialised members of the stock.

3. Tue EMBRYO

Fertilisation, so far as is known, takes place in the
Horsetails in the same way as in the Ferns, but the
details have not been studied. In fact the whole subject
of the sexual reproduction of Eguisetum is a difficult one,
for the prothalli are by no means easy to cultivate, and
only a few observers have succeeded In tracing the
whole history. The prothalli will often grow healthily
enough up to the time when the first antheridia are
formed, but then they generally begin to “damp off.”
However, the development has been followed throughout
by a few botanists, so that we know how the embryo
arises from the fertilised ovum. The latter first divides
into two by a horizontal wall. The first division in the
upper half (that towards the neck of the archegonium) is
by a somewhat inclined wall, which separates the first
leaf from the unicellular rudiment of the young stem.
The latter at once cuts off two segments, which give
rise to the second and third leaves. These three leaves
form the first whorl of the young Horsetail. Though
coherent at the base, they are more distinct from each
other than the leaves of later-formed whorls. After
these first divisions the apical cell of the stem has
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already assumed the pyramidal form which it keeps
all through life. ’

In the mean time similar divisions bave taken
place in the lower half of the young embryo. Here
an inclined wall separates the cell destined to give
rise to the main root from one which merely forms the
foot, a comparatively unimport-
ant structure in Egquisetum.
The root-cell, which lies ex-
actly opposite that from which
the stem is derived, divides up
so as to form the usual pyra-
midal apical cell, from whieh,
by a wall parallel to the free
surface, the root-cap is marked
off. Thus the young embryo
of Kquisetum 1s started, and even
at this early stage shows some-
thing of the characters of the .
mature plant, such as the Fwe. 48. — Fyuisstum maai-

g : Le e mum ; embryo in median
whorled leaves and Pyla‘mld&l longitudinal section. a.c,

apical cells. Fig. 47 shows a  apical cell of stem; /,, leal
: of first whorl; I, leafl of
very young embryo enclosed in second whorl ; 7, Toot,
the venter of the archegonium,  Magnified about 200 dia.
S meters. (After Buchtien,)
when only a few divisions have
taken place. In Fig. 48 we see the section of an embryo
at a much more advanced stage, when two whorls of
leaves are already formed.

Up to about this age the embryo remains within the
cavily of the enlarged archegonium. So far, the root
has not developed much, but now it grows rapidly and
breaks through the tissue of the prothallus below it.
[t is followed by the stem, which Dbursts the neck
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of the archegonium. The young plant is now becoming
independent, though for a time it remains connected, by
means of the foot, with the prothallus. The main axis
formed directly from the embryo has only a limited
growth. It remains very slender, and stops growing
after it has formed from ten to fifteen whorls of three
leaves each. It is interesting to note that in the
smallest species of Equisetum, E. scirpoides, three-leaved
whorls are formed throughout life. At the base of the
main stem a stouter lateral branch arises, and this again
produces another still more vigorous shoot, and so on.
Thus the mature form of the species is gradually built up
by the production of successive branches, each more
highly developed than the last. After a time one of
the lateral shoots turns downwards and penetrates the
ground, thus forming the first rhizome of the young
plant. The main root is fairly well developed, thcugh
only a temporary organ, and shows the same structure
as the subsequent adventitious roots.

SUMMARY

We have now traced a Horsetaill through the com-
plete cycle of its life.  So far as the general course of
development is concerned, we have found an essential
agreement with that in the Ferns—mnamely, a sharply
marked alternation of generations, spores of one kind,
and a well-developed prothallus. Although the latter is
usually dicecious, the distinction between male and
female prothallus is not a fixed one, but is dependent
to a great extent on external circumstances, especially
nutrition. The prothallus is not unlike that of some
Ferns, but the plant—the asexual generation—is as
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different as possible both from Ferns and Lycopods,
and this applies both to vegetative structure and
spore-bearing organs. Evidently the Horsetails form a
perfectly distinet family by themselves. As mentioned
above, this family was once, in remote geological ages, an
extensive and varied one. Many of its members not
only grew into trees, but had the same mode of secondary
growth by means of cambium, which is now almost
entirely limited to Dicotyledons and Gymnosperms.
Their fructifications showed a great variety, some few
resembling those of Eguisetum, while most of them were
more complicated, and several produced spores of two
kinds. In fact we can form a much better idea of the
Family Equisetinez from the study of its extinct members,
than from that of the small remnant which has survived
to our own times.

We have now come to the end of our types of
Vascular Cryptogams, and may very briefly sum up the
characters of this great and ancient Sub-kingdom of
plants. They are quite easily characterised as plants
with a clear alternation of sexual and asexual generations,
each of which leads a more or less independent life, the
asexual stage always being much the more highly de-
veloped of the two. The fertilisation by means of
spermatozoids, which sometimes occurs even among the
Gymnosperms, is here a constant character. The hetero-
sporous Vascular Cryptogams come nearest to the Flower-
ing Plants, as was fully explained in our chapter on
Selaginella, which is the only heterosporous type which
we have had space to describe. Heterospory, however,
18 by no means limited to the Lycopod series; it occurs
also among Ferns (in the widest sense), and, as we have
already pointed out, among the fossil Equisetinee, We
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cannot say for certain at present which of the hetero-
sporous groups really comes nearest to the I’hanerogams ;
probably none of those now living bear much resem-
blance to the real transitional forms (probably belonging
to the Fern-series), which existed at an enormously remote
period, represented by some of the oldest fossiliferous
strata. Selaginella serves as well as any other type,
to enable us to form an idea how Cryptogamic and
Phanerogamic modes of reproduction are related.

In fimshing our account of the Vascular Cryptogams,
we have also come to the last of our series of vascular
plants. So far, the same general system of anatomical
structure has prevailed all through ; henceforth we shall
leave it behind altogether, and find ourselves among
plants with a much simpler, or at least a totally different,
internal organisation.



CHAPTER 11
THE BRYOPHYTA

Tne step which we are about to take, in passing on
to our next type, carries us across one of the widest gaps
in the Vegetable Kingdom. So far, the plant, in the
ordinary sense of the word, has in all cases been
represented by the sporophyte generation. We have
always found that the stage of the life-cycle, lying
between fertilisation and spore-production, is that in
which the chief vegetative development is attained.
The other stage, namely, that which succeeds spore-
production and precedes fertilisation, has up to this
point appeared as a comparatively insignificant organism,
hardly recognisable as a distinet generation in the
Phanerogams or Sclaginella, though maintaining a more
independent position in the Ferns and Horsetails.
Henceforth we shall find the relative proportions of
the two generations reversed, the chief vegetative
growth taking place in the sexual stage, corresponding
to the prothallus of the higher plants, while the sporophyte
develops as a fruit rather than as a plant, and serves
for little more than the mere production of spores.

The sub-kingdom, then, with which we have now to
deal, 1s characterised by the occurrence of a sharply

defined alternation of generations, in which the sexual
109
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generation is the more important as regards vegetative
development, the sporophyte being always dependent
upon the odphyte for a great part of its nutrition, and
never becoming free. This Sub-kingdom is8 that of the
Bryophyta, or mosslike plants. It includes two greab
Classes, the true Mosses and the Liverworts. The
Mosses, the general appearance of which i1s familiar to
everyone, have a vegetative growth much like that of
the higher plants, with well-formed stems and leaves,
but all these organs belong to the sexual generation,
and so are not directly comparable with the leaves
and stems of the higher plants, which belong to the
asexual stage. The Liverworts, perhaps less generally
known to those who are not botanists, sometimes have
distinet leaves and stems not unlike those of the true
Mosses, but many of them have a much simpler
organisation, the plant showing no distinction of leaf
and stem, but consisting of an undifferentiated body
performing the functions of both these organs, and called
a thallus. We will take one of these simpler Liverworts
for our first type of the Bryophyta, because its odphyte
generation is much like the prothallus of a Fern, a fact
which helps us at once to grasp the true homologies
between plants otherwise so different.

A4, THE LIVERWORTS

TYPE VII|. PrLLiA EPIPHYLLA

1. Tug THALLUS

Pellia epiphylla is one of the commonest Liverworts,
growing in very various habitats, sometimes by the sides
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of brooks or wells, or in damp woods and hedgerows,
sometimes actually living under water; in other cases,
however, it grows on comparatively dry sandy ground.
The plant in its vegetative condition is a green, flat, lobed
thallus, repeatedly branched, the lobes often overlapping
each other (see Fig. 49).

The plants grow socially, and may collectively cover
a considerable patech of
ground. If we cut off a
part of the thallus and
examine it, we find that it
forks repeatedly, all the
branches lying nearly in
the same plane.  The
thallus has an upper and
under surface, the former
darker green than the
latter ; it is traversed by

Fic. 49.—General view of a plant of
Pellia epiphylla. oo, the lobed

a midrib, from which it
thins off on either side
towards the margins (Fig.

thallus, constituting the odphyte
generation ; sp, the fruit, con-
stituting the sporophyte genera-
tion. The fruits to the left have
opened ; those to the right are
younger and still closed. Half

50). On the under-side
numerous root-hairs arise,
which spring from the midrib and fix the plant to the
ground ; for Pellia, like other Bryophyta, possesses no
true roots.

The whole character of the plant varies greatly according
to the conditions under which it grows; so much so that
its different forms would never be supposed to belong to
the same species, if the transitional states had not been
observed. Under water (where, by the bye, Pellia never
fruits) the thallus is long, narrow, and strap-shaped,
branched at rather distant intervals, with a very distinct

natural size. (After Cooke.)
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midrib, and very thin margins. On damp ground,
where Pellia attains its greatest luxuriance, the thallus
is much broader than in the aquatic form, but still
elongated, with the branches spread out nearly flat,
and the midrib very strongly marked. On dry sandy
soil the plant assumes a very different form; the
thallus remains short and stunted, with densely crowded
branches overlapping each other. The whole plant is
much thicker and tougher, and consequently the midrib
becomes indistinet. In spring,
when the plants begin their
new growth, they send out a
great number of small crowded
branches, giving a parsley-like
appearance to the growing edge
of the thallus.

The anatomical structure of
the thallus is excessively
v simple. It consists entirely of
Fie. 50.—Tart of the thallus pﬂ,renchyma,, the cells of which

of Pellia, seen from above, . . i

an, the numerous antheridia ; 9T€ elongated in the midrib,
E'l?éhtﬁrhim ;.I:{Eﬁ B&:““t{i{],ms‘ff‘ and polyhedral in the rest of the
thallus.  Chlorophyll-granules

occur chiefly in the more superficial cells. They are most
abundant in the cells on the upper surface and in all
cells of the thinner marginal portions. The whole tissue
is rich 1n starch-grains. The epidermis scarcely differs
from the rest of the tissue, but has a thin cuticle, at
least on the under surface of the thallus. In the interior
of the middle part of the thallus there are sometimes groups
of cells with much thicker walls than their neighbours.
The walls, however, are of cellulose, and there is no
further differentiation. The root-hairs, or rhizeids, are
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unicellular; the cell-walls of the older hairs have a
brownish colour, but give cellulose reactions.

The growing-point of each branch lies at the base of a
depression between the lobes, just as in the prothallus
of a Fern. The growth here goes on by means of a
single large apical cell, which cuts off segments both at
its sides and base. The former build up, by their
subsequent growth and divisions, the lateral parts of the
thallus, while the basal segments are chiefly concerned
in forming the midrib. The tissue derived laterally from
the apical cell grows more rapidly than the apex itself,
which consequently always lies in a recess of the
margin.

The branching of the thallus, which as we have seen
may take place very freely, is dichotomous, the original
growing-point giving rise to two. The way this happens
1s that a new apical cell is formed from one of the
lateral segments, and then both the apical cells go on
growing on their own account. The growing-point is
surrounded by short glandular hairs, which secrete
mucilage and so help to prevent the delicate tissues of
this part from drying up.

We see then that the thallus of ZPellia is both in
external form and internal structure a very simple
organism, bearing no resemblance to any of the plants
hitherto considered, so far as their asexual generation is
concerned. There is, on the other hand, a very marked
agreement with the prothallus of a Fern in form, struc-
ture, and general mode of growth. In fact, as we shall
find, Pellic and a Fern stand on nearly the same level as
regards their sexual generations, though the sporophytes
of the two are absolutely different.

8
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2. THE SEXUAL ORGANS

a. The Antheridia

Pellia is usually moncecious, the thallus producing
antheridia at first, and then beginning to form the
archegonia. = Although our plant bears a general
resemblance to the prothallus of a Fern, we must not
expect to find an exact agreement. In the position of
the reproductive organs there is an important difference ;
in the Fern-prothallus they are usually limited to the
lower surface, while in Pellie and the Liverworts gener-
ally it is always the upper side which bears them. The
antheridia are easily seen with the naked eye, dotted
over the upper surface on either side of the midrib (see
Fig. 50).

The antheridia when mature are globular bodies,
reaching 0'3 mm. in diameter, attached to the thallus
below by a very short multicellular stalk. Each anther-
idium 1s enclosed singly in a flask-like sheath, leaving
only a very narrow opening at the top (see Fig. 52),
This sheath is formed by the gradual growing up of
the thallus-tissue around the young antheridium. The
development takes place in the following way :—

The antheridium arises from a single superficial cell
situated on the upper side of the thallus, immediately
behind the growing-point.  This cell rises above the
general level of the thallus, and divides by a transverse
wall; the lower cell thus formed, after undergoing a
few further divisions, forms the short stalk. The upper
cell divides by a longitudinal wall into two cells, and
these rapidly subdivide in such a manner as to form a
single superficial layer enclosing a few central cells (see
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Fig. 51). The former constitute the wall of the anther-
idium, which remains one cell in thickness; the central
cells undergo a
great number of
divisions, giving
rise to a small-
celled tissue,which,
when mature, is
entirely composed

of the mother-cells

t th Fig. 51. — Transverse section through the
of the spermato- midrib of the thallus of Pellia, showing a
zoids (Fig. 52)_ young antheridinm. an, antheridium ; o,

: opening of the sheath surrounding the
During the cell-  ptheridium. Magnified 80, (R. S.)

division rapid

growth of the whole organ goes on, and in the mean
time a wall of cells grows up around the antheridium,
keeping pace with
its development,and
ultimately closing
16 1n, except for a
narrow opening at
the top (Figs. 51
and 52).

This is the usual
course of anther-
idial development
in the Liverworts;
the sheath, how-
ever, is not con-
stantly present.

Fi16. 52.—Part of a similar section showing a There is also a

nearly ripe antheridium. sf, stalk of s &
antheridium ; o, opening of sheath. Mag- fﬂlrl:’? close agLee

nified 80. (R. S.) ment with the

o, arn.
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antheridia of Ferns, though there are some differences
in the details of development as well as in size.

Each of the numerous cells of the central mass of
tissue produces a single spermatozoid, just as in Vascular
Cryptogams; the development is also just the same,
for the body of the spermatozoid
arises almost entirely from the
nucleus, while the cilia, which are
here two in number, are derived
from the protoplasm. The presence
of two cilia only is constant through-
out the Liverworts and Mosses.
Among Vascular Cryptogams we
find this number in the spermatozoids
of the Club Moss Class, as repre-
sented by Selaginella, while in the

: Ferns and Horsetails the cilia are
HI g "ogle SO much more numerous. In Pellia
showing the spirally the body of the spermatozoid 1s

Eﬁ;ﬁﬂmgﬂgﬁﬁudﬂgg spirally coiled, with the cilia attached

nified 1225. (After just behind the thin end, which

Guignand ) keeps in front while the spermato-
zoid is swimming (Fig. 53). Here also a little bladder,
formed from the remains of the protoplasm and nucleus,
hangs on to the spermatozoid when it is first set free.

b. The Archegonia

The female organs, which here, as in the Vascular
Cryptogams, bear the name of archegonia, arise in large
numbers just behind the growing-points of the older
thalli on the upper side. The thallus always thickens
where they are formed. The thickened part comes to a
sudden end towards the margin of the prothallus, and
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the archegonia thus come to be seated on a steep
slope, facing towards the growing-point. In the mean
time the thallus goes on growing below the thickened
part, forming a thin membrane, while simultaneously a
membranous outgrowth arises above, behind the arche-
gonia, and completely overlaps the whole group, which
thus appears to be enclosed in a kind of pocket on the
upper surface of the thallus. This pocket is called the
involucre. ~The development of the involucre varies
much according to the position in which the plant
grows ; in dry habitats it reaches a great length, while
in wet places it remains short.

We will now follow the development of the arche-
gonium itself. Like the antheridium, 1t arises from a
single superficial cell. This grows out and cuts off a
basal cell by a transverse wall. From the upper cell
the archegonium itself is developed. @ Three vertical
walls are first formed, separating a central cell from
three peripheral cells. A transverse wall cuts off a
cap-cell from the top of the central cell. Then the
peripheral cells, or some of them, divide vertically, so
that we have a ring of about five cells surrounding the
central one. Next, all the cells divide across by a
transverse wall, cutting the whole archegonium into two
halves, the lower being the venter and the upper the
neck (Fig. 54). The principal parts are now marked
out. The external cells of the lower ventral part grow
and divide, giving rise to a wall two cells thick, while
the central cell undergoes a single transverse division
into two very unequal halves; the small upper part
is the ventral eanal-cell, the lower and larger cell be-
comes the ovum itself (Fig. 54). In the mean time
the neck elongates greatly, and all its cells divide
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repeatedly by transverse walls, so that the ripe
archegonium consists of a chimney-like neck, enclosing
a row of canal-cells leading down to the ovum at the
bottom (see Fig. 54). The cap-cell at the top of the
neck divides into four by vertical walls crossing each
other at right angles. We see that the archegonium of
a Liverwort differs
from the corre-
sponding  organ
of a Fern or other
Vascular Crypto-
gam, not only in
the much greater
length of the neck,
but also in the
. origin of the neck-
canal. In the
Liverworts this 1s
derived from the
upper part of the
archegonium,while

Fie, 54.—Archegonia of a Liverwort (Marech- in the Vascular

antia). The youngest stages are shown on ET
the left. In the more mature archegonia, CT}F ptogams 1t 1s

the venter, neck, and canal are clear] formed from an
shown. O, ovum; V.C.C, ventral canal- L of th
cells. Magnified about 200, outgrowth oI the

central cell. The
final result, however, is much the same in both cases,
and on the whole there is more reason to lay stress on
the essential similarity of the sexual organs in plants so
remote from each other, than to dwell on their somewhat
minute differences.
When ready for fertilisation, the archegonium opens.
This is due to the pressure of the mucilaginous substance
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in the canal, arising from the disorganised neck canal-
cells. This substance takes up water, swells, and so
forces the four cap-cells apart, causing the neck to open,
while at the same time a portion of the muecilage pro-
trudes through the opening.

¢. Fertilisation

In Pellia, as in the Cryptogams generally, fertilisation
must take place under water; after rain or dew the
surface of the thallus is wet enough for the spermato-
zoids to accomplish their journey. The cells of the
antheridial wall take up water, swell, and press upon
the mass of spermatozoid mother-cells. The antheridium
bursts, and its contents are set free. As soon as the
spermatozoids are released from their mother-cells, they
swim through the water, rotating as they go, in much
the same way as those of a Fern. They are also drawn
towards the archegonia as soon as they come within
their “ sphere of influence,” but in this case the chemical
nature of the attractive substance has not yet been
determined. They are caught in the mucilage, wriggle
down the neck of the archegonium, and one of them
effects fertilisation by union with the nucleus of the
ovum. In all this process, so far as the details have
been worked out, there is exact agreement with the
Vascular Cryptogams.

So much the more surprising is the remarkable
difference in the ultimate product of fertilisation. The
ovum when fertilised surrounds itself as usual with
a cell -wall, and begins to dividee  The result of
this development will be considered in the next
section.
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9. THE SPOROGONIUM oOR FruiT

a. External Characters

If we examine a fertile specimen of Pellia about
February, we can easily recognise the young fruits on
the upper surface of the thallus. At this stage each
fruit appears as a little dark green ball, about one-
sixteenth of an inch in diameter, projecting from the
involucre (see Fig. 49, lower part). It is attached by a
short thick stalk of a lighter green colour, the bottom
of which is tightly fixed in the body of the thallus.
If we look at the fruit with a lens we see that the
upper spherical part—=the capsule—is partly enclosed
in a light coloured membrane which it is just begin-
ning to burst; the capsule, where 1ts surface is
exposed, is smooth and glossy. The stalk is called the
seta.

Later in the season, about May, a great change
happens. The seta grows with astonishing rapidity, and
n three or four days attains a length of perhaps as
much as three inches (see Fig. 49). The seta in its
elongated condition is of a pure white colour, rather
transparent, and bears the dark green, or now almost
black, capsule aloft on its top, the whole looking like
a thick pin with a round head (Fig. 49, on right).
Shortly afterwards the dehiscence of the capsule takes
place, by four longitudinal fissures, splitting the walls
into four valves, which straighten themselves out, forming
a horizontal cross on the top of the seta (see Fig. 49, on
left). The spores are then set free. It is not long
before the seta collapses, and the whole structure, when
once the spores are shed, soon perishes. We will now
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go back to the fertilised ovum, and see how the fruit,
which here represents the asexual generation, 1s

developed.

b. Development

After fertilisation, the ovum first divides by a trans-
verse wall, but of the two cells thus produced the lower
takes no part in the further development. Capsule and
seta are both entirely derived from the upper cell, which
next divides by a vertical and then by a transverse
wall, the latter marking the boundary between capsule
and seta. Cell-walls parallel to the external surface
now appear in both parts. In the young capsule these
divisions separate the external layer from the archesporium,
which constitutes the whole of the internal group. In-
numerable cell-divisions take place, keeping pace with
the growth both in seta and capsule, until a stage is
reached like that shown in longitudinal section in Fig,
55. The seta at its lower end develops a conical foot,
with a rim projecting upwards, firmly fixing the seta in
the thallus, with which, however, there is never any
real continuity of tissue.

The seta itself consists throughout of very uniform
short-celled parenchyma. The capsule has a wall three
or more cells in thickness; from the internal mass of
cells the sporogenous tissue 1s produced, but the whole of
this is not used up to form the mother-cells of spores.
A certain number of the cells grow in length, while
remaining narrow, and ultimately form long tubular
structures with a double spiral thickening. These curious
elements—very characteristic of the Liverworts—are
called the elaters. When young, the elaters no doubt
serve to convey food-substance from the seta to the
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developing spores. At a later stage they play a part in
the dissemination of the spores, as we shall see further
on. In Pellia the elaters radiate from the base of the
capsule, where they are attached to a mass of shorter
cells, likewise spirally thickened. They extend from
this part, upwards and
outwards, passing between
the mother-cells, which

7L

i chiefly occupy the outer
G ARG S and upper part of the
Sl SIA N, capsule (Fig. 55). Young
e ' elaters, with the spiral
W bands just beginning to
el. : ar.

form, are shown in Fig.
35 56, and nearly mature
ones are represented in
Fig. 57 among the spores.
The mother-cells of the
spores, which are very
numerous, are of a peculiar
shape. At an early stage
: ~ they become very deeply

Fig S8 Lo fuit of Palie, it four-lobed, the lobes being
within the calyptra. =, neck of tetrahedrally arranged, so

archegonium, in which the fruit was
formed ; ar, abortive archegonia ; that Gnly three are seen

J, foot of sporogonium ; sp, spore in one plane (Fig. 56, sp).

mother-cells; e elaters. “Magal- g Jobes are connected

in the middle by a quite

narrow neck, in which the nucleus, which remains for
a long time undivided, is situated. Eventually the
nuecleus of the mother - cell divides into four, each
daughter-nucleus travelling out into one of the lobes,

which now become separated from one another by cell-
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walls, so that the division is complete. We must not,
however, suppose that this peculiar form of mother-cell
is general in all Liverworts, though it is very common
among them.

The venter of the archegonium enlarges very rapidly
to keep pace with the growth of the fruit inside, which
it completely envelops for a long time; in Pellia, how-
ever, this envelope (called the calypira) is not entirely
formed from the venter of the archegonium, but the
neighbouring thallus-tissue also takes part in the growth,

el.

F1c. 56.—Elaters and spore mother-cells of Pellie. sp., and sp..,

spore mother-cells about to divide ; el, e/, young elaters with
indications of spiral thickenings. Magnified 360, (R. S.)

so that we see abortive, unfertilised archegonia carried
up on the sides of the calyptra (see Fig. 55, ar), while at
the top, the neck of the fertilised archegonium itself can
still be recognised (Fig. 55, ). The cells of the thallus
surrounding the foot become especially crowded with
starch, and thus provide food for the developing
fruit. The whole structure of the fruit is already com-
plete while the seta still remains quite short. Its
elongation, as we have seen, is a comparatively sudden
process, and is due to the great stretching of cells which
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are already formed. The calyptra, which was previously
ruptured, is now left behind as a torn membrane at
the base of the stalk.

The spores of Pellia present a peculiarity which is
quite exceptional among Liverworts, for they become
multicellular while still enclosed in the capsule. In Fig.
57 the oval spores are shown at various stages of cell-
division; when
ripe they consist
of several tiers of
cells. They con-
tain chlorophyll,
and continue their
germination,under

favourable con-
~ ditions, as soon as
shed. A wedge-
shaped cell, such
as 1s shown 1n Fig.
57 in the lower
spore on the left,

Fie. 57. —Spores and elaters from an almost ripe becomes the
capsule of Pellia. The spores (sp.) are dividing gr{)wing-Puint of
into numerous cells. At sp., a stage of division h 1
is shown. el, el, elaters. Magnified 360. (R. S.) the mnew plant,

while one or both
ends grow out into the first root-hairs. The elaters are
of use in loosening the mass of spores, so that they are
more easily scattered by the wind. They also perform
hygrometric movements, which actively disperse the
spores. The development of the fruit of Pellia occupies
a full year; when the spores are shed new archegonia
are already ripe for fertilisation.
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SUMMARY

We have now completed the simple life-history of
this Liverwort. We must not suppose that all Hepaticee
are equally simple ; the class is a large one, said to include
nearly four thousand species, and embraces a considerable
variety of form and structure. In some (e.q. Marchantia)
the thalloid form is retained, but a great complexity of
anatomical structure exists, while at the same time the
thallus bears highly-modified branches for the produc-
tion of the sexual organs. Special organs of vegetative
propagation—gemmee—are also very frequently present,
which serve to reproduce the thallus directly. In
another very numerous series of Liverworts, we find,
instead of a thallus, a delicate leafy stem of great
beauty; in this group (which includes the majority of
the species) we have a high external differentiation of the
oophyte, while the anatomical structure remains simple.
We will now, however, sum up the essential points in the
development of Liverworts, as represented by our type.

The thallus of ZPellia is obviously comparable to the
prothallus of a Fern, while the antheridia and archegonia
also are evidently of the same nature as the sexual organs
of the Vascular Cryptogams. Fertilisation is accomplished
in just the same way, but the product is totally different.
In the Ferns the sexually produced embryo grows up into
the plant itself, which goes through a long and vigorous
course of purely vegetative development, before it
proceeds to form the asexual reproductive cells (spores).
In Pellia, and Liverworts generally, the sexually pro-
duced embryo grows, not into a plant at all, but merely
into a fruit, which remains all its life attached to and
dependent upon the sexual individual. The capsule, it
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is true, contains chlorophyll in its oufer layer, and so
can do some assimilation on its own account, but for the
bulk of its food it must rely on the store produced by
the thallus. Spore - production is the one function of
the fruit; all the parts—foot, seta, and capsule—are
means subservient to this end; there is no vegetative
development worth mentioning. This is the great
characteristic, not merely of the Liverworts, but of the
Bryophyta generally—the oiéphyte is the prominent
vegetative generation, while the sporophyte has little
more to do than to discharge its purely reproductive
functions as a spore-producing organ. The fruit, indeed,
is not always so simple as that of Pellia, but still the
same rule holds good. We see, then, that in this sub-
kingdom we have to do with plants in which the
sexual generation is readily comparable to that of the
higher Cryptogams, while the product of fertilisation—
the sporophyte—is developed on entirely different lines.
The Muscine®, or Bryophyta, are in fact plants with a
well-marked alternation of generations, in which the
sevual generation is the more conspicuous and indepen-
dent. The distinction between Bryophyta and Vascular
Cryptogams is so sharp and constant that the gulf
between them has been spoken of as the deepest in the
vegetable kingdom.

B. THE MOSSES

TYPE VII|. FUNARIA HYGROMETRICA

The true Mosses, the general appearance of which will
be familiar to everyone, are more highly organised plants
than the Liverworts, but at the same time are more
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remote from the Vascular Cryptogams; this is our
reason for taking them after Pellia. Their greater
complexity extends to both generations; the higher
development of the o6phyte removes all obvious resem-
blance to the prothallus of a Fern, while the sporophyte,
though a complicated structure, is still only a fruit, and
in no way approaches the asexual generation of the
higher Cryptogams. The Mosses, unlike Pellia, do not
have their vegetative organs in the form of an un-
differentiated thallus, but possess a perfectly distinct
stem bearing spirally arranged leaves. In faet, the
external characters of a Moss plant are essentially similar
to those of vascular plants, but in the Mosses leaf and
stem belong to the sexual generation, while in the higher
plants they form part of the sporophyte.

The special Moss (Funaria) on which our description
is based, is a very common one, and usually grows on
the ground, sometimes occurring on walls also, where,
however, it is less abundant than some other kinds. It
comes up in great quantities in places where there has been
a fire. This Moss grows in close tufts of a bright green
colour ; if we separate out a single plant we find that
the slender stem is erect, reaching perhaps half an inch
in height, and densely clothed with small simple leaves.
The lower part, where the plant is kept from the light
by the crowding of its fellows, is brown, the leaves here
having lost their colour. The upper free part of the
stem bears the bright green living leaves, and terminates
in a bud. The stem is branched, but not very abundantly,
the branches, like the main stem, growing in a vertical
direction. At the base of the plant we find a number of
absorptive filaments or rkizoids, but there is no real root,
—an organ which does not exist in any of the Bryophyta.
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The leaves are arranged in a spiral, with a divergence
of ¢, that is to say each leaf is separated from the one
next above 1t by three-eighths of
the circumference of the stem, so
that in following the spiral three
times round the stem we pass
eicht leaves, and find that the
ninth lies vertically above that
from which we started (see Part
L p. 14). The leaves themselves
are inserted on the stem with a
fairly broad base; they are ovate
in form, pointed at the tip, and
traversed by a distinet midrib,

though not otherwise veined (see
I'ia. 58.—Funaria hygro-

setrica ; general viewof LIS 58).. The rhizoids are white
a fruiting specimen. g, when quite young, but soon be-

I;l;;hl;fjﬁ’ ﬁgﬂﬁﬂﬂi ot come brown. The above deserip-

sporophyte generation, fion applies especially to the barren
consisting of the seta, s, s
calyptra. Slightly mag- gularly later on to those which

nified. (After Sachs. y
( ' bear the reproductive organs.

1. Tue LeAFY STEM
a. Structure

The anatomy of the Moss plant, as represented by
Funaria, is simple, but yet shows a fairly well-marked
differentiation of tissues. In the mature stem three
distinct zones can be distinguished,—epidermis, cortex,
and central cylinder. The epidermis is one cell thick in
most places, though here and there a double row of cells
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may be found. Its cells are small, and in the older part
of the stem become very thick walled. The cortex is of
relatively great thickness, and made up of parenchyma,
the outer cells having thicker walls than the inner.
When young, the cortical cells contain chlorophyll. The
central cylinder consists of a very sharply defined

Fig. 59.—d4, lower part of a Moss plant, bearing leaves and
rhizoids (r), which grow up above the ground and become
secondary protonema (p). At b is an underground gemma
or bulbil. At % is a bud from which a new leafy stem will
grow. DMagnified about 20. B, €, and D, successive stages
of germination of a sgnre of Fumaria, producing primary
protonema. Magnified 200. (After Luerssen.)

cylindrical strand of long, mnarrow, thin-walled cells,
destitute of chlorophyll. There is evidence that this
is a water-conducting tissue. In Funaria the central
strand 1s quite uniform throughout; some of the larger
Mosses, however, have a more complicated arrangement, as
shown in Fig. 60, which represents the transverse section
of the central cylinder of Atrichum.
1t
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Here there are elements of various kinds. In the
middle, the large, central, rather thick-walled cells, which
may be of the nature of tracheides, and serve to con-
duct water, are accompanied by parenchyma containing
starch; outside this is a zone of smaller cells which have
more abundant protoplasm but no starch, and may
fulfil the function of a
rudimentary phloém. In
this zone the sections of
leaf - trace bundles are
seen.

The leaves of Funaria
are traversed by a con-
spicuous midrib, while
the rest of the leaf 1s
only one cell thick. The
cells of the thin part
are uniform, except at

Fra. 60.—Transverse section of stem
of Atrichum wundulatum, showing

central cylinder and adjacent tissue.
t, large water-conducting cells. The
finely dotted elements are the sup-
posed functional phloém. Among
these are small groups representing
leaf-trace bundles. The more ex-
ternal cells (containing starch-
granules) belong to the cortex.
Magnified 190. (After Haberlandt.)

the somewhat serrated
edge, where they are
narrower and have rather
thicker walls. The
midrib is several cells
thick, and econtains a
small strand of narrow

cells, like those in the central cylinder of the stem.
Probably these cells conduct water and assimilated food,
while the function of assimilation belongs to the thin
part of the leaf, which is very rich in chlorophyll-
grains (Fig. 61, d). Moss leaves, by the bye, are very
favourable objects for observing the multiplication of the
chlorophyll-grains by division.

The strand of conducting tissue enters the stem from
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the leaf, but dies out in the cortex without reaching the
central cylinder. Consequently there 1s no complete
leaf-trace system in this Moss, though some of the more
complicated Mosses (such as Aérichum) have continuous
strands connecting the conducting tissue of the stem with
that of the leaves. We must remember that the whole
mode of life of a Moss plant, especially as regards its water-
supply, is very different from that of the higher plants.
Many Mosses, and Funaria among them, often grow in
places such as the tops of walls, or in sandy soil, where
they are liable to be completely dried up in hot weather.
Yet they are none the worse, and revive as soon as rain
comes again. This rapid recovery is due to their power
of absorbing water by their leaves—a power which is
either absent or which only exists to an insignificant
extent in most of the higher plants. Hence less work
falls on the conducting tissues of the stem than in the
latter, for only a small part of the water-supply is taken
up from below, though this part of the supply is important
as it carries with it the necessary mineral food-substance.

As we have said, a Moss possesses no true root.
The functions of a root are performed by the rhizoids.
as they are called, multicellular filaments springing from
near the base of the stem (see Fig. 59, 7). These
rhizoids are very different from ordinary root-hairs,
which are generally unicellular, though multicellular
rhizoids occur on the prothallus of some few Ferns.
The Moss rhizoids consist of a single chain of very
long cells separated from one another by oblique walls.
They grow entirely by means of the apical cell at the
free end of each filament, and branch repeatedly, the
diameter diminishing with the successive orders of
branching, so that the final ramifications are very
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slender indeed in comparison with the main filaments.
The whole simulates a regular root system, though
totally different in structure.

b. Apical Development

The stem of all Mosses grows by means of a single
apical cell, and the plant is built up in the most
regular manner from its segments. The cell is of the
same inverted pyramidal form which we found in
Lquasetum, and divides at first in the same way by
walls parallel (or nearly parallel) to the three sides.
Each segment first divides into an inner and an outer
cell. From the inner cells thus formed the greater
part of the tissues of the stem is derived, while the
outer cells give rise to leaves, buds, and the outside
part of the stem. KEach outer cell divides into an
upper and a lower half; from the upper half the leaf
is produced, while the lateral buds, where they exist,
owe their origin to the lower of the two cells. We
see then that every segment produces a leaf, and that
each lateral bud stands below the leaf to which it
belongs, instead of 1n 1its axil,—a striking difference
from the higher plants, though we find something like
it among the Ferns. Each leaf grows in length by
means of a two-sided apical cell. The chief points
then in the development of a Moss stem are the growth
from an apical cell, the origin of a leaf from each
segment, and the position of the lateral buds beneati
the leaves to which they belong.

2. THE SEXUAL ORGANS

Funaria 18 dicecious, though this i1s not the case
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with all Mosses. The two sexes are quite distinguish-
able by the habit of the plants. The male plants are
of fair size, reaching a centimetre in height; in the
lower part of the stem the leaves are scattered, but at
the top they are crowded together to form a conspicuous
rosette. This is not unlike a flower, especially as the
middle part of the rosette is of a reddish colour. In
some of the larger Mosses (such as Polytrichum, which
includes the very large Moss so common on heaths)
the resemblance to a flower is still more striking.
However, there is of course no direct homology, for these
rosettes belong to the oophyte, not to the sporophyte
generation, and the organs which they enclose are anthe-
ridia, not stamens. On the growing-point, within the
rosette, numerous antheridia arise in long-continued suc-
cession without any strict order. DBoth young and mature
antheridia are shown in Fig. 61. As usual, the
antheridium owes 1ts origin to a single cell In which
one or two transverse walls are formed, after which
the growth goes on eutirely by means of the apical
cell, which cuts off two rows of segments. It is a good
general rule in the Mosses that every organ, of whatever
kind, grows by means of an apical cell, whereas this
mode of growth is nothing like so general among the
Liverworts. By further subdivisions of the segments,
and finally of the apical cell itself, the antheridium is
differentiated into an external wall one cell in thickness,
and an internal mass of small-celled tissue, each cell
of which becomes the mother-cell of a spermatozoid
(Fig. 61, b).

The mature antheridium is club-shaped and reaches
0-3 millimetre in length, containing an enormous number
of mother-cells. The development of the spermatozoid
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within its mother-cell is precisely similar to the same
process in Liverworts or Vascular Cryptogams. The
antheridia open on access of water; the cells of the
wall swell and press upon the mother-cells within,
which are expelled, when the top of the sac ruptures,
in a single mass. The mucilaginous cell-walls of the
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Fia. 61.—Longitudinal section through the apical bud of a
male plant of Funaria. d, leaves cut through the midrib ;
e, leaves cut through the lamina ; ¢, paraphyses; several
antheridia are shown; @, very young; &, nearly ripe
antheridium. Magnified 300. (After Sachs.)

mother-cells disappear and the spermatozoids are set
free; each has a spirally curved body and two cilia,
just as in the Liverworts (see Fig. 62, (). The
antheridia are accompanied by multicellular hairs with
large heads, called the paraphyses. Their function 1is
probably to secrete water, and so to ensure sufficient
moisture for the development of the antheridia.
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The female plants are very
small and not in any way con-
spicuous. The leaves converge
together at the top, forming a
bud within which the archegonia
are contained (Fig. 62, 4). They
arise from the cells of the
growing-point, and the apical cell
among others is itself used up
to form an archegonium, so that
no further direct growth of the
vegetative axis is possible. Here,
however, as in the male plant,
the growth may be continued
later by means of a lateral bud.

The cell from which an arche-
gonium is to be formed first
divides by a transverse wall.
The further growth is by means
of the apical cell, which in this
case gives rise to four rows of
segments, three of which are
peripheral and form the wall of
the archegonium, while the
fourth row is central. From
the lowest cell of the central
row, the ovum and ventral
canal-cell (see Fig. 62, B) are
produced ; the rest of the series
of central cells form the canal
of the neck. The external seg-
ments undergo further transverse
and vertical divisions; the wall

Fic. 62. — .4, longitudinal

section through the apical
bud of a small female plant ;
a, archegonia ; b, leaves.
Magnified 100. B, a single
archegonium ; @, the en-
larged venter, within which
the ovum and ventral canal-
cell are seen ; from n to m
is the neck, enclosing the
neck - canal. Magnified
550. C, unripe spermato-
zoid in its mother-cell, and
mature spermatozoid with
two cilia. Magnified 800.
(After Sachs.)
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of the mneck ultimately consists of six rows of cells
surrounding the canal. The ventral part of the wall,
enclosing the ovum, becomes two layers in thickness,
and the whole archegonium is seated on a multicellular
pedicel. Apart from this last point, the final form of
the archegonium is similar to that in the Liverworts,
the chief difference consisting in the marked apical
growth which goes on in the archegonium, as in other
organs, of the true Mosses. When ready for fertilisation
the terminal cells of the neck separate widely from each
other, leaving an open passage into the canal, which now
only contains the mucilage derived from the disorganised
canal-cells.

Fertilisation, as in Cryptogams generally, takes place
under water. Raindrops, which have fallen on open
male “flowers,” and become impregnated with the dis-
charged spermatozoids, trickle down on to the lower
female plants, and some of the water, carrying the
spermatozoids with it, may make its way between the
leaves of the archegonial bud, and reach the archegonia
themselves. In this way the active male cells are
brought into the neighbourhood of the female organs.
The rest of the journey they must accomplish by their
own movements. Experiments precisely similar to those
described in the case of the Ferns have been successfully
carried out on Mosses, and here also it appears that the
archegonia attract the visits of the swarming sperm-cells
by means of a chemical secretion. In Mosses, however,
it is not malic acid, but sugar (cane-sugar), which forms
the bait. The spermatozoids having been thus lured to
the archegonium, penetrate the neck-canal, and one
of them ultimately reaches the ovum and effects fertilisa-
tion.
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3. Tug SPOROGONIUM OR FRUIT

Funariwa fruits very freely, and if we look at a patch
of it, at any time of year, we are sure to find plenty of
fructifying plants at one stage or another. In the
mature state the fruit consists of a long, thin, red-brown
stalk, bearing at its end a nodding pear-shaped capsule
(see Fig. 58, sp), which at first is green, but finally
turns brown. Until almost the last the capsule carries
on its top a conical hood (the ecalypira) split along one
side; at an earlier stage this completely envelops the
capsule, and is only pushed off as it expands, remaining
hanging for a long time. When the calyptra is removed
we see the top of the capsule, which is closed by a neat
conical lid. The whole of this fruit, including both
stalk (sefa) and capsule, constitutes the asexual, spore-
bearing generation, and is derived from the fertilised
ovum. The calyptra, however, is formed from the
enlarged wall of the archegonium, which is split off at
the base, and borne aloft on the fruit as it grows., The
talyptra therefore is, by its origin, a portion of the
sexual plant. We will now describe the structure of
the frmit when fully formed, and then shortly trace its
development from the ovum.

Beginning with the capsule, which is the essential
part, containing the spores, we find that its base is solid,
while the upper portion contains a large hollow space
separating the central mass of tissue from the wall (see
the longitudinal section shown in Fig. 63, which is from
a young capsule in which all the tissues are already
marked out).

It is the upper part of the capsule which is fertile,
while the basal solid portion (apophysis) performs nutritive
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functions. The whole capsule is covered by a well-
marked epidermis, which, on the apophysis, contains
stomata. In the upper part of the capsule the wall is

F16. 63.—Capsule of Funaria
inlongitudinalsection. ap,
the apophysis; @, a, the
archesporium, forming a
single layer of cells (lightly
shaded) ; it surrounds the
columella, ¢. The green
assimilating tissue is dark-
ly shaded. The operculum
closes the top of the cap-
sule, above the columella ;
its individual cells are not
shown. The dark spots
in the epidermis of the
apophysis indicate the
stomata. Magnified 14.
(After Haberlandt.)

several cells in thickness; the
hypodermal layers are colourless,
while those towards the interior
contain chlorophyll. Connected
with these inner cells of the wall
are filamentous strands, also con-
taining chlorophyll, which extend
across the intercellular space,
and form a junction with the
internal tissues. The central
mass 1is narrow below and ex-
panded above, assuming a barrel-
like shape. It i1s from this part
that the spores are produced.
The archesporium forms at first
a single cellular zone, which
has a hollow cylindrical form,
or, more accurately, is shaped
just like a barrel with the ends
knocked out (see Fig, 63, a)
The archesporial layer is separ-
ated from the intercellular space
by a zone of sterile tissue called
the outer spore-sac. Within the
archesporium 1s the large central
mass of sterile colourless tissue
(the columelle), which is con-
nected below by a thinner strand
with the tissue of the apophysis.
The layer between archesporium
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and columella is called the inner spore-sac. The lid
(operculum) is at first continuous with the capsule, but
eventually becomes detached by the severance of a ring
of cells (the annulus) between lid and wall.

The apophysis is essentially the assimilating part of
the capsule; beneath the epidermis is a broad zone of
chlorophyll-tissue, the cells of which are in many cases
of the typical palisade
form (see Figs. 63,
64). The epidermis
bears well-developed
stomata, which are
in essentials similar [}
to those of the higher
plants. In Funaria,
however, they gener-
ally have the pecu-
liarity that the wall
between the two
guard - cells  breaks
down at the two ends,

so that the part en- Fic. 64.—Part of the apophysis of a Moss
: 3 (Bryum) in transverse section. p.p, the
clcusmg the pore 18 assimilating palisade parenchyma; sf,

o

left Etanding up in stoma. Magnified 130, (After Haber-
: landt.)

the middle of the

fused guard-cells, like a chimney-shaft passing through
a room (Fig. 65). At an earlier stage, however, the
stoma is two-celled, just as in vascular plants, and in many
Mosses it remains so all through. In other respects these
Moss-stomata are quite typical. The guard-cells differ
from the ordinary epidermal cells in containing abundant
chlorophyll-granules ; the form of the cells, as seen both
in surface view and in section, could be exactly matched
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in the stomata of flowering plants. Beneath each stoma
is an intercellular space (Fig. 64). It is remarkable to
find these organs so perfectly differentiated in plants
like the Mosses, which in all other respects are so
remote from the higher groups. There is one Liverwort
(Anthoceros) which also has well-formed stomata on the
fruit. It is worth noting that typical stomata have in
no case so far been found in the sexual generation ;
when the odophyte bears organs
with the same function (as in
certain Liverworts), they are
constructed on a totally different
plan.

It 1s evident from the anatomi-
cal structure that the sporophyte
is capable of obtaining a great
part of its food for itself, and this
Fic. 65.—Stoma of Funarie 1S Deen proved experimentally

in surface view, p, the to be the case. So far as the
pore. Note the muclei aeqimilation of carbon is con-

and chlorophyll-granules 3
of the fused guard-cells. cerned, a sporogonium such as

?fﬁ%ﬂ:{ﬁ”?m (ATter that of Funaria is able to provide
for itself, from the time when its

assimilating tissue is developed. = Water, with the
mineral food-substances, is necessarily supplied through
the stem of the Moss plant, and passes up to the
capsule through the seta, which contains a central
conducting cylinder, like that of the stem itself. The
cortex of the seta consists of thick-walled tissue, and
serves to give the mechanical strength necessary to
enable this slender stalk to support the weight of the
capsule. The bottom of the seta is fixed in the tissue

of the oGphyte by a conical foot, but although the
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contact is a very close one there is never any organic
connection between the two generations.

We see then that the sporophytic generation of
Funaria is in part parasitic on the sexual plant, in
part independent. It resembles in this respect a green
parasite such as the mistletoe, which, like the Funaric
fruit, must obtain all its water and mineral food from
the host-plant on which it grows, but can provide its
carbonaceous food for itself. 1In some other Mosses,
however, the sporophyte is destitute of chlorophyll,
and so has to lead a completely parasitic existence,
depending for the whole of its food on the leafy Moss
plant.

We will now return to the essential part of the
capsule, that, namely, in which the spores are
formed. @ The archesporium is at first only a single
layer of cells, and occupies but a small part of the
capsule (Fig. 63). Repeated divisions now take place,
and the archesporium increases in thickness. Ulti-
mately each of the cells formed by it becomes a spore
mother-cell, which, as is so usually the case, divides
into four spores, arranged tetrahedrally in each mother-
cell. As soon as the spores are ripe the capsule begins
to dry up. The columella and all the delicate tissues of
the fruit collapse, and when the capsule is fully ripe
it consists essentially of the wall only, filled with a
mass of dark-green spores. The lid becomes detached,
but the capsule after this is not left freely open, for
in the mean time a double row of teeth (called the
peristome) has been formed. These teeth, which project
from the edge of the capsule and partly close its mouth,
are formed from strips of thickened cell-wall, all other
parts of the cells involved having perished. The



142 STRUCTURAL BOTANY

peristome plays a part, as we shall see later, in the
dissemination of the spores.

The whole of the fruit—seta and capsule together—
constitutes the sporophyte generation, and 1s derived
from the fertilised ovum. The latter first divides by
a transverse wall; further divisions take place, so that
a two-sided apical cell arises at both ends of this embryo,
and for a time both apical cells are active, each giving
rise to two rows of segments. The upper growing-point,
however, is the important one, for it produces the
capsule and the greater part of the seta, while the
lower apical cell only contributes to the foot, which
penetrates downwards into the tissues of the oOphyte.
The segments derived from the upper apical cell under-
go division by walls parallel to the surface. In the
part which forms the capsule, the inner cells thus
formed constitute what is termed the endothecium, and
from this central part the columella and archesporium
are ultimately derived. @ Everything outside the
archesporium is the product of the peripheral cells or
amphithectum. This origin of the spore-producing layer
from the outer part of the endothecium is characteristic
of the great majority of Mosses. In the seta the
central group of cells, corresponding to the endothecium
of the capsule, simply gives rise to the central strand
of conducting cells. The differentiation of the capsule
from the seta takes place rather late in Funaria, after
the whole fruit has grown to a considerable length.

4, (GERMINATION OF THE SPORES

As the capsule dries, the walls of the cells of the
annulus split across and the lid is detached. The
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spores are not all scattered at once; the dissemination
is regulated by the teeth of the peristome, which, when
the air is wet, completely close the mouth of the
capsule, only allowing the spores to escape in dry
weather. = The spores themselves contain abundant
chlorophyll, and also have a reserve of oil which
serves to provide material for germination. When this
takes place, the spore does not at once give rise to a
Moss plant,but first of all produces a branched filamentous
growth of very simple structure, much resembling some
of the simpler plants (A4lge), as we shall find later on.
This filamentous condition of the young Moss, which
thus forms the first stage of the odphyte generation, is
called the protonema (see Fig. 59). The spore gener-
ally sends out filaments in two directions; one remains
green and creeps along the surface of the ground, the
other loses its chlorophyll and becomes the first rhizoid.
The filaments grow in each case by an apical cell;
they branch freely but remain one cell only in thick-
ness; often the protonema develops to a great extent,
forming a tangled green felt, which may cover several
square inches of ground. The young Moss plants arise
from the protonema as lateral buds (see Fig. 59, k).
A cell of the protonema gives rise to a branch; the
branch divides by inclined walls so as to form a
tetrahedral apical cell, and as soon as this has taken
place regular segmentation begins, and the leafy Moss
plant is soon built up. The first leaves are simpler
than those of the more mature plant, and may be
destitute of a midrib.

The protonema which we have just described is
formed directly from the spore, and is therefore called
primary protonema. It may also arise in a secondary
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way from any part of the plant—from rhizoids (see
Fig. 59) or stem, or detached leaves, or even from the
fruit itself. In the latter case we have production of
the sexual direct from the asexual generation, affording,
in fact, an instance of apospory, such as sometimes
oceurs in the Ferns (see p. 76). The production of
protonema provides the plant with a moest abundant
means of vegetative propagation, for every growth of
protonema is capable of giving rise to a number of
Moss plants. Many Mosses produce special vegetative
buds either on their stems or rhizoids (Fig. 59, 4, b),
or throw off certain of their leaves as organs of propa-
gation. In most cases, whatever be the nature of the
reproductive body, whether spore or bud, it begins by
forming protonema, from which the leafy plants arise
at a later stage. This insertion of a filamentous stage
of growth in the life-cycle, before the production of the
typical form of oOphyte, is very characteristic of the
true Mosses; in the Liverworts, the protonema is on
the whole much less developed. It may be compared
with the early filamentous stage of a Fern-prothallus,
with which it is quite homologous.

SUMMARY

If we now briefly sum up the characteristic points in
the life-history of the true Mosses, we see that both
generations are decidedly more highly organised than in
the Liverworts. The oophyte is here constantly developed
as a leafy stem, quite comparable to that of the higher
plants, though occupying a different place in the life-
history. We find at the same time a considerable
degree of anatomical complexity, corresponding to the
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higher external organisation. In like manner, the fruit,
or asexual generation, is far more complex than 1in
the Hepaticee. Except in the one point of possessing
true stomata, its complexity, however, is on quite different
lines from that of the corresponding generation in the
higher plants. The Mosses, in fact, constitute a remark-
able and very isolated group, highly developed in their own
way, but with no near affinities to other Classes of plants

The Bryophyta, as a whole, form a perfectly well-
defined sub-kingdom, characterised by the occurrence of
a well-marked alternation of distinct "generations, of
which the sexual is the more highly developed, so far as
the vegetative organs are concerned. The sexual organs
—both archegonia and antheridia—are constituted on
the same general plan as those of the higher Cryptogams,
though differing in many details. The Vascular Crypto-
gams, together with the Bryophyta, are sometimes classed
in one sub-kingdom under the name of Archegoniate,
founded on the general similarity of the female organs
all through these groups. The mode of development of
the spores, by division of a mother-cell into four, is also
common to Bryophyta, together with the higher Crypto-
gams, and indeed Phanerogams also, so far as the
microspores (pollen-grains) of the latter are concerned.
Although, therefore, the Bryophyta are at present uncon-
nected by any intermediate forms with the vascular
plants, yet they have many points in common with
them, and the general lines of homology between all the
classes hitherto considered are not difficult to trace.

Now we have done with archegoniate plants. The
families which remain to be considered are essentially
different, both in the organisation of their reproductive
organs and in the whole course of their life-history.

10



CHAPTER III
THE ALGE

THE Sub-kingdom with which we have now to make
ourselves acquainted differs profoundly from any of
those of which representatives have been already con-
sidered. In habit all the plants included under the
general heading “ Alge” are totally different from any
hitherto desecribed, and at the same time they differ more
among themselves than the lowest Liverwort differs from
the most complex Dicotyledon. The members of the
group most familiar to ordinary readers are the Seaweeds,
for with very few exceptions all plants which grow in
the sea belong to the Alge. On the other hand, an
immense number of species are inhabitants of fresh water,
or can get on, like the American steamboat, “wherever
it is a little damp.” Generally speaking, the larger and
more complex forms are marine; the fresh-water and
terrestrial representatives are both smaller and simpler.
Among Seaweeds there are species which rank with the
most gigantic members of the Vegetable Kingdom, while
there are other Algee which are entirely invisible as
individuals to the naked eye. The higher Algz often
show a complex external form, with organs analogous to
the root, stem, and leaf of the higher plants; at the

same time, their tissues are highly differentiated. On
146
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the other hand, the simplest Alge consist of single
isolated cells. Amid this vast range of forms it is
evident that only a very few types can be dealt with
here. As far as possible, our examples are selected with
a view to illustrate the most striking variations in the
life-history and mode of reproduction of Alge.

The classification of the Alge into their principal
classes roughly follows the colour—not that colour is in
itself of systematic importance; it happens, however,among
these plants that differences in their pigments generally
coincide with important morphological distinctions. We
will begin with the pure green Algz, those, namely, in
which the chlorophyll, like that of most of the higher
plants, 1s not disguised by the presence of any other
colouring matter. This class—the Chlorophyceee—in-
cludes the majority of the fresh-water Alge, as well as
many Seaweeds. They are, on the whole, among the
simpler Alge, and many of the unicellular forms belong
here ; but simple as they are in structure, some of them
in their mode of development approach nearer to the
higher plants than any other Alge. We will take as
our first type a fresh-water Alga which, though anatomi-
cally simple, shows a very high form of reproduction.

4. THE CHLOROPHYCEZAE

Typre | X. @EpocoNiuM

1. STRUCTURE

The genus Edogonium, of which there are a great
many species, includes some of the commonest fresh-
water Alge, and may be found in almost any pond or
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Fic., 66. — General view of a very
small female plant of Edogonium
ciliafum. b, the attaching disc ;
?, ¢, two obgonia, the upper of
which has opened by a lid at the
top, and contains the fertilised
oospore ; the lower is still closed,
and the ovum unfertilised. d', &,
dwarf males, adhering to the
oogonia. The uppermost has
opened to discharge a spermato-
zoid.  Magnified 166,  (After
Pringsheim.)

STRUCTURAL BEOTANY

tank, though less common
in running water. The
(Edogonia are filamentous,
the individual threads
being only just distin-
guishable by the naked
eye, and grow attached to
stones, piles, larger water-
plants, or, in fact, to any
submerged object, forming
a dark-green downy coating
upon it.

Fig. 66 shows the whole
of a small plant of (Edogon-
wwm ciliatum, highly magni-
fied ; the specimen 1s much
below the usual size. The
main outlines of the struc-
ture, however, are always
the same, the whole plant
consisting of a single row of
cylindrical cells, attached
at one end, which we may
call the radical end. The
root - cell contains less
chlorophyll than the others.
It is expanded into a flat-
tened disc, which forms a
holdfast, but probably does
not take any special part
in the absorption of food.
Fresh-water Alge absorb
their food, mineral as well
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as gaseous, by their whole surface. Doth the carbon-
dioxide which they require for assimilation, and the
oxygen necessary for their breathing, are present in
an absorbed state in the water, which at the same
time contains salts in solution quite sufficient to supply
the needs of these plants.

The structure of an ordinary vegetative cell of
(Edogontum is as follows: Within the cellulose wall the
protoplasm forms a hollow sac—the primordial utricle—
enclosing a large vacuole. The body containing the
chlorophyll 1is very peculiar. In most plants the
chloroplasts are small granules, numerous in each cell
(though Selaginells forms an exception to this). In
(Edogonium, however, there is only a single, very
large chloroplast in each cell. It lies in the primordial
utricle, and extends all round the cell, having the form
of a hollow cylindrical network. It is so large as to
give a green colour to the whole cell, when seen under
low powers of the microscope. Within the chloroplast
are several proteid granules (the pyrenoids), around which
starch-grains are deposited as a result of assimilation
in sunlight. Each cell contains a single large nucleus
embedded in the protoplasm which lines the wall.

(Edogoniuwm has no apical growing-point. In some
species (such as that figured) the end cell grows out into a
long hair, and takes no further part in the divisions. All
the cells of the filament, lying between the radical cell
and the terminal hair, divide by transverse walls, as long
as growth goes on. The formation of overlapping caps
on the cell-wall, at the upper end of some of the cells, is
due to the fact that after each division the wall of the
mother-cell splits near the top, and a new piece of cell-
wall is inserted between the broken edges as the
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daughter-cells grow. As the split takes place repeatedly
near the same place, a succession of caps is formed, one
corresponding to each cell-division.

We thus see that the vegetative structure of an
(Edogonium is excessively simple—far simpler than that
of any plant which we have hitherto described. We
have now to consider the way in which the Alga
reproduces itself.

There are two distinet methods,—the one asexual, the
other sexual. The former serves to propagate the plant
rapidly during summer, or as long as the conditions are
favourable to its growth ; the latter has for its result
the production of resiing-spores, which can survive alike
the cold of winter and the periods of drought to which
(Edogonium, in common with other fresh-water Alge, is
often exposed.

2. REPRODUCTION

a. Asexual

Any vegetative cell may serve as an organ of asexual
reproduction, and many individual plants only show this
mode of propagation.

The entire contents of a cell are used up to form a
single spore. The protoplasm gradually withdraws itself
from the cell-wall, the whole mass assuming a rounded
form. At the same tiine a clear, colourless spot appears
on one side of the contracted protoplasmic body. From
this clear portion of the protoplasm numerous cilia are
developed. The cell-wall splits across and the crack
opens widely at one side, that, namely, towards which
the clear patch of protoplasm is turned. The spore now
begins to pass out through the opening, changing its form
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as it does so, to adapt itself to the width of the passage
(see Fig. 67, A). On first becoming free from the mother-
cell, the spore is enclosed within a delicate membrane
derived from the ectoplasm of the mother-cell, which
soon disappears, so that now the reproductive cell is
completely at liberty. In shape it resembles a pear,
the more pointed end being colourless ; the chloroplast
occupies the wider part, in which also the nucleus is
contained. There is no cell-wall, and the whole spore is
a purely protoplasmic structure. The cilia form a fringe
around the narrow end (see Fig.
67, B). Their oscillations set
the spore in motion, and now it
swims off through the water,
rotating on its axis, and advanc-
ing with the pointed end foremost.
This 1s the first instance of
an actively-moving spore that we TFiec. 67. — Zoospores of
have met with ; among the higher ﬂi‘ig‘;’ﬁ?ﬁ Gth‘i‘;zsff'l’%g
Cryptogams already described it  free,with the fringe of cilia.
is only the male cells or sperm- %ﬂﬁﬁ;ﬁﬂmfm' Gafien
atozoids which are capable of
locomotion ; in a large proportion of the Alge this power
extends also to the spores. On account of its active
movements such a spore as that of (Edogonium is called
a zoospore, for when first discovered these moving cells
were thought to be of animal nature. We now know
that spontaneous movement is a power common to all
protoplasm, whether belonging to a plant or an animal.
The zoospore swims about for some time (an hour or
§0); it is sensitive to light, swimming towards light of
moderate intensity, and retreating from it when too
bright. As the zoospore becomes older it avoids the
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light more than before, and its movements are then
directed towards the bottom of the water or solid objects
contained in it ; at last it comes to rest, and in doing so
attaches itself by its pointed end to some solid body.
It loses its cilia, and now for the first time forms a cell-
wall of its own. The free end grows out, divides by a
transverse wall, and thus starts a new (Edogonium filament,
like that from which it was produced. This mode of
reproduction by actively-moving spores, capable of
immediate germination, is extremely common among the
Alge. It is characteristic of most of the pure-green
group, whether inhabitants of fresh water or of the sea,
and extends also to certain other families.

b. Sexual

(Edogonium is propagated very freely by the simple
method just deseribed, but it also possesses a mode of
sexual reproduction essentially similar to that of the
higher Cryptogams, in so far as it consists in the fertilisa-
tion of a relatively large and stationary ovum by a small
and actively-moving spermatozoid. The distribution of
the sexes varies much in the different species of the
genus. Some are moncecious, others dicecious, while in
a third set (the most numerous) a more complex arrange-
ment prevails. In moncecious species, the male organs
are formed by successive transverse divisions of one of
the thallus-cells, the divisions all taking place near the
upper end of the mother-cell, so that a row of rather
flat cells is produced. These may divide again further,
producing a chain of about a dozen cells in some cases,
each of which is an antheridium. In every antheridium
the contents divide into two, and each mass becomes a
spermatozoid. The spermatozoids resemble the zoospores,
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and are ciliated like them (see Fig. 69, B). They are,
however, much smaller, and relatively poorer 1n
chlorophyll. The spermatozoid contains a single
nucleus, which is placed near the end opposite to the
cilia. These spermatozoids have much more the
character of complete cells than those of the higher
Cryptogams. In the latter, as we have already seen
(p. 116), almost the whole body is of nuclear origin,
only the cilia and that part of the body to which they
are attached being protoplasmie. In Edogonium, however
(and in the lower Cryptogams generally), the greater part
of the body is protoplasmic. The resemblance to the
zoospores is a point of the greatest importance, as we
shall learn later on (p. 165).

The female organ, or odgonium, like the antheridium,
consists of a single cell (see Figs. 66, 68, and 69), and
differs herein from the complex archegonium of the
Ferns and Mosses. The odgonium at its first formation
is nearly similar to the other cells of the filament. A
transverse wall is formed in the usual way ; the upper of
the two daughter-cells is the richer in protoplasm, and
has the larger nucleus; this becomes the obtgonium ; its
lower sister-cell, which is poorer in contents and has a
relatively small nucleus, is the supporting-cell, which in
some species, however, may feed itself up, undergo
further divisions, and give rise to another odgonium.
The odgonium swells out, assuming a round or oval
outline, and further increases the amount of its pro-
toplasm, which thus encroaches considerably upon the
central vacuole.  The cell - contents meantime with-
draw themselves from the wall, and form a free, rounded
protoplasmic body—the ovum (see Fig. 69, A)—in the
upper part of which the nucleus is placed. The
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odgonium now opens, either by the formation of a
round hole in the membrane, or by the transverse
splitting of the cell-wall near the top, in which case the
upper part of the membrane acts as a lid (Figs. 66 and
69, A). The gap 1s at first closed by a new mem-
brane formed from the adjacent protoplasm of the
oogonium, but this soon disappears
again, leaving a free passage to the
ovum.

Before describing the mode of
fertilisation, we will consider the
peculiar distribution of the sexes
already mentioned, as differing
from the ordinary moncecious and
dicecious conditions. It is this
form which our figures illustrate.
The peculiarity consists in the
production of dwarf male plants
quite different from the ordinary
form of the species.

By repeated transverse divisions
Fic. 68.—Androspore(an) jn parts of the filament a chain
of Edogontum ciliatum &

escaping. At @ is an of small cells is produced much

obgonium.  Magnified shorter than the ordinary vegetative

f}fgi'm_}{”m Pring- cells of the plant. Each of these
short cells becomes the mother-

cell of a single zoospore of the usual structure, but of a
size Intermediate between a normal vegetative zoospore and
a spermatozoid (Fig. 68, an). These small spores (called
androspores) are most commonly produced from the same
filaments which bear the oogonia; more rarely they occur
on distinet filaments. Each androspore swims abouft for
a time, and then comes to rest, attaching itself to the
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female plant either near or actually upon the oigonium
(Figs. 66 and 69, A). The androspore surrounds itself
with a cell-wall and germinates. The plant which it
produces is always of very small size; it may consist of
a basal vegetative cell with one or more antheridial cells,
or the vegetative part may be absent, and the whole
dwarf male be reduced to an antheridinm only. In the
antheridial cell, or in each

of them if more than one

be present, two sperm- 2A-.
atozoids are produced.
They escape by a lid-like
opening of the anther-
idium,and make theirway
to the oogonial aperture
(Figs. 66 and 69, A).
Like the ordinary sperm-
atozoids, they move by

Fic. 69.—A, fertilisation cf (Ldogon-
dwarf male

a crown of cilia; they ium

are also able to help
themselves along by the
confractions of their
whole body. The same
power of contraction is of
service when the odgonial
opening is reached, for

ciliatum ; &,
plant from which a spermatozoid
has escaped ; sp, the spermatozoid
in contact with the ovam, £. Mag-
nified 350. B, a single spermatozoidl
showing cilia. Magnified 350, C,
germination of the oGspore in FBul-
bocheele, showing the contents divided
up to form four zoospores. Magnified
250. (After Pringsheim.)

the entrance may be much narrower than the body of

the spermatozoid, which can only pass

through by

accommodating its form to the size of the passage.

The act of fertilisation

now takes place; the

spermatozoid comes into contact with the protoplasm

of the ovum, and the two cells unite.

The details of

fertilisation have been exactly followed in dogonium;
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after the protoplasm of the spermatozoid has united
with that of the female cell, the nucleus of the former
can still be distinguished. It is much smaller than that
of the ovum. The male nucleus passes through the
protoplasm until it reaches the female nucleus, and then
the two unite to form a single nuclens. Thus even in so
simple an Alga as this, we see that fertilisation is in
essentials precisely the same process as in the highest
I’hanerogams, such as the Lily.

The fertilised ovum (which is now called the odspore)
contracts further, surrounds itself with a cell-wall, and
gradually passes into a resting state. The contents
undergo great changes; the chlorophyll disappears and
is replaced by a brown or red colouring matter, while
large quantities of oil appear in the protoplasm, and at
the same time the cell-wall becomes much thickened.
The resting stage may only last for a few weeks. It
appears that in some at least of the species germination
takes place before winter comes on. In the mean time -
the oospore has remained enclosed within the otdgonial
wall.

When germination begins, the inner layers of the cell-
wall of the ooGspore swell, and burst the hard outer
coat ; the entire contents surrounded only by a delicate
membrane now become free, leaving behind both the
outer odspore-wall and that of the odgonium. In the
normal course of development the odspore does not
immediately give rise to a new plant; its contents
divide into four cells, each of which rounds itself off and
becomes a ciliated zoospore, exactly resembling the
zoospores formed in the vegetative cells, except that the
contents are wholly or partly of a red colour (see Fig.
69, C). These zoospores free themselves from the
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enclosing membrane, swarm actively for a time, and
then come to rest, each giving rise to an ordinary
(Edogontum plant. It appears that in many cases the
plants remain through the winter in the state of young
filaments of three or four cells. Their contents
gradually assume the usual green colour. In a few
exceptional cases the obspore grows out directly into a
filament, and the contents of an unfertilised odgonium
sometimes behave in the same way. In other cases
again the contents divide as usual, but each of the cells
germinates directly within the oospore, without passing
through the swarming stage. All these cases, however,
are exceptions; the regular process is the production from
the oospore of the four zoospores, each of which gives
rise to a new plant.

We have now completed the Iife - history of this
remarkable Alga. In what way can we compare it
with that of the higher Cryptogams? One thing
is evident; we have here no such clear and regular
alternation of generations as we have hitherto found.
We cannot draw any sharp distinction between the
asexual and sexual individuals, for in most cases the
male and female plants themselves give rise also to the
asexual zoospores. On the other hand, we may regard
the germinating oospore, producing four asexual repro-
ductive cells, as representing an extremely simple
sporophytic generation. The oUspore, however, is in
some cases capable of direct germination into a new
plant, which is as 1f the fertilised ovum of a Moss were
to grow out directly into a Moss-plant without form-
ing a spore-fruit. It is evident that the well-marked
alternation of generations by which all the higher plants
are characterised has not yet been established in Algwe
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such as dogonium, though we can perhaps trace some
indication of an analogous process in a rudimentary form,

It has been well pointed out that the great develop-
ment of the sporophytic generation in the higher
Cryptogams may be viewed as an adaptation to life on
land. The sexual plant, owing to its mode of fertilisa-
tion, is always dependent on the presence of water; the
formation of spores suitable for dissemination through
the air is advantageously handed over to a distinct
generation. In the purely aquatic Algsze there is mo
need for this double adaptation, and so we do not find
among them any evident distinction between a sexual
and a spore-bearing generation. The asexual reproduction
by locomotive spores is evidently adapted to aquatic life,
and is extremely common among Alge and some of their
nearer allies.

As regards the mode of fertilisation, we still find in
(Edogonium (which in this respect is one of the highest
Alge) a sharp differentiation of the sexual cells—on the
one hand the large stationary ovum, on the other the
small active spermatozoid. The spermatozoid, however,
is here much more like an ordinary cell, 7.e. less specially
adapted for its function, than in the higher Cryptogams.
At the same time the unmistakable resemblance between
a spermatozoid and an asexual zoospore is very striking;
we shall see the significance of this resemblance when
we come to our next type.

It is particularly interesting that in Edogonium we
have in the androspores of some species a form of cell
exaetly intermediate between the ordinary zoospores and
the spermatozoids. This formation of androspores giving
rise to dwarf-males is quite a peculiar case, and only
occurs in some species of (Fdogonium and in the allied
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genus Bulbochewte, which chiefly differs from @Edogonium
in having branched instead of simple filaments. Its
significance is not perfectly understood; possibly by
dividing the period of locomotion into two stages (first,
the swarming androspore, and secondly, the swarming
spermatozoid) the chance of the male cell reaching an
oogonium at the right time may be increased.

TYPE X. ULOTHRIX ZONATA

1. STRUCTURE

We will next consider another fresh-water Alga, not at
all unlike dogontum in general habit, but representing
a very different and much lower type of reproduction.
Ulothriz zonate is an extremely common Alga, of the
filamentous or confervoid kind,! growing by preference
in running streams, or in water which is constantly
renewed, as in brooks, open watercourses, or in open-alir
tanks with a constant supply.

The thread which constitutes the Alga is very
slender, not usually exceeding about ‘025 millimetre
(one-thousandth of an inch) in diameter. The filament
consists of a single row of cells, often very numerous,
amounting to a thousand or more in a single thread.
The threads are usually attached at one end to the stones
or other things in the water, but they can live equally
well detached, floating in tangled masses on the surface.

! Simple filamentous Alga are often spoken of as confervoid, because all
such forms were in the days of Linneus included in the old genus Conferva,
which since that time has been subdivided again and again, as the

important distinetions among the species originally referred to it came
to be better understood.
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The cells of Ulothriz are somewhat similar in structure
to those of our last type. Within the cell-wall is the
protoplasmic layer, or primordial utricle, in which the
nueleus is embedded. The chloroplast has the form of a
broad transverse band, in which pyrenoids are contained.
When, as is often the case, the cells remain short, the
chloroplast may occupy almost the whole length of the
cell, but when the latter grows longer the green band
forms a girdle around its middle part. In the interior
of the cell is a large vacuole containing only cell-sap.
When the filament is attached by one end, the root-cell
is nearly or quite colourless; sometimes this organ of
attachment 1s branched, though the rest of the thread
always remains simple. The thallus grows throughout
its length, and has no speecial growing-point. The cells
divide by transverse walls to keep pace with the growth.

2. REPRODUCTION

The reproductive cells of Ulothrixz are active zoospores.
They are of two kinds, the most constant distinetion con-
sisting in the number of the cilia, of which there are four
in the one kind and two in the other. Both vary much
in size, but on the average the quadriciliate is decidedly
larger than the biciliate form. We will first consider
the former. The larger zoospores arise from ordinary
cells of the filament; each mother-cell may produce one,
two, four, or eight of these bodies from its contents. In
the first case the whole protoplasm (with the exception
of a thin external layer) is used up to form the single
zoospore ; if two are to be produced a transverse cell-
division first takes place, and each half of the contents con-
stitutes a zoospore ; if the number be four, a longitudinal



THE ALG.E 161

division succeeds the transverse one; and if eight are to
be formed, another division again, at right angles to the
other two, completes the partition of the contents.

In any case the resulting zoospores are pear-shaped,
contain each one nucleus, and have the chloroplast in the
broader part of the cell, while the pointed end is made
up of clear protoplasm. In each zoospore is a “ pulsating
vacuole ” which alternately contracts and expands about
every ten or fifteen seconds; in this respect these vegetable
cells precisely resemble some of the unicellular animals.
At the point are the four long cilia by which the
locomotion is brought about. The mother cell-wall
breaks down at one side, and the zoospores escape. Their
movements are very active, and they have formed the
subject of some of the best observations on the locomotion
of vegetable cells. Relatively to their own length their
speed is great. A zoospore will travel through twice or
three times its own length in a second, while the fastest
ship requires from ten to fifteen seconds to traverse its
own length; on the other hand, zoospores are so small
that their acfual speed is slow (about a metre in an
hour).! Considering the distance they are required to
travel, we may say that their locomotion is very active.
Under the microscope their size and speed are magnified
together, so that we are enabled to realise the true
relation between their movements and their dimensions.

We saw some time back (pp. 70 and 136) that the
spermatozoids of the higher Cryptogams are sensitive to
certain chemical substances when dissolved in the water.
Zoospores of Algae are also sensitive, though in different
ways ; in this case they react espeeially to the inflnence

1 Noll, in Strasburger, Noll, Schenck, and Schimper, Lehrbuch der
Botanik.

11
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of light. In darkness these zoospores wander aimlessly
“about in all directions, and do not come to rest until
they are exhausted and die. In darkness therefore they
cannot reproduce the plant; but as they are normally
set free in the morning, and come to rest before evening,
this difficulty does not arise in Nature. Light, how-
ever, shining from one side, at once exercises a directive
effect on the movements of the zoospores. If the light be
of moderate intensity, they swim towards its source; if the
brightness be excessive, they hasten with equal decision in
the opposite direction. As the swarming period nears its
end, the zoospores tend more and more to avoid the light,
and so are brought into contact with dark solid objects in
the water, on which they can come to rest and germinate.
Hence the reaction to light is of service to the plant, for
the zoospores are thus induced to disperse themselves in
the open water where their own assimilation can go on,
while at the same time seeking shelter from too intense
sunlight, which is dangerous to unprotected protoplasm.
“ Finally, their changing sensifiveness ultimately brings
them to rest in a position where germination can
take place.

The zoospores of Ulothriz and of many other Alge are
provided with a red pigment-spot at one side of the
clear protoplasm; this has been called the eye-spot, a
fanciful name, though it is possible that the red pigment
may really have something to do with the action of light
on the zoospore. These comparatively large, four-ciliated
zoospores of Ulothriz swim about for some hours, and
when they come to rest attach themselves by the colour-
less end, and grow out at once into a new Ulothrix
lilament, like the parent.

In other cells, it may be of the same or of different
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filaments, swarm-cells of a somewhat different kind are
formed. These are characterised by having two cilia instead
of four, but in other respects are like the former kind,
though smaller. They are produced to the number of
8, 16, 32, or even more, in a mother-cell, by successive
bipartition, just as in the former case. Except for the
number of cilia there is no visible difference between
the two kinds. It is these small swarm-cells which are
the sexual cells of Ulothriz. When they escape from
their mother-cell they swim off through the water just
like the larger kind of spore. If, however, they meet, as
often happens, with another swarm of their own kind,
just set free from another cell of the same or of a
different thread, an extraordinary process takes place.
When two swarm-cells from different mother-cells happen
to touch one another they at first become entangled by
their cilia, and the pair go on spinning through the
water together. They gradually become more closely
united; their bodies come into contact laterally, and
soon begin to fuse. The fusion starts at the pointed
colourless ends, and after these parts are quite joined
up the opposite ends remain for a time separate. Soon
however, in fact within a very few minutes, fusion is
complete; the two cells bhave become one, and now
constitute a single four-ciliated spore (see Fig. 70). Its
origin from two cells can long be recognised by the two
eye-spots and the two chlorophyll-bodies.

The movements do not last long after fusion is
complete. The spore resulting from this union with-
draws its four cilia and comes to rest, attaching itself
like an ordinary zoospore by the colourless end. In most
cases the two cells which unite are of about the same
size ; sometimes it happens that a smaller cell unites with
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a larger (Fig. 70, C), for of course the size of the swarmers
varies according to the number produced in a mother-cell,
and the dimensions of the latter.

Apart from such accidental differences, we have Lere a
union of perfectly similar cells, whereas in all the plants
described above there was a sharp distinction between the
male and female cells.
We have in fact reach-
ed in Ulothriz the
lowest and simplest
stage of sexual repro-
duection in plants. The
process in this rudi-
mentary form requires
a special name; fer-
tiltsation 1s the union
of wunlike cells, eg.
that of an ovum with
a spermatozoid, or

Fic. 70.—Ulothriz zonata. A, part of a
filament ; most cells are already empty ;

from one the biciliate zoospores are
escaping. B, zoospores; C, two in the
act of conjugating; D, two young
zygospores, immediately alter conjuga-
tion ; E, ripe zygospore ; F, unicellular
plant grown from zygospore ; G, similar
plant producing zoospores, which are
about to escape. Magnified 482, (After
Dodel-Port.)

with a generative cell
from the pollen-tube ;
the sexual fusion of
simalar cells is termed
conjugation, and the
result of such a union

1s called a zygospore,
to distinguish it from the odspore, which is the product
of fertilisation.  Every possible intermediate stage
between the two processes is, however, known 1n various
Algee, so we need not hesitate to regard conjugation as
really a primitive form of sexual reproduction. One
point of importance must be noticed: only swarm-cells
from different mother-cells will conjugate, not those
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from the same. Hence we see that in this very simple
plant self-conjugation is avoided, just as self-fertilisation 18
so often avoided among the higher plants.

We will now see what becomes of the zygospore. It
soon acquires a cell-wall, and often puts out a colourless
root-hair (of variable length) by which it is attached to
the substratum. The germinating zygospore goes on
growing slowly for some weeks, but never attains any
great length, and always remains unicellular (see Fig.
70, F). Its contents become denser and of a dark-green
colour, while the cell-wall is much thickened, and now
the little plant enters on a stage of rest.

It is a curious point about Ulethriz that its dead
season is not the winter, but the height of summer.
Growth and asexual reproduction go on actively all
through the winter and spring, only stopping while the
plants are actually frozen hard. When the hot weather
comes, however, growth is checked, and it is especially
under these conditions that the zygospores are produced.
After a few weeks of slow growth they remain dormant,
until late in autumn or even into the winter. Then,
when cold weather returns, the plantlets produced from
the zygospores wake up, but they never grow into
Ulothriz filaments. Their contents divide up into a
number of cells (from three up to about fourteen), and
in this case the division is simultaneous (Fig. 70, G).
These cells are zoospores, and when they become free they
no doubt reproduce the ordinary form of the Ulothriz
plant, though all the stages have not yet been observed.

We have already called attention to the close
similarity between the conjugating cells and the asexual
zoospores; 1t will be remembered that in Fdogonium
we already noticed how much the spermatozoids resemble
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the zoospores of that plant. Now in Ulothriz it is not
a mere matter of similar appearance; the sexual cells
actually are zoospores, for if conjugation be not effected
they can germinate on their own account, either behaving
exactly like the purely asexual quadriciliate zoospores,
or forming resting-cells like the zygospores.!  This
may happen either within the mother-cell, if they fail
to free themselves, or in the open, if no opportunity for
conjugation has arisen. The little zoospores then come
to rest, and grow out at once into Ulothriz plants smaller
than those formed from the big zoospores, but otherwise
quite like them. Itis true that the very smallest swarm-
cells (produced to the number of thirty-two or more in a
mother-cell) sometimes only give rise to a very feeble
and rudimentary thread, which may never grow up into
a mature plant. We see, however, this important fact:
the conjugating cells have not yet become exclusively
adapted to a sexual function; they are still spores,
capable of more or less successful independent germina-
tion, though fitted under favourable conditions for con-
jugation. This makes Ulothriz and other Alge like it of
quite special interest, for in them we can trace the very
first rise of the sexual process among cells which are still,
to all intents and purposes, spores.

Conjugating motile cells are often called planogametce
(which implies that they are wandering sexual cells), but
we have not used that word so far, because 1t is important
to bring home to our minds the really fundamental fact,
that the cells which conjugate are themselves spores.

1 According to a recent observer, the true sexual cells, when they fail to
conjugate, always behave like zygospores. The small zoospores which
germinate directly are said not to be identical with the sexual swarm-
cells, though almost indistinguishable from them,
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Ulothriz, though so simple an organism, has been
considered as presenting certain analogies with the life-
history of the higher Cryptogams. The resting-cell,
resulting from the act of conjugation, may be regarded as
a dwarf form of plant, limited entirely to reproductive
functions, and as thus representing, in an extremely
rudimentary form, the sporophytfic generation of the
Bryophytes.

Occasionally Ulothriz reproduces itself in another way
again, for the filaments may divide up in all directions
into colonies of rounded cells, which go on multiplying
on their own account for an indefinite time before giving
rise to the ordinary form of the plant. This has been
called the Palmella condition, because the plant when in
this state has been mistaken for a distinet genus, called
Palmella. In other cases the cells of the filament round
themselves off, acquire thick walls, and may pass into
a resting condition. Ultimately they reproduce the
normal filaments, either by direct germination or by
forming zoospores in their interior, which escape and
ultimately grow into new plants. The Palmella state
of Ulothriz is chiefly found when the plant is left by
the receding water on the damp sides of the pool or
stream in which it grows. The thick-walled resting-
cells are a means of protection against death by
drought.

The great scientific interest of Ulofiriz depends on
the variety in its methods of propagation, and especially
on the fact that we can here study sexual reproduction
in its most primitive form.
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TYPE XI|. Srirocyra

1. STRUCTURE

Our next type is another of the filamentous fresh-water
Alge, but very distinet from those already dealt with.
The genus Spirogyra contains about seventy species,
differing much among themselves both in size and in
details of structure. We will give a general account of
the genus, noting when necessary the points in which
the specific differences are of interest.

Spirogyra occurs chiefly in ponds and lakes, that is to
say in still, rather than in running water. It is often
present in immense quantities, the filaments forming
floating masses, sometimes several acres in extent, buoyed
up by the bubbles of oxygen which their assimilation
has produced. It is characteristic of Spirogyra to float,
for its filaments are perfectly free, without attachment
to any kind of substratum. There is no distinction of
apex and base, and all the cells are alike throughout the
thread.

In the larger species of Spirogyra the cells are,
microscopically speaking, of great diameter (reaching
‘25 mm. = one-hundredth of an inch, in extreme cases).
They are therefore very favourable for study. Within
the stratified cell-wall is the primordial utricle, in
which protoplasmic circulation can be well observed in
vigorous plants. Imbedded in this are the very con-
spicuous chloroplasts, which here take the form of green
gpiral bands with toothed edges. They form the most
striking feature of the plant under the microscope, and
from them the genus derives its name. The chloroplasts
vary in number from one to ten in each cell (see Figs.
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71 and 72) according to the species, but the number is
not always constant even in the cells of the same
filament. Each chloroplast is studded at intervals with
large pyrenoids, which can be well seen here, and have a
crystalloid form. It is around these proteid bodies that
the starch is formed when assimilation 1s taking place.
Each pyrenoid then becomes surrounded by a coating of
minute starch-granules. In every cell there is one
large nueleus, either imbedded in the primordial utricle,
or suspended 1n the middle of the cell by protoplasmie
fibrils. These fibrils are attached, at the ends remote
from the nucleus, to the chloroplast, abutting on it at
the points where the pyrenoids are situated. The
nucleus contains a large nucleolus.

All the cells are similar, and all take an equal part by
growth and transverse division in the development of
the plant. Spirogyra may therefore be spoken of as
physiologically a unicellular organism, for all its cells are
equivalent, and each appears to be capable of carrying on
all the necessary functions for itself. In the ordinary
state the plant is morphologically multicellular, but some-
times the thread actually breaks up into its separate cells,
and we then find that each of these on its own account is
capable of independent life, and can start a new plant. In
a large number of species allied to our type, the cells
normally lead an isolated existence, separating after each
division. This is usually the case in the Desmids, a Family
of freshwater microscopic plants of great beauty.

In Spirogyra the division of the cell coincides with
that of the nucleus, which takes place by a complicated
process (much like that in the higher plants) resulting
in the formation of two exactly similar daughter-nuclei.
While this is going on, a transverse septum gradually



170 STRUCTURAL BOTANY

grows in from the outside of the cell, first appearing as
a mere ring, and gradually advancing towards the middle,
until a complete disc of cellulose is formed across the
cell, dividing its contents into two parts and separating
the newly-formed daughter-nuclei (see Fig. 71). The
growth of the cell-wall is entirely due to additions from
the protoplasm. This mode of cell-division by ingrowth
from the outer wall is common among the lower plants,
while in the rest of the vegetable kingdom the new wall
is as a rule formed simultaneously over its whole area.

Fic. 71.—Cell of Spirogyra nitida during division. There are
several spiral chloroplasts, with numerous pyrenoids. The
two daughter-nuclei have already separated ; at /F— I the
new cell-wall is growing in between them. Protoplasm con-
centrated at the growing edge of the cell-wall. Magnified
about 200. (R. 8.)

2. REPRODUCTION

Except for the occasional breaking up of a filament
into its constituent cells, Spirogyra possesses no asexual
means of propagation. Its normal reproduction 1is
always sexual, and is a form of conjugation, consisting
in the union of like cells. As we shall see, however, it
is quite different from the mode of conjugation in
Ulothriz, for in Spirogyra and its allies it is the
ordinary vegetative cells which unite. Conjugation, in
most cases, takes place between two filaments lying side
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by side. The cells of each filament send out lateral
outgrowths, which exactly correspond to each other in
position. These outgrowths come into contact, and
adhere together; the walls separating them are then
absorbed, so as to leave an open passage between the
opposite cells of the two threads (see Fig. 72).

The contents of the cells in
one of the two filaments now
contract, receding from the
cell-wall, and round them-
selves off ; for a time the cells
of the other filament remain
unchanged. @ The contracted
cell-contents next begin to
insinuate themselves into the
connecting passage, and gradu-
ally work through it, passing
into the opposite cell (Fig.
73). They then unite with
the contents of the latter,
which in the mean time have

themselves somewhat con- Fie. 72. — Spiregyra longata
tracted conjugating, The two parallel
LACLEQ, ! : filaments are putting out the
In this case the fusion of  conjugating outgrowths (a),

; h R which at & are already in con-
the nuclel of the two conjuga- {0, o, spiral chloroplastid ;
tine cells has been observed.  ®» nucleus, with radiating
: : protoplasmie fibrils. Magni-
The united protoplasmic mass  fied about 350. (After Sachs. )
assumes a rounded or oval
form, and surrounds itself with a cell-wall, which becomes
thickened and cuticularised on its external surface. It
appears that in some species at any rate the chloroplast
or chloroplasts of the active cell disintegrate in the

zygospore, so that those of the new generation belong
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only to the receptive partner. If this be so, it points
to a certain degree of sexual differentiation.

That there is actually a certain distinction of sex In
Spirogyrae is evident from the fact that all the cells of
each conjugating filament usually behave in the same
way, either giving up their own protoplasm or receiving
that of the fellow-filament. That the difference, how-
ever, 18 not fixed 1s shown by the fact that conjugation
sometimes takes place moneciously, .. between the
cells of the same filament. This mode of union is called
“ chain-like,” in opposition to
the more usual dicecious or
“ ladder-like ” method, and both
processes may oceur in the
same species. In monacious
conjugation two adjoining cells
Fic. 73. —Conjugation more put out very short lateral

advanced. = At @ the proto- ., q0ac505 which arise close to-

plasm is in the act of passing 5 :
over; at b the union is com- gether, on either side of the

plete, one cell having trans- .
ferred all its contents to the transverse wall separating the
?EH}:;I‘ Siﬂigsﬂ;ﬁﬂd about 350. two cells. The processes unite,
: and the contents of the one
cell pass through the side passage and fuse with those of
its neighbour. In this case there may be a certain
sexual difference among the individual cells, but the
filament is obviously bisexual.

In most of the allies of Spirogyra (eg. in the Desmids)
there is no trace of any difference of sex, for the cell-
contents meet and fuse midway between the parent cells,
each of which thus takes an equal part in the process.

The confents of the zygospore assume a darker colour,
and the starch disappears, giving place to oil, which

constitutes the reserve carbonaceous material during the
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interval of rest. The zygospore can now survive either a
period of drought or the cold of winter, as the case may be.
On germination the zygospore, unlike that of Ulofhriz and
its allies, gives rise directly to a new plant. The outer
wall is burst, the protoplasm grows out, clothed only by
the inner cellulose wall, the bright green colour of the
chlorophyll reappears, and starch is once more formed.
On first germinating, the young plant shows a distinction
between apex and base, for it remains for a time attached
by one end, which is pointed and colourless. This dis-
tinction is soon lost, and the filament floats freely in the
water. In a few cases, where conjugation fails to take
place, the single cells have been observed to form resting-
spores asexually, and in one or two species this is the rule.

The life-history of Spirogyra, which represents a con-
siderable order of fresh-water Alge, is, as we see,
extremely simple; there is not the slightest indication
of any alternation of generations. All individuals alike
are capable of conjugation, and are therefore sexual
The name Conjugatee is applied to this order, for it was
among them that the union of similar cells to form a
zygospore was first observed. In this group it is always
the ordinary vegetative cells which unite, so the pro-
cess 18 essentially different from the union of actively
moving spores such as takes place in Ulothriz. The
Conjugate appear to be an isolated group, showing no
near relation to any of the higher forms, whereas from
the motile conjugation of Ulothriz we can trace a series
of steps leading on to the well-marked fertilisation of
Alge like (dogonium. In Spirogyra, however, we have
really the type of all sexual reproduction, which consists
essentially in the fusion of two distinct cells, accompanied
by the union of their nuclei. The structural differences
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between male and female, so generally found in the
higher plants, are of only secondary importance, and
must be regarded as special adaptations to secure this
union with the least expenditure of material and energy.
In one word, we may regard conjugation as the primitive
form of fertilisation.

Tyrpe XIl|. Vaucneria

We now come to a group of plants, which in their
general structure differ more profoundly from all our
previous types than any of the latter differ from one
another. So far, all the plants we have considered have
been cellular: in Vaucheria the protoplasm is not
partitioned by cell-walls at all, but is perfectly con-
tinuous throughout the whole plant. A large number of
green Algze—including the extensive family Siphonese—
are distinguished by this non-cellular structure. Peculiar
as these plants are in their internal organisation, they are
none the less capable of attaining on their own lines a
high development. Many of them are of large size, and
some possess organs analogous to the stem, leaf, and root
of higher plants.

Vaucheria 1s one of the simplest of the non-cellular
Alge in its vegetative organs, but as regards its repro-
duction is more highly differentiated than any other plant
of this type at present known. Some few species of
Vaucheria are marine, but most are either fresh-water or
terrestrial plants. Some of them are among the very
commonest of Alge, oceurring everywhere in ponds and
ditches, or on damp earth, as, for instance, on the soil of
neglected flowerpots, where they form a tangled green
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web, and are often troublesome weeds, especially to Fern
cultivators. Their threads are rather coarse, darkish-
green, and branched. When submerged, they often form
dense masses of large size, becoming conspicuous objects

in the water.
1. STRUCTURE

In the vegetative condition a Vaucheria consists of a
cylindrical green filament, repeatedly branched at irregular
intervals, and attached by a colourless branched root or
rhizoid (see Fig. 75, B). The contents are uniform
throughout the green part of the plant. The filament is
bounded externally by a cellulose membrane, but internally
there is nowhere the least trace of cell-walls, as long as
the plant remains in its normal vegetative condition ; the
cell-contents are uninterrupted throughout its entire
length (which may amount to many inches), and extend
without a break into the branches.

The protoplasm forms a thick layer lining the external
wall, and contains an immense number of roundish
chlorophyll-granules, the abundance of which accounts for
the deep-green colour of the threads. Imbedded in the
protoplasm, just inside the layer of chlorophyll-granules,
there are innumerable minute nuelei, which multiply by
division as the plant grows. This feature is very character-
istic of the non-cellular Alge and some allied forms,
which always have numerous nuclei scattered in their
protoplasm. We see, then, that Vaucheria possesses the
essentials of cell - structure — protoplasm and nuclei —
though not partitioned into distinet cells. The growth of
the stem and its branches is apical ; at the extreme grow-
ing end of each filament the protoplasm is colourless and
transparent.  Vaucheria does not form starch; the pro-
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duct of its assimilation is deposited in the form of a fatty
oil.

2. REPRODUCTION

Vaucheria produces reproductive cells of two kinds—
asexual and sexual. The asexual reproduction affords a
rapid means of propagation, and goes on chiefly when the
plant is growing in abundance of water, and generally
under conditions that suib it.

The protoplasm accumu-
lates and becomes denser
at the end of a branch,
which assumes a club-like
form. The enlarged end
is then separated from the
rest of the filament by a

fransverse septum, for
usstlis, o the laft is shown th ” #usheria, forms cell-walls
end of a filament, just cut off, by 1n connection with its repro-

the wall (w), to form a zoospor- -
angium. Magnified 25. To the ductive organs, though not

right is a zoospore covered with elsewhere, except in case

;gﬁ “?E&Zi“g;ﬂ;ﬂ?éﬁﬂagmﬁm of injury. The cell thus

formed may be called the

zoosporangium. The entire contents of the zoosporangium

constitute a single zoospore of relatively large size, clothed

over its whole surface with numerous short cilia (see
Fig. 74).

The sporangium opens at the apex; the expulsion of
the zoospore is helped by the expansion of mucilage
contained in the cell, but depends to a great extent on
1ts own movements. The opening 1s much narrower
than the zoospore, which has to push its way through,
and to change its form in the process (see Fig. 75, 4).
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Sometimes the front part, which tries to rotate as it
becomes free, gets twisted off from the rest of the cell,
and then two zoospores are formed instead of one.

The zoospore contains a great number of chloroplasts
and of nuclei. In this case the nuclei lie near the
outside,in a clear zone of protoplasm. The numerous
cilia are in pairs, each pair corresponding to a nucleus.
Evidently the whole of this great zoospore corresponds
to a multitude of small zoospores, not separated from

F1a. 75.—Zoospore and its germination in Vaucheria sessilis. A,
zoospore (sp) in the act of escaping from the sporanginm.
Magnified about 30. B, germinating zoospore (sp), which
has formed two green filaments and a rhizoid (). Magnified
about 20. (After Sachs.)

each other. In most allied Alge we find that numerous
zoospores, usually with two cilia each, are formed in the
gporangium,

The escape of the zoospores of Vaucheria generally
takes place in the morning. They swim about
rather lazily for a quarter of an hour or so, and
are so big that their movements can be followed with
the naked eye. Then they come to rest, and immedi-
ately withdraw their cilia. The zoospore germinates at
once, sending out a filament which attaches itself to

12
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the soil by a colourless rhizoid, and soon begins to
branch (see Fig. 75, B).

This mode of reproduction may go on indefinitely,
from generation to generation, as long as weather and
water remain favourable. But under other circum-
stances, and especially if the level of the water is
sinking, and a danger of drought threatens, Vaucheria
proceeds to form reproductive bodies of another kind.
This plant, so simple in its vegetative structure,
possesses more sharply differentiated antheridia and
oogonla than any of the Alge already described. Both
organs arise as lateral outgrowths. In some species
they are seated directly on the main filament; in others
a short special branch forms a pedicel on which the
sexual organs are borne, as shown in Fig. 76, where the
~ofigonium is terminal on the pedicel, while the anther-
idium is seated laterally below it.

The antheridium at 1its first origin resembles a
young vegetative branch. It contains abundant
protoplasm with chloroplasts and very numerous
nuclei. As it approaches maturity, it usually becomes
curved like a horn (Fig. 76). The terminal part is cut
off from the rest by a transverse wall, and forms the
true antheridium. The nuclei assemble in the interior
of the cell, leaving the chloroplasts and part of the
protoplasm in contact with the wall. The more
internal portion of the contents now breaks up into
the excessively minute spermatozoids, each of which
consists of one of the nuclei, together with an ex-
tremely small quantity of protoplasm, and is provided
with two cilia. They begin to swarm within the
antheridium, which now opens at the apex, and expels
the spermatozoids, together with a portion of the
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unused protoplasm, some of which, however, remains
behind.

In the mean time the development of the obgonium
has been going on. Arising, like the antheridium, as a

Fic. 76. — Fertilisation of Faucheric terresiris. A, part of
filament, bearing two reproductive branches ; a, antheridinm;
o, oogonium. On the right an early stage is shown. On
the left the antheridinum is already empty, and the otigonium
fertilised. B, right hand group of Fig. A later on, showing
fertilisation. The minute ggermatuminls (sp) are caught in

the drop of muecilage expelled from the otigonium. Anther-
idium of same branch not yet open. €, some time after
fertilisation. The antheridium and filament are empty, and
the odspore is ripening. D, ripe oUspore, containing oil-
drops. Magnified 110. (R. S.)

lateral outgrowth (or as in the species figured, at the
end of the pedicel), it soon assumes a globular form.
The protoplasm of the o6gonium contains a large
quantity of oil, as well as chloroplasts, and at first a
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very large number of nuclei. After a time a sort of
papilla or beak is formed (Fig. 76, 4) on one side. A
remarkable change now takes place in the contents.
A portion of the protoplasm wanders back into the
filament, carrying with it all the nuclei except one, so
that the odgonium becomes a uninucleate cell. It
is now cut off by a transverse wall from the filament.
The contents rearrange themselves so that the portion
towards the papilla becomes clear and free from
chloroplasts, forming the receptive spot. The now solitary
nucleus (which has grown rather larger than before)
lies towards the middle of the cell, connected by a
strand of protoplasm with the clear receptive spot.
The wall of the oogonium opens at the papilla, and at
the same moment a portion of the colourless protoplasm
is expelled. It is probably due to the pressure of the
protoplasmic mass that the wall is opened; sometimes
the extruded part of the contents remains in connection
with the protoplasm within the obtgonium. From this
point onwards we may speak of the contents of the
odgonium as the ovum,

Fertilisation now takes place. = The minute sperm-
atozoids swarm in at the oogonial aperture, but do not
necessarily select the particular otgonium near which
they were formed. In Fig. 76, B, for example, an
antheridinm is shown which has not yet discharged
its spermatozoids, although the adjoining odgonium
is actually being fertilised. @ Numerous spermatozoids
may enter an odgonium, but only one fuses with the
ovum, which it penetrates at the receptive spot where
the protoplasm is clear. The nucleus of the sperm-
atozoid has been traced through the protoplasm of the
ovum, until it reaches the sole remaining nucleus, with
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which it unites. It appears then that in Vaucheria,
in spite of the remarkable peculiarities of its organisa-
tion, fertilisation is precisely the same process as in the
higher plants.

The fertilised ovum surrounds itself with a cell-wall
of some thickness, and passes into a resting-stage
(see Fig. 76, D) during which a period of drought
can be endured with safety., = Then germination
takes place; the oUspore gives rise directly to a new
Vaucheria plant, which soon begins forming the asexual
Z0OSpoTes.

We see that there is in this plant no indication of
a regular alternation of generations. Sexual and
asexual reproduction may both occur in the same
individual, and it depends on the external conditions
whether the one or the other takes place.

The sexually produced resting-spore is itself a pro-
vision against drought, but the plant can also protect
itself against this danger in a more rough and ready
fashion. If the water sinks and the filaments are left
stranded on the mud, it sometimes happens that they
divide up into a number of cells, each of which surrounds
itself with a thick wall. This is called the Gongrosira
state, because specimens of Vaucheria in this condition
used to be placed in a different genus under that name,
We see then that Siphonaceous filaments can separate
into distinet cells when necessary, though this does
not happen in the normal course of their vegetative
life.

Vaucheria stands quite alone among the non-cellular
Alge in the perfection of its reproductive arrangements,
In other cases, where any sexual process has been ob-
served, it takes the form of the conjugation of motile
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cells.  Vaucheria therefore, though one of the simplest
of these Algwe in vegetative respects, appears to rank
highest as regards reproduction.

TyYyprPE XII|]|l. PLEUROCOC(US VULGARIS

Before leaving the green Alge we will take one more
example, the very simplest we can find, as an illustra-
tion of a unicellular plant. Pleurococcus vulgaris is in
our climate perhaps the most abundant of all plants.
Everyone must have noticed how commonly the trunks
of trees, palings, and wet walls are covered by a bright
green powdery layer, especially on the side away from
the sun. In damp winter weather the green coating
is most developed. This substance, though it may
include many different organisms, is chiefly made up of
Pleurococeus vulgaris.

This Alga, which oceurs in prodigious numbers, consists
of small rounded cells, sometimes quite separate, some-
times grouped together in little packets of two, four, or
eight. When adhering together, the sides in contact are
rather flattened.

Each cell has a thin cellulose wall, and is densely
filled with protoplasm, which at first sight appears to
be coloured uniformly green. This, however, is not the
case, for the chlorophyll is really limited to definite
chloroplasts, of which there are usually several occupying
the outer part of the cell-contents. The rest of the
protoplasm is colourless. About the middle of the
cell is a nucleus, containing a nucleolus (Fig. 77).
The cells divide freely into two; successive divisions
take place in all three directions, and are at right angles
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to each other. The cells may either round themselves
off and separate immediately after each division, or
may remain grouped together for a few generations.
Sooner or later, however, they fall apart. The plant
forms small starch-grains in
the chloroplasts when exposed
to light.

We have in Pleurococcus an
example of a typically unicel-
lular plant, in whieh the cells
lead a perfectly independent
life ; each individual cell, how-
ever, has the same structure
as in higher plants. Evidence
has recently been brought Fic. 77.—Plewrococcus vulgaris.

. : A, single cell ; », nucleus;
forward to show that Pleuro- o chlm-nplastids,’ Lo

COCCUS POSSesses other means cells separating after division.
P et Lol Sl ¢, group of cells remaining in
O reproduction besldes simple contact. The two to the left

cell-division, and that it passes  have just divided afresh. D,
- tetrahedral group. Magnified

through other stages of exist- 540, (After Strasburger.)

ence than that described. It

is probable that the life-history is in reality a rather

complex one, but at present the whole of the facts have

not been made clear.

B. THE BROWN ALGA (Phwophycee)

The brown Alge almost all of which are seaweeds,
are probably better known to the ordinary observer
than even the green group, owing to the large size
which many of them attain, and the extraordinary
abundance in which they occur on our coasts. In
dimensions and structure they present an even wider
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range than the Chlorophycez, for though no brown Algze
are quite so small or so simple as Pleurococcus, yet many
of them very much exceed any of the former division
both in size and complexity. The peculiar colour of
their thallus results from the fact that in addition to
the chlorophyll which they all contain, another pigment
of a brown colour is present, which more or less com-
pletely disguises the green of the chlorophyll. Unlike
the latter, the brown colouring matter is soluble in
fresh water, so that we can easily extract it and make
the chlorophyll visible.

The Phweophycee certainly form a natural group,
for from the lowest to the highest there are certain
points in their organisation which are common to all.
The colour in itself i1s not a character of much im-
portance, but it coincides roughly with structural
features, and affords a useful external mark by which
the group can in most cases be recognised. This
mark must, however, be used with caution, for there
are some Alge which resemble the Phaophycez in
colour, but have otherwise nothing in common with
them.

The majority of the Phaophycee are reproduced by
zoospores ; these are called the Phewo-zoosporee. A second
order only forms sexually produced resting-spores;
this is the family Fucaceee. We will take one example
of each, for space will not allow us to do more, though
really a large number of types would be necessary if
our object were to gain any adequate idea of the diver-
sity of the brown seaweeds.
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TYPE XI|V. EcTocArRPUs SILICULOSUS

1. STRUCTURE

The genus FEctocarpus, various species of which are
extremely common on our shores, includes some of the
simplest forms of the Phaophycee. The thallus 1is
filamentous, and repeatedly branched. It consists of
two parts; a creeping primary portion by which the
plant is attached to the substratum (usually one of the
larger seaweeds), and a tuft of branched threads, arising
from the creeping part and waving freely in the water,
often reaching a length of several inches. Throughout
the plant the filaments usually remain one cell thick,
though in a few cases longitudinal divisions oceur.
Each cell contains a single nuecleus and a varying number
of plastids, to the pigment contained in which the brown
colour of the whole plant is due.

The mode of growth of the free filaments is peculiar.
Instead of having an apical growing-point, each branch
grows chiefly near 1ts base. In this part short meri-
stematic cells are found, which multiply by transverse
division, while the more apical part of the branch
consists of long, full-grown cells, which have ceased to
divide (see Fig. 78). These dnfercalary growing-points,
as they are called, are characteristic of this group of
plants, though not by any means constant among
them.

2. REPrODUCTION

The reproductive organs are of two kinds, which are
distinguished as wnilocular and plurilocular sporangia.
They are usually borne on distinet plants, but sometimes
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on the same ndividual.

Both kinds of sporangia arise

as lateral branches, either sessile or stalked.
The unilocular sporangia are simply globular or pear-
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Iie. 78.—General view of part of
the thallus of Ectocarpus, show-
ing several branches. sp, sp,

lurilocular sporangia, borne
aterally on the branches;
g, g, intercalary growing-points,
where cell-division is going on.
Magnified 56. (R. S.)

shaped cells, borne at the sides
of the branches (Fig. 79).
They become densely filled
with protoplasm, and their
contents divide up into a great
number of small zoospores.
Each zoospore contains a
nuecleus and a brown plastid,
and bears two cilia, which are
inserted at the side, not at one
end of the cell. The sporan-
gium dehisces at its apex, and
the zoospores escape and swim
off into the water. During
their movements one cilium
points forward in thedirection
of movement, and the other
trails behind. In all Phee-
ophyce: the motile cells have
two cilia each, and they are
always inserted laterally, a
point which distinguishes
them from the corresponding
bodies in the green Alg:e.
These =zoospores come to
rest after a time, and grow
up into new plants. Hence
the unilocular sporangia are
organs of asexual reproduc-
tion.
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The plurilocular sporangia, unlike those just described,
are multicellular structures. In this case the sporangium
is divided up by numerous cell-walls, usually longitudinal
as well as transverse, into a multitude of small compart-
ments (see Figs. 78 and 80). In each of these com-
partments one or two zoospores are formed, which do not
differ obviously from those arising in the unilocular
organ. The zoospores escape from
the plurilocular sporangium by a
single opening at the end, the walls
between the different compartments
being absorbed, so that the swarming
cells can pass out, one after another,
through the same aperture.

In a very few cases (one of which
1s 1llustrated in Fig. 80), the swarm-
cells from plurilocular spordangia
have been observed to conjugate.
In Eetocarpus siliculosus there seems
to be a certain functional difference
between the sexes, though in appear-
ance the conjugating cells are all :
alike. Certain of the swarming thfmr;:];;': g;}‘;lﬂ;;r]::
cells (planogamet®) come to rest laterallyon afilament
before the others, and withdraw their E;ﬂiﬁﬁﬁgﬁﬂgfﬁ;
cilia. Such a cell, which we may  Reinke.)
regard as female, exercises a remark-
able attraction on the others which are still swim-
ming about. They swarm round it in great numbers
(as shown in Fig. 80, B), and eventually one of the
swarmers begins to fuse with the resting-cell. The two
are at first connected by means of one of the cilia of the
active cell. This cilium gradually contracts, and the
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Fic. 850.—Felocarpus siliculosus. A, part
of a branch, bearing two plurilocular
sporangia (sp), from one of which the
z00;pores (z) are escaping. Magnified 330.
B, female cell (9) which has come to rest,
with numerous male cells swarming
around it. C, two stages of conjugation.
B and C magnified 790. (A after Thuret ;
B and C after Berthold.)

protoplasmic  bodies
are thus brought to-
gether, until finally
the active and the
resting cell com-
pletely fuse into one.

We see that this
process, by which
a zygospore 1s pro-
duced, is a step in
advance of the con-
jugation of Ulsthriz,
for in the Eetocarpus
there is so far a dif-
ference between the
two cells, that at the
moment of fusion one
is at rest and the
other active, though
previously they had
both behaved quite in
the same way. We
may look upon this
as the first slight
approach towards the
differentiation of sta-
tionary ovum and
motile spermatozoid.
In spite, however, of
this distinetion, both
cells alike are capable
of independent ger-
mination as asexual



THE ALGAE 189

spores, although when germinating alone they are said to
produce weaker plants than those formed as the result of
conjugation. Otherwise there is no difference between
the products of sexual and asexual reproduction, for the
zygospore, like the solitary zoospore, gives rise directly
to a plant like the parent! In some localities germina-
tion without previous conjugation appears to be the rule.

It is only in very few species that any form of
sexnal process has been observed in Phwophycex. In
the majority of these Algwe, such knowledge as we
have goes to show that the motile cells, whether
derived from unmilocular or plurilocular sporangia, are
simply zoospores capable of directly reproducing the
plant., There is need for much further observation
before we have anything like a satisfactory idea of
the propagation and life-history of these plants. The
sporangia and zoospores are very uniform throughout
the Pheozoosporex, but in the vegetative structure there
is the greatest variation. We have chosen one of the
simplest examples. In other families of the group, as the
oarweeds (Laminarie) and their allies, the thallus attains
a vast size, and becomes extremely complex in anatomical
structure.

TYPE XV. PELVETIA CANALICULATA

Among the commonest and most conspicuous seaweeds
on the coasts of cold and temperate countries are the
members of the order Fucacece. The species chosen for
our type is distinguished from all others on our shores
by the position in which it grows, which is always close

1 Recent observations have completely confirmed the occurrence of
sexual reproduction in Eetocarpus, on which some doubt had been cast.
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to high-water mark. The plants are thus only under
water for a comparatively short time, not more than
a quarter of the day, and are able to bear a temporary
state of drought without injury.

1. STRUCTURE

Pelvetia eanaliculata is usually found in abundance
on any rocky shore, forming a well-defined band, just
below the highest level reached by ordinary tides. The
plants are only a few inches high (smaller than most of
their relatives), and have a forked, flattened thallus
attached to the rocks by a rounded disc (see Fig. 81, A).
The thallus shows a conspicuous groove or furrow along
one side, to which the species owes its name. In
addition to the regular dichotomous branches, adven-
titious shoots may arise on any part of the thallus,

When the plant is in fructification, which happens
chiefly in the late summer and autumn, the ends of
some of the branches become enlarged and studded with
wart-like projections, each of which has a minute pore at
the top (see Fig. 81, A, ). The swollen ends of the
branches are called the receptacles; the wart-like bodies
mark the position of the conceplacles, which are cavities
in the tissue,containing the organs of reproduction (see
Figs. 81, B, and 82).

Pelvetia, though one of the simplest of the Fucacez,
is a very highly organised plant compared with the
Alge already considered, and shows a rather complex
anatomical structure, which we will now very briefly
describe.

The external layer of tissue consists of small cells
with abundant plastids, giving their contents a dull
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brown colour. This superficial layer is no doubt the
chief assimilating tissue. Within this we come to large
parenchymatous cells, less deeply coloured, and as we
approach the middle of the thallus the cells become
elongated (ef. Fig. 82). In the lower part of the plant the
elongation of the central cells 1s so extreme that they

Fig. 81.—Pelvetin canaliculata. A, small fertile plant; d,
attaching disc; #, r, receptacles, each of which bears a
number of wart-like conceptacles. ¢ of natural size. B,
transverse section of a receptacle, passing through several
conceptacles (¢). Magnified about 4, (After Thuret and
Bornet.)

form a tangled web of branched filaments or ZAyphe.
The elongated cells appear to serve the purpose of
conducting food-substances, for they possess regular
sieve-plates perforated like those of the vascular plants.
Such sieve-plates occur both in the transverse and
longitudinal walls of the long cells. The hypha of the
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basal disc and lower parts of the thallus are gener-
ally thick-walled. Their function is to strengthen the
plant mechanically, and it will be found that the lower
portion of the thallus, where these hyphae are most
abundant, offers the greatest resistance to tearing.

Although it is thus possible to distinguish several
systems of tissue in mature parts of the thallus, if
must not be supposed that the different layers remain
permanently distinet one from another. As a matter
of fact the cells of one system constantly give rise to
those of another. For example, the outermost assimi-
lating cells divide tangentially, and the inner daughter-
cells, thus cut off, contribute to the more internal cortical
parenchyma, which appears to discharge the function
of storing the assimilated food. Again, the cells of
the inner cortex grow in length and may give rise to
hyphe, thus adding to the bulk of the central tissue.
The elements which correspond to sieve-tubes may
subsequently undergo further elongation, thicken their
walls, and assume the part of mechanical elements.

In the older parts of the thallus the assimilating
layer dies away, and is replaced by a secondary tissue
answering the same purpose, produced by the repeated
divisions of the underlying cortical cells. Thus we
see that the various kinds of tissue, which appear so
distinet when fully developed, can be derived the one
from the other. Owing to the cell-formation in the
superficial and other layers, and to the growth of new
hyphe which insinuate themselves among the old, a
constant increase in the thickness of the thallus goes on.

True starch is not formed as the result of assimila-
tion ; it is represented by another carbohydrate occurring
in granules, but not capable of being stained by iodine.
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The growth in length of the thallus takes place with
the aid of a definite apical cell, by the division of which
all the tissues originate. Such a cell is situated at
the apex of each branch, and lies at the bottom of a
slit-like depression, which can be detected on examining
the tip of the branch with a lens. When branching is
to take place, the apical cell simply divides into two
by a wall down the middle; so here we have a true

Fig. 82.—Conceptacle of Pelvetia, in median section. o, one of
the oiigonia, each of which contains two ova. Surrounding
tissues of thallus also shown. Magnified about 10. (After
Thuret and Bornet.)

instance of dichotomy, the two branches being on exactly
equal terms from their first origin,

Adventitious shoots arise chiefly as the result of
accidental injuries, The internal cells lying beneath the
wound are stimulated to renewed growth and division,
and give rise to a new thallus which may become an
independent plant. Thus the Alga ensures itself against
permanent loss in consequence of violence, for the
damaged parts are replaced by fresh and vigorous shoots.
The formation of these new growths, if they become

13



194 STRUCTURAL BOTANY

separated from the old plant, affords a simple but effective
means of vegetative propagation. The regular repro-
duction, however, of Pelvetia, in common with all other
Fucacee, is exclusively by the sexual method.

2. REPRODUCTION

As we have seen, each 7eceptacle or enlarged end of
a branch contains numerous conceplacles or cavities In
which the reproductive organs are placed. When ripe,
the conceptacle is an approximately spherical hollow,
communicating with the exterior by a narrow pore (see
Figs. 81, B, and 82). It arises as a depression on the
surface of the thallus, the part which is to form the
bottom of the hollow becoming arched over by the
greater growth of the surrounding tissue. The formation
of the cavity is, however, in some cases at any rate,
helped by the breaking down of a central cell, so as to
leave a gap in the tissue.

In Pelvetie the conceptacle contains organs of three
kinds: (1) sterile hairs or paraphyses arising all over
the wall of the conceptacle, with their free ends con-
verging towards the pore (see Fig. 82); (2) branched
filaments, on the lower parts of which the antheridia
are borne; (3) the sessile oidgonia, which are placed
chiefly in the lower half of the conceptacle (see Fig.
82). This species is therefore hermaphrodite, for the
organs of both the sexes occur in the same conceptacle.
In most other Fucaces the plants are dieecious, all the
conceptacles of each individual containing organs of
the same sex.

The antheridia arise as single cells, borne laterally in
small numbers near the base of the branched filaments
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(see Fig. 83, a). At first the antheridium, like other
cells in Fucacew, contains a single nucleus. This under-
goes repeated division into two, until the total number
of sixty-four nuclei is reached. Each of these nuclei
now becomes the centre of a distinet cell, the contents
of the antheridium dividing up simultaneously into as
many protoplasmic bodies as nuclei are present. These
bodies become sperm-
atozoids, each of which
consists of protoplasm,
a nucleus,and a plastid;
the latter, however,
contains but little
colouring matter. The
spermatozoids are of
oval shape, and bear
two lateral cilia of
unequal length (see
Fig. 84, sp). The
antheridial wall is
double, and when the e

Fic. 83.—Antheridia of Pelvetia. p, p,

organ is ripe the outer =} a, a, antheridia, some of whicl
membrane bursts at are already emptied. Magnified about

the top, and the whole 260. (After Thuret and Bornet.)
contents, which may be already developed into sperm-
atozoids, but are still enclosed within the delicate inner
cell-wall, are expelled.

The odgonia are single cells, of large size, seated on
the tissue at the base of the conceptacle (Figs. 82 and
85); they contain a great many plastids, and turn a very
dark colour as they become ripe. In each oigonium
there 1s at first a single nuecleus, which divides suec-
cessively into two, four, and eight. The cell contents,
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however, divide into two cells only (see Fig. 85) by a
transverse wall. Each of the two daughter-cells has one
central nucleus; the remaining six nuclei are expelled
from the ova, together with a little protoplasm. The
bodies seen close to the transverse septum in Fig. 86, A,
are some of these rejected nuclei. In Fucus itself all the

/

Fi16., 84,—Spermatozoids of Pelvetiz. A, unrips antheridium,
already freed from outer membrane ; B, antheridium open-
ing to emit the biciliate spermatozoids (sp) ; ¢, ¢, amdpt menmn-
branes. Magnified about 450. (After Thuret an garnet.}
eicht nuclei are utilised, for the oOgonium there divides
into eight cells; in another genus (Ascophyllum) four cells
are formed and four nuclei rejected, while in the majority
of the family no division of the cell contents takes place,
and of the eight nuclei formed in the oGgonium only one
serves as the functional nucleus of the ovum.!

! The fact that a number of nuclei are always formed suggests that the
odgonium of Fucace was originally a structure of the nature of a
sporanginm,
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In Pelvetia, then, the obgonium forms two ova which
are surrounded by a thick and very gelatinous cell-wall
showing three distinct layers (see Fig. 86). When
ripe, the outer layer of the oogonial wall gives way, and
the two ova, surrounded by the thick muecilaginous inner
layer of the cell-wall, are set free.

The expulsion of the spermatozoids and ova from the
conceptacles generally takes place in Pelvefia when the
tide has gone down and left
the plants exposed to the air,
though it may also go on
under water. The cavity of
the conceptacle 1s full of
mucilage secreted by the hairs
which line it. The surround-
Ing tissue presses on the full
conceptacle and forces out the
mucilaginous contents through
the pore; mixed with this
extruded mucilage are the
spermatozoids and ova. If we
hang up Pelvetia, or some other a7 g
‘Fucaceous seaweed, freshly “E:i%&;ﬂ?ﬁé’ﬁ}“ﬁh&&‘;ﬂ o
taken from the water, we can  form the two ova. p. para-
see the little slimy drops  Physes. To the left of the

: oogonium some antheridia
appearing at the pores of the  are also shown. Magnified
conceptacles; and these drops, :}iﬁ“]tjﬂﬂgé_} (After Thuzeb
if examined under the micro-
scope, are found to contain spermatozoids or ova or both,
according to the dicecious or hermaphrodite character of
the species. In Pelvetia we should find both organs in
the same drop. The spermatozoids are expelled while
still enclosed in the inner antheridial membrane; the
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ova are in pairs, held together by the inner odgonial wall.
There are many packets of spermatozoids and many pairs
of ova sent out from each conceptacle. As the spray
dashes up over the plants with the returning tide, their
reproductive cells are washed down from the receptacles,
sometimes onto the rocks, sometimes only onto the lower
part of the plant itself, where they often come to rest in
the groove of the thallus.

It is a constant rule among the Fucacex that
fertilisation takes place outside the parent plant, after
the sexual cells have been set free. The remaining
antheridial membrane bursts after expulsion from the
conceptacle, and the spermatozoids are at liberty to
swim off by means of their cilia (Fig. 84, B). In
this species, however, the ova remain enclosed within the
soft mucilaginous membrane derived from the o0gonial
wall. In most Fucacez this is not the ecase; the ova
are set free as bare masses of protoplasm; the peculiar
state of things in Pelvetia probably has to do with the
long exposure to the air; the mucilaginous envelope
protects the protoplasm within from danger of drought.

The spermatozoids during their movements come
across the pairs of ova, and swarm around them in large
numbers. Some of them make their way into the
mucilage, and penetrate to the protoplasm, which it seems
is generally approached at the side where the two ova
are in contact. It has been shown that ultimately only
a single spermatozoid succeeds in entering the protoplasm,
and making its way to the nucleus of the ovum. The
details of the process have now been thoroughly worked
out, and the fusion of the small male nucleus with the
large nucleus of the ovum observed, as shown in Fig. 87,
which represents the act of fertilisation in another member
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of the Fucacee. The proof of sexuality has also been
afforded by experiment. If the ova are kept apart from
the spermatozoids (as can be easily done in the case of the
dicecious species) they soon perish, making perhaps some
slight attempt at germination, which comes to nothing.

Fics. 86, A and B.—A, otGspores o. Pelvetia beginning to divide
immediately after fertilisation. They are still enclosed in
the gelatinous inner wall of the odgonium. The small
bodies in the gelatinous mass are spermatozoids ; the larger
bodies near the septum are the rejected nuclei of the
oogonium. B, later stage. The obspores have divided
to form many cells, and are sending out rhizoids. Magnified
about 120, (After Thuret and Bornet.)

If, however, the spermatozoids have access, the result is
quite different. The ovum now surrounds itself with a
cell-wall of its own, and after a few hours begins to divide.
The direction of the first cell-wall formed across the
fertilised ovum 1s said to be determined by light, and to
be always at right angles to the incident rays. Other
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cell-walls follow, and soon the odspore (which here does
not pass through a resting-stage) is converted into a little
mass of tissue, but without at first changing its external
form. After eight or ten days, several root-hairs begin
to grow out at the end away from the light (see Fig.
86, B). They burst through the odgonial wall, which
has lasted all this time, and attach the embryo to the
rock or whatever
else 1t may be lying
upon. The upper
part of the embryo
now elongates and
becomes first
cylindrical  and
then flattened at
the free end; a
depression  soon
arises at its apex,
in which a definite

Fic. 87.—Ovum of one of the Fuecacew (Asco- ﬂmeﬂl cell appears,
phyllum nodosum), seen in section at the 5,1d now we have
moment of fertilisation. &, small male . .
nucleus of a spermatozoid, which has traversed in all essentials a
the protoplasm, and is now in contact with new Pelvetia plant

the large nucleus of the ovum. The proto- fotrt T
plasm of the ovum shows a distinet foam-like 121TLY starte n

structure.  Magnified about 650. (After the world.

Fumanc) In these Algez
the result of fertilisation is a plant just like the parent.
There 1s no kind of asexual reproduction, and therefore
no possibility of any alternation of generations.

We see, then, that in the order Fucacee we
have the simplest possible life - history combined with
a very perfect form of sexual reproduction.  The
plants are altogether very highly organised, as shown
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not only by the elaboration of their reproductive
arrangements, but by their whole structure.  Some
members of the order bear perfectly distinct and well-
formed leaves, and rival the flowering plants in the
perfection of their external morphology. This is the
case notably in the genus Sargassum, of which everybody
has heard, from the fact that the plant forms prodigious
floating masses, in the mid-Atlantic, giving its name to
the well-known Sargasso Sea, which is many thousands
of square miles in extent. In anatomical complexity
also we have seen that even Pelvelia approaches the level
of the vascular plants. It is well to realise at once that
Alge may attain a very high organisation. On their own
independent lines some of them have reached a degree of
differentiation not much inferior to that of the higher land
plants, with which, however, they have no direct relation-
ship.

C. THE RED ALGA (Floridew)

The great majority of the red group of Alge are
seaweeds, though some genera are limited to fresh-water
streams. The marine Florides, though they do not
reach the great dimensions of some of the brown
seaweeds, are well known to every observer, owing to
their beauty of colour and form, and are always
especially favourite objects with collectors at the seaside.
Most of them flourish rather low down on the shore,
especially frequenting the sides of deep rock-pools, while
many are only found growing beyond low-water mark.

In these plants a red pigment, soluble in fresh water, -
accompanies and usually disguises the green colour of
the plastids. The chlorophyll itself is similar to, but
not absolutely identical with, that of the higher plants.
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The shade of colour, produced by the combination of the
two pigments, varies much in different species, and in
different conditions of the same plant. Sometimes a
bright rose colour is the result, sometimes a rich purple,
sometimes a reddish brown, while in a few cases so
little red colouring matter 1s developed that the green
pigment becomes externally visible.

All the plants which have any good claim to rank
as Floridex agree closely in their minute organisation,
methods of reproduction,and life-history; so that the whole
group 1s a manifestly natural one, though in the degree
of complexity of the thallus, and in the elaboration of
the reproductive processes, there is a great range of
variation. The Florideee stand almost completely
isolated in the vegetable kingdom as at present known
to us. They form a perfectly well-characterised group,
which attains a remarkably high development on its own
lines, especially as regards the process of sexual re-
production. We sghall only be able to describe one
representative, and that one of the simpler members of
the division,

TYPE XV CALLITHAMNION CORYMBOSUM
1. STRUCTURE

The form of the thallus among red Alge is subject to
very great variations; in some the thallus is finely, in
others more coarsely filamentous; in some, again, it is
of stouter build and ecylindrical form, while in others
the whole plant assumes a flattened leaf-like shape, or
consists of a short axis, bearing leaf-like appendages.

The type which we have chosen is one of the simplest,
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the whole plant consisting of a repeatedly branched
filament, the main axis of which is comparatively thick,
the successive branches becoming more and more slender,
while the ultimate ramifications terminate at the tips in
delicate hairs (see Figs. 88 and 89). The filament 1s
at first only one cell in thickness throughout. In the
lower part of the thallus, however, a peculiar kind of
secondary cortex is formed, as the plant grows older;
the basal cell of a lateral branch gives rise to delicate
filaments, which grow in a downward direction, attach
themselves closely to the membrane of the main axis,
and eventually form a complete coating over it. This
mode of forming a cortex by means of adherent branches
is by no means uncommon among filamentous Alge, both
of the red and brown divisions.

Each cell of the thallus contains, in addition to the
colourless protoplasm, a number of plastids (the bearers of
the combined red and green pigments) and, at least when
young, a single nuclens. The cells communicate with
each other by pits in their transverse walls; the pit-
membrane is covered on either side with a pad of callus
like that in sieve-tubes (see Part I. p. 60). Fine strands
of protoplasm extend through the callus and pit-membrane,
thus connecting the contents of the adjacent cells. We
see, then, that the protoplasm is continuous in these
Alge, as well as in higher plants.

The growth of the thallus goes on entirely at the apex
of the various branches; each branch terminates in an
apical cell, which divides by transverse walls to form the
successive segments composing the filament. When
a fresh branch is to be formed, an oblique wall is
produced in a segment which has just been cut off from
the apical cell. By the oblique wall two unequal cells
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are separated, the smaller of which grows out and
becomes the apical cell of the new branch. When a
branch terminates in a long colourless hair, its growth is
at an end; these branches therefore are of limited
length, and in this respect resemble leaves, while other
branches retain their apical cell, and are thus capable of
indefinite growth. Hence the thallus of a Callithamnion
comes to have a regular conformation like that of many
higher plants, depending on the relative position of its
unlimited and limited branches.

2. REPRODUCTION
a. Asexual

The reproduction of Callithamnion and of most Florides
is of two kinds, asexual and sexual The asexual
reproductive cells are called Zetraspores, because they are
almost always produced four together in one sporangium.
In this case the tetrasporangia occur on very short
lateral branches (see Fig. 88, A), the end cell of which
swells up and becomes filled with exceptionally abundant
protoplasm and plastids, assuming a very dense red
colour. The contents then divide up into four spores,
arranged In this particular plant in a tetrahedron (see
Fig. 88, A).

The membrane of the sporangium ruptures, and the
tetraspores are set free; when they escape they are
without any cell-wall, each spore containing a single
nucleus. These spores have no cilia, and usually appear
to be quite incapable of any spontaneous movements;
no doubt they are disseminated by currents in the water.
When a tetraspore comes to rest it forms a cell-wall and
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germinates, sending out a root-hair at one end and
dividing up at the other to form a filament, as shown
in Fig. 88, B. This mode of propagation is almost

Fic. 88.—Callithamnion corymbosum. A, part of an asexual
lant, bearing tetrasporangia; the branches terminate in
ong colourless hairs ; ¢ (on left), tetrasporangium containing
the tetrahedrally arranged spores; £s, empty sporangium, from
which the tetraspores (¢) are just discharged. B, germinat-
ing tetraspores. C, part of a female plant, bearing two
eystocarps (cp), both of which are the product of a single
mcarpi]um. Magnified about 80. (After Thuret and
ornet.

universal among red seaweeds, but the position of the
tetrasporangia and the arrangement of the tetraspores
in each vary greatly
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Most Floridea are dicecious, and as the tetraspores
also are produced on distinet plants, we usually have
three forms of each species,—asexual, male, and female.
Sometimes, however, as has occasionally been ohserved
in our type, all these organs occur on the same
individual.

b. Sexual

If we examine a male plant we find that the
antheridia occur in dense clusters on some of the
thallus-cells—usually just below the point where a
branch, is given off (see Fig. 89). Kach cluster is
really a little system of densely crowded and very
short branches, all springing from the same point.
Each terminal cell of all these crowded branchlets
becomes an antheridium, and there are so many of
these that they form a continuous mass, quite hiding
the short branches on which they are borne. It is often
easy to recognise the clusters of antheridia in red sea-
weeds with the naked eye, for they have no pigment, and
so appear as white patches on the red thallus. Every
terminal cell of the cluster, then, is an antheridium.
Its contents round themselves off, becoming free from
the cell-wall, which splits open at the end, often
detaching a little lid. Then the cell-contents, which
have a single nucleus, escape through the opening; they
have only a protoplasmic membrane at first, but no
cell-wall. Thus each antheridium produces a single male
cell, which in this case is called a spermafium. It has no
cilia (in fact cilia are altogether unknown among red
seaweeds), but is borne passively along by the movement
of the sea. Often, after an antheridium has discharged its
contents, the cell next below grows up into the empty
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We see, then, that the production of the male cells
18 a fairly simple process; the female structures,
however, are much more complicated, and unlike any-
thing we have met with, so far, in any of our types.
The whole apparatus destined to form the fruit con-
stitutes a special branch borne laterally on an ordinary
filament of the thallus (see Fig. 90). The fertile
branch, which is called the procarpinm, usually consists
in Callithamnion of five cells, of which three form a
central group, while the other two are situated laterally,
one on each side. The uppermost cell of the middle
row (see Fig. 90, @) is prolonged into a slender hair of
relatively great length; this is the #richogyne (Fig.
90, ?), or receptive organ; the lower part of the same
cell is somewhat enlarged, and bears the name of
earpogonium, because the development of the fruit starts
from it. The two cells next the carpogonium remain
small, and together constitute the t¢richophore; the two
lateral cells are known as the auxiliary cells, because,
as we shall see, they contribute in a very important
way to the formation of the fruit. The desecription of
Fig. 90 should be carefully studied, to render the com-
plicated arrangement intelligible. The carpogonium has
a single nucleus ; the trichogyne which forms the upward
prolongation of the same cell has, in this case, no nucleus
of its own, but contains a strand of protoplasm continu-
ous with that of the carpogonium below; the outer
layers of its membrane are gelatinous.

In this condition the procarpium is ready for
fertilisation. The long trichogyne is specially adapted
for receiving the spermatia. The young fruit 1is
generally placed in a sheltered part of the thallus
(as, for example, in this case, among the densely
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crowded branches of the bushy stem), where its future
development 1is most secure. In such a position,
however, it is not readily accessible to the male cells,

and consequently we always find
in connection with it the hair-like
trichogyne, which projects far out
towards the exterior, and thus
reaches the exposed part of the
thallus to which the spermatia
are likely to be conveyed by the
chance currents of the surrounding
water.

When a spermatium happens
to reach the trichogyne it adheres
to its gelatinous cell-wall, and is
thus held fast (see Fig. 90, s).
In the mean time the spermatium
has formed a membrane round its
protoplasm. At the point of
contact between spermatium and
trichogyne the cell-walls are
absorbed, and so the contents of
the male cell are enabled to enter
the receptive organ. All the
parts concerned are very minute,
but the details of fertilisation have
now been completely followed in
certain instances. This was first
accomplished in Nemalion,a genus
rather simpler in its arrangements
than our type. The nucleus of
the spermatium travels down the
trichogyne and fuses with that of

14

Fia. 90.— Callithamnion

mbosum ; part of a
ﬁ‘?;%lﬂll of a femﬁle plant,
bearing a procarpium.
t, apex of the long
trichogyne ; s, a sperm-
atium adhering toit ; a,
ca.rphogonium, at base of
trichogyne — just below
this is one cell of the
trichophore ; ¢, the other
trichophore cell. The
two cells showing to the
extreme right and left
of the trichophore are
the auxiliary cells, which
fuse with the carpogon-

ium. Magnified 250,
(After  Thuret and
Bornet.)
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the carpogonium. So far, therefore, as the act of fertili-
sation 1s concerned, the Florides do not differ from other
sexual organisms.

The result of fertilisation, however, is not the formation
of a single oospore, but the development of a whole fruit.
The fertilised carpogonium is cut off from the trichogyne
by a plug of cell-wall, and then
sends out short branches, which

come into close contact with the
auxiliary cells on either side;

there is an actual union of the cell
contents of the carpogonium with
those of the two auxiliary cells,
but the nuclei do not fuse. Each
auxiliary cell now divides by a
transverse wall (see Fig. 91, c);
the upper of the two cells in each
case becomes a placenta which

Fic. 91. — Callithamnion

corymbosum ; part of a gives rise to the spores. Calli-
branch of a female plant, i 18 e £
showing the earliest C(Aamnion is different from most o

stage of development of
the cystocarps (¢, ¢) after
fertilisation. They arise
by the growth and
division of the two
auxiliary cells. Magni-
fied 250. (After Thuret
and Bornet.)

the simpler red seaweeds in so far
as it regularly forms fwo fruits
from each procarpium, whereas its
near allies usually form one only.

Each placenta buds out into a

number of cells, which themselves
divide repeatedly, so that eventually two large groups
of cells arise, one on each side of the filament (see Fig.
88, ¢). The groups are really built up of a system of
very short and densely crowded unicellular branches,
those of each cluster all springing ultimately from the
placenta belonging to it. The whole fruit is enclosed in
a gelatinous cell - wall, but no cell - walls are formed
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between the individual cells, each of which, when all
the divisions are complete, becomes a spore, called for
distinction a carpospore, as it forms part of the sexually
produced fruit, or cystocarp. When ripe, the membrane
of the fruit bursts and the spores are set free. They
are large, uninucleate, deeply pigmented cells, destitute at
the time of their escape of any cell-wall

The main points in the development are: (1) fertilisa-
tion by means of a special receptive organ, or trichogyne ;
(2) union of the protoplasm of the fertilised cell with
that of neighbouring cells; (3) the production, as the
result of this union, of a complex fruit, including a great
number of spores.

Callithamnion occupies a middle position among the
Floridex as regards the complexity of its spore-forma-
tion. The trichogyne is common to all Florides, but
some few members of the order (eg. Nemalion and
the fresh - water genus JDairachospermum) are simpler,
in that the carpogonium directly gives rise to the
spores, without any preliminary cell-fusion. Many
red seaweeds, however, are more complicated, repeated
cell-fusion taking place, with the result, in some cases,
that a number of fruits may be formed in consequence
of a single act of fertilisation; these fruits often arise
at a considerable distance from the directly fertilised
cell.

In some respects the process of sexual reproduction
in the Floridee is more complex than in any other
plants. It offers the advantage that a single spermatium,
if it once reaches a trichogyne, may ensure the production
of a very large number of spores. In many cases a
further complication is due to the fact that a multicellular
envelope grows up around the spores. To the frequent
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presence of such an envelope, the sexually produced fruit
owes its special name of cystocarp.

In so far as the result of fertilisation is the production,
not of an oospore, but of an entire fruit, there is a certain
analogy between Floridee and Bryophyta; but in the
former the fruit is always in organic connection with
the sexual plant, and can therefore scarcely be regarded
as a new generation ; whereas in the Mosses the sporo-
gonium always remains distinet from the oophyte, though
dependent upon it. It is not probable that the Floridea
have any direct relation with the Mosses, or with any of
the higher plants. Somewhat doubtful affinities with
certain green and brown Alge have been suggested, but,
as at present known to us, the Red Seaweeds constitute
a very isolated and well-defined group.

The carpospores germinate in precisely the same way
as the asexual tetraspores, but 1t 1s only very rarely that
the development of the plant has been traced far. Red
seaweeds are difficult to cultivate successfully, and our
knowledge of their life-history is still extremely limited ;
so far as we know, however, there is nothing to show
that any regular alternation of sexual and asexual
individuals prevails among them.

D. THE CYANOPHYCEA
TyrPe XVIIl. Nosroc

There remains to be considered a group of rather
obscure plants of simple structure, which resemble the
Alge in their habit and mode of life, and are therefore
best described in this place, though their real relationships
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are open to doubt. Of the Cyanophycee some are
terrestrial, some aquatie, occurring both in fresh water
and in the sea. The representative of the group which
we have chosen—a species of Nostoc (see Fig. 92)—is
filamentous. The threads are associated in colonies held
together by the soft gelatinous outer walls of the cells.
Such colonies often form conspicuous masses of bluish-
green jelly on the damp ground,
especially in wet weather. Within
the mass the filaments wind about
in every direction. The cells of
which they are made up are
rounded, so as to give the whole
thread a beaded appearance.

The ordinary vegetative cell has
a thin inner cell-wall, which is alone
visible in Fig. 92, A, the confluent
gelatinous layers scarcely showing
under the microscope owing to their

Fic. 92. —Nostoc Linckii.
A, part of a filament ;

transparency. The interior of each
cell 18 full of protoplasm, which
appears to be coloured throughout
its whole mass. No definite plastids
have been found to exist in Cyano-
phycee, nor has the presence of
a nucleus been finally determined,

h, h, heterocysts; sp,

sp, spores, B, isolated
spore  beginning  to
germinate. C, young
filament formed from a
spore, the burst cell-
wall of which is shown
at the ends. Magnified
470, (After Bornet.)

though in certain cases a colourless central body certainly
exists, which resembles a nucleus in some of its reactions.
In the protoplasm are numerous granules.

Many of these plants float on the surface of water,
where they sometimes appear rather suddenly in vast
quantities in ponds and lakes, covering many acres with

a bluish-green scum.

It is said that in these floating
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species gas-vacuoles are present in the cells, that is to
say, little cavities in the protoplasm containing a gas,
the nature of which has not been determined. These
gas-vacuoles appear to be important, as they make the
plant lighter and enable it to float.

The apparent simplicity of the histological structure,
due to the want of well-defined nuclei and plastids, is
the chief reason why the Cyanophyces are often
separated from the Alge. Further observations may,
however, at any time abolish these distinctions. The
colouring matter appears to be a compound substance
consisting of blue-green, yellow, and pure green con-
stituents. The tint varies greatly in different forms,
but we never find the pure green of chlorophyll. In
Nostoc the filament is interrupted at intervals by larger
cells with thicker walls, apparently destitute of pro-
toplasm. These cells are called the heterocysts (Fig.
92, A, k), and are characteristic of Nosfoc and its nearer
relations. Sometimes the filaments break across at the
heterocysts, and the short rows of living cells between
them become isolated. These detached filaments (called
the hormegonia) are capable of creeping movements,
though %ow they move 1s quite unknown. They escape
from the gelatinous mass, and start new colonies for
themselves.

This is one mode of propagation. Another i1s by
means of resting-spores, formed directly from some of
the vegetative cells, which grow larger than the rest,
accumulate more abundant protoplasm, and surround
themselves with a thick cell-wall (Fig. 92, A, sp). The
spores (Fig. 92, B) can pass through a resting-stage,
and endure drought; when water is supplied they
germinate, forming new filaments (Fig. 92, C).






CHAPTER IV

THE FUNGI

THE Fungi are an immense group—by far the largest of
all the cryptogamic Classes. Up to the present time
about 40,000 species have been described. The whole
of this vast mass of most heterogeneous forms is
distinguished by one physiological character — the
absence of chlorophyll. Hence all Fungi alike are
incapable of assimilating their carbonaceous food from
the carbon-dioxide of the atmosphere; they must obtain
it ready made, as it were, from other sources. So far
as carbon-compounds are concerned, Fungi are entirely
dependent on organic food. This they obtain either
directly from other living creatures, on which they prey,
or from dead organic substances produced by living
organisms. In the former case we call them parasites,
in the latter saprophytes.

Parasitic and saprophytic plants wholly or nearly
destitute of chlorophyll oceur in other classes of the
vegetable kingdom, as members of very diverse families.
Thus among flowering plants, for example, we have
the Dodder (Cuscuta) and the Broomrape (Orobanche) as
parasites ; the Bird’s Nest (Monotropa) and the Bird’s
Nest Orchid (Neottia nidus-avis) as saprophytes. In all

such cases, however, the parasitic or saprophytic forms
216
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are near relations of mnormal chlorophyll - containing
plants, and we attach no great systematic importance
to the change in their mode of life. Among Fungi, on the
other hand, there seems to be a real bond of relationship
throughout the entire class (if we leave a few doubtful
cases out of consideration)—so here it is probable that
the common physiological character coincides with a
common origin. We must not, however, suppose that
all Thallophyta, which lead the life of parasites or
saprophytes, are necessarily Fungi. At the close of this
book we shall have to consider two such Families which
cannot be classed under this head.

Many Fungi are of the greatest practical interest,
though chiefly in a disagreeable way. Very many of
them are destructive parasites, causing the worst
diseases of our field and garden crops and of forest
trees. We may mention the rust, smut, and bunt of
wheat, the potato disease, the sugar-cane disease, the
larch disease, to which Innumerable others might be
added. Others do harm by injuring timber in buildings,
such as the dry-rot fungus, or by destroying articles of
food, which are constantly attacked by “ mould.” Hence,
Fungi have been more studied from a practical point of
view than any other Cryptogams, and a vast mass of
knowledge has now been accumulated as to their
physiology and mode of life. Our own point of view is
chiefly a morphological one, and we have chosen the
few types which we have space to describe, in order to
1llustrate some of the most striking facts in the com-
- parative structure and life-history of certain of the more
important Families,

It must not be supposed that Fungi are altogether to
be regarded as injurious to the higher creatures. Not to
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mention, what everybody knows, that several of the
larger kinds are exceedingly good for food, we may point
out that the saprophytes, at any rate, do good service by

.. / causing decay, and so ridding the world of the useless

/ ~remains of dead animals and plants. Masses of dead

' material would otherwise accumulate to such an extent
as to interfere seriously with the life of succeeding
generations. Fungi and other saprophytes (notably
the Bacteria) bring about the decomposition of dead
organic matter, use the products for their own nutrition,
and ultimately convert its substance into simple in-
organic bodies (such as ammonia and carbon-dioxide),
thus rendering it available for the nutrition of green
plants, and, through them, for the support of other
organisms.

We will begin our illustrations of the Fungi with a
simple type, representing a Family which is of special
scientific interest, from its evident affinity with certain
of the Algz.

TyYyrPE XVIIl. Pyraivm BarvaNum

We have chosen as our first type of Fungi a genus
which stands very near to the Algz, showing an un-
mistakable affinity with Vaucheria. The species of
Pythium are parasitic on seedlings, and often do great
havoc among them, especially if the seed-beds are kept
too damp, and not sufficiently exposed to air and light.
One of the commonest species, P. Baryanum, can be
obtained almost with certainty by growing Cress-seed-
lings under a bell-glass, and giving them an excessive
amount of water; but, unfortunately, the parasite
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appears often enough when it is not wanted. The
disease caused by it is well known to gardeners as the
“ damping off ” of seedlings. The stem of the seedling
when attacked by the Fungus soon tumbles over on to
the ground. This is because the outer tissues of the
stem, at the part where 1t gives way, have been so
much damaged by the parasite that the stem has not
the strength to stand upright. The fallen plants lose
their colour and soon completely rot away.

1. STRUCTURE

In its vegetative condition, Pyfhium consists of long,
fine, irregularly branched filaments or #Ayphe; the
latter name is given to the filaments of Fungi in general.
These hyph@ are for a long time without any trans-
verse walls; they are In fact non-cellular, just like the
filaments of a Vaucheria. The inside of the hypha
1s occupled by vacuolated protoplasm, in which very
numerous nuclei are embedded. Unlike Vaucheria,
however, Pythium has no chlorophyll and no plastids.
Neither 1s starch formed, either in this genus or in
any other Fungus.

It is usual to speak of the whole vegetative body
or thallus of a Fungus as the mycelvum. In Pythium,
then, the mycelium of each plant is made up of all
the hypha collectively, which have sprung from a single
spore. The mycelium of Pythium penetrates the tissues
of its vietim or “ host,” and spends most of its vegetative
life within them. A hypha can make its way into the
stem either by way of a stoma or by boring directly
through the cuticle; it goes on growing and branching
inside the host-plant, where it is not confined to the
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intercellular spaces, but can enter the cells themselves.
Thus the whole plant comes to be infected, and is
traversed throughout by the branched mycelium of the
parasite, which lives at its expense.

In the First Part of this book (p. 216) we learnt
that there are chemical bodies in plants called ferments
(or enzymes), which have the power of changing the con-
stitution of other organic substances, converting solids into
liquids, and indigestible substances into such as are avail-
able for nutrition. The example we specially mentioned
was diastase, which converts starch into grape-sugar,
but numerous other ferments also occur in plants. Now
parasitic Fungi have the power of secreting ferments,
which play a very important part in bringing their victims
into subjection. The advancing tip of a mycelial hypha
secretes a ferment which dissolves the cell-wall lying
in its way, and so enables the Fungus to enter living
cells, while other bodies of the same class bring the
proteids and other organic substances of the host into
a condition 1n which the parasite can assimilate
them.

In this way, then, the Pythium makes itself thoroughly
at home in the body of its victim, infests it in every
part, and eventually completely destroys its tissues,
converting their materials to its own use. Often the
hypha® leave the host, and grow out upon the soil until
they reach other vietims, which they then infect. In
the mean time the Fungus does not neglect to make
provision for future generations. The reproduction
takes place in two ways,—asexual and sexual. We will
first describe the former.
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2. REPRODUCTION
a. Asexual

The hyphe which are to produce the asexual organs
of reproduction grow out from the host into the open
air. They there form a number of spherical sporangia
which are terminal, being seated on the ends of short
branches or of the main hyphe (see Fig. 93, A). The
sporangia are beaked at the apex, and, when ripe, the
entire protoplasm passes out into the beak, which swells
up into a bladder-like sac (see Fig. 93, B). The whole
process can only go on when there 1s water enough
to immerse the sporangia. The contents of the sac
now divide up into a number of membraneless cells
which become zoospores, each bearing two cilia. The
zoospores escape and swim away through the water.
After some time they come to rest and germinate,
producing a hypha, which finds its way into a fresh
seedling as soon as opportunity offers.

This mode of reproduction, we see, is altogether that.
of an Alga. Pythium, though a Fungus, is not thoroughly
adapted for growth on dry land, for its normal reproduc-
tive processes can only go on under water. This is one
reason why seedlings attacked by Pyfhium are said to
damp off, for 1t 1s when they are kept too damp that
their enemy is best able to attack them; the moisture
enables the Pythium to spread. This method of propa-
gation by zoospores allows of an enormously rapid
multiplication under favourable conditions; its success,
however, is entirely dependent on the presence of
water. It is true that only a little water is necessary,
but still Pythiwm is entirely powerless to propagate its
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kind in this manner, under such conditions as prevail
in nature when the weather is at all dry.

The great majority of the
Fungi, however, are adapted
to the same conditions of
life as the ordinary land
plants, on which so many of
them are parasitic, and this
implies that their reproduc-
tive bodies are fitted for
dissemination through com-
paratively dry air. In
Pythium and among its near
allies we can trace the steps
by which this adaptation to
an aérial environment has
been attained. In some
species of Pythium, as, for
example, in the species P.
Baryanum, which 1s so
common on Cress-seedlings,
it sometimes happens that
the sporangium does mnot
form zoospores at all, but

Fic. 93,—Pythium. A, branch
of the mycelium, bearing three
zoosporangia (s). Magnified

145. B, zoosporangium (s)
discharging its contents (b),
which are still enclosed in the
enlarged papilla, but have
already divided to form the
zoospores. Magnified 145. C,
germinating odspore (osp) form-
ing an asexual sporangium (s).
Magnified 300. (After De
Bary.)

grows out directly into a
hypha, thus starting a new
plant at once, without the
intervention of the active
aquatic cells. Evidently
this allows of propagation
taking place, even though

there should not be water -enough to float the zoospores.
The same thing happens in the closely-allied genus
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Phytophthora, to which the Fungus causing the Potato
disease (P. infestans) belongs. Here, and also in a third
genus, Peronospora, the sporangia always become detached
from the hypha which bears them, before germination
(whether by the development of zoospores, or by the direct

Fic. 94.—Germination of the sporangia in various species of
FPeronospora. A, P. nivea ; a, b, ¢, stages in the formation
of zoospores; d, free biciliate zoospore; e, =zoospores
germinating. B, P. densa ; b, commencement of germina-
tion; ¢, expulsion of undivided contents; d, empty
sporangium ; e, first formation of a hypha from the
contents. C, FP. Lactuce ; direct germination through the
apical papilla. D, P. Radit; direct germination, hypha
formed laterally. Magnified 400. (After De Bary.)

formation of a hypha) takes place. The illustrations in
Fig. 94 are taken from different species of Peronospora.
In P. nivea (parasitic on Umbellifere) the contents of
the sporangium divide up at once into a number of
biciliate zoospores, which escape by the opening of the
terminal papilla (Fig. 94, A). In P. densa (Fig. 94, B),
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growing on Scrophulariacez, the protoplasm of the
sporangium is expelled entire through the apical opening
without dividing into zoospores; it surrounds itself with
a new cell-wall, and germinates directly, to form the
mycelium of the next generation. In P. Lactuce (Fig.
94, C) (which infests Lettuces and their allies) a further
step is taken; the contents do not escape at all, but the
sporangium simply puts out a hypha which arises at the
apex. Lastly, in P. Radii (occurring on flower-heads of
Composite), with which the majority of species of
Peronospora. agree, the apical opening has ceased to be
functional, and the hypha grows out laterally. In these
latter instances the sporangium has, in fact, become
a spore. Such asexual spores of Fungi, germinating
directly, bear the name of conidia.

We will now return to our type Pythium. Zoospores
and conidia afford a rapid means of propagation so long
as a plentiful supply of vietims, in the shape of young
seedlings, is forthcoming. Pylhium is not, however,
altogether limited to a parasitic mode of life, for if host-
plants are wanting, it can live for some time as a
saprophyte on any decaying organic matter which may
happen to be at its disposal. Provision, however, has
to be made for bad times when food fails altogether, or
when there is not enough moisture for active vegetation
to go on. Such contingencies are provided against by
the formation of resting-spores, which are the result of a
sexual process.

b. Sexual
The organs of sexual reproduction (oGgonia and

antheridia) may be produced either inside the tissues
of the host-plant, or on hypha which bhave grown out
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into the air. An odgonium arises as a spherical swelling
on a hypha, and may be either terminal, as shown in
our Fig. 95, or wntercalary, te. produced at some in-
termediate point in the course of the filament. The
young odgonium is cut off from the rest of the hypha by
a transverse cell-wall.

Its protoplasm now separates into two parts,—a
central granular portion which becomes the ovum, and a
peripheral layer, lining the cell-wall, called the periplasm.
The behaviour of the nuclei has now been made out in
several Fungi of this group; in
Pythiwm, the oogonium at first
contains a large number of
nuclei, nearly all of which pass
out Into the periplasm, leaving
behind, in the central mass, a
single nucleus, which 1s the Fie. 95. — Fertilisation of
functional female nucleus, and i =~/ ¥/swm. 4, earlystage ;

: oogonium (o) and anther-
alone concerned in the act of idinm (&) still immature,

fertilisation and the subsequent %;“"“};ﬁ;ﬁ:“‘i}?““ﬁﬁg
develﬂpment. antheridium (a) are pass-

In the mean time the anther-  (ufe ottty wih te
idium is formed. It is usually a  ovum (o). Magnified 800.
lateral, club-shaped branch,arising ke
either from the same filament which bears the oGgonium
(see Fig. 95) or from a different one, and separated from
the hypha on which it is borne by a transverse wall.
The antheridium directs its growth towards the neigh-
bouring odgonium, to which it closely applies itself.

It may be mentioned here that the mycelium of
Pythium and its allies, which is non-cellular during its
vegetative growth, generally becomes irregularly parti-
tioned up, by a few scattered transverse walls, as the

15
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period of reproduction approaches. Previous to this the
bulk of the protoplasm has travelled into the more
terminal portions of the mycelium, where the repro-
ductive cells are to be produced ; the transverse walls
may serve the purpose of keeping it where it is wanted.

The protoplasmic contents of the antheridium, like
those of the oogonium, undergo a severance into a
central fertile portion and an external layer of periplasm
and here also it is the former alone which plays an
active part in the reproductive process. There is no
division into spermatozoids, and in fact these bodies are
extremely rare among Fungi,—another point in which
the adaptation to a terrestial habit of life has involved
the disappearance of active reproductive cells. The
antheridium sends out a short branch, the jfertilising
tube, which penetrates the wall of the odgonium, and
reaches the ovum (Fig. 95). The fertilising tube opens
at its end, and now the whole contents of the antheridium
(with the exception of the periplasm) pass through the
tube, and unite with the protoplasm of the ovum (Fig.
95, B). The whole process can be directly followed with
ease, under a high power of the microscope, and, indeed,
Pythium is one of the most favourable plants for the
immediate observation of the fertilising act. It appears
to be now established that only a single nucleus passes
over with the male protoplasm, and unites with that of
the ovum.

As the result of fertilisation, the ovum surrounds
itselt with a thick cell-wall, the outer layer of which is
derived from the periplasm by which it is surrounded.
The ovum has now become an odspore; its contents
form a quantity of oil, as a reserve of carbonaceous food,
and it next passes into a period of rest.



THE FUNGI 227

The germination of the otspore takes place after a long
interval, and only when it is brought into contact with
water. The process shows very remarkable variations,
both among different species and among individuals of
the same species, comparable to the variations in the
behaviour of the asexual sporangium deseribed above.
In some cases the outer thick layers of the oispore
membrane are burst, and the contents, surrounded by a
delicate cell-wall, grow out into a hypha, thus starting a
new mycelium directly. In other cases the process
begins in the same way, but the hypha at once forms a
sporangium, into which the whole contents pass, dividing
up into a number of zoospores (see Fig. 93, C). In a
third mode of germination, the formation of the hypha
is suppressed, and the zoospores are produced in the
interior of the odspore itself. The zoospores swim about
like those formed on the vegetative plant, and on coming
to rest reproduce the ordinary form of the Fungus.

These are differences to which considerable systematic
importance would be attached in other groups of plants ;
here the different modes of germination are not even
constant for the species, but appear to depend on the
nutrition, direct germination taking place when food is
abundant, while under less favourable conditions zoo-
spores are formed at once, thus allowing additional
chances of a suitable habitat being reached. @We may
say, then, that in a Fungus such as Pythium, the ex-
ternal circumstances determine whether anything like an
alternation of generations takes place or not.

Pythium and its allies stard nearer to the Alga than
any other Fungi ; in fact they were once themselves placed
in the former class, and it is evidently with non-cellular
Alge of the type of Vaucheria that they have the closest
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relations. In histological structure the two genera are
almost identical, if we leave out of account the chloro-
phyll-bodies, which Pythium has given up in adopting a
parasitic or saprophytic mode of life. In the reproductive
processes there are various deviations from the algal
type, the most important being the suppression of the
spermatozoids, and the gradual replacement (only just
beginning in Pythium, but more marked among its
allies) of zoosporangia by directly germinating conidia.
As we advance towards the higher Fungi we shall find
the algal characters dropping more and more out of
sight.

TYPE X I|X. PIiLoBOLUS CRYSTALLINUS

Among the Algz we found in some of our types (as, for
example, in Fdogonium and Vaucheria) a well-marked
process of fertilisation, in which the cells taking part in
the formation of the odspore showed a distinet difference
of sex. In others, however, namely in Ulothriz and
Spirogyra, union was found to take place between two
essentially similar cells, each having an equal share in
the act of conjugation, and the resulting formation of a
zygospore. Both these modes of sexual reproduction are
represented also among the Fungi. Our last type, Pythium,
afforded an example of fertilisation ; the group to which
it belongs bears the name of the Odmyecefes. We are now
about to describe a form in which the sexual act 1s one
of conjugation; the Fungi in which this process prevails
are called the Zygomycetes.

A large proportion, though by no means all, of
the Odmycetes are parasites on living plants or animals.
Among the Zygomycetes parasitism, though it ocecurs, 18
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less usual ; the majority are of saprophytic habit, and to
this group many of the commonest “ moulds ” belong.

We have chosen as our type a little Fungus which is
often found growing on old manure-heaps. In spite of
its disagreeable habitat, Pilobolus, and especially the species
P. erystallinus, is a decidedly pretty object. The part of
the plant which alone rises above the surface of the
substratum and so meets the eye, consists of the stalks
bearing the asexual sporangia. Each of these stalks is
about a quarter of an inch high, and swells up near the
top into a neat little crystalline globule, surmounted by
a kind of black cap, which is the sporangium itself
(see Fig. 96, A). These facts will enable us to recognise
the plant. We will now consider its structure more in
detail.

1. STRUCTURE

The mycelium or vegetative thallus of Pilobolus and
its allies is made up of repeatedly branched hyphe,
which spread in all directions through the substratum.
Histologically these hypha have the same structure as in
the Odmycetes; they are without transverse walls, at
least in the vegetative condition, and their protoplasm
contains very numerous small nuclei, the whole plant
being a non-cellular but multinucleate organism. Thus
this order betrays unmistakable affinity to Alge of the
Vaucheria type, and therefore Odmycetes and Zygomy-
cetes are grouped together in one class, under the name
of Phycomycetes or algal Fungi. The group to which
Pilobolus belongs has, however, departed mueh further
from the algal stock than the Obmycetes have, for the
plants are thoroughly adapted to a terrestrial mode of
life, and the power of forming zoospores is altogether lost.
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2. REPRODUCTION
a. Asexual

The most abundant means of propagation is by
asexual spores formed in sporangia. For the purpose
of spore-formation certain of the hypha grow out into
the air, and assume a vertical position. The apex of the
aérial hypha enlarges to form a nearly spherical sac, into
which most of the protoplasm travels from below. This
sac 1s cut off from the stalk by a transverse cell-wall,
and becomes the sporangium (see Fig. 96). Its contents
divide up simultaneously into a large number of round
cells, each of which surrounds itself with a cell-wall and
becomes a spore (see Fig. 96, E). Wk see, then, that in
this family the sporangium, instead of forming zoospores,
as in the last group, gives rise to motionless spores
with cell-walls. This is the typical method of asexual
spore-formation in these moulds. We will now consider
the special adaptations which are characteristic of our
type Pilobolus.

The upper end of the stalk just below the sporangium
swells up into a bladder much larger than the sporangium
itself, and a second bladder is often formed in the lower
part of the hypha (Fig. 96, B). The lower of these two
bladders is separated by a transverse wall from the rest
of the mycelium; the upper is bounded above by the
wall which marks off the sporangium. The whole stalk
between the two transverse walls constitutes a water-
reservoir, in which a high hydrostatic pressure is set
up, so that drops of liquid often exude through the
membrane (Fig. 96, A, st). Owing to this pressure, the
wall bounding the sporangium becomes bulged into its
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cavity, forming what is here called the columella (Iig.

Ly T A,
Il
p." Ilulll‘;

J

Fic. 96.—Pilobolus. A, group of sporangiophores; sf, stalk ;
7, Teservoir ; 8, sporangium,. agnified 5. B, hypha and
sporangiophore ; 7, reservoir ; s, b, sporangium. Magnified
15. C, sporangium in surface-view. Magnified 15. D,
sporangium (s) thrown off by bursting of reservoir (r); ¢,
columella. Magnified 15. E, reservoir (») and sporangium
() seen in section ; b, thin part of wall; m, mucilaginous
layer ; ¢, columella. F, the same, when the mucilage swells.
Magnified about 25. G and H, mycelial branches pre-
paring for conjugation. Magnified 120. J, later stage;
¢, the conjugating cells. agnified 120, K, after con-
jugation ; z, the zygospore. Magnified 120. (After Zopf
and Van Tieghem.)

uniform throughout; the upper part is thickened and
cuticularised, and bristles with ecrystals of calcium
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oxalate, while the lower part adjoining the columella
remains thin. Inside the lower part of the sporangium
is a mucilaginous layer derived from its protoplasm ;
when the sporangium is wetted, this mucilage takes up
water and swells, bursting the delicate cell-wall, and so
freeing the upper portion of the sporangium which
contains the spores (Fig. 96, F). The pressure on the
upper surface of the columella is thus removed, and no
longer balances that of the liquid in the reservoir below ;
consequently the columella bursts, and a jet of water
escapes from the reservoir, driving the sporangium and
spores violently before it (Fig. 96, D). The sporangium
may thus be hurled to a great distance, amounting
it is said to more than a yard in some cases. Hence
the name of the plant, which means “a thrower of
missiles.” The sporangium sticks to any object which
it happens to hit, owing to the mucilage which still
clings to it. When the spores from the sporangium
germinate they reproduce the ordinary form of the
Pilobolus plant.

Other modes of propagation have occasionally been
observed. The normal sporangia are only formed in air;
if, however, the mycelium is forced to grow in a liquid
containing plenty of organic food material, another
process takes place. The hyphee divide up by trans-
verse walls into numerous cells, which may increase in
number by budding, each cell putting out a short branch,
which becomes separated from the parent. This is called
the Oidiwm condition. In other cases, namely when food
is less abundant, some of the cells produced by transverse
division of the mycelium may acquire thick walls, and
pass into a resting condition. These thick-walled cells
are called chlamydospores, and, like the oidiospores, may
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either germinate into a new mycelium or give rise at
once to sporangia.

b. Sexual

More important for us is the sexual reproduetion,
which in Pilobolus and many of its relatives takes place
but rarely, though in some other members of the group it
is the most frequent means of propagation. Sexual organs
are only formed in Pilobolus when some cause hinders
the development of the sporangia. It has been found
that conjugation can be induced by infecting the aérial
hyphe with a parasitic Fungus (which happens to be a
relative, for several members of the group prey upon
their own family). The parasite hinders the formation
of the asexual spores, and the plant is thus led to adopt
the other method of propagation, which results in the
formation of resting-spores capable of waiting until the
bad times are over.

When conjugation is about to take place, two neigh-
bouring branches of the mycelium enlarge, and become
club-shaped (Fig. 96, G and H). The swollen portions
grow upright, and lay themselves together side by side,
accumulating at the same time a large quantity of proto-
plasm in their interior. The ends of the conjugating
hyphe are next cut off by cell-walls (Fig. 96, J). The
terminal parts thus separated, which are the richest in
protoplasm, come into close contact, and the cell-walls
separating them are absorbed. The protoplasm of the
cells now runs together into one mass, and the two cells
completely fuse into a single zygospore, which rests upon
the two enlarged hyphe, called the suspensors (Fig.
96, K, z). The zygospore grows to a relatively great
size, surrounds itself with a very tough and thick cell-
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wall, and forms a quantity of oil in its contents. We
see that the process i1s one of perfectly typical conjuga-
tion, the two cells concerned taking an exactly equal
part in the production of the zygospore.

After a period of rest, the zygospore, if moistened,
germinates. The germination is best known in an allied
genus, Mucor. If food emough i1s to be had, 1t simply
grows out at once into a new mycelium; if, however,
supplies are scanty, it proceeds without delay to form
an asexual sporangium, thus increasing the chances of
survival. These differences are quite analogous to those
which we found in the germination of the oospores of
Pythium.

The Zygomyecetes, so far as their sexual reproduction
i1s concerned, stand on a lower level than the last group.
On the other hand, they are more fully adapted to a
terrestrial mode of life, and so far are more perfect, as
Fungi, than the Oomycetes. We saw in the case of
Peronospora how a transition can be traced from the
sporangium to a single conidium, germinating directly.
A somewhat similar gradation is to be followed among
the immediate relations of Pilobolus. Some of these
produce, in addition to the typical large sporangia, very
small sporangioles, containing very few spores, or even
only one. In other species sporangioles only are known,
and these become detached bodily from the supporting
hypha, and behave like single conidia. Thus in the
Zygomycetes, as in the Oomycetes, a succession of steps
leads from the typical sporangium to the simple conidium,
—the most characteristic form of reproductive cell in the
Fungi.



THE FUNGI 235

TyprPeE X X. SpuzrorHECA CASTAGNEI

We now come to the higher Fungi, an immense
group of plants, which have become completely adapted
to every conceivable variety of parasitic and saprophytic
life, and no longer show any clear trace of affinity with
the Alge. While differing among themselves in every
other respect, they agree in possessing a septate, multi-
cellular mycelium, with apical growth of the hyphe of
which it is built up.

Our present type is one of the simplest representatives
of the great family of the _dscomycetes, which are
characterised by possessing sporangia of very definite
size and form (called asci), in the interior of which a
definite and usually small number of spores are pro-
duced, the number being regularly some multiple of
two. In this respect, as in many others, they differ
from the Phycomycetes, where, as we have seen, the
number of spores formed in a sporangium is quite
indefinite, and often very large. It is, in fact, still an
open question whether the ascus can be regarded as
truly homologous with the sporangium of the lower Fungi.
The whole problem of the real relation of the Ascomycetes
to the simpler families of Fungi is still unsolved.

We will proceed at once to the description of our
type, which will serve to give us an elementary idea of
the main facts in the structure and development of this
mmportant and difficult group of plants.

1. STRUCTURE

The species of Spherotheca and its nearer allies (form-
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ing the family ZErysiphee, so named after its largest
genus [Frysiphe) are all parasites. One species (S.
Castagner) is exceedingly common on Hops,and produces
a very serious disease, the mildew, which causes great
loss to the hop-growing industry. Another species (S
pannosa) 18 equally abundant on the leaves of Roses.
All these Fungi are remarkable for being external para-
sites, that is to say their much-branched mycelium forms
a web on the surface of the leaves and other organs of
the host-plant. The presence of the parasite is quite
evident to the naked eye, owing to the dirty-white colour
of 1ts mycelium, which obscures the natural green of the
leaf. The popular name “ mildew ” (equivalent to mealy
dew) refers to this appearance, the leaves looking as if
they had been powdered with flour. It must have been
to Fungi of this kind.that the name mildew was origin-
ally applied, though now it is extended in popular usage
to other diseases of plants, presenting quite different
symptoms.

The mycelium which spreads over the leaf, when
examined microscopically, is found to be fixed to the
host by means of enlarged hyphe, producing broad, root-
like organs of attachment, which anchor themselves by
orowing out into short plugs wedged in between the
epidermal cells of the host. These rhizoids produce
other branches, which have a still more important
funetion, for they penetrate into the interior of the cells
of the epidermis, forming suckers or haustoria, which
absorb the organic substances in the cells attacked, and
thus supply the whole Fungus with its food, at the
expense of the living tissue of the host. The mycelium,
as in all the higher Fungi, is multicellular, consisting of
a single chain of cells, each of which in this case has a
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single nucleus, though in some allied Fungi the cells are
multinucleate. =~ The mycelium, as already mentioned,
forms a dense web on the surface of the leaf; its hyphe
cross and touch each other at many places.

2. REPRODUCTION

It is at the points where two hypha cross or come
into contact that the fruits originate. Each of the ad-
joining hyph# sends out an upright branch; the one
enlarges and becomes club-shaped, and is cut off by a
transverse wall ; the other remains more slender, comes
into close contact with the former, and grows up with 1,
soon overtopping it and bending over its apex (Fig. 97, A).
Two transverse walls are formed in this second branch,
one near its base, and the other higher up.

Of these two organs the former, 7.e. the club-shaped
branch, bears the name of the ascogonium, for it is from
it that the ascus ultimately arises. The most recent
investigations have proved that the second organ is really
an antheridium, and that a true act of fertilisation talkes
place,—a point which had previously been much dis-
puted. According to the investigations referred to,
fusion takes place between the ascogonium and the
terminal cell of the antheridial branch, the cell-walls
between them disappearing. Then the nucleus of the
antheridium passes over through the opening and unites
with the nucleus of the ascogonium. In the case of
Spheerotheca and its nearer allies these facts are now well
established, so 1t 1s evident that, in these Ascomycetes at
any rate, the development of the ascus-fruit is preceded
by a sexual process quite comparable to that of the
Otmycetes (cf. p. 225).
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As regards the subsequent development of the asco-
gonium, the main facts are clear. After two or three
transverse divisions one of the cells of the row (either the
last or the last but one) increases in size, and becomes the
ascus. It contains two nuclei, which fuse into one and
then divide repeatedly, giving rise to eight daughter-nuclei,

Fic. 97.—A-C, Spheroticea Castagnei. A, early stage in forma-
tion of fruit ; p, antheridium ; ¢, ascogonium. ﬁ, more ad-
vanced ; p, antheridium; ¢, ascogonium ; e, enveloping
hyphz. C, ripening fruit in section; ¢, ascogonium, from
which the young ascus (z) is now developed ; e, ¢, envelop-
ing hyphe, forming perithecium. D and E, S. pannosa ;
D, ripe perithecium (e) bursting to set free the ascus (a), in
which only six out of the eight ascospores are shown. E,
chain of conidia, borne on a vertical branch of the mycelium.
Magnified 600. (After De Bary.)

around each of which a cell is formed. These eight cells
are the ascospores. In the meantime the cell next below
has sent out several branches, which grow up around the
ascogonium, completely enveloping it in a double layer of
densely crowded hyphe (Fig. 97, B and C). From the
inner cells of the envelope thus formed short branches
filied with very dense protoplasm grow inwards and apply
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themselves closely to the ascus, probably supplying it
with food. The outer cells of the envelope become thick-
walled, and form a dense protective layer, completely
enclosing the ascus. The envelope bears the name of
the perithecium ; some of its superficial cells grow out
into long hairs (see Fig. 97, D). The ripe perithecia
are visible to the naked eye, as little black dots on the
surface of the diseased leaf.

The dense perithecium serves to protect the ascus
during the winter, for the fruits remain inactive on the
dead leaves until the following spring. When germina-
tion takes place, the ascus absorbs water, swells up, and
bursts the perithecium (Fig. 97, D), whereupon its own
membrane dehisces, and the ascospores are set free.
They at once reproduce the ordinary mycelinm of the
Fungus. In the case of the Hop, the germinating
ascospores infect the young shoot as it first springs up
from the soil. In most of the allies of Spherotheca each
perithecium contains several asci (the product of a
single ascogonium), instead of one only.

Our plant has another means of reproduction, by
conidia (see Fig. 97, E). These are produced on vertical
hyphe (called the conidiophores) which produce the
conidia at the free end. A whole chain of conidia is
formed in basipetal order, the oldest thus being at the
top. They are detached and scattered by the wind,
germinating immediately if they reach a suitable host.
They produce mycelium like that from which they sprang,
and constitute a ready means of propagation during the
summer, while, as we have seen, the ascus-fruits are
specially adapted for the winter rest. In some allies
of Spherotheca, as in the Fungus of the Vine disease,
only the conidial fructification is known.
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Spheerotheca represents the course of development of
an Ascomycete in almost its simplest form. It is quite
exceptional for the ascogonium to produce merely a
single ascus ; in the great majority of the Ascomycetes
a very large number are formed; in many cases, how-
ever, it has not been found possible to refer the origin
of the asci to any definite ascogonium, and there are
only very few species in which there 1s at present
any clear evidence for the occurrence of an act of
fertilisation.

The formation of a completely closed fruit around the
ascus or ascl is characteristic of the Family (Erysiphez)
to which Spherotheca immediately belongs. In the
majority of the Order Ascomycetes, the fruit is more or
less open, either having a small pore at the apex, or
taking the form of a widely open cup or dise. Our
next type will afford an example of the form of fruit last
mentioned.

TYPE X XI|. PHYSCIA PARIETINA

A very large group of Ascomycetes have their
ascus - fruits In the form of an open cup, or even
a flat, shield - like dise. These constitute the Sub-
order Discomycetes. The inside of the cup or the free
surface of the disec i1s coated by the Aymenium, a name
applied in descriptions of the higher Fungi to the
layer of spore-producing cells. In the case of Dis-
comycetes the hymenium is made up of a large number
of vertical asci, with sterile hairs—the paraphyses—
between them.

The particular plant we have chosen to represent this
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group is a true Discomycetous Fungus as regards its
fructification, but it belongs to a set of plants which
are so different in habit and mode of life from all other
Fungi, that they used until recently to be treated as a
distinct class of the vegetable kingdom. These are the
Lichens, plants with a definite and often conspicuous
thallus, freely exposed to the air and light, very different
from the merely filamentous mycelium of ordinary
Fungi, which is usually immersed in the substratum.
Some Lichens grow on the bark of trees, some on rocks,
walls or roofs, and others on the ground.

1. STRUCTURE AND MopE oF LIFE.

Our example, Physcia parieting, is extremely common
(especially near the sea) on rocks, old walls and roofs,
where it forms a conspicuous and most beautiful object,
owing to its brilliant orange colour. We see at once,
from the habitat of the plant, that its mode of nufrition
must be totally different from that of a typical Fungus.
So far from requiring any organic matter, living or dead,
on which to feed, Physcia grows on the most barren and
unpromising substratum conceivable. Many Lichens, in
fact, thrive for years and even centuries under conditions
of drought and apparent starvation, which would be
absolutely intolerable to any other plants whatsoever.
A Lichen, considered as a whole, is neither a parasite
nor a saprophyte ; it requires nothing but a little mineral
food, and can provide itself with carbon from the Carbon
Dioxide of the air, like an ordinary green plant. Lichens
therefore can only live in the light, which is not the
case with Fungi. We will now proceed to describe the
structure of Physcia, and find out the explanation of its

remarkable mode of life.
16
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Physcia parietina is described as a foliaceous Lichen,
because its thallus has a flat, somewhat leaf-like form.
It is attached to the substratum by its under surface,
except at the edges of the thallus, where 1t 1s free (see
Fig. 98). The upper exposed surface of the thallus is
of a deep orange colour, while the lower side is much
paler. It is attached to the wall, rock, tree, or whatever
else it may be growing on, by fibrous rhizoids, which
perform in all respects the functions of roots.

The anatomical
structure of the thallus
is shown in transverse
section in Fig. 99.
Towards the upper
surface is a dense layer
of rather thick-walled
tissue, which appears
to be parenchymatous,
In reality, however, 1t

Fic. 98.— Physcia parieting ; thallus i built up, like all

seen {rom above. a, apothecia, of fungal tissues, of fila-
which the ripest are near the middle, :

Natural size. &, section of apothecium, mentous h}’PhEE, which
showing the hymenium. Magnified in this case are so
about 5. (After Lauder Lindsay.)

densely packed and
closely interwoven that their limits cannot be traced, and
the whole structure appears to represent an ordinary
cellular tissue. The orange colour is due to crystalline
oranules of chrysophanie acid deposited outside the cells, -
both on the free surface of the thallus and between the
hyphe of which it is composed. Such acids (which
belong chemically to the Benzole series) are common in
Lichens, and from some of them Zitmus {so much used in
chemical testing for acids and alkalis) is prepared.
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Underneath the dense upper cortex comes a broad
zone of loosely packed hyphe, leaving large air spaces
between them. In the upper part of this medullary
zone, numerous large green cells are embedded, lying in
the interstices between the hypha (Fig. 99, a). Some
of these chlorophyll-containing cells are in course of
active division. The green cells of Lichens bear the
name of gonidia, and the part of the thallus in which
they are contained 1s distin-
guished as the gomidial layer.
Underneath the medullary zone
is a lower cortical layer resem-
bling that on the upper surface.
From the lower cortex the
strands of hyphe arise, which
constitute the rhizoids and are
analogous to roots.

Now the most important
question as to the thallus of a Fic. 99.—Physcia parietina;
Lichen concerns the nature of Ie;:;;ﬂ gﬁiﬁ:fliﬁza}}fjr
the green cells, or gonidia. nidia (= Cystococcus) em-
They play an essential part in h‘;,%[]lfg’ ifﬂ?ﬂ,gwe?esﬂféﬂ:ﬁ
the economy of the plant, for, layer. ~ Magnified 500
like other chlorophyll-contain- e Donen)
ing cells, they are able to assimilate carbon from the
carbon-dioxide of the air, a fact which has been experi-
mentally proved, and thus render the Lichen completely
independent of organic food. Hence arises the profound
physiological difference between Lichens and all other
Fungi.

For a long time, in fact down to about the ycar 1868,
the gonidia were regarded as forming, like the hyphe, a
constituent part of the thallus, So long as that view
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remained undisturbed, the Lichens were rightly ranked
as a distinct Class, equivalent to Algz and Fungi, and in
some respects intermediate between them. Of late
years, however, evidence has accumulated, which proves
conclusively that the gonidia do not belong to the
same plant with the hyphe, but that they are distinct
organisms, identical with definite genera and species of
the Alge. Hence a Lichen is in reality a compound
organism, made up of two totally different plants, an
Alga and a Fungus, living in the closest association,
and mutually dependent one on the other for certain
essential services.

The evidence on which this striking conclusion 1s
based is of various kinds. In the first place, the so-
called “gonidia” of Lichens are always found to agree
exactly with certain species of the lower Alg®, which are
also well known in a free and independent condition.
Thus in our type Physcia parietina, the algal constituent
is Cystococcus humicola, a unicellular form nearly related
to Pleurococcus.  Further, the “gonidia” have been
isolated from the Lichen-thallus, and are then able to
lead a perfectly independent life, growing and multiplying
on their own account, just like their fellows which have
never been in bondage. More recently it has been found
possible to raise a Lichen, that is to say the fungal
constituent of a Lichen, by growing its spores in a food
solution, which, as Alge are absent, must of course contain
organic food substances. In this way a small Lichen-
thallus can be produced, but it never confains any gonidia.
Thus the fungal as well as the algal consfituent can,
under suitable conditions, live by itself.

Most conclusive of all, however, is the actual synthesis
of a Lichen, that is, the building up of a new plant out
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of the Fungus and its appropriate Alga. This has been
observed in the case of our type, and Fig. 100 represents
the process. The ascospores of the Physciz have been
sown among the cells of the Alga, Cystococcus. The spore
on germination sends out a hypha, which at once begins

Fic. 100.—Physcia parietine ; building up of the Lichen out of
the Alga and Fungus. A, germinating ascospore (sp) ; the
hyphe have seized upon two cells (a, a) of Cystococcus
hwmicola. B, more advanced stage ; sp, sp, ascospores which
have produced a web of hypha, enveloping the Cystococcus

cells (@, @) in every direction. Magnified about 400, (After
Bonnier.)

to branch, and its finer ramifications attach themselves
closely to the algal cells (Fig. 100, A). As growth
proceeds, more and more of the algal colony becomes
involved in the web of hyphe arising from the fungal
spore, and one after another the Cysfococcus cells are
seized upon by the suckers of the Fungus (Fig. 100, B).
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Soon the filaments of the Fungus, well-fed at the
expense of the Alga, are strong enough to build up a
thallus. In the middle of Fig. 100 the hypha are seen
uniting to form a network, which represents the beginning
of the cortical layer.

Observations such as these have removed all doubt as
to the compound nature of the organisms called Lichens.
What, then, is the real relation between the Alga and the
Fungus of which the Lichen is built up? It might be
supposed that the case is one simply of parasitism, the
Alga playing the part of a mere victim to the devouring
Fungus, just as a Cress-seedling is preyed upon by
Pythiwm or a Hop-plant by Spherotheca. This does not,
however, seem to be the real condition of affairs. The
Alga 1s not, on the whole, injured when the Fungus
annexes it. A few of the algal cells may be exhausted
and die, but the great majority live and go on multiplying
within the Lichen, quite as happily as if living at liberty
in the open air. It seems that there are advantages on
both sides; the Alga, by the aid of its chlorophyll-bodies,
undertakes the whole duty of the assimilation of carbon,
thus providing the Fungus with the organie food which
it is unable to manufacture for itself. In many Lichens
there are definite pores in the upper cortex, allowing of
gageous interchange between the atmosphere and the
gonidial layer. On the other hand, the rhizoids of the
fungal partner supply water and mineral food, probably
in a more effectual way than the Alga could obtain
them for itself. At the same time the tissues of the
Fungus shelter the Alga and protect i1t from the weather,
and especially from the effects of drought. It is probable
that many unicellular Algze, when enclosed in the thallus
of a Lichen, are able to exist, perhaps for centuries, in
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places, as, for example, on the surface of exposed rocks,
where they could not possibly carry on their life if left
to themselves.

Such a relation between two organisms which live in
common, and perform certain functions each for the
good of the other, is known by the name of symbiosis, or
commensalism, the former word simply calling attention
to their living in union, while the latter term means
that they share the same table, implying that they
mutually help each other to food.

2. REPRODUCTION.

The Lichens being, as we have seen, compound organ-
isms, might be described either under the heading “ Algae "
or “ Fungi.” It is usual, however, to take them with
the latter class, because the organs of fructification, on
which classification is chiefly based, belong entirely to
the fungal partner. The captive Alge go on increasing
by division, but rarely produce any characteristic repro-
ductive organs, so long as they form part of the Lichen.
Nearly all Lichen - Fungi are Ascomycetes, and the
majority belong to the group Discomycetes, in which the
hymenium is exposed to the air when mature. So far as
the fructification is concerned, there is no essential differ-
ence between Lichens and other Fungi of the same group,
which lead an ordinary parasitic or saprophytic existence.

The ascus-fruits of Physcia parieting are conspicuous
to the naked eye as flat, shield-like discs on the upper
surface of the thallus, generally of a rather deeper
orange colour than the rest of the plant (see Fig. 98).
These open fruits of the Discomycetes bear the name of
apothecie. In the mature condition there is a rim of
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sterile tissue at the edge of the apothecium, the whole
disc within this rim being covered by the hymenium or
thecium. Below the thecium is a dense mass of closely
interwoven hyphe forming the Aypothecium. The thecium
1tself consists of elements of two kinds,—the aseci and the
paraphyses. The asci, of which
a great number are present
in each fruit, are stout, club-
shaped cells set vertically to the
surface of the apothecium, each
ascus when ripe containing eight
ascospores. The paraphyses are
sterile hairs rising to a greater
height than the asci, both being
closely packed together, so that
the thecium has a smooth, con-
tinuous surface (see Figs. 98
and 101).
P At an earlier stage of de-
Flgarltm,;f Hhysciaparielina s volopment the apothecium is
throngh an apothecium. », closed, and consists of a mass
paraphyses; @, s —ome ¢ 1 vohe surrounded by a cor-
1mnm_tuye, t}m other two : YP ¥
?;I}]}ti-glc}]?? Elgga},go::??;;ff tlcE!,] I&y{ir. The paraphyses
thecium ; A, A4, layers of Which arise from the hypo-
algal cells; m, medullary thecium are the first elements

layer ; ¢ (below), the lower _
sotisal 1ﬂ}-er.} Magnified Of the thecium to be developed.

about 200. (After Lauder The asci, which in many cases
indsay.) :
have been observed to arise
from the branches of a distinet hypha, differing from
those which produce the paraphyses, are developed re-
latively late. They grow up among the paraphyses,
insinuating themselves between them until they attain
nearly the same height. At the same time the envelope
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of the fruit is opened at the apex, and the edges gradually
pushed back as the thecium expands.

The development of the apothecium may go on for
a very long time, even for years in some cases, new
asci arising towards the exterior margin. Kach ascus at
a certain stage of development contains in its protoplasm
a single nucleus, which subsequently undergoes repeated
division, into two, four, and eight. When the full
number is attained, a cell 1s formed around each nucleus,
and these cells become the eight ascospores. The con-
tents of the ascus are not, however, completely used up
in the process of spore-formation ; a certain part remains
over, lying between the spores; this unused substance
becomes gelatinous, and on taking up water tends to
swell, and so to burst the ascus. The dissemination of
the spores, however, is not entirely due to the pressure
from within the asci. The whole thecium, including
the paraphyses, endeavours to expand laterally when
wetted, and this expansion is resisted by the rim of tissue
at the edge. Hence the asci are subjected to very con-
siderable pressure, the result of which 1s that those
which are ripe dehisce at the top, expelling all the eight
spores with considerable force, so that they are shot up
as much as a centimetre into the air. The asci open
successively as they become mature, the dehiscence taking
place whenever wet weather occurs.

The ascospores of Physcie, we have seen, can only
complete their germination under natural conditions,
and form a new Lichen-thallus, if they come into contact
with the cells of Cstococcus, with which they can enter
into partnership. The same applies to all Lichens, each
having its own particular Alga.

There is another form of fructification consisting of
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small flask-shaped receptacles called spermogonia (Fig.
102), each of which, in our type and its near allies, is

s ——

Fic. 102, — Physcic pul-
verulenta. Longitudinal
section of a spermo-
gonium, embedded in an
elevation of the cortex.
Magnified, (After Darbi-
shire, )

sunk in a wart-like elevation of
the thallus. The interior of the
spermogonium is occupied by a
net-work consisting of sterile cells
and fertile basidia. From the
latter, excessively minute -cells,
the spermatia, are budded off
(Fig. 103). The nature of these
spermatia has been much dis-
puted; there appears to be
weighty evidence for regarding
them, at least in certain cases,

as the male cells of the Lichen,

Fic. 103.— Physcia pulverulenta. Portion
of the tissue inside a spermogonium,
showing the groups of sterile cells (G),
and the basidia bearing spermatia,
Highly magnified. (After Darbishire.)

In most species investigated the apothecium has been
found to arise from a special cellular filament, the carpo-
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gonium. Its lower end, which usually forms a coil, is
embedded in the medullary tissue of the thallus, while
the upper portion projects beyond the surface of the
cortex, terminating in a long cell, the #richogyne (see Fig.
104). The trichogyne has a gelatinous cell-wall, to
which numerous spermatia are found adhering. There is
reason to believe that only those carpogonia, of which the
trichogynes have been fertilised by spermatia, develop
into ascus-fruits. The asci spring from cells of the coil
(ascogonia), while the paraphyses arise lower down. If
appears, then, that in these Lichens there is a sexual
process resembling that in the Floridee and in certain
Fungi. The details of fertilisation, however, still re-
quire to be worked out. In some cases, on the other
hand, the spermatia have been observed to germinate,
so their function as male cells seems not to be constant
throughout the group. The illustrations (Figs. 102-104)
are taken from a Lichen (Physcia pulverulenta), closely
allied to our type.

The ascospores, as we have seen, reproduce only the
fungal element of the Lichen; they must meet with
algal cells in order to form a perfect Lichen-thallus.
In many members of the group, however, though not
in our type, there 1s a special provision for the re-
production of the compound organism as a whole. In
these Lichens we find some of the apothecia replaced
by patches of a powdery substance, each grain of the
powder consisting of a few algal cells invested by fungal
hyph@. These little groups become isolated, and are
dispersed by the wind or rain, or by the agency of
insects. They are called soredia, and serve to reproduce
at once the algal and fungal constituents of the Lichen.
The group of soredia is here homologous with an
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Fic. 104.—Physcia pulverulenta. Portion of a wvertical section

of the thallus, showing a complete carpogonium. e, projecting
trichogyne, with swollen gelatinous cteliwa]l, in which numerous
spermatia are caught; e, coiled, ascogonial part of the carpo-
gnnial filament ; b, dead layers of upper cortex ; ¢, living cortical

yphe ; d, ggnups of gomnidia ; f, medullary layer; g, lower
ni:rrtax; h, rhizoids. Magnified about 1100, (After Darbi-
shire,)
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apothecium ; in other cases similar bodies are formed
on other parts of the thallus.

Physcia then has served to illustrate, on the one
hand, a highly organised Ascomycete, with a com-
plex fruit containing a large number of asci; while,
on the other hand, it has made us acquainted with
the remarkable phenomenon of symbiosis, or the asso-
ciated life of two distinct organisms, each performing
certain physiological functions for the benefit of the
other partner.

TYPE X XI|. PuccIiNIA GRAMINIS.

The group of Fungi represented by this type is a
comparatively small one, and shows a narrow range of
diversity as compared with a great Order like the
Ascomycetes. = The plants, however, are of much
interest, for they afford one of the very best examples
of typical parasitic Fungi, which have adapted them-
selves exclusively to life at the expense of other plants.
Some of them, and especially that species which we
have chosen as our type, are exfremely injurious to
important crops, and so possess a very considerable
practical interest. The life - history of these parasites
is singularly complicated, at least in their more perfect
representatives.

Puccinia graminis 1s the cause of the rust or mildew
of Wheat and other cereals, the two forms of the
disease being, as we shall see, stages of one and the
same malady. We will begin with the stage known
as Rust.
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The rust occurs commonly in summer on the leaves
and stems of Wheat, Rye, and Oats, as well as on various
wild grasses. In this condition the parasite is easily
recognised, for it forms conspicuous long, rusty red or
orange streaks between the veins of the leaf or along
the surface of the stem. When the rust is mature,
we see that these streaks are made up of a fine powder,
bursting out through the epidermis of the host-plant,
the powder consisting of the conidia or wredospores of
the Fungus. Thus it is only the fructification of the
parasite which is visible externally.

The vegetative part or mycelium is hidden in the
tissues, and requires very careful microscopic examina-
tion for its detection. It does not spread throughout
the whole plant, but is limited to isolated patches of
the particular organs attacked. The mycelium consists
of a dense web of excessively fine hyphw, growing
luxuriantly between the cells of the parts affected,
and also sending out haustoria, which penetrate the
cavities of the cells themselves. The mycelium is
multicellular, the transverse septa, however, only ocecur-
ring at long intervals. The elongated form of the rust-
streaks is due to the fact that the Fungus attacks the
soft tissues, lying between the longitudinal bands of
fibres, which accompany the vascular bundles of the
leaf.

The fructification characteristic of the rust-stage of
the Fungus 1s produced in great quantities throughout the
summer months, Preparatory to its formation, certain
of the more superficial hyphe pack themselves closely
together, forming a dense layer just below the epidermis
of the host-plant. From this layer the conidia are formed.
Each conidium is a single cell, borne at the end of a
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vertical unicellular stalk (see Fig. 105, E, »). They arise
in great numbers close together, forming large groups or
sori ; in each sorus the development begins near the
middle of the mass and spreads centrifugally. As the
sorus develops, the epidermis lying above it 1s burst,
and the ripening conidia are exposed to the air.

The single conidium, as it matures, acquires a rather
thick cell-wall, consisting of two layers, the exospore
and endospore, the outer of which is of a brown colour
and is covered with short spines, while the inner 18
colourless. There are two germ-pores or thin places
in the cell-wall, one on each side of the spore (see
Fig. 105, E, ). In the cell-contents a quantity of oily,
orange-coloured pigment is present.

These conidia are called the wredospores, because
they were formerly regarded as belonging to a distinct
cgenus— Uredo—the species of which are now known
to represent merely a particular form of fruectification
of the Puccinia. These uredospores become detached
from their stalks, and are scattered by the wind and
possibly also by the agency of insects. They are capable
of immediate germination, and give rise to the same
form of the Fungus as that which produced them,
growing on the same kind of host- plant, or at least
on an allied species. The hyphee grow out from the
germinating spore through the two germ-pores (see
Fig. 105, F). If germination takes place upon a Wheat
plant or other host of the Grass family, the hyphe
grow along the surface of the epidermis until a stoma
is reached, through which an entrance into the inter-
cellular spaces of the host is effected. Thenceforth the
hyphe at once proceed to develop a new mycelium, from
which new crops of uredospores arise. This form of
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fructification therefore serves for rapid propagation during
the summer, though, as we shall see, it is not of necessity
limited to that season,

Later in the year another kind of spore, borne on the
same mycelium with the uredospores, begins to make
its appearance. The external sign of the change of
fructification 1s a change in the colour of the sori, from
orange-red to dark brown or nearly black. This is due
to the development of the deleutospores, which owe their
name (meaning final spores) to the fact that they appear
at the end of the season of growth.

It was to the teleutospore form of fructification that
the name Puccinia was applied in the first instance,
before the life-history was completely understood; for
this Fungus was originally put in three distinct genera,
which are now known to represent stages in the develop-
ment of one and the same plant. The teleutospore
condition is popularly known as the Mildew of wheat and
other cereals. The teleutospores are produced in just
the same way as the uredospores; in fact both kinds of
spore are often found in the same sorus (Fig. 105, E),
during the intermediate period while the one fructifica-
tion is being gradually replaced by the other. Later in
the season we find sori consisting of teleutospores only
(Fig. 105, A).

The teleutospore is borne on a stalk like the uredo-
spore, but is quite different from it in structure. The
membrane 1s excessively thick, consisting of a stout outer
coat of a dark-brown colour, and an inner colourless
layer. The spore is made up of two cells, separated by
a comparatively thin transverse septum. We may, if we
like, regard the whole structure as a sporangium containing
two spores; but as they never become separated, it is
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Fre. 1056.—Puccinie graminis. A, section of the cortex of a

wheat-stalk, showing a sorus of teleuntospores, with the
myecelium below. Magnified 150. B, telentospore germin-
ating ; p, p, germ-pores ; sp, sporidia borne on sterigmata
arising from the promycelium. Magnified 230. C, sporidium
germinating  directly. D, sporidium (sp) germinatin
indirectly, forming a secondary sporidium (s). Magnifie
370. E, part of a sorus, showing several uredospores (a)
and one telentospore (f) ; p, p, germ-pores. Magnified 300.
F, uredospore germinating. Magnified 300. (After Von
Tavel, Tulasne, and De Bary.)
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simpler to speak of the whole body as a bicellular spore.
Within the protoplasm of each cell are two nuclei, which
appear subsequently to fuse into one, and there is also
a vacuole containing oil. The surface of the cell-wall is
smooth, unlike that of the uredospores. Each cell has
a germ-pore, that 1s to say a deep pit in 1ts membrane ; in
the upper cell this pit is situated at the apex, while in
the lower it lies on one side, just below the septum (Fig.
105, B). These teleutospores represent the resting-stage
of the Fungus, in which it passes through the winter.

This completes the history of the parasite, so far as its
life on the Wheat or other gramineous ! host is concerned.
The damage which 1t does to the crop i1s very serious,
though its immediate effect is only local. The chloro-
phyll of the part attacked is destroyed, and the tissues
thus rendered useless for assimilation, while the cells
affected ultimately become exhausted and die. Thus, 1f
the seats of infection be numerous, the plant may
gradually lose almost the whole of its effective leaf-
surface, and thus become starved and quite incapable
of producing good grain.

The germination of the teleutospores in this species
takes place in the following spring. Each cell sends out
a hypha, which starts from the germ-pore, as shown in
Fig. 105, B. These hyph® do not develop into a
normal mycelinm, but are of limited growth, forming
what is called a pro-myeelium (see Fig. 105, B), which
divides by transverse walls, cutting off a row of about
four cells from its terminal portion.? Each of these cells
sends out a slender lateral outgrowth, which swells up
at the end to form a small spore-like cell (Fig. 105, B).

1 The natural order Gramine®, or Grasses, includes all cereals.
2 In water, however, the pro-mycelium may grow to a consideralle
length before producing sporidia.
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These cells are the sporidia; the stalks on which they
are borne are called the steriygmata. Hence we see that
the teleutospore is incapable of directly reproducing the
typical form of the Fungus, for it only gives rise to a
rudimentary mycelinm, which proceeds at once to form yet
another kind of spore. The sporidia become detached
from their stalks, and are capable of direct germination ;
but if they do not happen to be carried by the wind to
their proper host-plant, they form only a very short
hypha, which at once gives rise to a secondary sporidium
(Fig. 105, D), so as to gain another chance of successful
dissemination.

The sporidia, whether primary or secondary, are quite
incapable of infecting any plant of the Grass Family.
They are dependent upon a totally different kind of host,
namely, the Barberry (Berberis vulgaris) or some of its
allies. The sporidium, if it germinates on the leaf
of a Barberry bush, sends out a hypha which is
able to penetrate the cuticle, and therefore does
not need to make use of the stomata, in order to
effect an entrance into the tissues of its vietim.
In this respect the germinating sporidium differs
from all the other forms of spore In this Fungus.
When the mycelilum is once started, it spreads through
the tissues of the leaf, just as it did in the Wheat.
The fructification produced on the Barberry, however, is
of a totally different kind from any of the forms already
described.

During the spring the Barbeiry often shows signs of
disease, consisting in the appearance of swollen dis-
coloured patches on its leaves. When the disease has
advanced further we find on the under-side of the leaf,
seated upon the swollen place, clusters of exceedingly
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pretty little yellow cups containing spores (Fig. 106, A).
This is the 4eidium form of the parasite, and, like the
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F1a. 106.—Puccinia graminis. A, part of the lower surface of a
Barberry leaf ; on the swollen part (P) is a cluster of A cidium-
cups (a). Magnified about 10. B, vertical section of the
diseased part of the leaf ; ¢, ¢, epidermis ; p, palisade tissue ;
s, spongy tissue ; sp, sp, spermogonia of the parasite; a,,
., @3, three stages in the development of the FHeidium-fruit;
P, peridium ; &, hymenium. Magnified 40. C, three chains
of weidiospores ; &, hymenial cells, i.c. intermediate cells.
Magnified about 200, (After Zopf and Kny.)
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Uredo and Puccinia, was long described by botanists as
belonging to a distinet genus.

When an cidium -fruit is to be produced, a
group of hyphe become densely felted together in an
intercellular space of the leaf; the inner hypha of the
group enlarge their cells, so as to give rise to a little
nest of apparently parenchymatous tissue, surrounded by
a web of ordinary mycelium ; at the base of this mass a
row of vertically elongated cells—the Aymeniuwm (Iig.
106, B, #)—is formed, and it is from these cells that the
spores are formed. Each cell of the hymenium divides
by transverse walls, and produces in basipetal order a
long string of spores, often separated from each other by
intermediate sterile cells (Fig. 106, C). In this way the
whole interior of the young #eidium becomes filled up
by numerous parallel chains of spores, which, as they
grow, completely displace the cellular tissue by which
the space was at first occupied. The wall or peridium
of the cup is built up of vertical rows of sterile cells
resembling the chains of spores, but connected together
into a permanent tissue. This peridium at first com-
pletely encloses the fruit, but as the spores within
increase 1n number, the enveloping layer is burst and
thrown open, showing a toothed margin where its edges
were torn apart (Fig. 106).

The ecidiospores, which are of a bright yellow
colour, become separated by the breaking down of
the sterile cells between them. The spores have
a polygonal form, owing to mutual pressure while
enclosed in the peridium. Their walls are thick, and
each spore possesses six germ-pores or pits, through
which, on germinating, the hypha make their exit.

The ecidiospores germinate very readily, within a



262 STRUCTURAL BOTANY

few hours of their discharge, if sufficient moisture be
present. They do not, however, infect the host on
which they were produced, but are only able to form a
mycelium if conveyed by the wind or rain on to the
leaves of some member of the Graminea, such as the
Wheat or Rye. In this case a hypha is sent out through
one or more of the germ-pores. The hypha receives
the protoplasm from the spore and goes on growing,
bending first in one direction and then in another until
its tip lights on a stoma. Then the hypha turns in
through the pore of the stoma, and so makes its way
into the intercellular spaces of the host, where it
develops a mycelium from which uredospores are soon
produced. Thue the ecycle of the parasite’s existence
is completed.

There remains, however, yet another form of repro-
ductive structure to be considered before we proceed
to sum up the life-history. Accompanying the Zeidium
on the Buarberry, but usually on the upper surface of
the leaf, are minute bodies called the spermogonia, which
are visible to the naked eye merely as minute black
specks. They make their appearance before the cups
on the opposite side of the leaf are ripe. Each of these
spermogonia, when observed in a section vertical to the
surface of the leaf (see Fig. 106, B, sp), 1s found to be a
little flask-shaped body, consisting of a sheath of slender
converging hyphe, leaving a cavity in the middle.
The spermogonium arises from the mycelium below the
epidermis of the host, but ultimately breaks through it,
so that the neck of the flask reaches the surface (Fig.
106, B). The hyphae which project into the cavity form
minute cells at their ends, a little row of such cells
being formed in each filament. These minute cells—the
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spermatia—are very much smaller than any other form
of spore in the Uredinew, their average diameter being
about one two-hundredth of a millimetre. They are pro-
duced in great numbers and are accompanied by a
gelatinous substance which swells up when wetted, thus
pushing out the spermatia through the neck of the
flask. :

At present we are quite unable to say what these
spermatia are. They have been regarded as male cells,
perhaps serving for the fertilisation of the young Zcidium-
fruit, but at present there is no evidence for their sexual
function. Against it we have to set the fact that the
spermatia are capable of a sort of germination, though
they have never been known to produce a mycelium.
When cultivated in sugar and water they produce new
cells by “budding,” each spermatiumm forming a little
branch which becomes detached from the mother-cell,
and repeats the process indefinitely. This is the same
mode of growth which is found in Yeast, the Fungus
causing the alcoholic fermentation of sugar. However,
the spermatia are certainly not identical with true
Yeast, and indeed the same mode of growth is common
enough among all sorts of Fungi.

It is remarkable that the spermatia are accompanied
by a sugary secretion, which is sometimes so abundant
that a sweet flavour is perceptible if the surface of the
infected leaf be tasted. Further, these bodies often
have a pleasant, flower-like smell, and are observed to
be highly attractive to flies and other insects, which get
smeared with the sticky masses of spermatia and help to
scatter them about. But until we have some idea of the
function of the spermatia, it is quite impossible to say
whether the insect-visitors are of any use to the Fungus.
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We are now acquainted with the full normal life-
history of Puccinia graminis, which affords a typical
instance of the phenomenon known as heferecism, this
term implying that the parasite at different stages of its
career necessarily inhabits two distinct hosts. In this
case we have seen that on the Wheat or other members
of the Grass Family, two forms of fruit—the uredospores
and the teleutospores—are produced. The latter on
germination give rise to sporidia which infect the other
host, namely, the Barberry. It is only on the Barberry
that the Zicidium fructification and the spermogonia are
developed. The @cidiospores once more infect the Wheat
or some allied plant, and the cyele is complete.

The fact that the Barberry has something to do with
the appearance of rust in Wheat was well known to
practical farmers, long before botanists found out the
scientific explanation, or even allowed the truth of the
observation. During the eighteenth century a vast
amount of evidence was accumulated showing that Bar-
berry bushes acted as centres of infection, from which
rust spread over the cornfields. So strong was this con-
viction among agriculturists, that in the year 1755 a
“ Barberry Law” was enacted in the province of
Massachusetts in North America, ordering the rigorous
extirpation of Barberry bushes throughout the province.
The preamble to the Act runs thus: “ Whereas it has
been found by experience that the Blasting of Wheat
“and other English Grain is often occasioned by Barberry
Bushes, to the great loss and damage of the inhabitants
of this province . . . ” ete. The true explanation “ that
the parasitic Fungus of the Barberry and that of Wheat
are one and the same species,” was first suggested
by Sir Joseph Banks in 1805, and fully confirmed a
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few years later by the independent experiments of a
Danish schoolmaster named Schoeler. Botanists, however,
were still unwilling to accept the fact, because the
Puccinia of the wheat had quite different characters
from the &eidium of the Barberry. It was not till
1865 that the complete demonstration of all stages of
the life-history of the parasite was accomplished by the
German botanist De Bary. Now we know of a great
many other cases of hetercecism among allied Fungi.

We must not suppose, however, that the change of
host is absolutely necessary for the perpetuation of a
hetercecious parasite such as Puccinie graminis. In
Australia, for example, rust is prevalent on Wheat to a
serious extent, though there are no Barberry bushes nor
any other plant on which the Acidium form has been
observed. In parts of England also the disease is well
known, though there is no Barberry in the neighbour-
hood. Iu such cases it is evident that the Uredo form
must persist through the winter, probably on wild
grasses growing as weeds on the cornlands, the uredo-
spores infecting the mew crop in the following spring.
Under such conditions, the teleutospores are useless, for
their sporidia can only infeet the other host, and not
the Graminee. In the absence of the Barberry the
Fungus produces a very large proportion of uredospores
in comparison with teleutospores, no doubt because those
individuals which are most prolific in the former have
had the best chance of perpetuating their race.

Some other members of the Uredinew have a very
simple life-history compared with Puccinia graminis. In
many of them all stages of the Fungus are passed through
on the same host-plant, while in others certain of the
stages are missing altogether.
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TYPE XX

THE MusnrooM (Adgaricus campestris)

The Mushroom, which to most people is the best
known of all Fungi, represents a group of great
extent, including about ten thousand species. The
Mushroom and its mnear allies (most of which are
commonly called “ Toadstools”) are among the most
highly organised of the Fungi. What is known in
ordinary language as the Mushroom is simply the
fructification ; for the vegetative part of the plant, or
mycelium, is very inconspicuous, and remains hidden in
the soll.  What is called “ mushroom spawn,” from
which the Fungus is raised in cultivation, consists of blocks
of richly-manured soil permeated with the mycelium.

The vegetative structure is simple enough, the
mycelium consisting of long, branched, multicellular
hyphe, which traverse the substratum in every direction.
The individual hyphe are usually not isolated, but woven
together into strands. Fusions of the cells are very
common, and take place both between neighbouring cells of
the same hypha and between those of adjacent hyphe.
The way in which union takes place is much like the
moncecious and dicecious conjugation of Spiregyra, but in
the case of the Fungi the process has nothing to do with
reproduction, and so far as we know serves no other
purpose than to facilitate nutrition. Each cell contains
numerous small nueclei in its protoplasm.

The matured fruectification consists, as everyone knows,
of a thiek stalk (the sfipe) swollen at the base, support-
ing a hat-like expansion (the pileus), on the under-side
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of which are an immense number of radiating gills or
lamelle, pink when young, but of a rich brown colour
when mature. If we pull up a Mushroom entire we can

see, hanging on to the base
of the stalk, remains of the
strands of mycelinm from
which it arose. In Fig. 107,
A, is shown a large piece of
the mycelium made up of the
thick branched bundles of
hyphe, and bearing a number
of young fructifications.

The fruit itself, like every
other fungal organ, is entirely
built up of hyphe. In the
stalk these filaments are closely
packed towards the outside,
forming an apparently paren-
chymatous cortex. Towards
the middle they are more
loosely arranged, so that the
individual threads are easily
distinguished, and large air-
spaces are left between them.
The multinucleate cells of
which the hypha are composed
communicate with each other
by means of pits, one of which
is present in the middle of
each transverse wall.

Fie. 107.—Development of a

Mushroom. 4, mycelinum
(m) giving rise to a number
of young fructifications.
B, very young mushroom
in section ; m, mycelinm.
C, slightly older ; I, the gills

just appearing. D, still

older; I, gills ; m, mycelium.
E, older again ; I, gills ; v,
velum ; sf, stipe. ZF, nearly
ripe ; h, pileus ; other letters
as before. Reduced. (After
Sachs.)

On the stalk of a ripe Mushroom, rather more than
half-way up, is a membranous ring, formed of the
remains of the veil, which at an earlier stage covered in
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the lower surface of the pileus, as shown in Fig. 107, £

and 7.

The tissue of the pileus is like that of the stalk, but

Fic. 108.—Gills of Mushroom. .4, part
of tangential section of pileus (h),
showing gills (). Slightly magnified.
B, single gill in section ; ¢, trama ; sh,
sub-hymenial layer ; Ay, hymenium ;
r, lower edge of gill. Magnified about
80. C, part of B enlarged ; ¢, cells of
trama ; sh, sub-hymenial luger; q,
paraphyses ; s,-s,, stages in develop-
ment of hasiéia.; sp, basidiospores.
Magnified 370. (After Sachs.)

rather denser.  The
gills on the under-sur-
face are formed by an
extension of the hyphe
of the pileus. If we
cut a tangential section
of the pileus, we see
the gills or lamelle in
transverse section, and
can make out their
structure (see Fig. 108).
The middle part of each
lamella 1s formed of
hyphe coming down
from the pileus, and
following on the whole
a longitudinal course,
their lateral branches,
however, diverging to-
wards the two surfaces.
This central tissue of
the lamella is called
the ¢rama (Fig. 108,
B, C,t). Towards the
free surfaces the cells
of the diverging hypha
are shorter and more
closely packed, forming
the sub-hymenial layer
(s#), and beyond this
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again we come to the hymenium itself, which is thus
composed of the terminal cells of the same hypha which
constitute the trama and sub-hymenial layer (Fig. 108).
In this last part of their course the filaments have
diverged from their original direction to such an extent
that they now stand at right angles to the surface of
the lamella.

The hymenium consists of a palisade-like layer of
club-shaped cells rich in protoplasm. Some of these are
more slender than the rest, and remain sterile, bearing
the name of paraphyses. The others are of stouter build,
and are the spore-producing elements, here called basidia.
Each basidium gives rise at its free end to from two to
four minute peg-like outgrowths (the sterigmata), each of
which enlarges at the tip to form a basidiospore (see Fig.
108, C, s). The spores when ripe contain oil, and have
each two nuclei. These are derived from the basidium,
which at an earlier stage possesses a single nucleus
formed by the fusion of two or more nuclei which it
originally contained. @ The nucleus of the basidium
divides repeatedly, and the daughter-nuclei pass over into
the basidiospores, two into each.

This mode of fructification, consisting of basidia bear-
ing spores on sterigmata, is universal throughout the
great order to which Agaricus belongs, hence called the
Basidiomycetes. The subdivision of this order, represented
by Agaricus, is characterised by the hymenium being ex-
posed to the air when ripe, and bears the family name of
the Hymenomycetes. The basidium, when it has once
produced its two or four spores, is exhausted, and does
nothing more; but for a time new basidia may arise,
growing up between the old ones.

An immense number of spores are produced from the
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gills of a Mushroom. Some idea of their multitude may
be obtained by cutting off the pileus of an Agaricus and
laying it, gills downward, on a sheet of white paper.
If it be removed after a time an exact print of the gills
will be found on the paper, in the form of a fine powdery
deposit of spores which have fallen from them.

Until recently, nothing satisfactory was known as to
the germination of the spores of the Mushroom. Of
late years, however, Mushrooms have been successfully
raised from spores in Paris; the entire development, up
to the formation of ripe fructifications, takes from six
to seven months, As a rule they are raised from the
mycelium or “spawn.”

The basidial fructification is quite distinet from that
of any other group of Fungi which we have described.
There are, however, a number of transitional forms
among the lower Basidiomyeetes which appear to connect
that order with the Uredinew, and it has been suggested
that the basidium of the Mushroom group is homologous
with the pro-mycelium produced from the teleutospores
of the latter family, the basidiospores corresponding to
the sporidia. There are some Uredine®, such as the
Puceinaa so common on hollyhocks (P. Malvacearvin), in
which the teleutospores germinate in sifu, 7.e. while still
in the sorus and attached to the mycelium. In this
case the resemblance of the pro-myeelium to the basidia
of some of the simpler Basidiomycetes is very striking,
but unfortunately we have no space for the description
of the supposed intermediate types.

In Fig. 107 the development of the Mushroom-fruit
is illustrated. The young Mushroom arises from a
tangle of hyph& borne on a strand of mycelium. The
intertwined hypha# group themselves into a tissue, thus
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forming a little oval tubercle. At first the Mushroom is
all stalk ; soon, however, the pileus begins to appear at
the top. In the earlier stages there is no separation
between pileus and stipe (Fig. 107, B, ¢). The gills
are developed endogenously, while enclosed on all sides
by continuous tissue (Fig. 107, D). Later on the pileus
begins to spread out laterally (Fig. 107, E), but its
under-side is still closed in. The tissue which connects
the edge of the pileus with the stalk, and thus encloses
the gills from below, is called the velum or veil (Fig. 107,
F). At last this becomes ruptured as the pileus ex-
pands, and its torn remains adhere to the stipe, forming
the 7ing, which we mentioned in describing the ripe
fructification.

In the case of the Mushroom itself no other form of
spore than the basidiospores has so far been discovered.
In some nearly allied Fungi, however, additional forms
of fructification, such as chains of conidia, are produced
on the mycelium. In no case is there any evidence for
the occurrence of a sexual process at any stage in the
development of Basidiomycetes. The Mushroom itself is
a saprophyte, growing in richly manured soil, but some
of its near relations are parasitic on trees, to which they
do great damage.

We have now finished our series of types of Fungi.
It has only been possible to consider a very few re-
presentatives, and many important groups have been left
altogether untouched. We have gained, however, some
slight idea of the great range of structure which the
class presents, and in our later types we have seen how
very far the higher Fungi have diverged from the primi-
tive algoid forms with which we started our survey.
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THE BACTERIA

Tne Bacteria, which in these days are familiar, by name
at any rate, to everyone, are an extensive group of
organisms of the most minute size, and, so far as we
know them, of the most simple structure. In their mode
of life they bear a general resemblance to Fungi, for,
with the rarest exceptions, they are destitute of chloro-
phyll, and adapted either to a parasitic or saprophytic
existence. They are, however, as we shall see, quite
different from any known Fungi in structure and
development, though it is not impossible that in some
cases a real affinity to Fungi may turn out to exist.
Both as parasites and as saprophytes, the Bacteria
play an enormously important part in the world.
’arasitic Dacteria are now known to be the cause of
almost all the infectious diseases of man and animals,
and in many cases the actual species to which the
different diseases are due have been strictly determined.
As saprophytes, Bacteria are the great agents of decay
of all kinds, owing to the fact that they set up rapid and
profound chemical transformations in the organie sub-
stances on which they feed. Thus when milk turns
sour, or when wine is converted into vinegar, or proteid
substances, such as meat, undergo putrefaction, the change

272
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is in each case due to the action of a definite species of
the Bacteria. On the same power of initiating far-
reaching decompositions in the bodies which they inhabit,
depends the fatal efficiency of the parasitic Bacteria in
producing disease. The whole subject of the fermenta-
tions set up by these organisms has become in recent
years of the greatest possible practical importance in
relation both to medicine (as regards the parasitic forms),
and to innumerable branches of industry, as regards the
saprophytes. A vast literature has grown up on these
subjects, which lie beyond the province of the present
Introduction.

Typre X XI1V. BaciLLus susTiLIS

This is one of the commonest and best known forms of
Bacteria. It occurs constantly in hay, and can be ob-
tained with certainty by soaking or boiling hay in water.
In the latter case the appearance of the Bacillus depends
on the extraordinary resistance to heat shown by its
spores, which can stand an hour’s boiling with impunity.
After a little time the whole of the liquid simply swarms
with the cells of the Bacillus, which in its active vegeta-
tive condition is a strictly unicellular organism, the
1solated cells having the shape of short rods rather more
than rgggth of a millimetre in diameter and from gy to
tooo Imm. in length. The cells are thus far more minute
than those of any plant we have hitherto considered, if
we except spermatia or the oidial cells sometimes formed
by certain Fungi. The excessive smallness of the cells
has placed great difficulties in the way of their investiga-
tion, and the histology of Bacteria is still very little

18
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understood. So far as we know at present, however, the
structure appears to be very simple. There is a definite
membrane which, however, does not consist of cellulose,
but seems to be chiefly of a proteid nature. The cells
move actively, and their movements are now known to
be due to cilia which are attached to the membrane—a
proof in itself that the latter must be of a very different
character from the cell-wall of
ordinary plants (see Fig. 109, B).

The whole interior of the cell
is usually occupied by the proto-
plasm. Ithasnotbeenprovedasyet
that a nucleus is present,thoughat
certain stages rod-like bodies have
been detected in the cells, which
may turn out to be of that nature.

For some time the Bacillus
¥i6, 109.—Bacillus subtilis. continues in the actively swarm-

A, cells cohering in fila- o i
ments ; the dark bodies 1Ng condition, multiplying abund-
Hatod ccils ﬁ;ﬂﬂi‘;&“gﬁﬁ Elflflt.l}‘: by the repeated transverse
germination of the spores. division of the cells. After some
ﬁ:ﬁ;ﬁﬁﬁgﬁrgm (After  days the individuals begin to seek
the surface of the liquid, where
they pass into a resting condition. At this stage the
cells remain connected together in long filaments, and
their outer cell-walls become very gelatinous. This is
called the zoogloea condition, and is easily recognised
by the gelatinous iridescent film which the colonies of
the organism form on the surface.

Lastly, when the food in the liquid is getting ex-
hausted, the spores begin to form. This takes place
after locomotion has ceased and the Bacillus has entered
the filamentous condition (see Fig. 109, A). The spores
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in this species and in a very large group of allied
Bacteria, are endospores, one spore being produced in the
interior of each cell. At its first appearance the young
spore is of small size, appearing like a mere granule in
the protoplasm of the parent cell. As its growth pro-
ceeds it becomes elliptical in form, and increases suffi-
ciently in bulk for its walls to touch those of the
mother-cell. In the mean time it has completely used
up the surrounding protoplasm, and now lies within a
mere empty membrane. The endospore itself acquires a
comparatively thick cell-wall, and is extraordinarily
tenacious of life. These spores can bear being com-
pletely dried up without injury; they are little affected
by poisons, and survive a very high temperature, with-
standing even an hour’s boiling in the case of the hay
Bacillus. Hence spore-forming Bacteria are extremely
difficult to extirpate, so that in order to make sure of
effectually “sterilising” any substance (z.e. destroying
any living things which it contains) it is often necessary
to expose it to a temperature considerably above the
boiling-point of water, or, if that be impracticable, at
least to continue boiling for some hours.

The spores germinate when brought into a suitable
food-solution. The outer membrane splits across, and
the entire contents escape as an ordinary bacterial
cell, which at once begins to move about by means of
cilia (see Fig. 109, B).

Fig. 110 shows very completely the stages in the
formation and germination of the spores in another
Dacillus, called B. megatherium, because for one of the
Bacteria it is quite a monster, though its cells are only
about zhsth of a millimetre in diameter. This species
was originally found in boiled cabbages, and was after-
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wards cultivated by its discoverer in solutions of grape-
sugar, to which a little extract of meat had been added.
The formation of endospores characterises one great
oroup of Bacteria, and distinguishes them from similar
unicellular organisms.
Bacillus subtilis, like most other living things, requires
plenty of atmospheric
oxygen in order to flour-
ish. Some of the other
Bacteria, however, have
the remarkable peculiar-
. ity that they thrive best
in the absence of free
oxygen. This is the case,
for example, with Bacillus
butyricus, the organism to
which the formation of
butyrie acid by the fer-

Fre. 110.—Bacillus megatherium. a,

chain of vegetative rods, each con-
sisting of two or more cells, but
septa not shown. Magnified 250.
p, four-celled rod, after treatment
with aleoholic solution of iodine ;
b, vegetative rods; c-f, successive
stages in formation of endospores ;
7, four-celled rod with ripe spores ;
y1-95 and k,, h,, spores swelling
before germination ; the mother cell-
walls disappear ; £-m, germination
of spores. All figures except a
magnified 600. (After De Bary.)

mentation of sugar is due.
In this case the oxygen
necessary for respiration
is not absorbed in the
free state, but obtained
from the breaking down
of the organic substance in
which the organism lives.

It may be mentioned
here that numerous ex-

periments have proved that light has a very unfavourable
effect on Bacteria, completely stopping their growth and
multiplication in many cases, and even, when intense
enough, killing the cells outright. It is the rays towards
the violet end of the spectrum which exercise the
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greatest retarding effect on the growth of these creatures.
The action of light in checking the increase of these
agents of decomposition and disease is evidently a fact of
great practical importance.

It was stated in Part I. (p. 206) that plants of the
Pea and Bean kind, unlike ordinary green plants, are
able, by the help of certain fungus-like companions,
to obtain their nitrogenous food from the free nitrogen
of the atmosphere. The plants in question, including
most if not all of our native Leguminose, invariably
have swellings or tubercles on their roots. These
tubercles are inhabited by a parasitic or symbiotie
organism, the entrance of which into the root is the
cause of the first formation of the tubercle. It has
been proved conclusively that it is only when this
organism 18 present in the soil that the tubercles
develop on the roots, and only when the tubercles are
formed that free nitrogen can be assimilated. If the
plants are grown in sterilised soil, 7.e. soil which has
been heated sufficiently to kill all living things contained
in it, then no tubercles develop, and no nitrogen is
absorbed from the air. When the tubercles are present,
however, great quantities of nitrogen are assimilated,
and the plant can thrive even if nitrogenous compounds
be quite absent from the soil. A very important result
of this fact is that leguminous ecrops actually enrich
the soil in nitrogen. In Germany one sees whole
fields of Yellow Lupine grown for no other purpose
than to be ploughed in and so enrich the soil for other
Crops.

The subject 1s mentioned here because the organism
to which this assimilation of gaseous nitrogen is due,
has the appearance of a ZBacillus, and has been de-
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seribed under the name of B. radicicola. Recent in-
vestigations appear to show that the organism is really
one of the Bacteria. In any case the relation of
this creature to its leguminous host seems to be one
of symbiosis, or mutual service, rather than of one-
sided parasitism.

TYPE X XV. CLADOTHRIX DICHOTOMA

We have chosen this plant as an example of another
group of so-called Bacteria, which probably, however,
have little to do with the true Baeilli and their allies.
Cladothriz  dichotoma is a very common organism in
impure water. A very moderate degree of impurity is
sufficient to provide it with food, for it sometimes
appears in vast quantities in the pipes of an ordinary
water-supply, where it forms dirty-white masses, which
may even choke up the taps.

In its vegetative condition the plant forms long
branched threads, attached at one end to some solid
substance. The filaments are composed of a single series
of rod-shaped cells (Fig. 111), and are enclosed in a
gelatinous sheath. The branching is not genuine, for it
does not depend on the formation of lateral outgrowths,
or on a true dichotomy of the growing-point. The
gelatinous sheath offers a certain resistance to the growth
of the filament within, which consequently breaks across,
and the two parts grow past each other at the point of
rupture. Exactly the same kind of apparent branching
occurs in some of the blue-green Algewe, which Cladothriz
and 1its allies closely resemble. The contents of the
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cells divide up for reproductive purposes into small
round bodies (cocet) (see Fig. 111, B and C), which are

said to pass through a swarming
stage. Endospores are not found
in any of these forms, but in some
of them it appears that cells of the
filament may thicken their walls
and serve as resting-spores (arthro-
spores) exactly as happens in Nosfoc.
The relations of these organisms to
the typical Bacteria,as represented by
B. subtilis, is quite an open question,
though on the other hand theiraffinity
to the Cyanophyce® seems clear.
Before leaving the DBacteria, it
may be mentioned that while the
great majority are either sapro-
phytes or parasites, a few have been
found capable of deriving their food
entirely from inorganic substances.
In some of these cases carbon-dioxide
is decomposed under the influence
of light, with the help either of true
chlorophyll or of a purple pigment
which seems to have similar func-
tions.  Another member of the
group is able to obtain its carbon-
aceous food from inorganic carbonates

) RO sl

Frae, 111, — Cladothriz

dicholoma. A,
branched vegetative
filament. Magnified
about 450. B, forma-
tion of cocei in a
filament. Magnified
about 700. C, escape

of the cocci. Magni-
fied about 700. (After
Zopf.)

without the aid of light,—a power possessed by no

other organisms at present known.

The same Bacteria

in which this remarkable property resides are of great
importance in another respect, as they bring about the
oxidation of nitrogen, thus forming the nitrates in the soil.



CHAPTER NI

THE MYXOMYCETES1

Our last type represents a group of organisms lying on
the borderland of the animal and vegetable kingdoms.
It may be doubted whether they have any right to a
place in a book on botany, but we give them the benefit
of the doubt because of their great scientific interest ;
for in them we can study living protoplasm and its
behaviour on a greater scale than in any other creatures
Myxomycetes, unlike Fungi and Bacteria, are of no
practical importance, and are probably known to very
few people except naturalists; yet they are common
enough, easily visible to the naked eye, and in some
conditions extremely conspicuous.

In the vegetative state a typical Myxomycete consists
of a mass of naked protoplasm, sometimes several inches
in extent, which creeps slowly about, on the surface of
dead leaves or bark or wood. Such immense aggrega-
tions of living matter in so simple a form are quite
unknown in any other group of organisms.

When reproduction is about to take place, the ereature
completely changes its character, gradually ceases to be
active, and converts itself into a collection of fruits of
rather complex structure, in which the microscopic spores

1 Also called Miyceto oa.
280
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are produced. The spores on germination give rise to
swarm-cells, which unite together to build up the great
protoplasmic body with which we started. Such are
the rough outlines of a Myxomycete's career. We will
now proceed to study a particular example more in detail.

TYPE X XVI|. BADHAMIA UTRICULARIS
1. THE PLASMODIUM

This Myxomycete is common in some years, though
rare in others; it occurs on the bark or wood of fallen
trees, on old garden seats, and in fact in all places
where timber is left exposed to damp and decay. In
its ordinary state the organism forms irregular flat
gelatinous masses of a deep chrome-yellow colour,
spreading and creeping over the surface of the rotting
wood, especially in damp weather. These creeping
masses are called plasmodia. A small plasmodium is
shown in Fig. 112. This specimen was only about. half
an inch across, but much greater dimensions are usually
attained, the area covered by one plasmodium sometimes
amounting to as much as six square inches. The plas-
modium is not uniform in thickness throughout, but is
traversed by thicker veins, which unite together to form
a kind of network. The thinner protoplasmic layer
between the veins is sometimes interrupted so as to leave
some of the meshes empty. The whole plasmodium is
a mass of living protoplasm which is in constant move-
ment. The movement is of two kinds—(1) an advancing
locomotion of the whole plasmodium, and (2) an internal
circulation of the protoplasm, especially in the veins.
The locomotion is a slow, creeping movement; the
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advancing edge of the mass (¢, @ in Fig. 112) is con-
stantly putting out feelers (pseudopodia, as they are
called), which are sometimes withdrawn again, but more
often maintain their position, and are increased by the
flow of protoplasm from behind. The outer layer of the
whole plasmodium is clear and transparent; the inner
mass 1s very granular, and the granules are especially
abundant in the veins. Many of the granules consist of
lime (calcium carbonate), and it is around these lime-

Fic. 112.—Badhamia utricularis; plasmodium, from a stained
specimen, prepared by Mr. A, Lister. @, @, advancing
margin, Magnified about 5. (R. S.)

granules that the yellow colouring-matter is chiefly
deposited. The clear part of the protoplasm is colour-
less. When a pseudopodium is first extended it consists
of the clear part (hyaloplasm) only; subsequently the inner
granular substance flows into it and increases its mass.
The internal movement along the veins is extremely
active,and can be followed with ease under the microscope
by means of the granules which are swept along with
the current. The flow is curiously rhythmical. In
each vein the current sets steadily in one direction for
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from one and a half to two minutes, then it slackens
and stops altogether for an instant, only to recommence
with equal energy in the opposite direction. This
internal flow is closely related to the locomotion of the
whole plasmodium, for it is found that the current
lasts longest in that direction in which the plasmodium
1s advanecing.

The movements do not go on at random, but take
a definite direction in accordance with the needs of
the organism. Thus an active plasmodium, if the wood
be wetted on one side of it more than on the other,
will move towards the damper side; if, however, the
Myxomycete be about to form spores (for which moisture
is not favourable) it will move the opposite way, in the
dry direction. Generally speaking, a plasmodium will
try to avoid intense light (which no doubt has a bad
effect, as in the case of the Bacteria); for the purpose
of spore-formation, however, it will leave any dark
recess of the wood in which it may be hidden, and
seek the light.

This particular Myxomycete, PBadhamie utricularis,
feeds on living Fungi, especially on certain members
of the Hymenomycetous family, which grow on decaying
wood. If a piece of one of these Fungi be placed in
its way, the advancing margin of the Badhamia at once
begins to flow over it, and the whole plasmodium will
turn aside in the direction of the prey. Individual hyphe,
or small pieces of the Fungus, become enclosed in vacuoles
in the protoplasm of the Badhamia and digested, their use-
less remains being afterwards disgorged and left behind
on the track. This way of feeding, by taking solid food
into the body, and then digesting it, is characteristic of
animals, and is not known among true plants. The Myxo-
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mycetes generally have this power, but in most cases they
live on dead and decaying substances, such as fragments of
bark and wood. Our type is exceptional in preying on
living tissues. Its frequency in any particular season
depends on the abundance of the Fungi which it feeds on.

The plasmodium econtains an immense number of
nuclei, which are only absent from the clear external
portion. The nuclei (see Fig.
113) have the same structure
as those of higher organisms,
possessing a nucleolus and a
framework of delicate threads.
They increase in number by
division, as the plasmodium
grows.

We see, then, that the
plasmodium of a Myxomycete
18 a typical example of non-

. cellular structure, consisting
Fia. 113.—Badhamia utricularis;

portion of plasmodium, show- of a Per?ectlf confinuous
ing a number of spherical protoplasmic body of large
nuclei, in each of which the . ek g
fibrillar network and the BSiZ€, contalning vacuoles and
nucleolus is seen. Magnified pumer lei. bu irel
1200, (From TLister's Mono o oo o0 2ucweh bnfentieety
araph of the M}'CE{-OED&.} dEBtlbut-e 'I:Ff aﬂy EE]I'W&].]..
Sometimes the plasmodium
passes into a resting condition, a change which often,
though not always, happens in consequence of drought.
The movements cease, and the protoplasm becomes
partitioned into a number of irregular cysts or cells, each
containing about ten or twenty of the nuclei. The cysts
are separated from each other by firm walls, which are
hardened portions of the protoplasm. In this resting

stage, which is known as the sclerotium, the plasmodium
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may remain alive for as long as three years. The
external appearance of the sclerotium of our type is that
of a dry, horny, irregular mass, of a brick-red colour.
When moistened, it revives, the walls of the cysts become
absorbed, and the contents reunite and recommence the
movements characteristic of active life.

2. THE SPORANGIA AND SPORES

When a Myxomycete fructifies it completely changes
its appearance. The whole of the active protoplasm is
used up to form a sorus of sporangia in which the
spores are contained. In Fig. 114
a cluster of sporangia (from an allied
genus) 1s shown. The ripe sporan-
gium is a rounded hollow case, borne
on a stalk; it has a firm external
wall, and 1its interior is traversed
by a network of threads, among
which lime is deposited (see Fig.
114, 5). In the meshes of the net-
work are contained the numerous

Fic. 114. — Leocarpus
vernicosus. @, group
of sporangia on a frag-
ment of dead leaf.
Magnified 24, b,

spores.

When fructification is about to
take place, the protoplasm accumu-
lates at certain points, corresponding

portion of capillitium
with spores. Magni-
fied 120. (From Lis-
ter's Monograph of the
Mycetozoa. )

to the position of future sporangia.

At each of these points the protoplasm heaps itself up to
form a projecting nass; a portion of this hardens and
becomes the stalk, while the living part continues to creep
upwards, and constitutes the sporangium itself at the top.
The outer layer of the terminal mass of protoplasm forms
itself into the firm outer wall, while the interior part
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builds up a mnetwork of hollow branched threads (the
capillitium), which traverse the cavity in all directions
(see Fig. 114, b). DBetween these threads masses of living
protoplasm remain. After the wall and capillitium are
completed, the formation of spores takes place. The
protoplasm in the meshes breaks up into distinct masses,
the nuclei of which all undergo division. It may be
mentioned here that the nuclear division in the sporangia
of Myxomycetes, and sometimes that in the plasmodium
as well, takes place in just the same
complicated way as in the tissues of
the higher animals and plants, al-
though, so far as the plasmodium is
concerned, it is probable that a
simpler process of division also goes
on. Ultimately the whole of the
Fi6. 115, — Comatricha living protoplasm in the sporangium
obbusiin. B, a3 of further divides up into spherical
sporangia. atural

size. b, empty sporan- Spores, each of which iIncludes a

gium, showing capil- :
litium. Magnified 16. single nucleus,

(From Listaei'a Mono- The cell-wall of the spores, and
?;?ﬂl} of the Myce- 41s0 the substance of the sporangial

wall and the capillitium, resemble

the cuticularised membrane of vegetable cells. In a few
cases cellulose has been found. It will be noticed that
complicated as the structure of the sporangia is, there is no
formation of distinet cells until the spores themselves
are developed. In Fig. 115 the sporangium of another
Myxomycete (Comatricha obtusata) is figured. Here the
sporangial wall soon disappears, so that the whole
capillitium in connection with the stalk becomes visible.
The sporangia of Badhamia open by the breaking
down of the membrane, and the spores are exposed.



THE MYXOMYCETES 287

They hang for a time on the threads of the capillitium,
which acts as a supporting scaffolding, and are gradually
scattered. The spores can be kept for an unlimited
time dry, and germinate readily when wetted (see Fig.
116, from another Myxomycete). The membrane splits,
and the whole contents become free. The protoplasmic
mass at first shows “ amceboid ” movements, changing its
form by putting out and
again withdrawing pseu-
dopodia.  After a few
minutes a single cilium
is developed at one end,
and now the pear-shaped
swarm - spore is fully
formed (Fig. 116, d). It
contains one nucleus,
placed near the thin end,
and 1its protoplasm 1is
vacuolated ; one of the Fie. 116. — Didymium diforme. a,

. . spore ; b, swarm-cell escaping from
vacuoles  is mntr&cmle, the spore-membrane; ¢, newly-

expanding and contract- hatched sw;rm-cell, mnta,lining a
: ) : nucleus and three wvacuoles; d,
ing at regular intervals. ciliated swarm-cell ; e, swarm-eell,
The swarm-spore swims with twovacuoles containing bacteria

. —another bacterium is just caught
through the water with by the pseudopodia; f, amceboid

a dangjﬂg movement, swarm-cell. Magnified 720. (From
: Lister’sMonographofthe Mycetozoa. )
or 1t creeps along the
surface of any solid body like a snail
These swarm-spores, like the plasmodia, can take in
their food in the solid state. They catch minute objects
in the water by means of pseudopodia put out at the
broad posterior end. They are particularly fond of
Bacteria, which are often caught in this way, the
pseudopodia laying hold of the microbe, and in spite of
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its struggles dragging it in until it is enclosed in a
vacuole of the protoplasm, and ultimately digested
(Fig. 116, e).

The swarm - spores multiply repeatedly by division
into two, the movement ceasing before the division
takes place, and starting again when the daughter-cells
are formed. The division of the nucleus precedes that
of the cell. The swarm-
spore may also become
encysted,  surrounding
itself with a cell-wall,
from which it afterwards
escapes, resuming its
active career. The en-
cysted swarm-cells bear
the name of microcysts.

From the swarm-spores
Fre. 117. — Didymiwm difforme ; young the plusmodlur'n is built

plasmodium with attendant swarm- Up. Before this happenﬂ

cells m, microcyst. One microcyst 13]:1!3}’ withdraw their cilia
is being digested in a vacuole (v). 3

8, empty s ﬂre-me;nbr?,ne. Magni- and henceforth confine
Ei‘?dth‘f giy(}et:;i?&.ljmterﬂ Monograph  themgelves to creeping
amoeboid movements.
When two creeping myxamebe (as they are called at
this stage) meet, their protoplasm flows together into
a single mass. Then others join them, and enter into
fusion, and so the beginning of a new plasmodium is
made. More and more swarm-cells are attracted to the
spot, and join on to the fused mass (as shown in Fig.
117) until a large number have united. The cells com-
pletely fuse, but their nuclei remain distinet.
Thus we see that a plasmodium is a compound
structure, built up in the first instance by the union of
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a number of distinet protoplasmic bodies. As there is
no fusion of nuclei, the process cannot be regarded as of
a sexual nature.

When a plasmodium has been started in this way it
continues to grow, and the number of its nuclei increases
by division to keep pace with its growth,—a fact which
is now well ascertained.

Such are the outlines of the life-history of these
extraordinary creatures, which in their whole structure
and mode of development differ widely from any other
organisms. We can study in them, better perhaps than
in anything else, the behaviour of living protoplasm when
untrammelled by the bonds of cellular structure. We see
how closely movement and growth are connected; and
when the period of fructification comes on, we can observe
how the protoplasm by its active exertions literally builds
up the new strueture out of its own substance. It has
been well said that in the plasmodium of a Myxomycete
we have a type of the organisation of all plants, for we
see in these organisms, freely exposed to view, the same
movements and the same constructive activity of the
living matter, on which the growth and development of
the highest plants depend. In the latter, however, the
living agent is concealed within the framework of the
cells, and 1ts successive changes of form are stereotyped
by the rigidity of the structures which it has itself
built up.

1Y



CHAPTER: YIT
CONCLUSION

It will be useful, at the conclusion of our series of types,
to sum up very briefly what we have learnt from them,
with reference especially to the relationships of the
groups which they represent. Throughout the book we
have followed on the whole a descending order, proceed-
ing from the more complex to the more simple, though
there have been many exceptions to this rule, because it
15 1mpossible to arrange any set of plants in a single
linear series, whether according to increasing or decreas-
ing complexity.

In the present summary we will follow the reverse
order, starting where we left off, with the lowest forms,
following up the various lines of affinity, and concluding
with the highest plants, with which we began in Part I.
This 1s the natural succession, and the attempt to follow
it will at any rate teach us how complicated the relation-
ships are, and how difficult it is to arrange naturally even
a few types such as ours.

The two groups with which we concluded the series,
and with which we therefore begin our summary, have no
clear and evident affinities with any of the rest. As
regards the Myxomycetes, it is doubtful whether any such

relationship exists at all. These organisms have attained
200
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a fairly high stage of development (so far at least as
their fruits are concerned) on lines of their own. They
are best regarded as forming by themselves a short
but distinet line of descent, which may have arisen
very far back, among organisms not yet characterised
as either animals or plants. In the plasmodial stage
the Myxomycetes would most naturally be regarded as
animals, especially when we consider their mode of
feeding. In the formation of their fruits and spores,
however, they rather suggest plants of the nature of
Fungi, but probably this is only a case of parallel
development, not indicating a real blood-relationship to
any undoubted members of the vegetable kingdom.

The Bacteria are still more difficult to place, for
though in some ways we know so much about them, we
still do not know what they are. Possibly several
heterogeneous groups are included among them. Such
forms as Cladothriz show pretty clear affinities with
Cyanophycee, of which we took Nosfoc as type, and
may be described as Cyanophycee without pigment.
The more typical Bacteria, however (such as DBacillus
subtilis and its allies), which are characterised by their
cilia and endospores, are unlike any other plants, and
might be placed in a neutral group lying at the base
of both the animal and vegetable kingdoms. Bacteria,
however, are so little known morphologically that
nothing definite can be said at present as to their
relations,

Nustoe, representing the Cyanophycew, is another ex-
tremely simple type, so far at least as our present
knowledge enables us to judge. It is possible, however,
that further research may show the cell-structure to be
more like that of the higher plants than it appears at
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present. It is doubtful whether the Cyanophyce:e should
be classed with the Alge or not; some botanists group
them with the Bacteria in a class by themselves—the
Schizophyta. As already pointed out, however, this
relationship only seems to hold good for a portion of the
Bacteria, such as Cladothriz and its immediate allies.
Until the histology of the Cyanophyce® is better under-
stood, 1t will remain iImpossible to assign them to their
true position.  Their present 1solation depends on
negative characters (absence of sexual reproduction and
of nueclei and chloroplastids), which may cease to hold
good when our knowledge is more complete.

Leaving these dubious forms, we come to Pleurococcus,
a perfectly typical green Alga, the cells of which, though
leading a separate existence, possess all the histological
characters of the green cells of the higher plants. The
life-history of Pleurococcus is probably a somewhat com-
plex one, but, however that may be, its structure is a
sufficient indication of real affinity with more highly-
organised Algz.

From unicellular green Alge quite a number of
distinet lines of affinity branch out. In one direction
we reach the Conjugatee, some of which are themselves
unicellular, while in others, such as Spirogyre, the cells
are usually united in filaments. This group always
remains at a low level anatomically, for no more com-
plex thallus than a simple filament is ever produced.
On the other hand, the histological structure shows a
great advance, as indicated especially by the highly-
differentiated chloroplastids, which not only assume
strange and varied forms, but are much specialised
internally, possessing proteid bodies (pyrenoids) around
which the formation of starch is localised. In many
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members of the group, namely, in some Desmids, the ex-
ternal form of the individual cells is also very complex.
The sexual process is well marked, but of the simplest
kind, consisting in the union of the contents of similar
vegetative cells, with, at most, only the slightest
indication of any difference between the sexes. The
Conjugate, so far as we know, do not lead on to any
of the higher groups of plants.

In quite a different direction green unicellular Alge
appear to have given rise to the remarkable group
represented among our types by Vaucheria. Here
the cell has become multinucleate, and grows out infto
a large and in some cases complex thallus, but without
dividing, so that we find a highly-organised plant with
non-cellular structure. Vaucheria itself, though its thallus
is simple compared with that of the true Siphonew, has
attained a very high level as regards reproduction, for
its sexual organs are as sharply differentiated as in the
higher multicellular plants.

Differences of sex appear quite independently in
many diverse lines of affinity, among which that repre-
sented by Vaucheria is one of the most distinet.

Vaucheria is also of great importance because it leads
directly to the Fungi. There can be no doubt of the
close relationship of such a Fungus as Pythium to such
an Alga as Vaucheria ; in fact Pythium might fairly be
described as a member of the Vaucheriacee which has
lost its chlorophyll. The most important difference is the
disappearance of the spermatozoids, which are no longer
differentiated in the Fungus, the male protoplasm being
carried to the ovum by the fertilising tube. This change
has been compared to the change from fertilisation by
spermatozoids to fertilisation by a pollen-tube, in passing
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from Cryptogams to Phanerogams. In both cases the
disappearance of motile male cells is correlated with
the loss of aquatic environment.! The gradual extinction
of zoospores among the allies of Pythium is due to similar
causes, and has been fully traced above (p. 222).

The Zygomycetes, as represented by Pilobolus, are more
thoroughgoing F¥ungi than the Pyihium group, though
they still show signs of affinity with non-cellular Alge.
Perhaps they may have diverged from the algal series af
a somewhat different point.

When we come to the higher Fungi, beginning with
such forms as Sphwrotheca, we find it impossible, in
the present state of our knowledge, to determine their
relation to the algoid forms. The ascus has been
regarded as corresponding to the sporangium of the
Zygomycetes; this may perhaps be true, but there
is evidence, in cases like Spherotheca, for its being a
sexually produced sporangium, comparable perhaps to
that which is sometimes formed directly on the germina-
tion of the zygospore or oospore of the Phycomycetes
(see pp. 227 and 234). In any case the Ascomycetes
have diverged very widely from the Phycomycete stock,
as shown not only by their fructification, but by their
septate mycelium. This group reaches a very high
development, the ascus-fruit having become a very s
complex structure in forms like Physcie. The Lichens,
most of which are Ascomycetes, are the only Fungi
which form a highly-organised atrial thallus. By their
association with a green assimilating organism (the
captive Alga) they have placed themselves on a level
with the higher chlorophyll-containing plants.

Among the Ascomycetes the conidial form of fruit,

though often important, is subordinate. In the remaining
1 See, however, p. 303.
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groups the conidia (the origin of which could already be
traced in the Phycomycetes) have displaced the sporangia,
and assume very various forms, constituting the great
means of propagation. This high differentiation of
the conidia is very well marked among the Uredinew,
where we find four distinet kinds of conidial fructification :
the ecidiospores (though these may once have been sexually
produced),the uredospores, the teleutospores, and the sporidie,
not to mention the spermatia, which are of doubtful nature.

The Uredines are adapted to a strictly parasitic mode
of life,and in habit differ greatly from the Basidiomycetes,
especially if we consider a highly-organised representative
of the latter, such as the Mushroom. Yet the complex
fructifications of these highest of the Fungi are nothing but
elaborated conidiophores, and the basidium itself appears
to be comparable to a teleutospore germinating in sifu.

We see then that the Fungi form by themselves a
highly-complex cyecle of relationship, touching the lower
Alge= at one or two points, but otherwise distinct from
the rest of the vegetable kingdom. It is remarkable in
how small a proportion of this mass of saprophytic and
parasitic forms there is any evidence for the occurrence
of sexual reproduction.

We must now retrace our steps to the Algwe. The
Red Seaweeds form a perfectly definite group by them-
selves, without clear connections either below or above.
Callithamnion 1s a falr average type; some forms are
gimpler, especially in the development of the fruit, but
even the simplest of the undoubted Floridese are highly-
organised plants, quite unlike any other family. Many
are much more complex than our type, but they are
complex in their own peculiar way, and do not show any
transition towards the higher groups of plants.
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The sexual process in Florideee i3 quite peculiar
among Alge, for no definite odspore is ever formed as
the result of fertilisation. @ The whole carpogonium
when fertilised remains in complete continuity with the
tissues of the thallus, and sends out branches, which
ultimately produce numerous spores, usually after various
subsidiary cell-fusions have taken place. This continuity
of the spore-fruit with the thallus completely severs the
Floridee from the Bryophyta, with which there is other-
wise a certain analogy, in so far as in both groups the
result of fertilisation is a fruit. The Floridee are also
remarkable for the entire absence of motile ciliated cells,
a point in which they differ from the great majority of the
Algge, though certain isolated groups, such as the Conjugatee
(which certainly have nothing to do with them), have the
same peculiarity. We must await the results of further
investigation before anything definite can be said as to
the affinities of the Red Seaweeds.

The Pheophycee are also much isolated from other
Alge, but they have more in common with Chlorophycez
than is the case with the Red Seaweeds. Ciliated cells
are almost universal throughout the group, though in
the highest Brown Alge — the Fucacee — they only
appear as spermatozoids. Fertilisation, so far as known,
always takes place oufside the odgonium, a point in which
these plants differ from the Green Alge. The Fucaces
are on a much higher level than the rest of the order,
but transitional forms are not altogether absent. On the
whole, we may say that the Brown Alge are a natural
group, attaining very great complexity on their own
lines, and not clearly related, either to the lower or higher
families, though an affinity to some of the Green Algae
is not altogether out of the question.
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We must now return to the Chlorophycee. We
have in Ulothriz a form scarcely more complex than
Spirogyra, but evidently on quite a different line of
descent. Here the reproductive cells are all ciliated
and active. It is between certain of these eciliated
zoospores that conjugation takes place, and not between
vegetative cells, as in Spirogyra. Evidently the origin
of sexuality was quite distinct in these two groups, for
in Ulothrir we find its first stages, the sexual cells
being still capable of germinating as neutral spores, if
unable to conjugate. If we had been able to take a
wider survey of the vegetable kingdom, we should have
found evidence that this important step from asexual to
sexual reproduction was made independently in many
groups.

Ulothrix is also interesting from the great difference
in subsequent development between the asexual and the
sexual swarm-cells. The asexual zoospore merely repro-
duces the ordinary plant, whereas the zygospore gives rise
to a dwarf individual quite distinet from the typical form.
In fact we have here, coinciding with the first appearance
of sexuality, some slight suggestion of regularly alter-
nating generations. For this reason Ulothriz has been
regarded as lying more or less in the direct line of
descent of the archegoniate plants, in which regular
alternation of generations is so strikingly a character.
Of course this cannot be taken literally. No form now
living can possibly be in the direct line of descent of
any other form, any more than a man’s cousin can be
his ancestor! One cousin, it is true, may more than an-
other inherit the characteristics of some remote ancestor,
and this is all we mean in speaking of lines of descent
among plants. In the case of Ulothriz, however, there
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is probably nothing more than a remote analogy with the
course of development of Bryophyta.

(Edogoniwm makes In some respects a great step
in advance. Here the sexual cells are perfectly differ-
entiated ; instead of two similar conjugating zoospores,
we find a small moving spermatozoid and a large
resting ovum. The casual difference in size sometimes
observed in Ulothriz has here become fixed, and other
differences are added. Evidently there is a more perfect
adjustment of function here; for while both partners are
still on equal terms as regards the union of their
nuclei, it is the female cell alone which assumes the whole
duty of accumulating food-supplies for the next genera-
tion. In order to do this most effectually, it remains at
rest, 1n connection with the vegetative body of the plant.
So far as the sexual division of labour is concerned,
(Edogoniwm is as far advanced as any other plant, but its
spermatozoids still show external signs of their origin
from zoospores.

The formation of dwarf male plants in some members
of this group is without exact parallel in any other
plants, and shows how far the specialisation of the
sexes may go, even in simple organisms. This, however,
is only a special case, for, as we have seen, there are some
species of (Hdogonium without dwarf males.

The division of the germinating obspore into four
swarm-spores is an interesting fact. These spores are
just like the zoospores produced by the plant in its ordin-
ary condition. The fact that they are always formed by
the sexually produced resting - spore immediately on
germination, indicates some approach to a regular alter-
nation of sexual and asexual reproduction. In this re-
spect, however, (Edogonium shows no advance on Ulothriz,
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In another genus of green fresh-water algw, Colco-
cheete, the odspore, while still enclosed in the odgonium,
divides up into a group of cells, in each of which
a zoospore is formed. This process shows a certain
analogy with the formation of the simplest forms of
sporogonium in the Liverworts, among which there is a
genus (Riceia) in which the fruit consists of nothing but a
mass of spore mother-cells surrounded by an epidermis.
There is, however, no trace of affinity between the Alga
and the Hepatic. In the Alga in question the asexual
spores produced by the oospore are identical with those
formed on the vegetative plant; whereas in even the
lowest Bryophytes the spores are never formed anywhere
else than in the sporogonium.

The sporophyte of the higher plants, whatever its
origin may have been, is specially adapted to the
formation of aérial, as distinguished from aquatie, spores.
The spores of the Archegoniate, from the lowest
Bryophyta upwards, differ from those of any of the Alg:e
in being almost always suited for dissemination by the
air. The sporophyte which bears them is essentially the
aérial generation, while the obphyte is dependent on
water for the act of fertilisation. The difference is very
well shown in Pellia, where the sexual generation is a low-
growing thallus, keeping close to the damp ground, or even
living under water, while the sporophyte grows up high
into the air, exposing its spores as freely as possible, so
that they may be dispersed by the wind. The result in
other cases is attained in a different way, but the general
rule holds good, that the function of the sporophyte—the
dissemination of spores—requires exposure to dry air,
while the most 1mportant function of the odphyte—the
act of fertilisation—requires the presence of water.
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Possibly the aérial, asexual spores of the Bryophyta
may be homologous with the aquatic, asexual spores of
the Green Alge, but, if so, the former have been so
completely modified that the homology can no longer
be traced with any certainty. The origin of the
Archegoniatee must have taken place in enormously
remote geological ages, when plants were first adapting
themselves to terrestrial life, and we cannot be surprised
that no transitional forms connecting them with the
Alge are known to us.

So far as the vegetative structure of the thallus is
concerned, Pellia 1s a very simple Liverwort ; others are
more complex, but in all alike the archegonium and
antheridium are totally different from the sexual organs
of any Thallophytes.

In the true Mosses both the sexual and asexual
generations are more highly developed than in the
Hepaticee. Not only 18 the thallus replaced by a leafy
stem (a change which is already accomplished in many
Liverworts), but the anatomical structure is much more
perfect, and a definite system of conducting tissue is
differentiated. =~ The sporophyte never develops into
anything more than a fruit, yet it is anatomically the
more elaborate of the two generations, as shown not only
by the arrangements for dispersing the spores, but also
by the vegetative tissues of the sporogonium, which
have some resemblance to those of wvascular plants,
especially in the possession of true stomata. The Mosses
are highly-organised plants in their own way, but appear
to have no direct affinity with superior groups.

If we found a wide gap to cross in passing from
Alge to Bryophyta, still more is this the case when
we advance from Bryophyta to the Vascular Cryptogams.
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The latter, as at present existing, form three quite
distinet stocks,—Horsetails, Ferns, and Club Mosses,—
but in none of the three is there the least evidence for
any near relationship to the Bryophytes. The sexual
generation presents little difiiculty; for instance, the
thallus of a Pellia may well be compared with the
prothallus of a Fern. It is the sporophyte which is
so different in the two classes. Speaking broadly, the
asexual generation in the Bryophyta is always a fruit,
while in Vascular Cryptogams it 1s always a plant.
Nothing really approaching an intermediate form
between the two kinds of sporophyte has ever been
discovered, either among recent or fossil plants.

Evidently these two great series— the Bryophyta
and the Pteridophyta—diverged very far back indeed.
There is no reason to suppose that the sporogonium of
a Moss or a Liverwort ever became modified into the
asexual plant of a Fern, Horsetail, or Lycopod. The
two forms of sporophytes have probably always been
different from the first origin of Archegoniatee onwards.
There is direct geological proof of the enormous an-
tiquity of the Vascular Cryptogams, which, together
with certain Gymnosperms, were well developed even
in the Devonian period; their origin is completely
lost in the mists of palaeozoic antiquity, and at present
we are entirely without any facts which can throw light
on the problem.

The Pteridophyta are much more highly organised
than any of the previous groups; their advance is
entirely confined to the asexual generation, for the
oophyte remains throughout at a very low level (below
that of the simplest Bryophyta), and indeed degenerates
as we reach the higher forms. No doubt the aquatic
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mode of fertilisation has kept back the oGphyte, which
throughout the Pteridophyta is always a damp-loving
organism, and never completely adapts itself to terres-
trial life. The asexual plant, on the other hand, has
attained the greatest complexity, rivalling that of the
Ilowering Plants.

In all the three main groups both homosporous and
heterosporous forms have occurred, though among the
Horsetails heterospory is now extinct.

Most Ferns, like our type, are homosporous, though
even here rudimentary purely male prothalli are not
uncommon. Heterospory in plants of the Fern alliance
is now limited to two small families. The origin
of heterospory may be compared to the origin of
sexual differentiation (see above, p. 298). Just as
nutritive functions came to be assigned specially to
the ovum, so here they are assigned specially to the
female prothallus, which has to feed the embryo during
its development. The male prothallus can safely be
treated by the plant on strictly economical principles,
for it has nothing more to do than to produce a few
minute spermatozoids. We see this change beginning
both among Ferns and Horsetails; in the latter the
smaller, less vigorous prothalli, are exclusively male.
Then the difference extends further back. The insigni-
ficant male prothallus only needs a small spore to grow
from, while the female must be fed up from the first,
and so a large spore, full of reserve food, is set apart for
its formation. On the other hand, it is an advantage to
have plenty of males in order to ensure fertilisation,
Thus we get a large number of microspores forming
small male prothalli, and a small number of megaspores
forming large female prothalli.
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In Selaginella we have an extreme case of heterospory,
with an enormous difference between microspores and
megaspores. There is, however, another change going on
concurrently with that just sketched. Both prothalli,
have become the mere bearers of sexual organs, and are
losing the character of distinct organisms. Hence the
female prothallus, though so highly developed relatively
to the male, is itself reduced, as compared with the
prothallus of a homosporous Cryptogam.

The homologies between Selaginelle and a gymno-
spermous Flowering Plant, such as Picea, are quite clear,
and have been fully demonstrated above (p. 31). It 1s
doubtful, however, whether there is any near affinity
between Selaginelle and the Gymnosperms, which, as
Paleontological evidence indicates, probably sprang from
the same stock as the Ferns. In any case the homologies
hold good, whatever the particular heterosporous family
or families may have been from which the Gymnosperms
sprang.

In the latter Class the female odphyte has lost its
independence altogether, and never leaves the megaspore,
which itself remains shut up in the sporangium. Ferti-
lisation leads to the formation of a seed—the character-
istic structure of Flowering Plants, consisting of sporan-
gium, prothallus, and embryo, united to form one body,
and fed entirely at the expense of the parent sporophyte.

Until recently there appeared to be a sharp distine-
tion between Cryptogams and Phanerogams, in the
method of fertilisation, for active spermatozoids were
supposed to be peculiar to the former, the generative
cell in Phanerogams being carried passively to the ovum
by the growth of the pollen - tube. The researches of
the Japanese botanists Hirase and Ikeno fivst broke
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down this distinction, for they proved that in some
Gymnosperms true motile spermatozoids are formed.
The plants in
which this im-
portant discovery
was first made are
the Maidenhair
Tree (Gankgo
biloba), a tree of
,(1 an anclent type,
Fic. 118.—Ginkgo biloba. A, pair of generative nearly related

cells in the pollen-tube. On the outer side of GO the Conifer:,
each cell a spiral coil is seen in connection with e
the nucleus. B, generative cell, showing the and  Cyeas Tﬁ_ﬂ

spiral spermatozoid in surface view. > 225. luta (see p. 33)
From a preparation by Dr. Hirase. (R. S.) In both these

cases (to which others have now been added) a pollen-tube
is formed, which enters the nucellus, but does not reach the
archegonia, and serves
chiefly to anchor the
pollen - grain in the
~A\ right position. Two
.!|generative cells are
2"/ formed in the usual way,
"/ but each of these gives
rise to a large, spirally-
coiled spermatozoid,

Fi6. 119.—Cyeas revoluta. Pair of genera- with numerous ecilia
tive cells Irom a pollen-tube, showing :
the spirally - coiled spermatozoids, sur- (see Flgf:". 118and 119,

rounded by the protoplasm of the cell. :
The fine striation overlying the spiral which have hE.E'll
coil indicates the eilia. x 190. From sketched from thenrlgl-

a preparation by Prof. Ikeno. (R. 8.) nal preparations, kindly
sent by Prof. Ikeno and Dr. Hirase). The spermatozoids
break out from the pollen-tube, and by their own active
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movements swim to the necks of the archegonia, through
a cavity, filled with sap, which is formed in the upper
part of the nucellus. These plants thus present a
beautiful transition between the Cryptogamic and Phaner-
ogamic methods of fertilisation. The male cells are
conveyed for a short distance by the growth of the
pollen-tube, but they have to complete the journey to
the ovum by means of their own movements.

This remarkable discovery confirms, in the most
striking way, the theoretical conclusions at which
Hofmeister arrived forty years ago.

From Gymnosperms to Angiosperms is another great
step, and here the gulf has not yet been bridged. In
Angiosperms the female prothallus has almost dis-
appeared, and even the archegonia are no longer recognis-
able. The embryo-sac (the equivalent of the megaspore)
proceeds, after only a few preliminary divisions, to the
formation of the ovum, and the development of the endo-
sperm is dependent upon fertilisation,— obviously an
expedient arrangement, for 1t 1s not formed at all unless
it is wanted. The processes in the pollen-grain are also
simplified. The great characteristic of Angiosperms is
the high development of the flower and fruit. Not only
does the megaspore remain enclosed in the sporangium
or ovule, but the latter is itself enclosed in the ovary, so
that fertilisation has to take place through the mediation
of the stigma and style. The remarkable development
of the floral leaves, characteristic of most Angiosperms,
1s connected with the ocecurrence of pollination by insects,
for which so many Angiosperms are specially adapted.

At present we are not in a position to determine
either the relation of Angiosperms to Gymnosperms,

nor that of Monocotyledons to Dicotyledons. The latter
20
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classes are mainly distinguished by vegetative characters,
the reproductive phenomena being the same in both. On
both these questions, however, we may hope for further
light, especially from pal@ontological research, for the first
appearance of both Monocotyledons and Dicotyledons falls
within a geological period from which abundant fossil
remains have come down to us.

This brief summary has had one main object,—to
indicate how complicated and difficult, questions as to
the affinities of plants really are. Most naturalists in
these days are agreed that the different forms of plants
and animals arose from one another by descent. If this
be so, a natural classification of the vegetable kingdom
would take the form of a genealogical tree, just like the
pedigree of a family. The genealogical tree of plants
must have been complex beyond all power of conception,
with boughs, branches, and twigs of every degree starting
from each other at every possible point,—some long and
some short, a few reaching on to our own day, while the
immense majority came to an end in the long past
geologic ages.

If we attempted to construct such a tree, even for our
twenty-six types, almost every branch would be marked
with a query. If the reader has gained some idea of the
difficulty and complexity of the profoundly interesting
problems which the comparative study of plants presents
to us, the object of this concluding chapter will have been
attained.
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— of Pilobolus, 229
— of Puccinia, 254
— of Pythium, 219
—— of Spherotheca, 236
Hypobasal, 72
Hypoeotyl, 30

Inpusivm, 43
Internode, 84
Involucre of Pellia, 117
Lsoétes, 4

KrARATOA, 60

LAMELLE, 267

Laminaria, 189

Leaf, compound, 40

Leaflets of Male Fern, 40
Leaf-sheaths of Fguisetum,80,90,92
Leaf-trace bundles of Eguisetui, 83
of Funaria, 130

of Selaginella, 11
Leaves of Equisetum, 80, 90

of Funaria, 128, 130

—— of Male Fern, 40

—— of Sclaginella, 3, 12
Leguminose®@, root-tubercles of, 277
Leocarpus vernicosus, 285
Lepidodendron, 4, 10
Lichen-Fungi, 247

Lichens, 241

synthesis of, 244

Light, influence of, on Bacteria, 276
—— on Myxomycetes, 283
on zoospores of (Edo-
goniwin, 151

on zoospores of [lothyr iz,

161
Lignle of Selaginella, 4
Litmus, 242
Liverworts, 110-126
—— affinities of, 299
Lycopodinvm, 1

MACROSPORANGIUM, — See Megas-
porangiun '

Macrospore.— Sece Megaspore

Male Fern.—See Aspidivin Filie-
MULS

Malie acid, 70

Marchantia, 118



INDEX

Megasporangium of Selaginella,7,19

Megaspore of Selaginella, 7, 19

—— germination of, 24

Microcysts, 288

Microsporangium of Selaginelia, 6,
17

Microspores of Selaginella, 6, 18

rmination of, 20

Mildew of hop, 236

of wheat, 251, 256

Monarch roots, 13

Monostelie, 11, 44

Monotrope, 216

Mosses, 110, 126-145

—— aflinities of, 300

Mould, 217

Movements of Bacteria, 274

—— of Myxomyecetes, 281, 287

—— of spermatozoids, 22, 67, 70,
136, 155, 198

—— of zoospores, 151, 161, 177,
186, 221

Mucor, 234

Muscines.—See Bryophita

Mushroom, 266-271

Mycelium, 219, 229, 236, 254, 259,
266

Myxamceebze, 288

Myxomycetes, 280-289

— aflinities of, 200

Nemalion, 209

Neottia nidus-avis, 216
Nitrates, 277

Nitrogen, assimilation of, 277
Nostoc, 212-215

—— alffinities of, 291

Nuclens of Mushroom, 267, 269
—— of Myxomycetes, 284, 286
—— of (Edogoniuan, 149

—— of Pelvetia, 196

— of Pythiuim, 219

— of Spiregyre, 169

—— of Vaucheria, 175, 180

——— —

OARWEED.—See Laminaria
(Edogonium, 147-159

—— affinities of, 298

— ciliatum, 148

Oidinm condition, 232
Odgonium of (Edogonivm, 153
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| Odgonium of Pelvetia, 195

— of Pythium, 224

of Vaucheria, 178, 179
Oidmycetes, 228

Odphyte of Eguisetum, 100
— of Funaria, 128

~—— of Male Fern, 43

—— of Pellia, 110
Ouspore of (Kdogonium, 156
—— of Pelvetia, 200
— of Pythiwm, 226

—— of Vaucheria, 181
Operculum of Funaria, 139
Orobanche, 216

Osmunde, 61

Ovum, 32

of Eyuisetum, 104

of Funaria, 135

of Male Fern, 69

of (Edogonium, 153
of Pellia, 117

of Pelvetia, 197

of Pythium, 225

of Selaginella, 26

of Fawcheria, 180

SUNeANNY

PavLrm, 41, 48

Palisade tissue in Fuatarie, 139
— in Male Fern, 49
Palinella condition of Ulothriz, 167
Paraphyses of Funaria, 134
—— of Lichen, 248

—— of Mushroom, 269

—— of Pelvetic, 194

Parasites, 216, 272

Pellia epiphylla, 110-126

—— affinities of, 299

Peltate scales of Eguiselum, 82, 97
Pelvetie canaliculata, 189-201
Pericycle, 47, 51, 87

Peridium, 261

Periplasin, 225

Peristome, 141

Perithecium, 239

Peronospora densa, 223

—— Lactuce, 224

— nivea, 223 -

Radii, 224

Plhizophycer, 183-201
aflinities of, 296
Phieozoosporer, 184
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Phloém of Equisetum, 87

—— of Male Fern, 47

—— of Selaginella, 10

Phycomyecetes, 229

FPhyscia parieting, 240-253

pulverulenta, 2561

affinities of, 294

Flyteplthora infestans, 223

Picea, 26, 33

I'ileus, 266

Pilobolus crystallinus, 228-234

—— allinities of, 294

Pinna, 40

Pinnate, 40

I'ith in Fyuisetum, 85

Pits of Cullithamnion, 203

Placenta, 55

Planogamete, 166, 187

Plasmodium, 281, 289

Pleurococcus vulgaris, 202

Polystelie, 44

Procarpium, 208

Promycelium, 258

—— of Eyuisetum, 100

—— of Male Fern, 43, 62-64

—— of Selaginella, 20, 33

Protonema, 143

Protoxylem of Equwiésctuin, 86

—— of Male Fern, 47

of Selaginella, 10, 11

Pseudopodia, 282

Pteridophyta.—See Fascular Cryp-
fogams

Puccinia graminis, 253-265

Malvacearwm, 270

Pyrenoids of (Edegonium, 149

—— of Spirogyra, 164

of Ulothriz, 160

Pythivm Baryanum, 218-228

affinities of, 203

RacHIS, 40

ramenta, 41, 48

Receptacles, 190, 194
Respiration of Baeterin, 276
Lhizoids of Funaria, 127, 131
of Lichen, 242

of FPellie, 112

—— of Spherotheca, 236

of Vaucheria, 175, 178
Ehizophores, 4, 13

INDEX

Riccia, 299
Root of Egquisetum, 80, 90, 05
—— of Male Fern, 42, 50
R_ of Ssite‘xfg-i;fﬂa, 13

oot-cap o iselunt, 95
-— ﬂprale Fern, 53
—— of Selaginella, 15
Root-hairs of Egquisetum, 91, 100
—— of Male Fern, 52, 61
—— of Pellia, 111
—— of Selaginella, 28
Rootlet of Eguisetum, 96
—— of Male Fern, 54
Root-tubercles of Leguminose, 277
Rust, 253

SAPROPHYTES, 216, 271, 272

Sargassum, 201

Scalariform, 12, 47

Schizophyta, 292

Selerotium, 284

Seaweeds, 146, 183, 201

Selaginella, 1-37

affinities of, 303

Seta of Funaria, 137

of Pellia, 120

Sexual generation.—Sec Oiphyte

Sieve-plates of Pelvelia, 191

Siphonem, 174, 177, 181

aflinities of, 203

Soredium, 251

Sorus, 43, 55

Spawn of Mushroom, 266, 270

Spermatium, 206, 250, 263

Spermatozoids of Egquisetuin, 101

—— of Funaria, 134

—— of Gymnosperms, 29, 32, 75,
107, 303

—— of Male Fern, 65

—— of Edoegonium, 152, 155

— of Pellia, 116

—— of Pelvetin, 195

— of Selaginella, 21

—— of Vaucheria, 179

Spermogonia, 250, 262

Spheerotheca, affinities of, 204

—— Castagne?, 235-240

pannosa, 236

Spirogyra, 168-174

aflinities of, 202

Sporangium of Fefocarpus, 186




INDEX

Sporangium of iselum, 82, 96

P— of Male I’erEf;:lt,J 42

—— Myxomycetes, 285

—— of Pilobolus, 230

—— plurilocular, 187

—— of Pythium, 221, 227

—— of Selaginella, 6, 16

—— unilocular, 186

Sporangioles, 234

Sporangiophores of Egjuisetum, 82,
96

Spore mother-cell, 17

—— sac of Funaria, 138

Spores of Bacleria, 274

of Callithamnion, 204, 211

——- of Eetocarpus, 186

of Kguisetumn, 98

of Funaria, 141, 142

of Male Fern, 42, 56

of Mushroomn, 269

of Myxomycetes, 285

of (Edogonivm, 150

of Nostoe, 214

of Pellia, 124

of Pelvetia, 200

— of Physcia, 245, 248

—— of Pilobolus, 230

— of Puccinia, 254, 256, 260

of Pythium, 224

of Selaginella, 6, 16

of Spheerotheca, 238

of Spiregyra, 172

swarm, 287

—— of Ulothriz, 166

— of Vaucheria, 176

Sporidia, 259, 269

Sporogoninm of Funaria, 137

of Pellia, 120

Sporophyll, 8, 16

Sporophyte of Eguisetum, 96

of Funarie, 137, 142

—— of Male Fern, 43

—— of Edogonium, 157

—— of Pellia, 120, 121

of Ulothriz, 167

Stele, 8§

of Male Fern, 46

—— of Selaginella, 8, 11

Stem of Equiselwm, 83

of Funaria, 128

— of Male Fern, 38, 40, 44

r
f

Y
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Stem of Selaginelln, 8

Sterigmata, 2569, 269

Stipe, 266

Stomata of Eguisefum, §9

of Funaria, 139

of Male Fern, 50

of Selaginella, 13

Suspensor of Selaginella, 29

Swarm-cell. — See  Zoospore,
Spores, swarin

Symbiosis, 247, 253

apel

TareruM of Equisctum, 97
— of Male Yern, 58

—— of Selaginelln, 16
Teleutospores, 256
Tetrasporangium, 204
Tetraspores, 201
Thallus,110, 185, 190, 202, 203, 242
Thecium, 248, 249
Toadstools, 266

Tracheides of Eguisetum, 86
— of Male Fern, 47

—— of Selaginella, 12
Trama, 268

Trichogyne, 208, 251
Trichophore, 208

Ulathriz zonata, 159-167, 188
-—— affinities of, 207
Uredines, 253-265, 270

—— affinities of, 295

Uredo, 255, 265

Uredospores, 254, 2556

YACUOLES, gas, 214

—— pulsating, 161
Vallecular cavities, 85
Vascular bundles of Eguiseium, 86
—— Cryptogams, 1-108
—— alffinities of, 301
Vawcheria, 174-182, 218
—— affinities of, 293
Veil. —See Velum

Velum, 269

Venation of Male Fern, 41
Yernation, 41

Warer-FERNs, 34, 87
Wheat, rust and mildew of, 253
Wood of Eguisetum, 86
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