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AUTHORS® PREFACE.

THe present volume, as appears {rom the title, is a new edition of the second
book of Sachs’ Text-book of Botany (from page 235 to page 634 of the 4th
Edition), and has been undertaken by me at the desire of Professor Sachs. In
fulfilling this task I have considered it my business to make those changes only,
which seemed to me to be required by the literature which has appeared since
the year 1873 and by the results of my own investigations. That these changes
are sometimes not inconsiderable will surprise no one who has followed the almost
superabundant labours of the last few years in this particular portion of botanical
study. But in presence of these changes I desire specially to remind my readers
of the large amount of original research which was first communicated to the world
in Professor Sachs’ Text-book, especially in connection with the Vascular
Cryptogams. The present Edition is also indebted to him for the majority of all
such additional illustrations as are not copies from other authors, or, like figures 17,
18, 95, 101, 112, 153, 208, 223, 239, 240, 241, 259, 297, have been supplied by
myself.

The task of explaining the connection between the several groups has been
rendered difficult by the present state of the terminology, which is one of transition.
We may hope however that the terminology will soon be greatly simplified and
cleared up by applying the acknowledged homologies, and that we shall no longer call
the same object in one place a ‘ placenta,” in another a ‘receptacle’ or a ‘ columella,’
or use the term ‘frons’ for the thallus of a Marchantia or a Pellia, or apply the
term pro-embryo alike to the protonema of the Mosses, the prothallium of Ferns,
and the suspensor of Spermaphytes. I have entirely avoided such antiquated
expressions as  corpusculum ’ for the archegonium of Gymnosperms, and unmeaning
terms like ¢ Rhizocarps' to designate the Heterosporous Filices, and in connection
with the sporangia (including pollen-sacs and ovules) I have endeavoured to carry
out the terminology proposed by myself and resting on the homology as established
in the development of these organs. Accordingly I use the term archesporium in all
cases, even in that of the sporogonia of the Muscineae, to designate the cell, cell-row
or cell-layer in which the spore-producing tissue originates, and unlike other writers
I apply the same term also to the ‘mother-cell of the embryo-sac’ [ use the
expression ‘tapetal cells,” as will be seen in the text, in a narrower sense than
that adopted by some authors.

The manuscript was completed in January of the present year, and I have
therefore been unable to make use of several interesting publications which have
appeared since that dale.

K. GOEBEL.
ROSTOCK, Awugust, 1882,
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FIRST GROUP.

iR THALLOPHYTES.

Uxper this name are included the Algae, Fungi and Lichens, whose vegetative
body usually consists of a fhallus, and shows no differentiation into stem, leaf and
root, or such differentiation is only rudimentary; at the same time if we set out from
the simplest forms which show no outward distinction of parts, we find in different
divisions of the Thallophytes indications of advance towards a higher differentiation ;
and in the most highly developed representatives of the separate divisions the outward
distinction of parts goes so far, that the conceptions of stem and leaf are as applicable
in their case as in that of higher plants ; a true root, such as that of vascular plants,
is however always wanting in the Thallophytes, though certain organs are usually
present which in a physiological and functional sense we may designate as roots; but
they are always distinguished from the roots of vascular plants by the absence of
a root-cap and by their branching not being endogenous.

The internal differentiation of the Thallophytes starts like the external from
stages of the utmost conceivable simplicity, and ascends through numberless transi-
tions to more and more complex forms of cell and tissue; still in the most highly
developed forms we nowhere meet with that differentiation into sharply separated
systems of tissue, which we are able to discriminate in the higher plants as dermal,
fundamental' and fascicular ; the homogeneity of the tissue is a striking fact even
where the thallus consists of extensive masses of tissue, as in large Fungi. A
noteworthy peculiarity of some large Algae (Laminarieae) is that their stems, like
those of Gymnosperms and Angiosperms, are capable of a secondary growth in
thickness due to the presence of a peripheral zone of meristem.

The Thallophytes, notwithstanding the comparative simplicity of their organisation,
afford a great variety of examples of the manner in which the process of development
starting from the simplest organic forms passes by very different ways to forms which
are more and more highly differentiated and more and more perfect internally and
externally. The whole vegetative body in its simplest stage consists of a single small
cell with a thin, smooth cell-wall, and cell-contents in which protoplasm, chlorophyll,

! Sachs in his Lehrbuch, 4th ed, p. 121, gives the name of fundamental tissue to the masses of
tissue in the higher plants, which remain over after the first formation and further development
of the dermal tissue and the vascular bundles.
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cell-sap and other constituents are only imperfectly distinguishable. From this initial
stage the process of development may advance, yet still within the limits of a single
cell ; and while the cell increases in size, often reaching dimensions without parallel
in the vegetable kingdom, either the differentiation of the cell-contents, or that of the
external form as shown by the branching, may make most rapid progress. In other
cases the growth of the cells is accompanied by cell-division, the thallus becoming
multicellular, and the single cell producing, according to the nature of the plant, a
cell-row or a cellular filament, a cell-surface or simple tissue-layer, or lastly a cell-
mass increasing in size in every direction.

Each of these processes is subject to a number of variations:. We find for
instance cell-rows, in which the connection of the individual cells is but superficial ;
they consist in fact of unicellular Thallophytes which are merely strung together, and
the cells may readily part from one another and commence a separate existence.
Other cell-rows again show a differentiation into base and apex; in this case the cells
which form the base are usually developed as organs of attachment, rhizo:ds (roots).
Again, larger or smaller circumscribed masses of tissue may be formed by the union
of cell-rows that were originally free ; in some cases, as in many Fungi, massive
bodies arise from the simple interweaving of cell-rows. On the other hand, the
vegetative body of the Myxomycetes consists of membraneless naked masses nl' pro-
toplasm endowed with the power of independent motion.

, There are simple Thallophytes also, which show a tendency to pass a longer
or shorter portion of their existence in the condition of freely motile membraneless
primordial cells (swarm-spores for example); in this form they are more or less
like the simpler Infusoria, and were till quite recently confounded with them. Cases
also occur in which cells that have already clothed themselves with cellulose, and
even assemblages of many such cells, swim freely about in water and for a con-
siderable time. But the motile condition is in all cases interrupted by longer
stationary periods, during which growth and increase in volume usually take place.
In the case of some of the more highly developed Thallophytes the motile con-
dition is confined to the spermatozoids, the male elements in fertilisation, and in
many even this form of independent motion is wanting, as for example in the Florideae.

The variety in the modes of reproduction in the Thallophytes is as great as
that of the structure of the vegetative body. We find at first the very simplest
forms, and we arrive at last at modes of reproduction almost as perfect and as
complex as are to be found even in the highest plants. In the simpler forms the
unicellular or pluricellular thallus exhibits two modes of increase; it breaks up
after a period of growth into separate pieces, each of which continues to live and
grow independently, as happens with the Schizomycetes and Cyanophyceae; or
separate cells of the thallus persist after the decay of the others and become
resting cells, being endowed with more than usual power of withstanding influences
from without, especially the effect of desiccation. But both asexual and sexual
reproduction are found in the majority of Thallophytes, and phenomena occur in
the higher forms which are comparable with the alternation of generations in the
Vascular Cryptogams. The organ of reproduction which separates from the
mother-plant is almost always a single cell, but the origin, significance and power
of development of this cell may vary much.
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I. BEXUAL REPRODUCTION. In all cases that have been fully examined
we find sexual reproduction initiated by a process of fertilisation. This consists in
the coalescence of two cells, masses of protoplasm, a male and a female, which
may be of different form and size; in the simplest cases they are not distinguishable
in outward appearance from one another; the two extremes are however con-
nected by intermediate forms. The two masses of protoplasm which thus coalesce
are called gamefes, and may either possess the power of independent motion
(‘ planogametes’ or soogametes), or be destitute of it. The chief forms of sexual
reproduction are the following':—

1. Conjugation and Formation of Zygospores. Two cells of similar if not
always the same constitution coalesce and produce a reproductive cell, termed
a zygospore, which lies dormant for a considerable time and then germinates, and
either pmduces directly a plant of the same kind as that on which the conju-
gation took place, or gives rise first of all to a number of drood-cells.

The process in the formation of zygospores wears a different aspect according
to the nature of the conjugating cells. The simplest case is that of the conjugation
of swarm-cells (planogametes) dis-
covered by Pringsheim (Fig. 1 A);
pairs of these bodies as they swim
about come in contact with one
another at their hyaline anterior
ends, and gradually coalesce into
a spherical primordial cell, which
becomes invested with a cell-wall
and increases in size; after a time
it breaks up into motile cells, from
which proceed plants of the original
kind.—The process of conjugation
in Spirggyra is more complicated ; it :
BB Sricd in Fig. 25 "G 7 D med of cmlupuion and fomaion o sypospens,
B i cells huve o Meesshai e s e e devcopuent e o in
firm cell-walls, and put out processes
towards one another; these unite and form a canal through which the living
contents of the one cell pass over into the other and there coalesce with its con-
tents; the protoplasmic body formed by this coalescence becomes invested with
a cell-wall and is a zygospore, which by direct germination produces a spirogyra-
filament.—The formation of the zygospore of a Zygomycete is explained by
Fig. x B; in this case two cells, entirely alike and motionless, coalesce by a
normal process of growth, and a portion only of the united contents, cut off by
transverse walls, produces the thick-coated zygospore, which germinates afier a
lengthened period of repose. i

—

. ! More detailed information with regard to the facts here stated will be found further on
in the special description of the Algae and Fungi. For the knowledge of the facts here adduced
we are indebted to the labours of De Bary, angshmrn, Thuret and Bornet, Lagell, Brefeld,
and others,
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2. The transition from the formation of zygospores to the second mode of
fertilisation, the Formation of Oospores, is quite gradual, and it is complete
both in forms with motile and in those with non-motile gametes. We find inter-
mediate stages in the former case in different cycles of affinity. For instance, the
gametes of Eclocarpus siliculosus are perfectly alike externally, but their behaviour
is different ; one swarm-cell settles down and loses its cilia, and is thus transformed
into an eesphere with which, as we learn from Berthold, male swarm-cells coalesce. —
In Cutleria, which belongs to the same group, the two motile
sexual cells differ much in size; the male planogamete, the sper-
malozord, 15 much smaller than the female which =oon comes to
rest, and becomes an oosphere.—In Fucus the difference is still
greater ; the female gamete, the oosphere, s here non-motile,
while the male, the spermatozoid, is still a motife cell; but
here too the act of fertilisation takes place outside the organ in
which the female gamete was formed, and which is known as
the ecogonium.—In the green Algae, on the contrary (the Chloro-
\ phyceae), the female gamete or oosphere is not only non-motile,

FiG. 2 Formation of DUt remains lying in the oogonium (Fig. 2).

(0 it The male elements or spermatozoids (Fig. 2), the mother-cells
ETEE:::E&. I:l:.::n:?: of which are termed antheridia, are very small and move by aid of
plane {dwarf male), » the  Cilia ; they swim about seeking for the oospheres, and fertilisation
o is effected by the coalescence of their substance with that of the
oospheres. 'The volume of matter which goes to form the spermatozoid is extremely
small ; nevertheless by union with it the oosphere is excited to form a cell-wall
and becomes the oospore.

Fia. 3 Examples of the formation of sogonia, the sospore being surrounded with envelope-tubes bafore or after
fertilisation. A Cofracharse, B Chara, m spermatorold, w cogonium (in Cofrechane with a long beak), & envelope,
which ferms round the cogonium or oospore in Coalrackasfe after, in Chara before Fertilisation, er cospore.

The oospore may germinate immediately after its formation, and produce a
plant like its own mother-plant, as in #Fucus, or like the zygospores it first passes
through a period of rest and then germinates, and this is the usual case. Here too
the germinating oospore may at once produce a plant like the mother-plant, as in
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Vawckerra and many Saprolegnieae, or it developes from its cell-contents a few or
many swarm-cells, each of which ultimately gives rise to a plant like the mother-plant,
as in Sphaeroplea, Oedogomum, and Cystopus.

A transition from the formation of zygospores to that of ocospores is also to be
found in the conjugation of non-motile gametes; indications of it occur in the Con-
jugatae, a section of Algae; but distinct formation of oospores in this manner has
hitherto been certainly ascertained only in some Fungi, the Peronosporeae (as regards
the Sapm[eg‘nfae ved. infra). One or more oospheres are formed in a cell which
dilates and becomes globular, the oogonium. Close to it grows another branch of the
thallus, at the extremity of which a cell is divided off by a septum to form an anthe-
ridium. This cell thrusts a tube, the fertilisation-tube, through the wall of the cogonium

JE

FiG. 4. Formation of ocspores in twe specles of Peroncsparene (=87 Pysldumm pracile, VI Perenospora.
ardorersens) ; in both cases the oogonium swollen into a spherical shape contains only a single oosphere,
which is fertilised in M7 and F7F and forms the cospore invested with a cell-wall.  After Die Bary.

as far as the oosphere, and from the opened tube protoplasmic matter issues, which
mingles with the substance of the oosphere. Here there are no spermatozoids ; the
process is closely allied to that of the formation of zygospores by union of non-maotile
gametes.

3. Formation of Fructifications producing Spores (‘sporocarps’) from
procarps and archicarps (carpogonia).

@. FERTILISATION OF PROCARPS IN THE FrLorRIDEAE. The male elements are small
cells without active motion, and are known as spermafia. The female organ, the
procarp, consists before fertilisation of two parts: an apparatus for the reception and
transmission of the male fertilising substance, which apparatus disappears after fer-
tilisation has been accomplished, and a part which is excited by fertilisation to a
process of growth which results in the fructification which produces the spores. This
second portion of the procarp is called the carpogone ; the cells which compose it,
and which are not unfrequently separated by barren cells, are the carpogenous cells.
The receptive apparatus is called the trickogyne.

The simplest form of fertilisation of procarps, apart from the non-motile condition
of the spermatia, resembles the processes in the fertilisation of the oogonia of Osdo-
gonium, Coleochaefe, and their allies. It is exemplified in the Bangieae, where
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the procarp is a simple cell, and a small protuberance from it forms the trichogyne.
The spermatium coalesces with the procarp, whereupon the carpogenous cell, that is
the larger part of the procarp-cell, divides into eight cells which become spores, carpo-
spores, just as the oosphere of Oedogonium divides into a number of (motile) spores ;
the only difference is that the ocospore first passes through a period of rest; but
oospores too may dispense with this condition, as we learn from Fucus.

In many other Florideae also the procarp is unicellular, and the elongated neck-
like upper part serves as the trichogyne, the lower somewhat dilated part as the
carpogenous cell, the carpogone. This is the case with the Nemalieae (Fig. 5).
But in them the carpogenous cell produces after fertilisation a number of branches,
which break up into single cells, each of which is a carpospore. The spore-producing
fructifications formed by the sprouting of the carpogone are called sporocarps. The
sporocarp is often completed by the addition of an investment formed by branches
which spring from cells adjoining the carpogone; these closely invest the carpogoneand
its products. A similar envelope occurs in some zygospores and oospores, as in JMor-
fierella among the Zygomycetes, and in the oospores of Coleochaetfe and Chara among

Fit, 5. Formation of procarp and carpespores in two Floridese. © Newradiow, Y Lefolisin, 5o procarp,
unicellular with a long trichogyne in NMewrafiowm, ploricellular with a short trichogyne in Lefadinda,
w1 spermnatia, o carpospores, & covelope of the sporacarp.

the Chlorophyceae (Fig. 3).—In other Florideae (Fig. 5 2J) the procarp is pluricellular
before fertilisation ; examples of this will be given in discussing the Florideae.

4. FORMATION OF ARCHICARPS IN THE AscoMmyceTes. Whilst the fertilisation
of procarps in the simple forms of the Florideae has some analogy with the formation
of cospores by the union of planogametes, the formation of archicarps in the simpler
forms of the Ascomycetes is directly related to the formation of the ocospores of the
Peronosporeae, which results from the union of non-motile gametes. But here a true
operation of sexual organs, that is an actual fertilisation, has in no case been proved,
and indeed is not probable. The sporocarps of the Ascomycetes are often bodies of
considerable size, the most essential elements of which are one or more tube-like
cells, placed singly or in groups, and named ase/, in which the spores are formed.

One of the simplest modes of the formation of sporocarps is seen in Podosphaera
(Fig. 6 ). Two branches arise from the mycelium, one of which is swollen into
the shape of a barrel and forms the archicarp; the other, which is a thinner and
antheridial branch, becomes closely applied to the archicarp, and a small antheridial






10 FIRST GROUP,

APOGAMY IN THE THALLOPHYTES. It was stated above, that in the
formation of the fruit in the Ascomycetes organs make their appearance, which are
obviously analogous with the male and female organs of other Thallophytes, but
which have no longer any sexual function. This loss of the procreative faculty is
termed by De Bary apogamy, and is by no means uncommon among the
Thallophytes. Thus it occasionally happens with several of the Zygomycetes
(Syzygifes) that the conjugating branches do not unite, but nevertheless they each
form at their free extremity a cell which has the properties of a zygospore. The
apogamy is still more striking in the case of the Saprolegnieae, and is constant
throughout their entire cycle of affinity. The form of the sexual organs agrees with
that of the Peronosporeae (Fig. 4). The antheridia in many cases put out their
fertilisation-tubes, but these remain closed and emit no fertilising substance. Never-
theless the oospores mature in the usual manner. Other individuals have antheridia,
but these put out no tubes; others again have neither antheridial branches nor
antheridia, and yet the oospores are developed. In the two last cases we have not
only apogamy but a suppression of the sexual organs, which goes still further in the
Ascomycetes ; for in many of these neither antheridial branch nor archicarp can be
distinguished ; the fructifications are formed simply by the sprouting and interweaving
of hyphal twigs of similar form, some of which are transformed later into ascogenous
filaments. A parallel case is known also among the Chlorophyceae : the oospores
of Chara ¢rinifa mature in the normal manner without being fertilised by sperma-
tozoids. Finally in many Fungi, especially in the great division of the Basidiomycetes,
the formation of the fructification is altogether suppressed; they have only asexual
organs of reproduction. The formation of these organs will now be described.

II. FORMATION OF ASEXUAL REPRODUCTIVE ORGANS. Besides
spores, the direct or indirect products of sexual organs, the Thallophytes usually possess
an extremely fruitful source of propagation in their brood-cells, which are not the
product directly or indirectly of sexual organs. Only a few Thallophytes, such as the
Conjugatae, Sphacroplea, and the Fucaceae, have no brood-cells, but sexually produced
spores alone.

Brood-cells or gonidia® are formed on the thallus often without preliminary
preparation, the whole contents of certain cells of the thallus renewing themselves, or
dividing also at the same time, and so producing one or more reproductive cells which
separate from the parent-plant. In other cases special stalks or receptacles are
formed on the thallus, whose exclusive function it is to produce gonidia, either by
abstriction of the extremities of special branches (s#logonidia in Piplocephalis,
Penicillium and others), or by free cell-formation inside large cells (endogomdia in
Saprolegnieae, Vaucheria, Mucorineae). In many cases, especially in many Fungi,
reproduction is effected almost exclusively by such brood-cells, the normal completion

' All the reproductive cells of the Thallophytes were formerly termed ‘spores’ without refer-
ence to their mode of origin. To remove the confusion thus caused, Sachs proposed that only the
reproductive cells, which were the direct or indirect result of a sexual act, zygospores, oospores,
carpospores, ascospores, &c, should be termed spores, and that the asexual organs of repraduction
should be called gomidia or conidis, a term common among the Fungi from xovia, dust. But it
would appear that the old nomenclature is not to be set ﬂﬁiﬂ{', be:ing Sllﬂml'ted h}’ﬂ number of
related terms, such as sporangia and others.
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of the development by sexual organs and formation of true fructification being attained
only under unusually favourable circumstances. In other Fungi, as has been already
stated, there is usually no formation of fructification.

Naked, that is, membraneless brood-cells which have the power of free move-
ment, occur frequently among the Algae, and also in some Fungi that live in water or
on moist substances. They swim about in the water for some minutes or even hours
after they are set free from the parent plant, and combine a rotation on their own
axis with a forward movement. The anterior extremity is hyaline, and free from
granules and colouring-matter, and in many Algae a small red corpuscle lies behind
the hyaline portion ; the movement is due to the vibrations of very delicate threads
(cilia). There are usually two such cilia on the anterior extremity, or near it on the
side ; sometimes there is only one ; or the hyaline anterior extremity is surrounded
by a circle of numerous cilia, or finally the whole surface of the swarm-cell is
beset with short cilia. A wall of cellulose begins to be secreted during the time of
swarming; then the swarm-cell, coming to rest, attaches itsell by the anterior
extremity to some body, the cilia disappear and germination begins, the posterior
end during the period of movement becoming the free growing point, and con-
sequently the anterior exiremity of the young plant, It has been already stated that
conjugation takes place between swarming cells; such cells must obviously not be
regarded as brood-cells, but as sexual cells (gametes), which bear a deceptive
resemblance to motile brood-cells; there is moreover reason for thinking that the
swarm-cells of many Algae, which have been hitherto taken for gonidia, are capable
of conjugation and are therefore gametes. Motile cells of the kind described may
appear at very different stages in the course of the development of the plant; it not
unfrequently happens that the cell-contents of an oospore, in Coleachaele for example,
break up into swarm-cells, which then proceed to germinate; even brood-cells may
convert their contents into swarm-cells, as happens in the so-called gonidia of the
Peronosporeae; in a different class of cases swarm-cells are formed in special
branches of the thallus, and any ordinary vegetative cell of the thallus may not
unfrequently discharge its contents in the form of swarm-cells, Hitherto all such
cells have been called swarm-spores or zoospores; it would be convenient and in ac-
cordance with what has been said on page 1o, upon the idea of a spore, to employ only
the terms swarm-cells or zeogomidia, and to call the receptacles, which sometimes
contain a vast quantity of swarm-cells, not zoosporangia but zeagomidia-receplacies.
It is obviously a matter of minor importance, whether the brood-cells simply fall off
from the parent plant, as is the case in most Fungi, where they are then usually
termed gonidia, and also in many Algae, or whether they appear as swarm-cells; this
evidently depends on the mode of life of the plants; the free movement or its
absence is physiologically not morphologically important; just as in the seeds and
fruits of Phanerogams, some have a special apparatus for flying and are capable of
movement, others simply fall from the plant to the ground. Moreover we find in
the genus Fawcheria all stages of transition from free-moving swarm-cells to gonidia
that simply drop from the plant; and still more striking is the state of the case in the
Fungi known as the Peronosporeae, where the forms which live in water or on a
moist substratum produce motile gonidia, those that are parasitic on land-plants have
non-motile gonidia.



12 FIRST GROUP,

CLASSIFICATION OF THE THALLOPHYTES. The systematic division
of the Thallophytes was once founded entirely on characters derived from the habit
of the plants, and three classes were distinguished, Algae, Fungi, Lichens. It is now
established that the Lichens do not form a special class distinct from Algae and Fungi,
but must be ranked with Fungi, the much larger number of them with the Ascomycetes,
two genera only belonging to the Basidiomycetes. There are therefore only two
classes to be distinguished, Algae and Fungi. If we desire to retain these two
classes in their traditional form, we can separate them from one another only by
regarding all Thallophytes which contain chlorophyll as Algae, all those that have
no chlorophyll as Fungi. But this does not supply a satisfactory principle of
classification.

The first point to note is that the presence or absence of chlorophyll can be no
sufficient reason for separating plants which are nearly related to one another
morphologically, and which agree in their structure and in their sexual organs,
where these are present. In Phanerogams the principle is thoroughly admitted. If
all flowering-plants which do not contain chlorophyll were formed into one class
in contradistinction to those which do contain it, the Rafflesiaceae, Balanophoreae,
Corallorhiza, Cuscula, Orobanche, Monotropa, &c., would have, in spite of the
differences in their organic structure, to be combined into one class, and removed
from their true relationship. No one however disputes that Cuwscufa belongs to the
Convolvulaceae, Orobanche to the Labiatiflorae, Monofrapa to the Pyrolaceae, and
Corallorhiza to the Orchideae. These affinities are inferred among Phanerogams
chiefly from the structure of the flowers and the embryo, and no one attaches the
Jeast importance to the fact that the want of chlorophyll and the peculiar mode of life
of these plants gives them so different an appearance from that of their nearest allies.
It is one of the most beautiful results of a truly scientific morphology and classifica-
tion that, among Phanerogams, the remarkable habit of parasites and saprophytes is
regarded as an altogether secondary matter. But the same principle should also be
applied in determining the systematic relationships of Thallophytes ; habit and mode
of life, the presence or absence of chlorophyll should also be treated as characters of
altogether subordinate importance, as it is a matter of subordinate importance in the
division of humankind into natural races, whether some support themselves by their
own industry, and others live by war and plunder. All Thallophytes which are
destitute of chlorophyll, ie. all those which have hitherto been termed Fungi, must
necessarily agree with one another more or less in their habit and mode of life,
because they are all adapted to take up orgamised food-material containing carbon
from the substances on which they live. If they obtain this from living bodies, we
have parasitism developed in wvery various forms; if they can make use of dead
organic remains, the habit and mode of life of the plant must vary accordingly.
Algae, in the sense in which the term has hitherto been used, are able to produce
carbonaceous food-materials out of carbon dioxide by assimilation; they are not
therefore usually either parasites or saprophytes, but can maintain a more free and
independent life ; they are however compelled by the peculiarities of their organisa-
tion to live in water or in damp places: their dependence on assimilation requires
that they should inhabit localities where there is free. access of light, while Fung1
are not absolutely dependent on light for their supply of food.
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































