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THE HISTORY OF THE CELL-THEORY 3

The study of the lowest plants has also proved of the greatest
importance in establishing the cell-theory. Small alge were
observed, which during their whole lifetime remain either single
cells, or consist of simple rows of cells, easily to be separated
from one another. Finally, the study of the metabolism of plants
led investigators to believe that, in the economy of the plant, it is
the cell which absorbs the nutrient substances, elaborates them,
and gives them up in an altered form (Turpin, Raspail ).

Thus, at the beginning of our century, the cell was recognised
by many investigators as the morphological and physiological
elementary unit of the plant. This view is especially clearly
expressed in the following sentences, quoted from the Text-book of
Botany (L. 16), published by Meyen in 1830: * Plant-cells appear
either singly, so that each one forms a single individual, as in the
case of some alge and fungi, or they are united together in greater
or smaller masses, to constitute a more highly-organized plant.
Fven in this case each cell forms an independent, isolated whole;
it nourishes itself, it bnilds itself up, and elaborates the raw
nutrient materials, which it takes mp, into very different sub-
stances and structures.”” In comsequence, Meyen describes the
single cells as “ little plants inside larger ones.”

These views, however, only obtained general acceptance after the
year 1838, when M. Schleiden (I. 28), who is so frequently cited
as the founder of the cell-theory, published in Miiller's Archives
his famous paper * Beitrige zor Phytogenesis.” In this paper
Schleiden endeavoured to explain the mystery of cell-formation.
He thought he had found the key to the diffieulty, in the discovery
of the English botanist, R. Brown (I. 5), who, in the year 1833,
whilst making investigations upon orchids, discovered nuclei.
Schleiden made further discoveries in this direction; he showed
that nuclei are present in many plants, and as they are invariably
found in yonng cells, the idea occurred to him, that the nucleus
must have a near connection with the mysterious beginning of the
cell, and in consequence must be of great importance in its life-
history.

The way in which Schleiden made use of this idea, which was
based upon erroneous observations, to build up a theory of phyto-
genesis, must now be regarded as a mistake (1. 27) ; on the other
hand, it must not be forgotten that his perception of the general
importance of the nucleus was correct up to a certain point, and
that this one idea has in itself exerted an influence far beyond the













THE HISTORY OF THE PROTOPLASMIC THEORY 7

cell, which could not be reconciled with the old conception of the
cell. . A few years after the enunciation of Schwann's theory,
various investigators, Kolliker (I. 14), Bischoff (I. 4), observed
many animal cells, i which no distinet membrane could be dis-
covered, and in consequence a lengthy dispute arose as to whether
these bodies were really without membranes, and hence not cells,
or whether they were true cells. Further, movements similar to
those seen in plant protoplasm were discovered in the granular
ground substance of certain animal cells, such as the lymph cor-
puscles (Siebold, Kolliker, Remak, Lieberkithn, ete.). In con-
sequence Remak (I. 25, 26) applied the term protoplasm, which
Mohl had already made use of for plant cells, to the ground
substance of animal cells.

Important insight into the nature of protoplasm was afforded
by the study of the lowest organisms, Rhizopoda (Amcebm),
Myxomycetes, etc. Dujardin had called the slimy, granular,
contractile substance of which they are composed Sarcode. Sub-
sequently, Max Schultze (1. 29) and de Bary (L. 2) proved, after
most careful investigation, that the protoplasm of plants and
anvmals and the sarcode of the lowest organisms are identical.

In consequence of these discoveries, investigators, such as
Nigeli, Alexander Braun, Leydig, Kélliker, Cohn, de Bary, ete.,
considered the cell membrane to be of but minor importance in com-
parison to its contents ; however, the credit is due to Max Schultze,
above all others, of having made use of these later discoveries in
subjecting the cell theory of Schleiden and Schwann to a search-
ing critical examination, and of founding a protoplasmiec theory.
He attacked the former articles of belief, which it was Necessary
to renounce, in four excellent though short papers, the first of
which was published in the year 1860. He based his theory that
the cell-membrane is not an essential part of the elementary
organisms of plants and animals on the following three facts:
first, that a certain substance, the protoplasm of plants and
animals, and the sarcode of the simplest forms, which may be
recognised by its pecunliar phenomena of movement, is found in
all organisms ; secondly, that although as a rule the protoplasm
of plfml:a i8 surrounded by a special firm membrane, yet under
certain conditions it is able to become divested of this membrane,
and to swim about in water as in the case of naked SWArm-spores ;
and finally, that animal cells and the lowest unicellular 01~g&nism;
very frequently possess no cell-membrane, but appear as naked
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1TS CHEMICO-PHYEICAL AND MORPHOLOGICAL PROPERTIES 39

cells of the spinal cord, extremely large vesicular nuclei are seen.
Similarly, enormously large nuclei occur in immature egg-clells,
which themselves are of a great size. Sometimes the nuclei of
immature eggs of Fishes, Amplibians, and Reptiles are perceptible
to the naked eye as small spots; under these circumstances they
can be easily extracted with needles and isolated. Yet there are
exceptions to this rule; for even these same eggs which, when
immature, have such immense nuclei,
when they are mature and fertilised
contain such minute nuclei, that they
can only be demonstrated with the
greatest difficulty.

The lowest organisms, when of a con-
siderable size, frequently possess one
single large nuclens. It is sometimes
enormously large in the central capsules
of many Radiolarians.

As regards the number present, as a
general rule there is only one nuclens in
each cell in plants and animals. To this
rule, however, there are some exceptions ;
there are frequently two nuclei in liver
cells, whilst a hundred or more have
been observed in the giant cells of bone
marrow. Osteoclasts and the cells of
many tumours, the cells of several Fungi,
and of many of the lower plants, such as
Cladophora (Fig. 19) and Siphones (Bo-
trydium, Vaucheria, Caulerpa, ete.), are
remarkable for this plurality of nucle,
as has been deseribed by Schmitz.

Similarly, a large number of the
lowest organisms, such as Myxomycetes,
many Mono- and Poly-thalamia, Radio- Fig. 18.—Cladaphora glomer-
larians, and Infusoris (Opaling ronarum),  Spemis st mssiirend o
possess many nuclei in each cell, Fre- tion (after Strasburger, Pract,
quently in these cases the nuclei are so 20" Fiz 7): n nucleus;

: 2 > : ch chromatophores ; amyloid
minute, and are distributed in sueh bodies (pyrenofds) ; a starch

numbers thronghout the protoplasm, Srenuies (x &)
that they I.uwe only been demonstrated quite recently by means of
the most improved methods of stainin g (Myxomycetes).
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THE VITAL PROPERTIES OF THE CELL i

Once for all, it mnst be admitted that none of the hl_ﬂ_:pr:1'.1u-.~;v.~_:
which have, np till now, been propounded, are able to iﬁ]'n:.uh us
with a satisfactory conception of the causes and mechanical con-
ditions of the plasmic movements, and that, therefore, we . 1_|1|1:~'L
confine ourselves to a simple description of observed conditions.

This. however, is not to be wondered at. when we consider what

Fig. 42 —Different appearances assumed Ly drops of oil, which have spread themselves
out, (After Verworn, Fig. 11.)
a number of different opinionsare held with regard to the ultimate
structurve of protoplasm itself (see pp. 18-26), and this must of
course affect the explanations tendered of 1ts movements.

II. Movements of Flagella and Cilia. Unicellular organ-
isms, by means of their flagella and cilia, are able to move from
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THE CELL

that the space occupied by the embryonic substance is partitioned
out, so that anticlinal and periclinal walls intersect at right angles,
This being granted, the network of cells in Fig. 111 may be con-
structed according to a well-known geometrical law. Let # & ro.
present the axis, and % y the direction of the parameter, then all
the periclines, denoted by P p, form a group of confocal parabolas.
Similarly, all the anticlines, A4 a, form another group of confocal
parabolas, whose focus and axis coincide with those of the pre-
ceding group, but which run in the opposite direction. Two such
systems cut one another everywhere at right angles.

*“Let us now observe whether a median longitudinal section made
throngh a dome-shaped, and approximately parabolic growing-
point, does not present an arrangement of cells which corresponds
in all essentials with our geometric diagram. We see at once, if we.
examine such a section, made from the growing-point of a Larch
for example (Fig. 112), that the internal structure is identical, if
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Fra. 112.—Longitndinal section through the growing-point of a winter bud of Abies
rectinata (% about 200) (after Bachs, Fig. 295): 8 apex of growing point; b b yonngest
lenves ; v eortex ; m pith,

we disregard the two protuberances, b b, which interfere somewhat
with the symmetry of the figure. These are young leaf-rudiments,
budding off from the growing-point. We recognise at once the
two systems of anticlines and periclines, which it can searcely be
doubted eut each other at right angles, as in the diagram; that is
to say, the anticlines are the right-angled trajectories of the peri-
clines. As in the diagram, further, only a few periclines under
the apex S run round the common foens of all the parabolas; the
others, which come from helow, only reach the neighbourhood of
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238 THE CELL

which was produced by budding, receive from the two bundles of
four segments two daughter-bundles each containing two seg-
ments,

Here also the second division follows the first so closely, that
the resting stage is omitted. Out of the material of that half of
the spindle which remained behind in the egg-daughter-cell, a
second complete spindle develops directly, containing only four
segments, arranged in pairs. A second budding produces both
the second polar-cell (Fig. 127 IV.), and the grand-daughter egg-
cell, or the mature egg, each division product containing only two
nuclear segments.

If we disregard the fact that the division produocts, when the
egg is ripe, are very unequal in size (budding), the processes which
take place resemble so exactly those already described as oceurring
during sperm formation, that through them some light is thrown
upon the raison d'éire of the polar-cells. Whilst on the one
hand four spermatozoa (Fig. 126 IIL, 4, B, () develop out of a
sperm-mother-cell (Fig. 126 I.), on the other only one egg capable
of being fertilised (Fig. 127 V.) and three abortive eggs arise out of
an egg-mother-cell. These latter still remain in a rudimentary
form, although they play a partin the physiologically important
division with reduction. '

It has been noticed in many other objects besides Nematodes,
that the mature sexual products only possess half as many nuclear
segments as the tissue cells of the organism in question; this was
observed by Boveri (VI. 6) in the mature egg-cells of the most
various classes of the animal kingdom, by Flemming (V1. 13 I1.),
Platner (VI. 52), Henking (VI. 27), Ishikawa (VI. 40), Hicker
(VL. 24), vom Rath (VI. 55), in mature spermatozoa of Salamandra,
Gryllotalpa, Pyrrhocoris, Cyclops, ete., and by Guignard (V1. 23 b),
in the nuclei of the polar-cells, which are formed during fertilisa-
tion, and in the nuclens of the mature egg-cell of Phanerogamia.

Maupas (VII. 30) and Richard Hertwig (VIL 21) observed
that a reduction of nuclear substance occurs also in Infusoria
before fertilisation; however, further details on this subject are
given later, on p. 269 (Chapter VIL.).

In all the above-mentioned cases, the reduction of nuelear sub-
stance occurs before the egg-cell is fertilised by the spermatozoon.
It appears, however, that the reduction of nuoclear substance may
ocenr after fertilisation has taken place, as a priori appears quite
possible, as a result of the first division. At any rate that is the
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258 THE CELL

139 4, B), there is a much smaller spherule, around which the
yolk commences to arrange itself in radial strig (Fig. 140 4),
forming a radiated fignre (a star) ; this star grows gradnally more
distinet, and at the same time extends itself farther away from
the spherule. Since it seems to be derived from the neck of the

FiG.139.—4 and B represent portions of a seetion of a fertilised g of Asferacanthion,
A centrosome (sperm-centrum) has moved out a little in advance of the sperm-uuclens,
{After Fol.)
spermatozoon, Fol has called it the sperm-centrnm (male centro-
some). A corresponding spherule can be scen close to the egg-
nucleus, on that side which is turned away from the sperm-
nucleus ; Fol has called this the ovo-centrum (female centrosome),

A B

F16. 140 —A Fectilised egg of a Sea-urchin (0. Hertwig, Embryology, Fig. 18), The
Lead of the spermatozoon, which has penetrated into the egg, has been converted into a
sperm-nucleus (sk) surrounded by a protoplasmic radiation, and has approached the &g:.t-
nucleus (¢k). B Fertilised egg of a Sea-urchin (0. Hertwig, Embryology, Fig. 19), The
sperm-nuclens (sk) and the egg-nucleus (¢k) have approached each other, and are both
surrounded by a protoplssmie radistion,

An interesting phenomenon now commences to attract attention
(Fig. 140 4, B). The egg- and spal'm-nu.c]m (ma..le and female
pro-nuclei) mutually attract each other, as it were simultaneously,
and travel through the yolk towards each other with increasing
velocity; the sperm-nucleus (sk) with its radiation containing
the centrosome always moving in front of it, travels more quickly
than the egg-nuclens (ek) with its ovo-centrnm. Soon they
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264 . THE CELL

it presses between the two Synergidsee right into the egg-cell
The pollen grain and the pollen tube contain two nuclei, the
vegetative one, which takes no part in fertilisation, and the sperm-
nucleus. This latter comes to lie at the end of the pollen tube
after this has made its way to the egg-cell; thence it pﬂ-EBEF:
through the weakened ecellulose wall into the protoplasm of the
egg, whilst two centrosomes advance in front of it ; these latter
were discovered by the French Investigator, Guignard (Fig. 143).
It soon meets the egg-nuclens, which is somewhat larger, and on
whose surface also a pair of centrosomes may be distingnished.

P

Fio, 14.—Egg from Lilium martagen (after Guignard XVI., Figs. 80 and Bl): A a
short time after the union of the egg- and sperm-nuclei; B a later stage. The fusing of
‘the centrosomes is nearly completed.,

The two nuclei (Fig. 144) then eoalesce, as do also the four
centrosomes ; these latter unite so as to form
two new pairs, of which each js composed
of one element of male and one of female
origin. The new pairs are situated on op-
posite sides of the cleavage nuclens, and
there develop into the two centrosomes of
the first nuclear spindle (Fig. 145).

In the same way as in animal sexual cells,
the nuclein and the number of nuclear seg-
ments derived from it are decreased during
' the formation of the pollen-cell and of the
,rf::f'th;'ii'“;rfﬁ,:ﬂ: -egg-cell to one half of the gquantity present
Litiwm martagon, with its  jn 4 normal nuclens. For instance, whilst
:i:i“;;f :::;:ﬁ:,‘g l?,::; in Lilium martagon the normal nuclens de-
consists of twenty - four velops during its division 24 nuclear seg-

Guigues 371, Fig ) ments which split up into 48 dunghter













268 THE CELL

1.

Fia. 148.—Conjugation of Paramesum (R. Hertwig, Zool.,, Fig. 141): nk parannclei; k
nuclei of conjugating auimals. I The paranoclens transforms itself intoa spindle; in left-
hand animal the sickle.stage, in right-band animal the spindle-stage, are represented. 1T
Second division of paranucleus into chief spindle (marked 1 in left, and 6 in right) and
subsidiary spindles (2, 3, 4 in left, aud 6, 7, 8 in right). IIT Bubsidiary spindles show de-
generation (2, 3, 4 in left, 6, 7, 8 in right), the chief spindles divide into male and femals
spindles {1 into 1 m and 1 w in laft, and 5 into 5w aod 5 w io right). IF Transmigration of
male spindles nearly completed (fertilisation). One end remains in the mother animal,
whilst the other has united itself with the female spindle of the other animal (1 m with
G w, and &m with 1 w). The main chief nucleus has become converted into segments.
¥ The primary division spindle resulting from the nnion of the male and female spindles
divides into secondary division spindles # and t”. VI, VI After the termination of
conjugation. The secondary division spindles separate from one another, and come to lie
amongst the rudiments of the new paranucleus (nk’), and of the new chief nucleas (pt,
placentmw). The degenerated original nuelens commences to disintegrate. Sinee the Parm.
m@giwm caudatum has been selected to demonstrate the initinl stages, and P. aurelin
the final stages, [-IIT represent the former, and IV-VII the latter. The differcice be-
tween the two consists in this, that P. caudatum has only one paranucleus, whilst P.
aurelia has two, and also that in the latter, nuclear disintegration commences oven in the

first stage (stage I).
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272 THE CELL

migmt?r}' and stationary nuelei of the primary division spindle
coalescing, whilst the corresponding structures in the microgamete
are, as it were, paralysed, and, instead of fusing and developing
further, degenerate and become dissolved, like the fragments of
the chief nucleus and the subsidiary spindles.

In this manner the microgamete loses its independence and
individuality, and becomes gradually absorbed into the macro-
gamete, increasing the size of the latter.

Thus, in consequence of the stationary mode of life of Vorticella,
a peculiar sexual dimorphism has developed, resulting in the ab-
sorption of the smaller of the conjugating individuals, after it has
functioned to a certain extent as a male element in fertilising the
macrogamete. However, the resemblance to ova and spermatozoa
is mot complete, although both in Vorticelle and Paramecium
fertilisation commences with the interchange of nuclear material,
and only results later on in the formation of a single effective
individnal.

4. The various forms of sexual cells ; equivalence of participating
substances during the act of fertilisation; conception of male and
female sexual cells. Having shown in various instances, that the
course of the process of fertilisation, and especially the behaviour
of the nucleus during the process, is essentially uniform in animals,
plants, and Protozoa, we will now proceed to state more clearly a -
difference which can be perceived in the cells participating in the
act of fertilisation in most organisms, and to point out the im-
portance of this difference. It consists in the unequal size and
form of male and female germinal cells. The larger, stationary,
and hence receptive cell, is called the female; the male cell, on
the contrary, is much smaller, often extremely minute ; it is either
motile, approaching the egg-cell actively by ameeboid movements
or by means of flagella, or so small that it is conveyed passively
throngh the air or water to the egg-cell.

What is the importance cf this difference? Is it an essential
product of the process of fertilisation, or is it brought about by
causes of a subsidiary and secondary nature, due to incidental and
secondary canses P It is of the greatest importance, in order to
decide this question, to determine in what substance and in what
portion of the two sexual cells this variation manifests itself.

Each cell consists of protoplasm and nuclear substance. Of
these the amount of protoplasm present in the sexual cells may
vary considerably, as may be immediately recognised by their ap-













276 THE CELL

ally in the replacement of the male elements, which have been
expelled from the egg, by an equal number of similar elements,
which are introduced by the spermatozoon.

More careful investigation shows that these theories are mof
tenable. For the empirical foundation, upon which they were
based, is destroyed by the fact which was proved on p. 237, namely
that the polar cells are morphologically nothing but egg-cells,
which have become rudimentary, This follows from a comparison
of the development of ege and sperm-cells in Nematodes. Hence
the nuclear segments, expelled from the egg in the polar cells,
cannot be the discharged male constituents of the germinal vesicle,
as is stated in the restitution theory.

Apart from this, we are unable, with the methods of investiga-
tion at our command, to discover the least difference between the
nuclear substances of the male and female cells. Nuclein and
centrosomic substance are identical, both as regards quantity and
composition. There is no specific male or female fertilising
material. The nuclear substances, which come into contact with
one another daring the process of fertilisation, differ only in this,
that they are derived from two different individuals. s

Now, if, in consequence of this, it ean no longer be allowed that
the egg and sperm-nuclei are sexually opposed in the way under-
stood by the supporters of the restitution theory, what meaning -
must be attached to the terms male and female sexual cells or
male and female nuclei ?

These terms do not really touch the essential part of fertilisa-
tion, and do not express an opposition based upon fundamental
processes of reproduction; they refer rather to secondary differ-
ences of minor importance which have developed between the
conjugating individoals, between the sexual cells and their nuclei,
and which must be classed as secondary characteristics. Hence
we will state at once that the formation of two separate sexes is
not the canse of sexnal generation, as might be concluded from a
superficial investigation, but that the reverse is really true. All
sexual differences, if we trace them back to their sources, have
arisen because the union of two individuals of one species, which
originally were similar, and hence sexless, is advantageous to the
maintenance of the wvital processes; withont exception, these
differences only serve one purpose, namely to facilitate the com-
bination of two cells. On this aceount solely have the cells de-
veloped the differences which are termed male and female.



















282 THE CELL

the top of the water, two threads lie in contact with one another
for any considerable portion of their length, conjugation occurs
between neighbouring cells. As a rule all the cells prepare for
reproduction at the same time by sending out lateral processes to-
wards each other. These fuse at the point of contact, whilst the
separating wall dissolves, and thus transverse canals are formed,
which connect the conj ugating threads at regular distances, and

Fia. 152 —Spirogyra longata (after Sachs, Fig.410). To the left, saveral cells ul: t.wuhfl_ln-
ments, which are about to conjugate: they show the spiral chlorophyll bands, in w ich
erown.like arrangements of starch grains are lying, as well as small dropa of oil, T?IB
nucleus of each cell is surrounded by protoplasm, from which thrmd_a Btroteh to nha. t:ah-
wall, b, preparatory to conjugation. To the right, 4, eolls engaged in conjugation : tm&
protoplasm of the one cell is just passing over into the otherat a: in b the two prnu .
plasmic masses Lave already united, In B, the Young zygotes are surrounded by a wall.

resemble the rungs of a ladder (Fig. 153). The protoplasmic
bodies of the cells then contract away from their cellulose wall,
and after a time fuse together,

Differences which in themselves are trifling, but which on that
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by means of which they move about independently in the water,
They are of especial interest, for they show ns how, by means of
gradual differentiation and division of labour in opposite directions,
they have developed more highly differentiated forms, namely,
typical eggs and typical antherozoids,

Swarm-spores are small, motile, naked cells, generally pear-
shaped (Figs. 154, 155, 157, 158). The pointed end is anterior
and goes in front, whilst the spore moves throngh the water; it
consists of hyaline protoplagm, and frequently contains a red or
brown pigment spot (the eye-spot) ; the remainder of the body is
hyaline, or ecolonred green, red, or brown with
colouring matter, according to the species ; it con-
tains one or two contractile vacuoles (Fig. 154).
The swarm-spore moves along by means of flagella,
which spring from the hyaline anterior portion ;

there are generally two flagella (Fig. 154), but
Ef::;‘ = FLT:E sometimes there is only one; occasionally there are
Microgromin s0.  four or more (Fig. 14).
;'“i;‘;mg‘}‘"ﬂ The swarm-spores are derived at certain times

' ' from the contents of a mother-cell, either by means
of repeated bipartitions, or by the splitting up of the mother-cell
into several portions (pp. 232-284). When division into two
occurs, the number of swarm-spores is small, being 2, 4 8 or
16 ; when, however, many cells are produced, the number is very
great, for in that case the mother-cell is of considerable size, and
may produce as many as from 7,000 to 20,000 danghter-cells.
When the wall of the mother-cell ruptures at one place, the broad
end of the swarm-spore escapes first to the exterior.,

There are two kinds of swarm-spores, which are developed at
different times. The one kind multiply asexunally, giving rise to
young Algs, whilst the others require fertilisation. The mother-
cell, from which the former are derived, is termed by botanists the
sporangiwm, that giving rise to the latter gametanginm.

We will only consider sexual spores or gametes here. In many
of the lower Algm conjugating swarm-spores (Fig. 155 a, b, ¢, d)
cannot be distingnished from one another in any respect, either?s
regards their sizes, mode of movement, or behaviour (Uiathﬂ:r,
LBryopsis, Botrydium, Acetabularia, ete.). On the other hand, in
other species sexual differences develop, which enable us to dis-
tinguish between male and female gametes. In the .ﬁrst casp We
speak of isogamous, and in the second oogamons fertilisation.
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into a bundle of from sixteen to thirty-two spermatozoids (Fig. 158
M"). They are “extended bodies, bearing anteriorl y two cilia, the
original green colour of which has been transformed into yellow.”
The individual bundles separate from the mother-colony, and swim
about in the water. “If they meet a female colony, the cilia on
both sides become entangled ; by this means the male colony is
fixed ; it however soon falls to pieces, after which the individual
spermatozoids, which become considerably longer, bore their
way into the gelatinons vesicle of the female colony. They then
make their way to the egg-cells, to which, after they have crept
round them, they attach themselves, often in great numbers. We
may assume that, as has been observed in many other cases, one
of these spermatozoids makes its way into each egg-cell " (Sachs).

Fra. 189.,—Volvox globator, sexual, hermaphrodite colony, somewhat dingrammatic repre-
sentation constructed from fgures by Cienkovsky and Bitschli (after Lang, Fig. 21): =
male gamete (spermatozoid); O female gametes (eggs).

Finally, in Volvox globator (¥ig. 159) the differentiation is
greater than ever, for amongst the very numerous cells whliﬂh
constitute the globular colony some remain vegetative, whilst
others become tramsformed into sexual cells. Further the eggs
(0) are still larger than in Eudorina, and are fertilised by very
small male elements (s), which swim abount with two flagella.

If we take all these numerous facts into account, we may sarely
consider the following law as established, i.e. that egg and sperm-
cells are derived from reproductive cells, which, to start with, :.a,re
similar and not to be distinguished from one another, but which
become differentiated by developing in opposite directinnts.‘ .

1I. The Physiology of the Process of I-Terhhsatmn.
Having discussed the morphological phenomena which have been
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we can deﬁnitely prove that the sperm-nuecleuns, or, as is more
frequently the case, the sperm-nuclei, which have penetrated into
one of the fragments of the ovum, become metamorphosed into
small typical nuclear spindles with a radiation at each pole. The
sperm-nucleus now splits up into danghter-nuclei, which for their
part again multiply by indirect division, so that the fragment of
the ovum breaks up into a number of small, embryonal cells.
Boveri (VIIL. 2) has pursued this observation further, and has
discovered the important fact, that out of a rather large non-
nucleated fragment of an ovum, which has been fertilised by a
single spermatozoon, a normal, although proportionately small
larva can be develcped.

b. Apogamy. The phenomena, which de Bary (VIL. 2) has
included under the name of apogamy, -have a close relationship
to parthenogenesis, and may be conveniently treated now.

Apogamy has been observed in certain Ferns ; 1t 18 well known
that in the course of their development there is an alternation of
generations. Minute plants, the prothallia, are derived from the
vegetative reproductive cells, or spores; the function of these
prothallia is to develop male and female sexnal organs, the latter
of which produce egg-cells. These, when fertilised, produce an
asexual Fern-plant, which develops spores in a vegetative manner.

In Pteris eretica and Asplenium Jiliz-femina cristatum and fal-
catum, the law of alternation of generations, which is generally so
constant in Ferns, is broken throngh. The prothallia of these
three species either produce no sexual ovgans at all, or only such
as are no longer functional, 7.e. have become rudimentary; on the
other hand, a new Fern arises from the prothallium by means of
vegetative budding. !

Since these three species of Ferns have been affected by culti-
vation, it is possible that the development of cells requiring
fertilisation has been suppressed by excessive nourishment,
whilst the vegetative mode of reproduction has been favoured.

¥

2. Sexual Affinity. By sexual affinity we understand the re-
ciprocal influences which are exercised by cells of related species
requiring fertilisation upon each other. This takes place in such
& manner, that, when the cells are brought within a definite dis-
tance of one another, they exert a mutual attraction upon each
other, and combine, fusing into one, like two chemical bodies,
between which unsatisfied chemical affinities existed. If both
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