The Development of the Egg and Ferti-
lization in Pinus Strobus.

BY

MARGARET C. FERGUSON. 1 )

—_——

With Plates XXIII, XXTV, and XXV. ’

———

URING the course of the present studies, the develop-

ment of the archegonium and fertilization, together with
the phenomena immediately preceding and following fecunda-
tion, were first carefully worked out in Pinus Strobus. Later,
a far less extended study was made of Pinus austriaca, P.
rigida, P. resinosa, and P. montana, var. uncinata. A com-
plete series of stages in the development of these species was
not obtained, and, therefore, the conclusions as set forth in
this paper refer, unless otherwise stated, to Pinus Strobus, the
other species being used only by way of comparison. The
methods employed in the preparation of the material for this
research were fully described in my earlier paper ('01) and
need not be repeated here.

These investigations were begun, at the suggestion of
Prof. George F. Atkinson,.in the fall of 1897, and the prin-
cipal results of the work, as herein described, were read before
the Botanical Society of America at its Boston meeting in
1898. At this time Blackman’s (’98) excellent article,
‘ Fertilization and Related Phenomena in Pinus sylvestris, had

. [Annals of Botany, Vol. XV. Ro. LIX. September, 19oL]
G g v ]
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436 Fergusbn.— The Development of the Egg and

not appeared. In general, Blackman’s observations have been
confirmed for Pinus Strobus, and other interesting phenomena,
not yet recorded as occurring in plants, have been noted.

EARLY DEVELOPMENT OF THE ARCHEGONIUM.

The archegonia in Pinus, as is well known, do not make
their appearance until the ovules have entered upon the
second year of their development. In material fixed during
the latter part of May, the cells comprising the upper part of
the prothallium, that is, its micropylar end, are seen to be
much more regular in shape and arrangement than those
which constitute the rest of the endosperm. Cell-division is
now taking place in any or all parts of the prothallium, but
the regular, more or less rectangular cells in its upper portion
are especially active, and they are comparatively rich in
protoplasm. Very soon some of the uppermost of these cells
cease to divide, but continue to grow, so that they are dis-
tinguished from the adjacent cells by their greater size, larger
nuclei, and more vacuolate cytoplasm. These are the initial
cells of the archegonia (Pl. XXIII, Figs. 1 and 2). At this time
the prothallium has, as a rule, become a solid mass of tissue,
although it not infrequently happens that there still remains,
at its centre, an open space into which the cells of the grow-
ing endosperm have not, as yet, extended.

*While the primary cell of the archegonium is still quite
inconspicuous it divides, giving rise to a small, upper cell,
the mother-cell of the neck, and a large, lower cell which
forms the venter of the archegonium (Figs. 3 and 4). The
small cell immediately divides by an anticlinal wall, and the
two cells, thus formed, divide by walls that are perpendicular
to the first, the resulting four cells all lying in the same plane.
These constitute what may be called the normal neck in Pinus
Strobus (Figs. 5-9 and 12). Frequently, however, two of
these cells divide again, as figured by Strasburger (’69), the
six cells being arranged in a single layer (Figs. 10, 25,and 39).
Occasionally all four cells divide by anticlinal walls, the neck
then consisting of eight cells, all of which lie in the same
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plane (Pl. XXIII, Figs. 3, 11,and PL. XXIV, Fig. 40); in rare
instances, the four cells divide by periclinal walls, when the
eight cells which compose the neck of the archegonium are dis-
posed in two tiers of four cells each (Fig. 20). This last seems
to be the normal condition in Pinus austriaca and P. rigida,
and is that figured by Blackman for Pinus sylvestris.

At first the growth of the central cell is not followed by
a corresponding increase in the amount of protoplasm; and
hence its cytoplasm early presents a very vacuolate appear-
ance. There may be one large, irregular, central vacuole;
or delicate strands of cytoplasm may extend out from the peri-
pheral layer of the protoplasm, forming vacuoles of various
sizes. But, as the central cell continues to enlarge, its cyto-
plasm begins to develop more rapidly, many strands extend-
ing out into and across the vacuoles; thus the size of the
vacuoles is decreased while their number is greatly increased.
The central vacuole, if present, may persist for a consider-

able time, or it may be replaced at once by smaller vacuoles

(Figs. 4—7). Gradually the cytoplasm becomes more dense;
and the vacuoles, receding from the periphery of the cell,
especially from its base and sides, disappear last from its
upper portion (Figs. 8 and g). When the ventral canal-cell
is cut off the vacuoles have nearly or quite been replaced by
a finely granular cytoplasmic reticulum, in which a greater
or less number of larger, more deeply staining granules are
embedded. These granules are frequently surrounded by
a clear court into which the protoplasmic network has not
extended. The number of the so-called proteid vacuoles is
usually small at this time (Fig. 10).

The nucleus of the central cell attains full size very soon
after its formation. It has a delicate, more or less interrupted,
reticulum, and is characterized by a large, vacuolate nucleolus
which invariably occupies a central position; one or two
smaller nucleoli may also be present, This nucleus always
remains close beneath the neck cells, and is more or less
concave on the side towards these cells (Figs. 4—9, 13, 14, and
16)., Although, as Blackman has pointed out, the vacuolate

Gga2
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438 Ferguson.—The Development of the Egg and

nature’ of the cytoplasm renders this nucleus very liable to
displacement during the early stages in the developmen_t of
the archegonium, yet, in well-fixed material, it is always found
in its normal position. Hirase ('95) states that certain
granules, which appear in the cytoplasm just beneath the
nucleus of the central cell in Ginkgo, have been derived from
the nucleus or from its nucleolus; and Ikeno (98) describes
the nucleus of this cell in Cycas as giving out a granular
substance during its growth period. No comparable phe-
nomenon has been observed in connexion with the nucleus
of this cell in the species of pines which I have studied ; but,
as above stated, the nucleus quickly reaches its mature size,
and remains apparently unchanged until the incept of its
division.

Very early in the history of the archegonium, the cells
immediately surrounding it become differentiated from the ad-
jacent endosperm-cells by their more regular form, the greater
density of their cytoplasm, and the increase in the size of
their nuclei. Thus a distinct sheath, consisting as a rule
of a single layer of cells, is forined about the venter of
the archegonium. No special attempt has been made to
count the number of chromosomes in the nuclei of the various
parts of the sporophyte and gametophyte; but whenever
a nucleus was observed in which the chromosomes were
particularly clear and distinct their number was always noted.
In such cases twelve chromosomes have invariably been found
in the nuclei of the sheath-cells. Chamberlain ('99) has found
the same number in the correspdnding cells of Pinus Laricio.

The early development of the archegonium, as just de-
scribed, agrees in the main with that given by Strasburger
in 1878. :

As the archegonium grows, the prothallium also continues
to increase in size, several layers of cells being formed above
the archegonium, except over its neck-cells. Here no pro-
thallial tissue is laid down, and hence there arises an opening
in the endosperm leading from the neck-cells to the nucellar
cap (Figs. g-12). In the last stages of development, the sides’
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’

" of this tubular cavity often become very closely crowded

together so that the passage is obscured. 4

The number of archegonia in a single ovule varies in Prnus
Strobus, P. rigida, and P. resinosa from one to five, the most
usual number being three. In Pinus austriaca and P. mon-
lana, var. uncinata, the number is larger, averaging about
five; as many as nine have been observed in a given pro-
thallium in Penus montana, var. uncinata. The form of the
mature egg depends largely upon the number and arrangement
of the archegonia. When there are not more than two or
three, as is frequently the case in Pinus Strobus, they may
become almost spherical in outline.

DivisioN OF THE CENTRAL CELL.

As the central cell prepares for division, the cytoplasm
between its nucleus and the neck-cells is apparently resolved
into fine granules, and there is a more or less pronounced
condensation of the protoplasm about the lower side of the
nucleus. At the same time the nucleolus disappears wholly
or in part, the nuclear reticulum becomes more open and
broken, and the chromatin collects or condenses at various
places on the network (Fig. 14). Soon a clear court, similar
to that described by Hof ('98), Fulmer ('98), Nemec (98 and
’99), Strasburger (1900) and others, makes its appearance
along the lower half of the nucleus; inasmuch as this nucleus
is pressed close against the neck-cells such a court does not
arise along its upper side (Figs. 15and 16). Delicate, granular
threads cross this court and press against the nuclear
membrane; at the same time the upper and lower surfaces of -
the nucleus become irregularly indented (Fig. 17). As the
chromatin condenses to form the spirem, an achromatic net-
work, as already describcd for the corresponding stage in the
division of the generative nucleus in Pinus, becomes apparent
in the nuclear cavity (Figs. 14-17). When the spirem is fully
established it presents a beautiful moniliform appearance and
the longitudinal splitting of the band becomes apparent; at

“this time the threads which earlier arose in the cytoplasm
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seem to have been again resolved into granules (Fig. 18).°
Whether any of them enter the nuclear cavity and contribute
to the formation of the achromatic spindle has not been
definitely ascertained. The spindle, when formed, lies wholly
within the nucleus. During the early metaphase of the
division the nuclear membrane can still be distinguished,
and clearly consists of a weft of threads (Figs. 20, 21).

When the spindle arises it is ‘multipolar in an axial plane,
and thus corresponds, with slight variation, to the mitotic
figure described by Duggar ("00) in the microspore of Symplo-
carpus foetidus, and by Wiegand (’99) in the microspore of
Potamaogeton foliosus. In Pinus, however, the upper extremi-
ties of the threads do not at first unite into groups, but
remain practically free, and are closely pressed against the
neck-cells (Fig. 20). The several poles, formed at the inner
or lower extremity of the karyokinetic figure, soon draw
together, forming a single, very sharply defined pole; or the
fully developed spindle may remain more or less truncate
at its lower end. Blackman describes this spindle as bluntly
truncate at both extremities. I have frequently observed
such a spindle during a late anaphase "of the division, but
this is only one of the various aspects which may be presented
during metakinesis and later stages in this mitosis. The
upper extremities of the achromatic spindle-fibres may never
draw together at all; they may unite to form two or more
poles, or they may give rise to one pole which may be blunt

" or very slender (Figs. 22-26). But whatever form may be

assumed by this spindle during the later stages in its develop-
ment, there is always formed, at an early period, a diarch
spindle (Strasburger, ’00) which is multipolar at one extremity
and monopolar, or_ nearly so at the other (Figs. 20 and 21).
A like condition also exists at an early stage in the division
of the generative nucleus in the pines; and it is suggested
that such a figure may be characteristic, at least in the higher
plants, of those indirect divisions which result in the formation
of nuclei of different sizes. )
The chromosomes, when oriented at the nuclear plate, are®
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invariably in the form of U’s or V’s. Blackman states that
they are straight rods, but he does not so figure them. The
cell-plate, during the early stages in its formation, lies midway
between the developing nuclei, but when the daughter-nuclei
are fully formed the nucleus of the oosphere is, as a rule,
farther removed from the cell-plate than is the nucleus of the
ventral canal-cell. It is very early evident that the cell-plate
consists of two layers. As Chamberlain ("99) has shown, the
lower portion of the spindle at this time is ordinarily convex,
while the part within the ventral canal-cell is concave (Figs. 30
and 32).

I was able, in several preparations similar to that illustrated
in Fig. 23, to count the number of chromosomes, and twelve
or thirteen were found in both groups instead of eight as
counted by Dixon (’94).

THE VENTRAL CANAL-CELL.

As a rule the nucleus of the ventral canal-cell never pre-
sents a normal appearance, but shows signs of disintegration
very early in its history. It is doubtful, in some cases, if
a nuclear membrane is ever formed, and there are probably
instances in which fusion of the chromosomes never takes
place at all (Figs. 25 and 27); although Blackman, judging
from such an appearance as that shown in Fig. 29, holds the
latter condition to be impossit;le. The nuclear membrane,
when present, very soon breaks down, and the chromatic
substance becomes scattered throughout the cell (Figs. 30-32).
This cell, immediately preceding and at the time of fertiliza-

_ tion, ordinarily forms a deeply staining mass which lies just

beneath the neck-cells and above, but in contact with, the
egg (Figs. 12, 32, 40, and 42). The nucleus of the ventral
canal-cell in Pinus austriaca has twice been observed to
approximate in size that of the egg nucleus (Fig. 29), but
in a study of several thousand archegonia of Pinus Strobus
no instance has been found in which these two nuclei were
* similar in form; the nearest approach to a normal nucleus
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that has been observed in the ventral canal-cell of this species
is that shown in Fig. 28. Occasionally this cell is somewhat
enlarged and is furnished with a rather scanty amount of
cytoplasm in which distinct chromosomes, or chromatic figures
of various forms, are embedded (Figs. 83 and 84, Pl. XXV).
There seems to be a definite relation between the structure
of the ventral canal-cell and the character of the upper part
of the mitotic figure formed in the division of the central
cell. This is clearly demonstrated on a comparison of
Figs. 22—29.

The separation of the canal-cell from the cytoplasm of
the oosphere, as Strasburger (72) and Blackman (’98) have
described in Prnus, is, I believe, due to a shrinkage of the
egg-protoplasm caused by imperfect fixation; and it is pos-
sible that a similar appearance in Cycas, Ikeno (’98), has a like
origin,

MATURATION OF THE EGG.

- The egg-nucleus is no sooner formed than it begins to
increase in size, becoming greatly enlarged even before the
disappearance of the spindle-fibres (Figs. 27-31). As the
fiucleus moves toward the centre of the oosphere, threads of
more or less delicacy extend, in a radial manner, from its
wall into the surrounding cytoplasm. These fibres are not
equally well defined in all preparations, but, whatever the
degree of their prominence, they are invariably more strongly
differentiated about the upper side of the nucleus, and may
extend from the nucleus to the top of the egg (Figs. 32, 34,
and 35).

As already stated few, if any, vacuoles persist within the
venter of the archegonium at the time of the division of the
central cell. Following their disappearance there arise
numerous spherical bodies, the so-called proteid vacuoles.
Co-ordinate with the downward movement of the egg-nucleus
these bodies assume a position about the periphery of the
oosphere, more especially at its base (the organic apex of
Strasburger), and sides (Figs. 11, 12, and 41). Under a low
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power, the cytoplasm of the mature egg appears dense and

finely granular; the ‘proteid vacuoles’ do not seem to differ

- materially from the protoplasm in which they are embedded ;

and many deeply staining granules are scattered throughout the
cell. With greater magnification, however, a very beautiful,
granular reticulum becomes apparent ; there is no suggestion of
the alveolarsstructure déscribed by Butschli ('94). At times
this reticulum is everywhere crossed by short fibres, which
have no definite arrangement, and are, apparently, not confined
to any fixed period in the history of this cell (Fig. 30). The
spheres in the outer and basal portions of the cytoplasm are
resolved into very complex structures which, although they
simulate the appearance of nuclei, could never be mistaken
for such bodies by one familiar with cell-structures (Figs. 32
and 34).

Immediately preceding fertilization a cavity appears in the
egg-cytoplasm, just beneath, or in the near vicinity of, the
neck-cells (Figs. 12 and 38). In some cases this opening
may not arise until the instant of fertilization. This cavity,
which was thought by the earlier writers to represent the
lower portion of the pollen-tube within the oosphere, has been
explained by Blackman ('98) as due to the sudden inrush of
the contents of the pollen-tube, and by Arnoldi ('00) in
Cephalotaxus, as caused by the downward movement of
the conjugation-nucleus. Shaw ('98) suggests that the con-
cavity in the upper part of the egg of Onoclea, just pr.or to
fertilization, may correspond to the receptive spot; and there
is every evidence that in Pinus Strobus this opening in the
cytoplasm represents the last act of the egg in its preparation
for the reception of the sperm-nucleus. If it were formed
by the movement of nuclei or other bodies through the
protoplasm, we should expect the cytoplasm to draw together
again, as during the downward movement of the egg-nucleus;
but, in reality, this opening persists throughout the entire
later history of the archegonium (PL XXV, Figs. 77 and 78).
The regular, clear outline of this cavity, together with the
fact of its presence in the unfertilized as well as the fertilized
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egg, warrants one in considering it a definite character of the
mature oosphere.

No cytoplasmic radiations, ‘similar to those described by
Belajeff ('91) in Taxus baccata and by Dixon ('94) in Pinus
sylvestris, have been observed in connexion with the fully
developed egg-nucleus in any of the species of Pines which
I have studied.

During the growth and downward movement of the egg-
nucleus, it never presents a definite network, such as is
observed in the nucleus of the ordinary resting-cell; but it
is characterized at a very early stage by an open, interrupted
reticulum; on which are arranged irregular granules of various
sizes. This meshwork may be extremely delicate; it may
assume a heavy appearance; or it may become very much
interrupted and broken, many detached portions lying loose
within the nuclear cavity (Figs. 27-36). Nucleoli have rarely
been observed in this nucleus in Pinus Strobus during the

. first stages of its development (Figs. 27, 28, 30, and 31); but

in P. austriaca they occasionally arise very early (Fig. 29).
When the nucleus has attained considerable size, small nu-
cleolus-like bodies, containing a single central vacuole, appear
in connexion with the nuclear net; and at the same time
a slightly larger nucleolus is observed in the lower part of
the nucleus, usually in connexion with its membrane (Fig. 32).
As the nucleus continues to grow, this nucleolus also increases
in size, gradually becoming large and very vacuolate (Figs.
34-36)-

When the egg-nucleus reaches maturity, it has attained
huge dimensions, and its outline, depending on the form of the
egg, is spherical or elliptical. The nucleolus, if demonstrable,
is always found in the lower part of the nucleus; and there

- are usually several smaller bodies, designated in this paper

as secondary nucleoli, scattered throughout the nucleus (Fig.
36). These secondary nucleoli are invariably found in con-
nexion with the reticulum, but, as Montgomery (’98) believed,
they are probably caught in, not vitally united to it. They
may be present in great abundance, or they may be entirely

-
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absent from the nucleus. The reticulum, on which the chro-
matic substance is disposed, presents numerous aspects, as
already indicated in the description of this nucleus during
its period of growth. Under very high magnification, it does
not show, in normal conditions, a true granular structure; but
it may present a most delicate, interrupted, granular network ;
or it may consist of large, irregular, diffusely staining masses
which are united into an imperfect reticulum (Figs. 374 and
37g). In the latter instance the chromatic granules are either
too minute to be distinguished, or they have been dissolved
in the linin ground-work. The linin, always very abundant
in this nucleus, may form heavy hyaline cords, on which the
chromatin is collected at irregular intervals (Figs. 37¢ and
37f); but it more often consists of less conspicuous strands
(Figs. 376-37d). Great as the variations are in the structure
of this nucleus, its chromatin has always been found, in the
species of Pines studied by the writer, to exist either in the
form of irregular granules of varying sizes or apparently dis-
solved in the linin. Such a resolving of the chromatin into
nucleoli as that described by Chamberlain ('99) in Pinus
Laricio and .illustrated in his Figs. 14 and 15 has not been
observed. :

Whether the various appearanceg, presented by the egg-
nucleus represent normal phases in its life-history, or whether
one is normal and the others artefacts resulting from the
action of fixing agents, is, of course, a mere matter of con-
jecture. But inasmuch as these different aspects are cha-
racteristic of this nucleus during its period of growth, also
after it has to all appearances reached maturity, and again
at the time of its conjugation with the sperm-nucleus, it
seems reasonable to conclude that all are normal and cor-
respond to certain physiological activittes which take place
within the nucleus.

Strasburger ('84) described the nucleus of the oosphere in
the Abietineae as being densely filled with a granular sub-
stance, which entirely obscured or masked the chromatin.’
This substance he called metaplasm, and virtually considered
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the nucleus a vacuole filled with a nuclear sap capable of
taking up or elaborating this material. Ikeno ('98) found
a similar substance in the sexual nuclei in Cycas, and Arnoldi
('00) in Cephalotaxus. Blackman (’98) devoted several para-
graphs to a discussion of metaplasm, as it manifested itself
in the egg-nucleus of Pinus sylvestris, He found that it was
present in the young nucleus in the form of granules, but
that it later united with the chromatin to form the nuclear
reticulum. Chamberlain ("99) does not recognize the pre-
sence of this substance in the egg-nucleus in Pinus Laricio;
and there is no evidence of its existence in the sexual nuclei
of the species of Pines studied by myself.

According to Wilson ('99), ¢ protoplasmic substances repre-
sent the active, metaplasmic structures the passive elements’
of the cell. During the development of the egg-nucleus in
the species of Pines which have formed the basis of these
studies, there is never any deposit within the normal nucleus
of a granular substance; but the linin, as already stated,
becomes very abundant. Just what proportion of it is active
in cell-division we are unable to say. Without doubt a large
part of the linin merges into the cytoplasmic network during
the first segmentation of the oosphere-nucleus, but even so
it cannot be classified with the passive elements of the cell.

Blackman ('98) wrote: ‘ The stage in which the nucleus is
found in a position between the apex and the centre of the
egg is rarely met with’; and Chamberlain ('99) stated ‘that
in over three hundred preparations, less than a dozen’ show
carly stages in the development of the egg-nucleus. During
the course of these investigations upon the Pines, more than
twenty-five hundred preparations, representing several thousand
archegonia, have been studied, and no developmental stage has
been more frequently met with than that by which the nucleus
assumes its central position in the egg. Such an appearance
as that illustrated by Chamberlain in his Figs. 18 and 19
has often been observed in both the young and the mature
egg-nucleus, in the conjugating nuclei, and also in the various
nuclei of the proembryo. They have been wholly disregarded
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in the present discussion of the maturation of the egg, for,
‘in our material, these figures, and also Blackman’s Fig. 11,
would be interpreted as representing disintegration stages.
Every step has been repeatedly traced from the ordinary
nuclear reticulum to nuclei which can scarcely be distinguished
from the surrounding cytoplasm, and then to archegonia which
appear perfectly normal, except that no nuclei can be
demonstrated within them. It is a well-known fact that
the number of seeds derived from a Pine cone is very small
in comparison with the number of ovules formed in a given
cone. An examination of fresh material shows that develop-
ment may cease at any point between the early stages in the
formation of the ovule and the last steps in the ripening
of the seed. This cessation of growth does not at once
become apparent, and so cannot be avoided, in its earliest’
stages, when one is putting up material for cytological work.
Under such conditions, it is inevitable that, with a limited
amount of material, the abnormal will be interpreted for the
normal.

The entire development of the archegonium in Pinus
Strobus is passed through in about two weeks, probably
not more than five days elapsing between the cutting off
of the ventral canal-cell and fertilization, In Pinus montana,
var. uncinata, these processes are apparently much more
closely united in point of time, as the pollen-tube, in some
cases, has reached the endosperm before the division of the
central cell is completed (Fig. 33).

CONJUGATION OF THE SEXUAL NUCLEL

When the time for fertilization arrives, the apex of the
pollen-tube is ruptured, and almost all its contents pass into .
the cytoplasm of the egg. The sperm-nuclei, still surrounded
by a common mass of protoplasm ; the vegetative nucleus;
the stalk-cell ; a part of the cytoplasm from the pollen-tube;
and some of the starch-grains from the male gametophyte
can all be distinctly recognized in the upper part of the
oosphere (Figs. 39-42). Dixon ('94) noted the passage into
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the oosphere of the four nuclei of the pollen-tube, but he
could not distinguish between these after their entrance into
the egg. Blackman confirmed Dixon’s observations as to the
passage of these nuclei into the oosphere, and believed that
the cytoplasm of the ‘sperm-cells’ passed into the egg along
with the spermi-nuclei, but he was unable to demonstrate
the fact. There can be no doubt that the cytoplasm of the
sperm-cell enters the egg in Pinus Strobus (Fig. 39). This
cytoplasm very soon fuses with that of the egg, and the
larger sperm-nucleus moves towards the nucleus of the
oosphere ; the other elements from the pollen-tube remain
for some time in the upper part of the ovum. There is no
evidence that the sperm-nucleus increases in size after enter-
ing the oosphere; neither is there an increase in stainable
substance, but, on the contrary, the nucleus loses its dense
structure ; and occasionally a nucleolus becomes apparent
within it. (Compare the sperm-nuclei in Figs. 39 and 40 with
those in Figs. 42-50.)

There is every indication that the movement within the egg
of the sperm-nucleus which becomes active in fertilization is
both rapid and direct. It almost invariably traverses the
shortest distance between its point of entrance into the egg
and the egg-nucleus. The relative position which the con-
jugating nuclei may occupy with reference to the major axis
of the cosphere varies considerably, but always bears a definite
relation to the position of the neck-cells. 'When these cells
are directly above the centre of the oosphere, the sperm-
nucleus comes into contact with the upper part of the egg-
nucleus (Figs. 41, 44, 45, 48, and 50); but if the neck be
excentrically placed, the sperm-nucleus will be found against
one side of the oosphere-nucleus (Figs. 43, 46, and 47). It
has not been observed beneath the egg-nucleus as figured by
Coulter (97) in Pinus Laricio. Neither is there a bulging

_of the egg-nucleus towards the sperm-nucleus, nor do the

sexual nuclei ever approximate in size as shown in this same
figure of Coulter’s; but a somewhat similar figure has been
observed in Pinus Strobus after the first division of the
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‘segmentation-nucleus.” The sperm-nucleus is usually de-
scribed as being more dense than the egg-nucleus at the
time of their conjugation, and this is sometimes found to
be the case in Pinus Strobus; as a rule, however, the con-
jugation-nuclei differ in size only, as observed by Arnoldi
('00) in Cephalotaxus.

Just before the sexual nuclei come into contact, the side
of the egg-nucleus adjacent to the sperm-nucleus becomes
slightly concave (Fig. 43). This concavity is doubtless
formed under the influence of the approaching sperm-nucleus,
and suggests the crater-like depression developed at an
earlier period in the egg-nucleus of Cycas (lkeno, ’98). As
noted by Blackman, the sperm-nucleus does not penetrate
the membrane of the egg-nucleus; it lies in a pocket-like
indentation formed in the side of the oosphere-nucleus,
both nuclei then occupying the space originally filled- by
the egg-nucleus. The sperm-nucleus, when in contact with
the nucleus of the egg, ordinarily assumes the form of
a biconvex lens, but it may vary much in outline, pre-
senting in some cases the figure of a crescent, and in others
that of an ellipse. Occasionally it forms a deep, tongue-like
depression in the nucleus of the oosphere (Figs. 41-50).

THE FIRST DIVISION FOLLOWING FECUNDATION.

While the sexual nuclei lie in intimate contact, but still, to
all appearances, perfectly distinct, certain changes in -their
structure indicate that each is in the early prophase of
division. The chromatin condenses or collects in irregular
granules about the periphery of the sperm-nucleus, while
that of the egg-nucleus is deposited just beneath the sperm-
nucleus. The remainder of each nucleus is filled with
a granular, achromatic reticulum of great beauty, remind-
ing one of delicate frost-work (Fig. 51). This condition
suggests an early stage of fertilization in the sea-urchin as
described by Wilson ('95). Wilson thinks that the sudden
increase in linin may be only apparent, resulting from the
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‘rapid condensation and localization of the chromatic sub-
stance’; but he is inclined to believe that ‘a considerable
portion of the chromatin breaks down at this time into linin.’
It would appear that the prominence of the achromatic
reticulum in the conjugating nuclei of Pinus results from both
these processes. For, while there is always a large quantity
of linin in the egg-nucleus and a comparatively small amount
of chromatin, the size of the chromatic spirem, when formed,
seems disproportionate to the entire bulk of the chromatin
earlier existing in the nucleus.

The chromatin continues to separate out from these nuclei
until a spirem, studded with irregular granules, lies just within
the wall of the sperm-nucleus, and a similar one arises directly
below in the egg-nucleus. Frequently the cytoplasm caught
between the two nuclei collectsinto spherical masses ; between
these spheresof cytoplasmthemembranesof thenuclei come into
close contact (Fig. 52). Very soon the spirem of each nucleus
becomes coiled and regularly moniliform; and the chromatic
band of the sperm-nucleus takes up a position along that side
of its nucleus which is nearest to the spirem formed in the
egg-nucleus. At this time delicate, minutely granular threads,
some of which pass from nucleus to nucleus, appear in the
regions of the two chromatic spirems. The rest of the achro-
matic contents of these nuclei is largely transformed into long,
comparatively heavy threads, which are furnished with
innumerable granules. The two nuclei are still perfectly
distinct ; the nucleolus of the egg-nucleus may persist at this
stage; and the nuclear membranes are yet present, although
they are very irregular in outline, and have given way at
several points (Fig. 54). The nucleolus is not always present
at this time, but nucleolus-like masses, which from their
position are evidently derived from the egg-nucleus, may be
present as late as the telophase of the division. Delicate,
granular fibres continue to arise in the regions of the two
spirems; the coarser, achromatic threads of the nuclei become
finer in structure, and extend in all directions towards the
forming spindle; and the nuclear membranes fade entirely
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out, not only along the line of contact of the two nuclei, but
from their entire outer surfaces as well (Fig. 55). Blackman
found that, while the chromatic portions of these nuclei
remained distinct in Pinus sylvestris, the nuclei fused at an
early stage in the prophase of the division. There is,
apparently, no such fusion of the sexual nuclei in Pinus
Strobus ; but the entire membrane of each nucleus disappears
during an early prophase of the mitosis, and the contents of
the nuclei lie free in the cytoplasm of the egg.

The spindle-fibres continue to increase in number, becoming
even more delicate in structure, and losing their granular
appearance. The long, now quite delicate, but still granular,
achromatic threads of the nuclei are very numerous, and many
extend into the areas occupied by the chromatic spirems.
They probably feed the growing spindle, some of them,
doubtless, being directly transformed into spindle-fibres. The
chromatic bands have now become perfectly homogeneous.
Before their segmentation, the very irregular, multipolar poly-
arch spindle has become a multipolar diarch (Strasburger,
'00) spindle; and the achromatic substance not used in
spindle-formation has been gradually resolved, from the
periphery of .the nucleus inwards, into a granular, or finely
reticulated structure, which later merges Snto the general
cytoplasm of the egg (Figs. 56-58). When the spindle has
become a true multipolar diarch, it frequently consists of two
nearlyequal parts, which seem to belong respectively to the male
and the female nucleus (Plate XXV, Figs. 58 and 59). This
appearance, however, may be only accidental, as the great
irregularity which characterizes this spindle in the first stages
of its formation renders such an origin of the two halves of the
nearly completed spindle very problematic.

Two chromatic groups are distinctly recognized at the time
of the segmentation of the spirems, and can still be clearly
made out during the early development of the chromo-
somes (Figs. 59 and 60). When the chromosomes are -
oriented at the nuclear plate, the maternal and paternal
clements can no longer be distinguished (Fig. 61). One

H h
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beautiful preparation was obtained at this stage in which
a single section through the nuclear plate showed twenty-four
entire chromosomes, and no chromosomes were found in the
other sections of the series (Fig. 62). As twelve chromosomes
had previously been counted in the egg-nucleus, there can be
little doubt that the same number is brought into the egg by
the sperm-nucleus. ‘

The smallness of the mitotic figure in the first division
following fecundation compared with the size of the egg-
nucleus has been commented upon by all students of the
Abietineae. This spindle may occupy various positions in
the space originally filled by the egg-nucleus ; but, as is clearly
demonstrated by a study of its development, it invariably lies
partly within the sperm- and partly within the egg-nucleus,
its major axis being always parallel with the outer free surface
of the sperm-nucleus. While, then, the division-figure bears
a certain definite, fixed relation to the conjugating nuclei, it
will be readily seen that its position may vary, depending
upon the shape of the sperm-nucleus and its line of contact
with the egg-nucleus, as, also, upon the plane at which the
section is cut with regard to the sexual nuclei. TFor instance,
when the sperm-nucleus is elliptical in outline, and lies in
a deep depression in the egg-nucleus, as illustrated in Fig. 48,
the spindle will appear to occupy the centre of the egg-nucleus.
Cases like the above and many others were first satisfactorily
interpreted after a careful study of something like two hundred
preparations showing fertilization-stages.

During matakinesis the mitotic figure may present every
variation between the extremely broad, multipolar diarch,
shown in Fig. 63, and the narrow, almost bipolar spindle,
illustrated in Fig. 64. It is at this time that the longitudinal
splitting of the chromosomes first becomes apparent. Each
chromatic element divides at the point where the spindle-
fibres are attached, forming a small diamond-shaped opening.
While this opening is still inconspicuous, the two halves of
each chromosome become distinct throughout the entire
length of the segment. Such a condition was several times
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observed in ‘the division of the ‘segmentation nucleus,’ but

was not sketched because of lack of space. A similar stage
in the division of one of the four nuclei of the proembryo is
shown in Fig. 8o 4.

In general the chromosomes at the nuclear plate are in the
form of U’s and V’s; in rare instances they are long and
somewhat coiled, and the spindle-fibres are not attached to
their centres (Figs. 61-64). They pass to the poles as narrow
U'’s (Fig. 66). Sometimes the arms of the |J are pressed so
closely together that the chromosomes look like longitudinally
split rods. In a late anaphase of the division, the chromatic
elements present a crinkled appearance, and the poles of the
spindle terminate in granular areas from which threads extend
into the surrounding cytoplasm. These fibres may be quite
inconspicuous or they may be very prominent, frequently
forming fantastic figures (Figs. 67 and 68).

A portion of the achromatic constituents of the sexual
nuclei may persist in the region of the mitotic figure until the
formation of the daughter-nuclei, but, as a rule, all traces of
the original nuclei have disappeared at this time. Blackman
finds no suggestion of a cell-wall in connexion with the first
division which takes place within the oosphere. But here,
again, great variation has been found in Pinus Strobus. The
spindle either becomes constricted at the centre with little or
no sign of thickening along its median line, or it may be very
broad, in which case prominent thickenings occur, only to
disappear at a later stage, in the line of the cell-plate (Figs.
66 and 6g). As the half-chromosomes unite to form the
daughter-nuclei, the poles of the spindle often become very
slender, and seem to press against the forming nuclei, render-
ing them concave along their inner surfaces; and delicate
fibres now extend from all sides of the division-figure into
the cytoplasm (Fig. 6g). As already indicated, there is no
evidence that any portion of this spindle is denved from the
cytoplasm, and it is probable that a large part, if not all, of
its fibres are formed by a rearrangement of a portion of the
achromatic, nuclear reticula. During the dissolution of the

Hh2
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mitotic figure, some of the substance of the spindle-threads
probably passes into the daughter-nuclei, but the greater part
of the fibres merge into the cytoplasmic reticulum and be-
come indistinguishable from it. We have here another evi-
dence that cytoplasmic and nuclear elements are but different
expressions of the fundamental or ground substance of the
cell. When the daughter-nuclei are formed, they present very
beautiful, moniliform reticula, which later undergo changes
very similar to those described for the growing egg-nucleus.
As recorded by Wilson (96 and '00),. Van Beneden ('83
and ’87) made the very interesting discovery, confirmed by
Herla ('93), that the chromosomes are formed separately in
the sexual nuclei of Ascaris megaloceplala. The differentia-
tion of the chromatic segments takes place after the entrance
of the sperm-nucleus into the egg, but before the two nuclei
have come into contact. Thus the exact equivalence of the
chromatic substance in the paternal and maternal nuclei was
demonstrated. In the following year, Strasburger ('88) sug-
gested that in the coming together of the nuclear threads lay
the important point in fertilization. A separating-out of the
chromatic elements similar to that described by Van Beneden,
has since been found to occur during fertilization in many
animals, but has not yet been demonstrated as of frequent
occurrence in plants. In 1891, Guignard described the forma-
tion of two distinct chromatic spirems in the conjugation
nucleus of Lzlium Martagon, but he did not figure them, and
his statement seems to have been overlooked by most later
writers. Strasburger was able, in 1897, to distinguish the
maternal and paternal portions of the fertilized nucleus in
Fucus up to the time when the spindle was fully formed.
But the results of more recent writers ! seem to indicate that

! Amoldi (00) in Cephalotaxus, Caldwell ('99) in Lemna, Campbell ('99) in
Sparganium, Farmer and Williams (’98) in Fuess, Guignard (°99) in Lilium,
Harper ('00) in Pyronema, Ikeno ('98) in Cycas, Jager ('99) in Zaxus, Land ('00)
in Erigeron and Silphium, Lotsy (’99) in Gretum, Merrell ('00) in Silphiunm,
Mottier (98) in Ls/ium. Mottier ('00) in Dictyota, Nawaschin ('99) in Lilium,
Nawaschin ('00) in Helianthus, Delpkiniunt, and Rudbeckia, Osterhout (*00) in
Batrackospermum, Shaw ('98) in Onsclea, Thom (99) in Adiantum and Aspidium,
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fertilization in plants consists in the fusion of two nuclei to.
form a resting nucleus. '

Students of Pinus, however, have attained quite different
results, and find, in this genus, phenomena very similar to
those occurring during fertilization in some animals. Black-
man concludes that in Pinus sylvestris ‘no resting fertilized
nucleus is ever formed, and that ‘the half-chromosomes,
derived from the male and female nuclei respectively, fuse
together at the poles of the first segmentation-spindle’; and
Chamberlain found that two chromatic spirems were formed
in Pinus Laricio, but, as so many stages were lacking in his
material, he hesitated to draw definite conclusions. As a
result of the present studies, it is found that, in Pinus
Strobus, the chromatic portions of the sexual nuclei remain
distinct until the daughter-nuclei are formed; and there is
never any true fusion of the conjugating nuclei; i.e. the two
nuclei do not form one individual enclosed by a definite
membrane.

No centrosome or centrosome-like-body has been observed
in connexion with the sexual nuclei, either before or during
this division. Although the centrosome as an organ has
failed to be demonstrated, yet a detailed study of this mitosis
makes the conclusion inevitable that the force initiating and
controlling the division is supplied by the sperm- and not by
the egg-nucleus—this force manifesting itself only in the
presence of the egg-cytoplasm.

THE DIVISION OF THE TWO SEGMENTATION-NUCLEL

The two daughter-nuclei remain in the upper part of the
egg and pass through the same stages in their development
as those described in the maturation of the egg-nucleus,
except that, as a rule, no nucleolus becomes apparent within
them. These nuclei have been observed to approximate in
Thomas ('00) in Caltha, Wager (00) in Peronospora, and Wuicizki ('99)

(according to Amoldi and to reviews in the Bot. Zeit. and in the Journ, Roy.
Micr. Soc.) in Larix.
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size to the mature egg-nucleus; but they usually cease to
grow and begin to divide while they are still much smaller
than the fully developed nucleus of the oosphere. The steps
in the division of these two nuclei are almost exactly like
those of the first division. The nuclear reticulum is resolved
into a beautiful; open and interrupted, granular, achromatic
network, which is crossed by several coarsely granular, deeply
staining threads. These threads, which represent the chro-
matic portion of the nucleus, have at first no definite arrange-
ment; but they soon unite to form two distinct coiled or
angled spirems which draw together at one side of the nucleus
(Figs. 71 and 72). It is an interesting fact that these spirems
are always found on the adjacent sides of the two nuclei. This
position suggests that there is a certain attraction, comparable
to that existing between the sexual nuclei, active between
these nuclei; or the relation of the inner sides of these nuclei
with the poles of the spindle, in the early stages of their
formation, may have some influence upon the position which
these spirems assume in the dividing nuclei. )

When the two spirems, which are still roughly beaded with
the chromatic substance, come to lie side by side along the
inner wall of the®nucleus, the nuclear wall resolves itself into
a weft of fibres. These threads pass into the surrounding
cytoplasm and soon wholly disappear; at the same time,
achromatic fibres arise in the regions of the spirems (Figs.
72 and 73). These threads quickly draw together, forming
a sharply bipolar spindle on which the two now perfectly
homogeneous, chromatic bands lie. The spindle does not
become bipolar in some instances until after the segmentation
of the spirems (Figs. 72—74). We have preparations repre-
senting a very complete series in this division, but, as it is
exactly similar, especially in its later stages, to the first
division, it is thought best not to multiply sketches by
repeating like figures. .

There can be little doubt that the two spirems formed in
each of these nuclei represent the separated-out paternal and
maternal chromatic substance, although, to a;11 appearances,
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the chromosomes were completely fused in the reticula of -the
daughter-nuclei. One is reminded by these phenomena, of
Strasburger’s ('92) remark, when he states that he accepts the
view of a complete fusion of the segments into a network in
the daughter-nuclei, and then asks if he must, therefore,
conclude that the chromosomes in the following divisions do
not correspond in material.

Riickert (’95) found that the chromatic portions of the
conjugating nuclei in Cyclops not only remained distinct
during the first division, but that two groups of chromosomes,
representing respectively the maternal and paternal chromatic
elements, could still be recognized after several divisions had
taken place. In this case, however, the two groups do not
fuse in the daughter-nuclei but a double nualeus is formed in
the resting stage. In the same year Zoja ('95) observed that
in Ascaris the maternal and paternal chromosomes remain
entirely distinct during several successive divisions of the
segmentation-nucleus. We have, then, in this second division,
a further point in which fertilization-phenomena in Pinus
correspond to those which occur within the ova of some
animals. T have, as yet, made no attempt to obtain a’com-
plete series of stages in the development subsequent to the
formation of the first four nuclei of the proembryo. But, from
a comparison of Fig. 79 4 with 71, and 8o & with 64, one is
led to expect that the third division following fertilization
will correspond in all points with the second. It would be
interesting to determine if two chromatic groups are character-
istic of all the divisions which normally occur within the
oosphere of Pinus, and 1 hope to be able, shortly, to
investigate this question more thoroughly.

THE FOUR SEGMENTATION-NUCLEIL

As a rule these nuclei retain their position in the upper
half of the egg until their growth is completed (Fig. 76).
Here, again, as in the development of the two segmentation-
nuclei, the steps described for the maturation of the egg-
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nucleus are repeated, except that a nucleolus does not gene-
rally become apparent within these nuclei. When they have
attained full size they pass to the base of the oosphere.
During their descent many fibres arise in the cytoplasm
surrounding the nuclei. Some of these threads run parallel
with the walls of the nuclei, while others extend out from
the nuclei in a radial manner. These fibres become more
prominent as the nuclei approach the base of the oosphere,
and, as in the case of the egg-nucleus, they are most strongly
developed along the upper sides of the nuclei (Figs. 77, 77 8,
78, and 78 4). When these nuclei have nearly reached the
bottom of the egg, the nutritive spheres have almost dis-
appeared from the cytoplasm, those which still persist being
much reduced in contents (Fig. 78). After the four ‘nuclei
have arranged themselves at the ‘organic apex’ of the
oosphere, in a plane perpendicular to the major axis of the
archegonium, a marked change ‘occurs in the cytoplasm of
their immediate vicinity. It becomes dense, coarse, more or
less granular, and has a great affinity for stains (Figs. 79
and 794). Blackman describes the formation of cell-walls
between these nuclei, but, in the five species of pines which
I have studied, cell-walls do not arise until after eight nuclei
have been formed.

The early prophases, as also the meta- and ana-phases
in the mitosis of the four segmentation-nuclei, correspond
in every respect with the same stages in the second division
following fertilization; and it is probable that the chromo-
somes are derived from two distinct spirems as in the first
and second divisions occurring within the.egg ; but, as already
indicated, the steps in the origin and development of the
chromosomes have not been carefully traced in this division.
These nuclei divide simultaneously. Chamberlain states that
‘in the division of the four nuclei the spindle is extremely
‘broad and multipolar.” I have occasionally observed such
a figure during this mitosis, but here, again, great variation
exists. Every transitional form may be presented during
metakinesis between a multipolar diarch spindle, which fills

-
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the entire breadth of the nucleus, and a slender bipolar spindle,
such as is shown in Fig. 804. As the halves of each chromo-
some separate at the point where the spindle fibres are

* attached, the longitudinal splitting of the segments becomes

evident throughout the entire length of the chromosomes
(Fig. 804).

During mitosis, the deeply staining substance surrounding
these nuclei condenses into large irregular masses. When
the eight nuclei are formed, this deeply Staining material
collects about them and extends in irregular strands into the
cytoplasm. Xach nucleus' is now surrounded by its own
cytoplasm, though no cell-walls have yet been laid down
(Figs. 79 6~80 4). The deeply staining, cytoplasmic substance
appears to be repelled from all sides of these nuclei and is
deposited in lines which indicate the .position of the future
cell-walls ; the cell-membranes appear to arise by a direct
transformation of this substance. The process seems to be
very similar to that described by Farmer and Williams (’98)
in Fucus. Mottier ('00) inclines to the view that the cell-
plate is deposited in the form of a homogeneous fluid, the
kinoplasm, even though its presence cannot be demonstrated,
being the active agent in its deposition. The substance
which is cast out, or passes out, from the region of the eight
nuclei in the formation of .cell-walls at the base of the
oosphere in Pinus, has the appearance at times of a homo-
geneous, deeply staining fluid, in which numerous irregular
granules are embedded; but there is never any evidence
of its being purely fluid in nature.

The origin and disappearance of the achromatic spindle
in the several divisions, which have been followed within
the oosphere of Pinus, indicate that, as in the division of the
generative cell of the pines, so here, the spindle-fibres are not
the expression of a special kinoplasmic substance.

THE SO-CALLED PROTEID VACUOLES.

The true nature of the proteid vacuoles is a subject which
attracted my attention very early in the course of these investi-
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gations. There can be no doubt that there is an intimate
relation between the sheath-cells of the pines and the substance
of the egg, such as is believed to exist between the follicle-
cells and the egg in animals. But the exact nature of this
connexion, in Pinus, is not easily determined. 1 have rarely
examined a preparation showing archegonia without studying
the relation of the sheath-cells to the oosphere ; and yet no
entirely satlsfactory evidence, because not demonstrable
beyond question, of the origin and nature of the so-called
proteid vacuoles has been found.

Hirase ('95) observed that the granules in the egg of Ginkgo
were of nucleolar origin, being derived both from the nucleus
of the central cell and from the nuclei of the sheath-cells.
Arnoldi (’00) found that substantially the same thing was
true in Cephalotarus. He was not able to detect the passage
of the nucleoli from the sheath-cells into the egg, but, since
these granules were present on both sides of the membrane of
the egg-cell, he accepted the fact of their transference. I have
frequently seen a nucleolus partly without and partly within
the nucleus of a sheath-cell ; but in no instance could one
be sure that such a condition was not the result of mechanical
displacement.

Ikeno ('98) found direct evidence that the nutritive spheres
in Cycas are of nuclear origin. But no such phenomenon
as he observed in Cycas occurs in Pinus. Platner (’86)
described the passage of the follicle-cells into the ovum in
Helix, and a few other such instances have been recorded
in animals. Arnoldi ('00) has recently noted a most remark-
able migration of whole nuclei from the sheath-cells into the

~egg in several species of pines. . He has observed, in a single
series, as many as one hundred and fifty nuclei passing into
the ovum. From the fact that Arnoldi writes Strodus in
a parenthesis after Pinus Peuce, 1 infer that he employs
the terms as synonyms; but I find no authority for such
a usage, and cannot accept his conclusions as holding good
for Pinus Strobus. It does not seem possible that, in a care-
ful examination of several thousand archegonia, so obvious
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a phenomenon as that described by Arnoldi could have
escaped detection; and I must, therefore, conclude that it
does not take place in the species of pines which I have
studied.

Some interesting observations have been made, however,
regarding the nature of the nucleolus of the egg-nucleus. As
already indicated, this nucleolus does not arise in Psnus Strobus
until the egg-nucleus has attained considerable size. It appears
in the lower part of the nucleus as a minute, solid, spherical
body; during growth a small, central vacuole appears, then
other vacuoles, until, at maturity, it is completely filled with
vacuoles of various sizes (Figs. 32-36). A limiting membrane
is not always apparent in this nucleolus (Fig. 8o, Pl. XXV});
but, in some instances, there seems to be very strong evidence
of such a membrane (Figs. 36, Pl. XXIV, and go, Pl. XXIII).
In Fig. 36 the nucleolar wall has been broken at one
place, and a vacuole, lying near the point of rupture,
has been indented along its outer surface, thus becoming
crescent-shaped. Montgomery ('98) sounded a word of warn-
ing against interpreting the peripheral stratum of the ground-
substance of the nucleolus as a wall-layer; and there is a
possibility that, in the figures above referred to, what appears
like a limiting membrane is only the outer, unmodified portion
of the nucleolus.

The attitude of this nucleolus towards dyes varies much
at different periods in its history. It may or may not take
the safranin stain characteristic of Flemming’s triple com-

bination ; it may stain intensely with gentian-violet or

iron-hematoxylin (Figs. 36, Pl. XXIV, and 88, Pl. XXIII);
it may show a weak reaction to these stains (Fig. go, PL
XXIII), or it may be absolutely unaffected by them, remain-
ing as a hyaline or greenish-yellow structure (Fig. 89, PL
XXIII). When the nucleolus resists the action of dyes, its
nucleus is usually totally free of the secondary nucleoli, which
have been described in connexion with the maturation of the
egg-nucleus, and the cytoplasm of the egg is studded, to an
unusual degree, with large, deeply staining granules, But
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the nucleus containing a nucleolus which stains with avidity,
generally contains, also, innuinerable secondary nucleoli ; at
the same time there are comparatively few deeply staining
granules in the cytoplasm of the egg.

The position of the secondary nucleoli with reference to
the primary nucleolus is frequently such as to indicate that
the former originate in the latter (Figs 54; Pl. XXIV, and
88, Pl. XXIII). The only observations which would militate
against such an origin are the few cases found in which the
secondary nuclei seem to appear earlier than the primary
nucleolus (Fig. 29). It may be that, in these cases, the
primary nucleolus has not yet become diﬂ'erent.iate& in struc-
ture from the secondary nucleoli, as would evidently be true
in a stage slightly younger than that shown in Fig. 32; or
it may be true that the primary nucleolus is present, but
fails, at this time, to stain.

The nuclei of the cells surrounding the young archegonia
contain from three to five nucleoli, and one or more nucleolus-
like structures may be present in the cytoplasm of these cells.
Each nucleolus is surrounded by a clear court which, as
Zimmermann ('96) has pointed out, is evidently not an arte-
fact. These nucleoli may be spherical, elliptical, irregular,
or long and almost dumbbell-like 'in outline. The ordinary
cells of the prothallium do not now show nucleoli, If such
bodies be present, they are small and obscured by the nuclear
reticulum. At about the time of the cutting off of the ventral
canal-cell, many small, nucleolus-like masses appear in the
nuclei of the sheath-cells—twenty or more occurring in a
single nucleus. When the egg has reached maturity, and
during the later stages of its history, no nucleolus, or but one
or two nucleoli, can be demonstrated in the nuclei of the
sheath-cells. These nucleoli are no longer surrounded by a
hyaline court, but are embedded in the chromatic network.

The nucleoli of the sheath-cells present the same attitude
towards stains as does the nucleolus of the egg-nucleus. But
while the nucleoli of the sheath-cells frequently stain but
feebly, they rarely fail entirely to stain.
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During an earlier study of the sporogeny of Pinus Strobus,
similar colour-reactions were observed in connexion with the
nucleoli. The occurrence of unstained nucleoli in the same
nucleus in which others were deeply coloured was common,
especially at about the time of synapsis.

Various views are held regarding the nature of the nucleolus.
We cannot here enter into a discussion of the voluminous
literature dealing with the origin, function, and destiny of
these structures; but a few of the many views which have
been advanced may be noted.

Strasburger ('93, 97, and '00) expresses his conviction that
nucleolar ‘substance contributes to the formation of spindle-
fibres. A similar view is held by Fairchild ('97), Harper ('97),
Debski ('97), and other students of the Bonn Laboratory.
Strasburger further holds that the nucleoli make active the
spindle-forming substance in the cytoplasm, or that they
enhance the activity of the kinoplasm.

Flemming ('82), Humphrey ('95), Zimmermann ("93), Sargant
(96 and '97), Duggar (’S9), Mottier ('00), and many qthers
believe that the nucleoli represent reserve supplies of chromatin.
Dixon ('99) finds in them a vehicle of inheritance. Hirase
('98) thinks that they give rise to the attractive spheres; and
according to Karsten (’93), Lavdowsky ('94), and Wilcox ('93)
they are centrosomes. :

Jordan ('93) states that ‘ their function is almost certainly
one of nutrition either concerned in the storage or elaboration
of nutritive material *; Lukjanow ("88) and Macallum ('91) con-
sider the nucleoli to be excretory organs which are intimately
related to the nutritive spheres of the egg, these spheres
arising through a process of deposition from the nucleolus;

.and Hicker (’93) observes that the nucleolus is a contractile

vacuole which absorbs proteid substances. The absorbed
materials undergo a chemical change within the nucleolus,
and are then periodically discharged.

Fleming ('82), Zacharias ('85), and Zimmermann ("93) ascribe
to the nucleolus the dignity of a nuclear organ; and Mont-
gomery ('98) makes the following suggestion: ¢ That though
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the nucleolus consists of substances which stand in some
relation to the nutritive processes of the nucleus, and so, at
the time of its formation, may be a functionless, inert mass of
matter, yet it may at later periods in the history of the resting
nucleus, acquire some active function,and thus gradually come
to acquire the value of a nuclear organ.’

The nucleolus of the egg-nucleus, as also the nucleoli of the
sheath-cells in Pinus Strobus, appear to represent active
portions of the cell rather than inert masses of matter.
Certain aspects presented by these nucleoli are surely sugges-
tive of plastids. The uncoloured framework of the egg-
nucleus reminds one very strongly of a chlorophyll-body
from which the pigment has been extracted. Yet we would
not, in the present state of our knowledge, denominate them
plastids. I believe, however, although the phenomena are
not of such a nature as to admit of definite demonstration,
that the nucleolus of the egg-nucleus, as also the nucleoli of
the sheath-cells, i3 actively engaged in the formation of a
substance which in the egg-nucleus assumes the shape of
secondary nucleoli. These nucleoli become diffused through-
out the nucleus, from which they pass, probably in solution,
into the egg-cytoplasm. Here they are again differentiated,
and by a gradual development, give rise to the ¢proteid
vacuoles’ or nutritive spheres of the oosphere. It may be
that the greater size of the egg-nucleus, in comparison with
that of the sperm-nucleus, is correlated with the physiological
réle, as above suggested, which it plays in the cell.

THE FATE WITHIN THE EGG OF THE SMALLER SPERM-
NUCLEUS, THE VEGETATIVE NUCLEUS, AND THE
STALK-CELL.

When these nuclei first enter the oosphere there is no
question as to their identity, to one who has become familiar
with them before their exit from the pollen-tube (Figs. 40-
42). Remnants of these cells have been found in the upper
part of the egg as late as the formation of the eight-celled
stage of the proembryo. The stalk-cell remains for some
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time unchanged, and finally disintegrates. In so far as I have
been able to determine, it assumes a more or less granular
appearance, and at last blends with the cytoplasm of the egg.
The vegetative nucleus undergoes various changes. Occasion-
ally it seems to contract, becoming gradually smaller until it
is no longer demonstrable ; it may change little, if at all, in
size, but its reticulum often becomes more prominent than
when within the pollen-tube ; rarely it enlarges rapidly after
its entrance into the egg and develops a beautiful reticulum
(Fig. 39)- The sperm-nucleus not active in fertilization
increases but little in size, and its network becomes less
dense, resembling that of. the conjugating nuclei; it may
pass through the ordinary processes of disintegration; and
in a few cases, not sketched for lack of space, it has been
observed to divide amitotically as described by Arnoldi ('00)
in Cephalotaxus. ‘

But _frequently the sperm-nucleus and occasionally the
vegetative nucleus attempt to divide mitotically. One or
two small, abortive, karyokinetic figures are not uncommon
in the upper part of the egg at the time of the division of the
two segmentation-nuclei. I have said, ‘ attempt to divide, for
no instance has been observed in which the division of these
nuclei has extended beyond a late prophase. A bipolar
spindle, with the chromatic segments scattered irregularly
upon it, represents the most advanced stage which has been
seen in the division of the smaller sperm-nucleus (Fig. 87 4).
(A rupture was made during sectioning in the cytoplasm at
one end of this spindle so that the upper pole has been
separated into two.) The stalk-cell still persists at this late
date (Fig. 87 4), and in another section of the series a second
mitotic figure appears (Fig. 87). This evidently represents
the vegetative nucleus. The achromatic part of the figure
presents the appearance of a normal bipolar spindle; but the
chromatic spirem has not become homogeneous, and probably
would not have developed further. In some cases a well-
developed spirem is formed in the upper part of the egg, but
no achromatic threads become apparent (Fig. 85); again,
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a nucleus reems to have been entirely resolved, during its
disintegration, into achromatic fibres. As above stated, in
no case observed did the division of these nuclei reach
telokinesis; but at some point in the development prior to
such a late stage, activity ceased, and disintegration of the
nuclear elements took place.

It might be suggested that these division-figures result
from the conjugation of the nucleus of the ventral canal-
cell with the smaller sperm-nucleus. There is no evidence
that such is the case, and I am convinced that they could
not have had such an origin. In an examination of many
hundred archegonia just before fertilization, no ventral canal-
cell containing a normal nucleus has been observed. Shall
we, then, conclude that, in a far less number of preparations
representing stages immediately following fecundation, fifty
or more instances occur in which the nucleus of the ventral
canal-cell has conjugated with another nucleus and sub-
sequently divided ?

It is generally recognized, especially by cytologists on the
animal side, that the stimulus to division is given, not by the
egg-nucleus, but by the cytoplasm of the egg. If this be
true, it'is not strange that these nuclei, lying in a position
where everything is most favourable for growth and develop-
ment—in a medium not only rich in nutritive substances but
especially adapted to incite activity in nuclei—should divide.
It is a well-known fact that when several spermatozoa enter
the ovum of certain animals, only one unites with the egg-
nucleus, the others degenerate, or, as is frequently the case,
they divide mitotically. And herein we find a further
similarity between the processes attending fertilization in
some animals and those taking place within the oosphere
of Prnus.
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SUMMARY.

The time at which the archegonia appear, in the species of
Pinus which I have studied, varies somewhat, but in general
they can first be detected about two weeks before fertilization.
They are normally found at the micropylar end of the pro-
thallium, and arise by the differentiation of certain of the
peripheral cells. By the later growth of the female gameto-
phyte, the mature egg is sunk to a considerable depth in the
prothallial tissue, but there always remains an open channel
leading from the neck-cells to the nucellar cap. The number
of archegonia varies in the different species from one to nine.
When the number of oospheres formed is small, they are almost
spherical in outline; but this shape may be greatly modified
according to the number and arrangement of the archegonia.

In Pinus Strobus, the typical neck of the archegonium

- consists of four cells, all lying in' the same plane, while in
Pinus austriaca and P. rigida it is made up of eight, disposed
in two layers of four cells each ; but there is a lack of uniformity

both in the number and in the arrangement of these cells, not

only in different, but in the same species.’

The central cell is very vacuolate at first, its nucleus always
remains close beneath the neck-cells, and is more or less
concave on the side toward those cells. When the ventral
canal-cell is cut off, about a week before fertilization, the
vacuoles have nearly disappeared from the venter of the
archegonium.

The spindle in the division of the central cell arises as
a multipolar diarch one, and lies wholly within the nucleus.
That portion of the mitotic figure which gives rise to the
ventral canal-cell varies much in the later stages of its develop-
ment ; but, whatever irregularity characterizes the upper part
of this spindle, it always becomes monopolar, or nearly so, at
its lower, inner extremity.

The form and structure of the nucleus of the ventral.canal-
cell are very variable, and are correlated with the 1rregular1t1cs

Ii
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occurring in the upper, outer portion of the achromatic spindle
during the division of the central cell. There are probably
instances in which no membrane is developed about this
nucleus; in such cases the chromosomes never fuse to form
a network. The ventral canal-cell rarely presents the appear-
ance of a normal cell; at the time of fertilization it usually
persists as a small, somewhat crescent-shaped, deeply stain-
ing body, which lies just beneath the neck-cells of the
archegonium and above, but in contact with, the cytoplasm
of the egg.

During the maturation of the egg, many nutritive spheres
arise in its cytoplasm. At first these are irregularly scattered
throughout the cell, though more prominent at its periphery;
in the mature egg, they are largely confined to the peripheral
portions of the lower half of the cytoplasm. It is suggested,
though not definitely demonstrated, that these nutritive spheres
are the products of nucleolar activity, having originated within
the nucleolus of the egg and the nucleoli of the sheath-cells.

As the egg-nucleus assumes its central position in the
oosphere, it increases much in size, and many fibres arise in
the cytoplasm surrounding it. These threads have, in general,
a radial arrangement and are most prominent along the upper
side of the nucleus. The structure presented by the growing,
and also by the mature, egg-nucleus may vary from a most
delicate network bearing minute granules, to an interrupted,
imperfect reticulum composed of large, irregular, diffusely-
staining elements. These various aspects are doubtless the
expressions of the different physiological activities with which
this nucleus is concerned. The normal egg-nucleus has one
large, vacuolate nucleolus and a varjable number of small,
secondary nucleoli. There is no evidence of the presence in
this nucleus of a special metaplasmic substance.

The egg-cytoplasm presents a delicate reticulum, in which,
at times, many fibres occur. Immediately preceding fertili-
zation, an opening arises in this cytoplasm, just below, or in
the near vicinity of, the neck-cells. This cavity is apparently
formed for the reception of-the sperm-cell.
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At the time of fertilization, an opening is formed in the
apex of the pollen-tube, and the cells of the male gameto-
phyte which still persist, together with a portion of the
cytoplasm and some of the starch of the pollen-tube, pass into
the cytoplasm of the egg.

The larger sperm-nucleus escapes from the protoplasm of
the sperm-cell and moves directly toward the egg-nucleus;
the other nuclei from the pollen-tube may persist, in a modified
form, in the upper part of the archegonium until the eight-
celled stage of the proembryo; but the cytoplasm of the
sperm-cell fuses at once with that of the oosphere. The stalk-
cell gradually disintegrates and blends with the egg-cytoplasm.
The vegetative nucleus and the smaller sperm-nucleus may
share the fate of the stalk-cell, but, during the second division
following fertilization, they not infrequently give rise to mitotic
figures. The smaller sperm-nucleus, then, may pass through
a slow process of disintegration, it may divide amitotically, or
it may give rise to a karyokinetic figure of more or less
definiteness. )

There is no apparent change in the diameter of the sperm-
nucleus after its entrance into the oosphere. At the time of
conjugation, the egg-nucleus is several times larger than the

. sperm-nucleus, and the sperm-nucleus does not increase in

size after its contact with the egg-nucleus. The inequality in
the size of the sexual nuclei may be due to the difference
in the size of their cells. But if, as has been suggested, the
egg-nucleus functions as a manufacturer of nutritive material,
may we not find in this activity a feasible explanation of its
greater size? The conjugating nuclei always dissimilar in
size may, or may not, be similar in structure.

The egg-nucleus becomes slightly concave on the side
nearest to the approaching sperm-nucleus. This nucleus
embeds itself in the side of the egg-nucleus but does not
penetrate its membrane. There is never any fusion, as
ordinarily understood, of these twonuclei. A chromatic spirem
arises, and a prominent achromatic reticulum becomes ap-
parent in each nucleus. Soon afterwards the nuclear mem-

I1ia2
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branes entirely disappear. The two chromatic groups remain
distinct until the nuclear plate stage.

The spindle of the first division following fecundation always
lies between .the conjugating nuclei and parallel with the
outer, free surface of the sperm-nucleus. It is multipolar in
origin and is probably derived equally from the paternal and
the maternal nucleus. The spindle-fibres appear to arise by -
a rearrangement of the achromatic nuclear reticula and are
evidently not the expression of a special kinoplasmic substance.
After the formation of the daughter-nuclei, the greater portion,
if not all, of these threads pass into the cytoplasmic network.
During metakinesis and later stages this spindle may vary
from a broad, multipolar diarch to a slender bipolar spindle.
The chromosomes pass to the poles in the form of narrow U'’s.

No individualized centrosomes or centrospheres have been
found to occur in connexion with the first division following
fertilization. But the entire activity connected with this
mitosis indicates that the sperm-nucleus, under the influencé
of the egg-cytoplasm, is the agent which initiates and controls
the division. o i '

The two segmentation-nuclei present a reticulated structure
in which the paternal and the maternal chromatin appear to
be completely fused. They divide in the upper part of the
egg, passing through practically the same steps-as those noted
for the first division. The two chromatic spirems of each
nucleus take up a position along the adjacent sides of the
nuclei. A longitudinal splitting of the chromosomes first
becomes apparent during an early stage in metakinesis.

The four segmentation-nuclei attain full size while still in
the upper part of the egg. As they pass to the base of the
oosphere, fibres occur in the cytoplasm similar to the threads
observed around the descending egg-nucleus. The steps in the
division of these nuclei have not been carefully traced, but,

“from the stages observed, it is probable that this mitosis does

not differ from the division of the two segmentation-nuclei. ’
No cell-wall is laid down at the base of the oosphere, in the
species of pines which we have studied, until after the eight-
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celled stage of the proembiyo has been reached. These eight
nuclei are surrounded by a deeply staining substance which
cxtends out from each nucleus in irregular strands. This
substance finally comes to lie in the lines of the future
cell-walls, and is evidently transformed into cell-wall.

- The number of chromosomes in the nucleus of the ventral
canal-cell, in the nuclei of the sheath-cells, and in the egg-
nucleus has been found to be 12, while the mitotic figure, in
the first division following fertilization, shows 24 chromatic
segments,

It is interesting to note the many points of similarity between
fertilization as it has been observed in Pinus, and the processes
known to take place during fertilization in some animals. (1)
The egg in Pinus is very large and is abundantly supplied
with nutritive spheres. (2) The sexual nuclei do not fuse,
and no- structure which could properly be called a segmenta-
tion-nucleus is ever formed. (3) An achromatic nuclear recti-
culum becomes very prominent in the sexual nuclei during the
prophase of division. (4) The chromatin of the sexual nuclei
forms two definite groups which remain distinct until meta-
kinesis. (5) Two chromatic groups, representing respectively
the paternal and the maternal chromatin, appear in the second
division following fecundation; and the indications are that
they will again occur in the third division and perhaps are
characteristic of all the divisions which take place within the
oosphere. (6) The nuclei, which enter the egg from the
pollen-tube but play no part in fertilization, show a tendency
to divide mitotically.

I am pleased to express my gratitude to Professor George F.
Atkinson for his most helpful advice and encouragement,
and his never-failing kindness, throughout the entire progress
of these studies.
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EXPLANATION OF FIGURES IN PLATES XXIII,
XXIV, AND XXV.

Tllustrating Miss Ferguson’s paper on Fertilization in Pirms Strobus.

All figures were drawn with the ald of the Abbé camera lucida, projection
14-3cm. A Zeiss microscope was used, the lenses being combined as follows:
Figs. 8-12, 41, 75-83 with ocular 4 and 16 mm, objective; Figs, 1-7,
38-40, 42-50 4, with comp. ocular 12 and objective as before ; Fig. 33 with
ocular 4 and 4mm. objective; Figs. 13-33, 34-36, 51-74, 774, 785, 7984,
80 4, 816, and 82 4 with ocular 4 and 2 mm, homo. immer. objective; Figs. 37 a~
37& and 88-go with comp. ocular 12 and 2 mm. homo. immer. objective. The
amount of magnification accompanies the description of each figure. The
drawings were reproduced without reduction, The lettering of the figures is to be
interpreted thus: prothallium ( #r.), ventral canal-cell (v.c), neck-cells (n.¢),
egg-nucleus (e. ».), sperm-nucleus (s. 7.), sperm-cytoplasm (. ¢.), vegetative
pucleus (p. ».), stalk-cell (st ¢.), starch (sA.), cytoplasm from pollen-tube (¢. p. 2.),
nutritive spheres (7. 5.), primary nucleolus ( gy. 2s.), secondary nucleolus (sy. »s.).

All the figures, with the exception of Figs. 33 and 8o 4, have been given their
normal position, as nearly as it was possible to do 50, on the plates, i. e. they are
so placed that the primary axis of the ovule would be parallel -with longer axis of
the half-plates ; and the portion of a figure nearest to the micropylar end of the
ovule is always toward the top of the plate. Unless otherwise stated the figures
represent stages in the development of Prnus Strobus.

PLATE XXIII.

Figs. 1-7. Stages in the early development of the archegonium. x 160,

Figs. 8-11. Later stages in the growth of the archegonfum. x %o,

Fig. 12. Matore archegonium. x 7o. ’

Fig. 13. Nucleus of the central cell shortly before its division. x g40.

Figs. 14-18. Prophases in the division of the centrlcell. x 540. Nos. 16 and
18, Pinus austriaca. '

Fig. 19. Cross-section of the ventral canal-cell soon after segmentation of the
chromatic spirem. X 540.

Figs. 20-21. Disappearance of the nuclear membrane and establishment of the
achromatic spindle. x 540

Figs. 33-39. Separation of the half-chromosomes and formation of the daughter-
nuclel. x 540. Nos. 34 and 29, Pimus austriaca. These figures show some of
the variations occurring in the mitotic figure for this division, and the corresponding
variations in the structure of the nucleus of the ventral canal-cell.

Figs. 30-33. Later history of the ventral canalcell and early stages in the
development of the egg-nuclens.  x 540.

Fig. 33. Division of the gentral cell, showing also the lower portion of & pollen-

* tobe which has already reached the endosperm. x 330. Pnus montana, var.

uncinata.

Fig. §8. The primary nucleolus from a mature egg-nuclens with secondary
nucleoli clustered about it, and evidently being formed by it. The primary
nucleolus has a great affinity for stains at this time. x 13200,
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Fig. 89. The framework of the primary nucleolus from a mature egg-nucleus.
x 1200. This nucleolus has remained of a light greenish-yellow colour after treat-
ment with Flemming s triple stain.

Fig. go. The primary nucleolus of a mature egg- nuc.leus. This nucleolus
shows a weak reaction towards dyes, and appdrently has an outer limiting
membrane. x I1300.

PLATE XXIV.

Figs. 34-35. Later stages in the downward movement and growth of the egg-
nuclens. x 540.

Fig. 36. Mature egg-nuclens. x 540.

Fig. 37, a-g. Portions of the reticulum from different mature egg-nuclei,
showing the variations which may exist in the structure of this nucleus. X 1200.

Fig. 38. The upper part of an archegonium, showing cavity formed in the
cytoplasm just prior to fertilization. x 160.

Fig. 39. The upper part of an archegonium just after the entrance into the egg
of the elements from the pollen-tube. x 160.

Fig. 40. A slightly later stage. The cytoplasm of the sperm-cell has already
fused with the cytoplasm of the egg. x 160.

Fig. 41. An entire archegonium showing the sexual nuclei in contact, and,

, - above them, the varions elements which have come into the egg from the pollen-
tube. x 7o0.

Fig. 43. The upper part of an archegoninum in the same stage as the above.
x 160.

Fig. 43. The sexual nuclel just before coming into contact. Note depression
in egg-nucleus.  x 160.

Figs. 44-50. Various appearances presented by the conjugating nuclei. It will
be bome in mind that these figures are so placed that the major axis of the
archegonia in which they occur would lie parallel with the longer axis of the half »
plate. x 160.

Fig. 504. Another section through the egg-nucleus shown in number s0. There
is a greater difference in the size of the conjugating nuclei thnn would appear in
figure 50. x 160.

Fig. 51. An early prophase in the first division following fecundation. X 540.

Fig. 53. A slightly later stage. The cytoplasm caught between the two nuclei
has collected into spherical masses. x 540.

Fig. 53. A still later stege in the formation of the two chromatic spirems.
X 540,

Fig. 54. A still later stage in which the paternal chromatic spirem has taken up
a position near the maternal spirem, and a few delicate achromatic threads have
made their appearance in the ‘neighbourhood of these spirems. The nuclear
membranes are still present, but have broken down at several points. x 540.

. Fig. 55. A later stage. The nuclear membrane has.entirely disappeared ; the
spindle fibres have increased in number ; and the rearrangement of the achromatic,
nuclear reticula into granular threads is very apparent. x 540.

Figs. 56-57. More advanced stages in the formation of the spindle. x 540.

Downl oaded from https://acadeni c. oup. conf aob/articl e-abstract/os-15/ 3/ 435/ 240575
by Queen Mary University of London user
on 20 March 2018



478 Ferguson.—The Development of the Egg and

PLATE XXV.

Fig. 58. The spindle fully established ; the two chromatic spirems still perfectly
distinct. x 540.

Fig. 59. The two spirems after segmentation; the two halves of the spindle
seem to indicate the maternal and the paternal portions of the mitotic figure.
X 540.

Fig. 6o. Early stage in the formation of the chromosomes. The chromatic
elements still ocenr in two distinct groups. X 540.

Fig. 61. The chromosomes being oriented at the nuclear plate. The distinction
between paternal and maternal elements no longer evident, x 540.

Fig. 62. A cross-section through the nuclear plate just before the splitting of
the chromosomes ; twenty-four segments are distinctly shown. x 540.

Figs. 63-65. Some of the aspects presented by this mitotic figure during meta-
kinesis. x 540.

Fig. 66. An anaphase of the mitosis.

Fig. 67. A late anaphase of the division ; the poles terminate in granular areas
from which delicate threads extend into the cytoplasm ; some of the nucleolar
substance from the egg-nucleus still persists. x g40.

Fig. 68. One end of a spindle in the same stage as the above ; the fibres which
radiate from the polar region of the spindle are very abundant and stain deeply.
X 540.

Fig. 69, One aspect presented by the karyokinetic figure in the telophase of this
division, x 540. '

Fig. 70. The two segmentation-nuclei fully formed. x g40.

Fig. 71. One of the two segmentation-nuclei in an early prophase of division.
X 540.

Figs. 72-736. Later stages in the second division, showing two chromatic
spirems. %X §40.

Fig. 74. A still later stage. X 540.

Fig. 75. An entire archegonium showing the position of the two segmentation-
nuclei during division. x 70.

Fig. 76. An archegonium showing the original position of the four segmentation-
nuclei. x 7o0.

Fig. 77. The sameafter the nuclei have begun their downward movement. x yo.

Fig. 78. The same after the nuclei have almost reached the base of the oosphere.
x 70,

Fig. 784. A portion of number 78, showing details in nuclear structure, and
fibres in the surrounding cytoplasm. x 540. .

Fig. 79. The lower part of an archegonium after the four nuclei have arranged
themselves at the ¢ organic apex’ of the oosphere. x 7o.

Fig. 79 6. A portion of the above; the nucleus is in the early prophase of
division ; the cytoplasm surrounding the nucleus has become dense and deeply
staining. X 540.

Fig. 80. The basal portion of an egg; the four segmentation-nuclei are in a
metaphase of the mitosis. x 70.

Fig. 805. A part of the same showing details. x 540,
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Fig. 81. A portion of the lower part of an oosphere after the formation of the
eight naclei of the proembryo. x 70.

Fig. 814. A part of the above giving details. No cell-walls have as yet been
formed. x 540. . .

Fig. 82. A somewhat later stage than number 81. x 7o.

Fig. 82 4. A portion of the above, showing cell-walls in the process of formation.
X 540.

Figs. 83-84. Some of the aspects presented by the ventral canal-cell. x 540.

Figs. 85-86. Figures occurring in the upper part of archegonia during the
division of the segmentation-nuclei, x 540.

Figs. 87-8y . Figures occurring in the upper part of an archegonium at the time
of the second division following fertilization : Fig. 87 represents the vegetative
"nucleus, and the karyokinetic structure in Fig. 87 & the smaller sperm-nucleus ; just
above this figure is the stalk-cell. x 540.

CORNELL UNIVERSITY.
Oct. 1, 1g00.
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