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Militaire verplichtingen hebben mijn studententijd, nu ruim
acht jaren geleden, tot een abrupt einde gebracht, en langen
tijd iederen regelmatigen arbeid belet. Later nam mijn maat-
schappelijke werkkring mij in steeds toenemende mate in beslag,
zoodat het thans voltooide werk soms maanden achtereen moest
blijven rusten. Slechts dan toch achtte ik mij gerechtigd daaraan
te arbeiden, wanneer aan alle andeve aanspraken op mijn
werkkracht ten volle was voldaan. Het late verschijnen van dit
proefschrift moge hiermede gerechtvaardigd zijn.

Dankbaar erken ik de aroote waarde, die de academische
vorming voor mij heeft gehad, en gedenk hierbij in de eerste
plaats de hoogleeraren in de Wis- en Natuunrkundige faculteit,
wier onderwijs ik aan de Amsterdamsche Universiteit genoten
heb. In het bijzonder U, Hooggeleerde Huvco e Veirs, ben ik
veel verschuldigd. Uw leiding, Uw belangstelling in mijn studie,
en vooral ook het voorrecht, dat ik een tijdlang Uw assistent
heb mogen zijn, worden door mij steeds in dankbare herinnering
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treden, zijt ingegaun; de hulpvaardigheid, waarmede gij mij
het materiaal voor mijne onderzoekingen hebt verschaft: en de
welwillendheid, waarmede gij mij bij de bewerking van dit
proefschrift in alles zijt tegemoet gekomen. Voor Uw moeite,
Uw tijd, Uw voorlichting en Uw helangstelling ben ik U
blijvend erkentelijk.
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Reliquia Treubianae 1II.

Embryosac and Embryo of Moringa oleifera Lam.

Moringa oleifera Lam. (pterygosperma Girtner) is the best
known representative of the tropical family of the Moringaceae.,
Indigenous to the Indies the species has been cultivated for
many thousand years and is to be found in African and American
tropics as well as in Asia.

Material.

One of the very last studies published by Trrus (Le sac
embryonnaire et l'embryon dans les Angiospermes. Nouvelle
serie de recherches — Ann, du Jard. Bot. de Buitenzorg 1910) was
meant as the first of a series of articles on the subject. For
this purpose he brought home an extensive material relating
to embryosac formation in numerous tropical families, After-
wards the collection passed to Prof. Went of Utrecht University
who kindly put at my disposal the Moringa material collected
by Trrus at Buitenzorg (Java), which was fixed in alcohol.

From still two other sources material was available at
Utrecht. Borminen collected on the isle of Curacao (Duteh West
Indian archipelago) and Kuyeer in Surinam (Dutch Guyana).
Fixation by both in alcohol and in Flemming's.

During the examination it turned out that only embryosac
formation could be studied from the material at hand. Even in
seeds of considerable size no trace of embryo formation was
seen, though full-grown seeds were known to carry quite nor-
mall embryo's. Dr. Srauern at Paramaribo (Surinam) Kindly
helped me by sending additional stadia, collected by him and
fixed in alcohol, which fixation proved itself to be the best.

Ann. Jard. Bot. Buitenz. DI, XXXIIL ]
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Though of different origin the material was of absolute uni-
formity as to megaspore- and embryosac formation. Kuyrer's
material however showed some delay in development. Ovaries
of a size in which usually mature sacs are found, contained
but tetrads or exceptionally a two-nucleate stage. This delay
is distinct from the beginning, the nucellus remaining without
any differentiation until an exceedingly advanced (Plate I,
Fig. 3) and far later stage than usual in all other material.

The examination of many thousands of sacs underlies this
publication, but never anything has been seen, which was not
in conformity with the following description of the development
of the female gametophyte.

Y ’/l(.? ;U J.’_r]fl-s' ]u_r,"f;.’.s‘.

Ordinarily the archesporium is distinguishable about the time
of the first differentiation of the integuments. It is onecelled
and hardly to be recognised from the cells of the surrounding
nucellar tissue. (Plate I, Fig. 1). Occassionally a two celled ar-
chesporium is met with (Plate I, Fig. 2), both cells showing the
same germinating capacities, which might lead to two tetrads
and even to two complete embryosacs lying paralel.

The archespore cell does not divide and is the embryosac
mothercell (Plate I, Fig. 4). Parietal tissue is totally suppressed,
but exceptionally archespore cells containing two nuclei are
met with. (Plate I, Fig. 5, 6). In no case were cell walls seen.

The embryosac mothercell gives rise to two cells of unequal
size, a large inner one and a small outer cell (Plate I, Fig 7). In
the second division the spindle of the outer cell lies rectangular
to the axis of the sporangium. Thus the four megaspores are
never found in a row, but always the two outer cells at a
right angle with the inner ones (Plate I, Fig. 8).

Megaspore formation is followed by a rapid desintegration and
final disappearance of the outer cells. The first signs of destruc-
tion are already seen when the functioning inner one is still one-
nucleate and has hardly begun to grow (Plate I, Fig. 9) and even
hefore the end of the two-nucleate stage has been reached their
disappearance 18 complete (Plate I, Fig. 12, Plate 1I, [Mig. 13).



The Lmbryosac.

The inner megaspore which from the very first moment shows
itself the functioning one, is regularly filled np with cytoplasm.
Its nuclens is to be tound at the top end, where it divides
(Plate I, Fig. 10, 11). Soon after this first division one of the
daughter nuclei commences to move to the lower end of the
sac. This migration is accompanied by an ever increasing polari-
sation, the result being the typical and well know figure of the
polisared two-nucleate stage of the embryosac: two nuclei separa-
ted by a large central vacuole (Plate I, Fig. 12, Plate 11, Fig. 13, 14),
and both embedded in a comparatively small mass of eytoplasm.

By a second division the four-nucleate stage is reached.
(Plate II, Fig. 18, 19). The primary micropylar nucleus however
seems to be in advance (Plate II, Fig. 15), sometimes even as
much as having finished its division when the primary chalazal
nucleus is still at rest (Plate II, Fig. 16, 17). Embryosacs are
then three-nucleate.

The four-nucleate stage is followed by a divicion of one of
the nuclei only, both chalazal and one micropylar nucleus
remaining undivided. So at the top end never more than three
and at the chalazal end never more than two nuclei are seen.
(Plate 111, Fig. 20, 21, 22). The egg apparatus is formed in the
usual way, the three nuclei get separated by cell walls (Plate IT1,
Iig. 23) and finally the two well shaped synergids partly cover
the egg (Plate 111, Fig. 24). In the mature sac cytoplasm in the
cells of the egg apparatus shows the normal distribution. As
usual the synergids are characterized by a large vacuole at
the lower end, eytoplasm and nuclei being gathered at the topend.

During the formation of the egg apparatus the two chalazal
nuclei are seen in close connection and steadily moving upwards
(Plate III, Fig. 21, 22, 23). Finally a position 1s reached at the
very topend of the embryosac quite close to egg and synergids
(Plate 111, Fig. 24). There has never been seen any sign of fur-
ther division or of fusion.

Thus the mature embryosac is five-nucleate, three of the
nuclei being of micropylar and two of chalazal origin. The
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synergids are sisters, and an upper polar nucleus is lacking.
Two chalazal nuclei have taken the position of an embryosac
nucleus, and antipodals are missing.

The Endosperm and the Embryo.

Fertilization takes place in a normal way, the pollentube
discharging its contents in one of the synergids (Plate III, Fig.
25). One male nucleus fuses with the egg nucleus and the second
male nucleus moves towards the “embryosac nucleus® (Plate I1T1,
Fig. 26). Up to this very moment the latter has retained its
donble character and so three nuclei are seen fusing, giving
rise to the primary endosperm nucleus.

Endosperm formation commences at once and soon a great
many nuclei are present. They are especially numerous at the
top end and some are found all along the walls of the em-
bryosac. All the time the sac is rapidly increasing in size, but
the fertilized egg shows no signs of any activity. Not until
the seed has reached a length of about 4 mm. does the egg’s
first division take place (Plate VI, Fig. 35: mature sac — and
sac after second division of egg).

Embryo development begins with free nuclear division. The
egg nucleus divides without cell wall formation giving rise to
a two-nucleate embryo (Plate 1V, Fig. 27). This first division is
followed by a simultaneons division of both nuelei, their
spindles at a right angle. The four nuclei resulting from this
division are not lying on the same level. Somitimes they are
found in two succesive sections (Plate 1V, Fig. 28) and when in
one figure (Plate V, Fig. 29) they are still distinetly on separate
levels. The free nueclear division goes on till a sixteen-nucleate
embryo stage is reached (Plate V, Fig. 30). Then walls are formed,
the 16-nucleate embryo thus developing into a 16-celled one
(Plate V, Fig. 31). Simultaneous divisions have come to an end
now, seven of the sixteen cells ficured, containing one nucleus
each, and eleven of them showing two nuclei.

The endosperm i3 still without cell walls, the free nuclei
lying embedded in a common mass of eytoplasm (Plate VI, Fig.
33, 34). Cytoplasm however becomes more and more vacuo-
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lated and shortly afterwards is found divided by cell walls.
(Plate VI, Fig. 32). At this stage seeds have already attained
a length of about 8 mm. and the fruits even of 15 to 25 cM.

Summary.

The archesporium of Moringa oleifera Lam. consists of one
single cell.

Four megaspores are formed, the outer two lying rectangular
to the axis of the sporangium.

The inner megaspore is the functioning one. By two suc-
cesive divisions the normal polarised four-nucleate stage is rea-
ched. The thivd division is restricted to one of the micropylar
nuclei only, the other micropylar and both chalazal nuclei
remaining undivided.

Thus the mature embryosac is five-nucleate, showing a nor-
mal egg apparatus of two syne rgids (sisters) and the egg. The
position of the embryosac nucleus is taken by the two chalazal
nuclei, lying in close contact and quite neav the egg.

At fertilization one male nuclens fuses with the eggnucleus
and the other male nucleus enters in triple fusion with the
chalazal nuclei. This primary endosperm nucleus at once com-
mencos to divide and soon numerous free endosperm nuclei are
present. The egg remaing undivided for quite a long time,

Bmbryo formation begins with free nuclear division up to the
sixteen-nucleate stage. Then cell wi alls are formed and further
divisions no longer take place simultaneously, The embryo
rapidly grows and the cytoplasm in which the endosperm nuclei
are ‘embedded is divided by cell walls.

This way of megaspore — and of embryosac formation, lea-
ding to a b-nucleate sac of u very special t-h:u'ncicr, up till
now has only been reported for Garcinia (M. Treos: Ann. du
Jard. Bot. de Buitenzorg 1910: Le sac embryonnaire et 'em-
bryon dans les Angiospermes. Nouvelle série de recherches, |

Garcinia Kydia (Roxs.), (arcinia Treubii (Prerne) ).



The female gametophyte of Angiosperms.

I. INTRODUCTION.

Up to the beginning of this century hardly any attention
was pald to the study of the development of the Angiosperm
embryosaec. Only very few cases of “abnormal sacs“ being known,
it was generally accepted that the development was of a most
striking uniformity throughout the whole group. This normal
course runs as follow: By two successive divisions the embryosac-
mothercell gives rise to a row of four cells, called megaspores.
Three of these soon begin to degenerate while the fourth, ra-
pidly increasing in size, becomes the functioning embryosac.
Its nucleus divides itself thrice thus producing eight nuclei,
originally free in the same plasm but soon separated by cell-
walls. These eight nuclei are arranged into two groups: viz.
a micropylar one (egg and two synergids) and a chalazal one
(three antipodals). In the middle of the sac the two remaining
nuclei (polar nuclei) are seen fusing (embryosac-nuclens).

The last fifteen years however have brought to light an ever
growing number of atypically developing s=acs. Deviations in
almost every direction were detected. First of all the number
of megaspores seems to vary friom the normal four to only one
(“row of three“, “row of two* or “embryosac-mothercell fune-
tioning as embryosac®). Secondly the number of nuclei in the
fullgrown sac is far from being regular. Instead of the usual
eight there may be sixteen or only four; not to speak of the
numerous cases in which a secondary increase or decrease of
nuclei could be stated.

Some of these pecularities are characteristic to certain spe-
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cies or families, while others affect representatives of widely
separated groups. Very soon the question rose whether these
irregularities ought to be considered as more primitive or as
more advanced than the normal type. The origin of the Angio-
sperm embryosac is still utterly unknown and it was hoped
that some light might be given by the study of “abnormal
sacs“. So gradually the attention became focussed on the pro-
blem: how to arrange the deviations from the normal type in
a useful system.

If only a survey of the maferial was wanted we should be
free to choose one or two of the most prominent characteristics
as a base on which a scheme could be built. Since however an
insight in phylogenetical problems is wanted, we are bound to
reckon with all the facts that codperate in embryosac-formation.
There can be no objection to stating that artificial systems are
entirely worthless for phylogenetical purposes. A useful system
of the gametophyte necessarily must be natural.

We will try to give a complete survey of all atypical em-
bryosacs and of the various systems in which they are classed
by different authors. At the same time we will have full oppor-
tunity of discussing any questions of homologizing of the nuclei
in the embryosac.

It is not the intention to give anything but the outlines of
a natural system. Our knowledge of embryosac-formation in
most families is still too defective to enter into particulars.
Therefore those facts of which the systematical value is clear and
which do not present any points for divergence of opinion, are
only mentioned without further dicussion. 5o for instance whether
the arrangement of the megaspore cells is i or s or «-, whether
the inner one or any of the other three becomes the functioning
megaspore, whether one or more of these megaspore cells develop,
ote, are details of systematical interest, for which reference to

special studies on these subjects will answer.
[1. LITERATURLE.

[t would bring us too far to discuss all literature on the
origin of the Angiosperm embryosac. We will confine therelore
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this critical review to those publications which consider also
the systematical side of the question.

As stated above there is often, instead of the row of four
megaspores, a row of three, a row of two, or even no row at
all. A vivid discussion was started in 1908 by Ersst (1908e,
1908%4) on the one and Couvrrer (1908) on the other side on the
question as to which nuclel in these cases ought to be regarded
as the homologues of the megaspores. Two hypotheses were
suggested and held up to the present moment. Fig. la and 1/
illustrate the two opposite opinions, clearly showing the diffe-
rence between Coulter’s and Ernst's view.

As most authors refer to these two conceptions we will dis-
cuss them more fully in essence and consequences.

Coulter’s opinion.

1°. According to Couvrrer the nuclei produced by the second divi-
ston of the embryosac-mothercell-nucleus are always (o be regar-
ded as nucler of megaspores. Usunally these megaspore-nuclei
are separated by cellwalls, the developing embryosac thus
being of “monosporical origin. Oceasionally however the second
division, or even the first division too, is not accompanied
by cellwall formation. In these cases both or all four mega-
spore-nuclei may develop, the results being “bisporical® or
“tefrasporical® embryosacs.

Accepting the consequences of this point of view, Courrkr
further defends the following principles:

2% Megaspore-formation is determined by chromatine-reduction. The
megaspore nucleus is the first nucleus of the gametophyte,
1. e. of the n-generation. The end of the 2n-generation and
the beginning of the n-generation is determined by the pro-
cess of chromatine reduction. As long as chromatine reduc-
tion did not occur the nuclei still belong to the sporophyte

and they can not he called megaspores.

0o ) : e ol . g . . . . X

8% Megaspore-formation is entirely independent of cellwall-forma-
. 1 - v - 2 . 4= e : . . -
tion. Cellwall-formation is of only small importance for homo-
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logising purposes. Unquestionable cases of desintegrating cell-
walls are known as well as cases of total suppression of the
megaspore-cellwalls. For instance Mc¢ Arnisrer (1909, 1914)
states that cellwalls originally formed between the mega-
spores of Smilacina and of some of the other Convallariaceae,
soon break down and finally disappear. And Swrrn's (1911)
description of Clintonia shows four megaspores in the same
cell, there being never more than a small trace of cellplate-
formation.

The number of nuclei in the fullyrown sac has no plylogenetical
or systematical significance at all.

Fig. 1a shows plainly enought that the S-nucleate stage of
a “tetrasporical sac¥, the 4-nucleate stage ofa “bisporical sac*,
and the 2-nucleate stage of an ordinary “monosporical sac*
are considered to represent the same stage of development.
So there is no sense in phylogenetical hypotheses or in
systems, based on the number of nuclel.

The number of divisions from the embryosac-mothercell up to
the (-’.r[.n’/ Jurnishes the most valuable data for phylogenetical and
systematical siudies.

One of the most striking facts in the evolution of the
vegetable kingdom is the continuous shortening of the ga-
metophyte-generation. Among Gymnosperms numerous divi-
sions of the megaspore-nucleus are still prevailing. Within
the Angiosperm group however this number has been reduced
areatly, Normally it is only three, making a total number
of five divisions from the embryosac-mothercell up to the
L‘igg_ A total of four or three divisions is also known and
theoretically the possibility of only two divisions (megaspore-
nueleus = ege: the animal condition) must. be admitted.
The smaller the number the more advanced the type. The
ocenrence of more than five divisions on the other hand
should indicate a more primitive condition.

It must be observed here that neither the idea of identifying

megaspore-formation  with chromatine-reduction, nor the idea

of

using the number of divisions for phylogenetical purposes,



were new at the time of Courrer’s publication. Miss Pace (1907)
in her study on Cyprepedinm pointed out how the embryosac
with its three divisions between mothercell and egg, was well
on the way to the animal condition. And the coupling of
megaspore-formation to chromatine-reduction is yet met with
in ScaxiewiNp-Taies’ (1901), and propagated by Davis (1905),
CramBerraiy (1905), and Pace (1907). In fact all the ideas more
fully developed by Courrer were already underlying Miss Pace’s
publication. She made exactly the same homologies and even
saw the necessity of discerning mono-, bi- and tetrasporical sacs.

After Covrrer’s lucid statement most authors who dealt with
the subject accepted his views and propagated his opinion, among
them Srepaens (19094, 19094), Mc Avuister (1909, 1914), Pack
(1909), Swmirm (1911), Brows and Ssare (1911), Suare (1912),
Daureren (1915), Kusavo (1915), Paum (1915), Hivser (1916)
and Isarkawa (1918).

Browx (1908, 1909) however did not wholly agree with
Covrrer. He admits neither chromatine-reduction nor cellwall-
formation as a criterion for megaspore-formation. According to
him the appearance of cell-plates in the spindle figures of the
first divisions furnishes the only certain characteristic of mega-
spore-formation. As long as cell-plates are present we have to
do with spore-formation; when they are lacking

f b

spore-germi-
nation is going on. This conception however can he regarded
as wholly miscarried since from several sides attention was
called to the fact that cell-plate-formation may oceur at any
stage of the embryosac-development, and apparently without
any connection to megaspore-formation.

Systems based on Coulter's principles,

Danreren's (1915) attempt to outline a scheme which should
embrace all cases of atypical embryosacs, is still rather primi-
tive. He discerns four groups. The first one, showing five divi-
sions between embryosac-mothercell and egg, is represented by
the normal eight-nucleate sac. Next comes a group with only
four divisions, including the 16-nucleate Penaeaceae, the 4-nu-
cleate Onagraceae, as well as Clintonia, Codiacum and Lawia.
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Only three divisions are found in Podostemon, Dicraea, Cypri-
pedium, Helosis and Statice. While the last group (two divi-
sions = the animal condition) shows a reduction to the utmost,
as seen in Plumbagella.

It will be noticed that this “system® is thoroughly one-sided.
All possible stress is laid on the number of divisions, without
giving any thought at all to the number, the arrangement, or
the origin of the nuclei in the mature sac. Not even the
origin of the sacs themselves is regarded, for representatives of
Courrer’s mono-, bi-, and tetrasporical sacs ave readily joined
in the same group. Of the naturalness and phylogenetical signi-
ficance of a system like this nothing needs to be said.

Samvers’ (1912) scheme is a little more advanced. He too
accentuates the number of divisions and uses them as main line
for his system. (To Daurcrex’s four groups he added a fifth,
with six divisions and thus more primitive than the normal
type. This new group however can be dropped safely, since
Desstarorr’s (1911) observation of a “monosporical® 16-nucleate
Euphorbia proved to be wrong). As a new factor Samurrs in-
troduced a subdivision of the groups by means of the mono-,
bi-, or tetrasporical character of the sacs. In his system not only
the number of divisions, but also the origin of the embryosac
is reckoned with., Too many points however are still left out of
consideration. Though improved the system remains artificial,

Pata (1915) who in a more extensive study advocates the
same scheme rightly remarks: “PDas diese Aufteilung nur eine
kiinstliche sein kann ist ja selbstverstindlich.® Its lack of phy-
logenetical value is best shown by reproducing Parm’s scheme,
in which the different types arve called after their first repre-

senfative known:

[ 5 Teilungen. ‘ 4 Teilungen. | 3 Teilungen. | 2 Teilungen.
| | | |
: “ :
T = _
I megasp. | Normaltypus. | Codiaeumtypus. | Dicraeatypus. Lib
| - |
2 megasp. et | Scillatypus. | Cypripedinm- | e
| typus. |
3 megasp. | - | Peperomintypus. Liliumtypus. Plumbagellia-

| \ Lypus,
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Tsmikawa (1918) lately published a scheme which from a
phylogenetical point of view is certainly to be marked as a
distinct progress. He no longer sticks to ome or two rather
voluntarily chosen moments in the development of the embryo-
sac, but he tries to reckon with the other facts as well. His
scheme (Ann. of Bot. 32, p. 305, Fig. XI) not only deals with
the number of divisions and with the number of megaspores
which join in embryosac-formation, but also pays attention to
the origin and to the number of nuclei in the full-grown sac.
So it really contains some necessary elements for the building
up of a natural system.

When put into practice however its usefulness is rather
limited. It meets our present knowledge of embryosacs, but is
not planned broadly enough to include further possibilities. It
gives an insight in the author’s views on homologies, but it
does not give a valuable system. It iz meant to give much,
but it 18 worked out confusedly. Perhaps that is the reason why
all harmony with the sporophytic system is absolutely lacking.

Objections against Coulter's principles.

As the most succesful arguments against the view, the
development which of we just finished sketching, the following
has been brought forward:
1°. Against the assumption that megaspore-formation cannot be
shortened and always must be preceded by two divisions,
was moved the fact that the sporogenous tissue has gra-
dually been restricted from an elaborate tissue among Gym-
nosperms to only one cell in most Angiosperms. There is
no reason why this tendency to shorten the gametophyte-
generation should have stopped there. On the contrary we
might expect this tendency to go on and affect megaspore-
formation. It gives a natural explanation of the reduction
series as demonstrated in the “row of four®, “of three¢,
“of two*, “no row at all.“

2° Against the assumption that megaspore-formation should be
determined by chromatine-reduction, was moved Murprcx’s

(1901) discovery of the embryosac-development in Alche-
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milla, in which species a row of four is quite normally
formed, without any reduction in the number of chromo-
somes. It seems hardly possible not to homologise this row
of four with the ordinary row of four megaspores, expecially
since one of the fourdevelops to a normal S-nucleate embryosac.
Against the assumption that cellwall-omission should induce
the development of two or more megaspores in the same
cell, was moved the fact that no cases are known of four
unquestionable megaspores, lying in the same cell and de-
veloping all four to form one embryosac of the usual S-nu-
cleate type. On the contrary it is difficult to see why four
developing megaspores should arrange their nuclei into fwo
groups (a micropylar and a chalazal one), just as in an or-
dinary mounosporical sa¢c and without leaving any trace ot
the tetrasporical origin.

Against the assumption that the number of nuclei in the
full-grown sac should be of no importance at all, was moved
the fact that the S-nucleate sac is of such remarkable fre-
quency, that its appearance cannot be believed to be mere
chance. The less so since (according to Courrer) these eight
nuelei represent either the greatgranddaughters (in mono-
spor. sacs), or the granddaughters (in bispor. sacs), or the
daughters (in tetraspor. sacs) of the megaspore-nuclet,

Ernst's opinion.

Erxsr (1908a, 1908b) rejecting Covirer’s view and all clas-

sification based on the number of divisions points out that:

163

Two distinet processes can be recognised in the life history
of the gametophyte, viz. embryosac-/ormation and embryosac-
development.  “Die  Entwicklungsvorginge im  Embryosack
scheinen mirv unabhiingig von seiner Entstehung betrachtet
werden zu miissen. “Die funf Teilungen gehoren ja ganz
verschiedenen Entwicklungsvorgiingen an.t* “Die beiden ersten
reprisenticren die letzten Leilungen in einem Makrosporangium. .,
und gehoren dem Vorgang der Sporen bildung an.** “Die
drei anderen Teilungen dagegen erfolgen im Verlaufe der
Sporen keimung (1908b, S. 206).
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9°. The process of embryosac-formation may be affected by
reduction. Instead of four, only three or two megaspores
are formed, or even the embryosac-mothercell itself func-
tions as megaspore. Thus chromatine-reduction, ordinarily
occurring during embryosac-formation, necessarily is trans-
ferred to a later stage. “Bei teilweiser Unterdrickung der
Tetradenteilung wird der zweite Teilungsschritt der Reduk-
tionsteilung in die keimende Spore verlegt, und bei voll-
stindig ausbleibender Tetradenteilung finden beide der zur
Redulktion notwendigen Teilungen innerhalb der keimenden Ma-
krospore statt. (S. 27).

3°, The process of embryosac-development is wholly independent
of that of embryosac-formation. Among Liliaceae e.g. all
types of megaspore-formation are found, from the normal
tetrad down to total suppression. Always however the func-
tioning megaspore — by three divisions — reaches the 8-
nucleate stage.

42, The process of embryosac-development is determined by the
number of divisions, by the arrangement of the nuclei, by
vacuolation and by cell-formation.

On these grounds Ernst, when reviewing the literature, con-
cludes that two types of embryosacs can be recognised, viz. the
ordinary eight-nucleate one and a sixteen-nucleate type, “als
dltere oder doch als selbststindige Form des Embryosackes der
Angiospermen® (8. 29). This more primitive type is distingunished
by the divisions numbering four instead of three, by the ab-
sence (at least at first) of a central vacuole, and by the lack
of bipolarity. The 16-nucleate sac thus shows itself to be of a
primitive character as to embryosac-development, and of a
reduced nature as to embryosac-formation, there being no row
at all, the embryosac-mothercell itself functioning as embryosac.

This marked distinction between embryosac-formation and
development is a real advantage on Couvrrer’s system. It is a
first step on the way of treating the various processes of the
female gametophyte separately. So far it opens the prospect
of getting a natural system. Laying all the stress however on



the total number of nuclei in the mature sae, without
paying any attention to their origin, makes Innst's system
almost as artificial as Covrrer’s. For there are still many more
factors, which show an independent line of development in the
life history of the gametophyte. That is why a lot of abnormal
embryosacs, discovered since Ernst published his system, could
not be placed in his scheme.

To complete this review of systematical and phylogenetical
studies on Angiosperm embryosacs, we have still got to men-
tion the publications of Camprsevn, of Jacossson-Stiasny and of
SCHURHOFF.

Camenern (1899, 1900, 1902, 1903, 1905, 1909, 1910, 1911, 1912)
in a series of articles tried to propagate the idea that “the
embryosacs with an increased number of nuclel are older ty-
pes (1911). It is only the nwmber of nuclei that counts with
him ; their origin is not thought worth much attention. Accor-
ding to_him theve is a gradual passing on from the multicel-
lular Gymnosperm type to the ordinary S-nucleate Angiosperm
sac: Pandanus with its 3264 antipodal nuclei, is “really pri-
mitive“, and the 16-nucleate sacs of Peperomia and Gunnera
form the transition to the normal type.

Eyya Jacossson Stiasny (1916) rvightly states “im Gegensatz
zi Krysr, dasz die Anzahl der Kerne des reifen Embryosackes,
im Gegensatz zu Couvrrer, dasz die Anzahl der Teilungen allein
noch nicht zur Charakterisiernng der Stellung gentigen kann.®
Her “kausalmechanische Darstellung® however is at least as
one-sided as any of the older systems. The whole study is
based on the idea of “Ernihrungsverhiiltnisse® being the only
possible cause of any atypical number of nuclei in the embryo-
sae. Iar too much importance is attributed to the number of
nuclei in the full-grown sac, and scarcely any attention is paid
to their orvigin. Without further investigation the lG-nucleate
sacs are accepted to represent a type of their own.

Scnornorr (1919) is only mentioned here because his publi-
cation is of so recent a date. It will do to state:

1°. That his system is based on the absolutely false assumption

2



1S

that one synergid should be a sister to the egg and the
other to the upper polar nucleus! All students however
agree on hoth synergids being sisters, but the author, ap-
pearing to throw aside his usual powers of self-criticism,
moves as conclusive proof in favour of his view: “Da nach
meiner Erklarung die eine Synergide eine Schwesterzelle
des oberen Polkerns ist....” |
9o That lots of his further arguments are taken from publica-
tions over fifteen years old and which have never since been
confirmed.
5°. That his arguments are sometimes misleading as he cites
from preliminary notes which have been rectified later on
(e. g. his quotations from CampsELL On Pandanus, 1909, and
from StrpHENS on Penaecaceae, 1908, revised by these authors
resp. in 1911 and in 1909).

III. OUTLINES FOR A NATURAL SYSTEM.

Our review of literature has led us to discern two sets of
systems, the one based on the number of divisions from em-
bryosac-mothercell up to the egg, and the other on the number
of nuclei in the full-grown sac. All of these schemes however
were artificial and none of them succeeded in giving an insight
in origin and phylogeny of the Angiosperm sac.

Before beginning our attempt at a natural system of the
sametophyte it will be good to remember sporophytical condi-
tions which show that each part of the plant follows its own
Jine of development. That is why descent never can be stated
with absolute certainty, phylogeny always depending on a com-
plex of data. This, of course, must be applied to the study of
the gametophyte as well. A system based on the number of
nuelei in the full-grown sac (Ernst) or on the number of divi-
sions from mothercell to egg (Covrrer) can hardly be considered
of greater value for phylogenetical purposes than a sporophy-
tical system based on the number of anthers only. It we want
to detect the relations between the eight-nucleate sac and the
abnormal ones, we must make clear first how many individual
morphological characters can be recognised in the female game-
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tophyte. Usually this gametophyte is considered a morphological
unit. One can hardly deny, however, that it is of a complex
nature and that its morphology has to reckon with the following
processes :

Chromatine-reduction.

Megaspore-formation.

Polarization.

Development of a micropylar group of nuclei.

Development of a chalazal group of nuclei.

If we want to obtain results of phylogenetical value we have
got to study the morphology of each of these processes in detail.
Courrer and his school identified chromatine-reduction and mega-
spore-formation, and likewise lryst mixed up two lines of deve-
lopment when basing his system on the total number of nuclei,
without paying any attention to their origin. Of course it is
quite possible that there exist connections like those suggested
by Courrer and Ernsr, but there is no good in presupposing
them. If they exist they will come to light even when treating
the processes separvately.

We will first discuss chromatine-reduction and polarisation.
These two seem to be processes of great constancy and are very
seldom, if ever, affected by deviation from the normal.

Reduction division.

For years this process has been one of the main objects of
eytological research. It is not necessary to give a deseription
in detail of the phenomenon, the more since it is apparvently
without any phylogenetical value. With the few exceptions,
presented by apogamous plants, reduction division always occurs
immediately after the formation of the embryosac-mothercell,
The process is not affected by deviations in megaspore forma-
tion, and seems to be of the utmost constancy. It goes on in
embryosac-mothercells, resulting in four megaspores, as well as
in embryosacs derived from the mothercell without any mega-
spore formation.

Polarisation.

It iz really astonishing that a phenomenon so obvious as
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polarisation is, has never been subjected to a special study.
Its orvigin, its inducing factors, its function, ete. are entirely
anknown, which is the more remarkable since everyone who
has ever studied the development of an embryosac must be
familiar with the process. It goes beyond the scheme of this
paper to expatiate on questions connected with its meaning.
From our point of view it will do to state that the process
goes on in all embryosacs in absolutely the same way. The
formation of the well knewn large central vacuole is the most
prominent phenomenon that accompanies polarisation and there-
fore worth our special attention. In the normal eight-nucleate
sac, sprung from a “row of four no trace of vacuolation') is to
be seen during megaspore-formation. Protoplasm remains a ho-
mogenons mass until the development of the embryosac (mega-
spore) begins. Then vacuolation commences as a group of small
vacuoles which soon results in the usunal large central vacuo-
ole. This process passes with such rapidity that even the
two-nucleate stage could never be found without the typical
large vacuole, which separates both nuclei, indicating them
as primary micropylar and primary chalazal nucleus. This
normal conrse of vacuolation is <o common that most authors
do not even mention it. As a matter of fact polarisation
and vacuolation of the embryosac are mostly left out of
discussion, only few authors indicating them. Sometimes even
their ficures are but ontlined, all information on the subject
thus lacking. MopmLuwskr (1909) seems to have felt its signifi-
cance when saying: “Man musz aber womdglich nicht nur
dieses Merkmal (die Zahl der Kerne) sondern auch die Hohe
der Symmetrie und die Polavitit des Embryosacks in Betracht
ziehen. Dan wird man vielleicht imstande sein, einige Anhalts-
punkte zu gewinnen.® No attention at all, however, is paid to
these words. A thorough study of the publications (including
their figures!) on abnormal embryosacs will show the correct-
ness of Mopnewskr's remark and the fundamental significance
1) It is not the intention to give any opinion on the origin and formation of

the vacuoles. Here and in the following the word “vacuolation® is only used for
indicating the appearence of the central vacuole.
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of the process of vacuolation for homologising the dilferent

stadia in the development of atypical sacs. The process just

described and well-known to all students of morphology, gives

cause to call the attention to the following points:

1°. Polarisation (vacuolation) is a jfunction of the embryosac (de-
veloping megaspore). It does not accompany the megaspore-

Jormation, but its development. It commences as soon as megaspore

development begins.

This remarkably constant chavacter, viz. vacuolation just pre-
ceding the first division of the functioning megaspore, furnishes
us with a new characteristic by which megaspores may be
recognised, even when the “row of four® is not formed. As long
as plasm remains homogenous, megaspore formation is still
going on. As soon as vacuolation commences, megaspore deve-
lopment has begun. So the nuclei just preceding vacuolation are
to be considered as megaspore nuelel.

[ am well aware that this proposed use of vacuolation as
means of recognising megaspores is nothing more than a working
hypothesis. Its progress in the normal sac is no reason in itselt
to assume that vacuolation always and under all circumstances
should be bound to the early stages of spore-germination. There-
fore I will move some arguments in favour of the hypothesis.

Firstly in literature no case is met with in which vacuolation
did not commence just after megaspore-formation.

Secondly the hypothesis is confirmed by all well-established
and undoubtable cases of megaspore-formation under abnormal
conditions (which fully justifies the application of the idea to
those cases in which homologising meets with difficulties). For
instance: Syrn (1911) describes the embryosac-mothercell-nuclens
of Clintonia giving rise to a row of four nuclei, not separated
by cell walls. Three of these soon desintegrate, only the upper
one developing. Nobody will dispute the megaspore-character of
these four nuclei. Though all four megaspores are lying in the
same cell, plasm remains homogenous up to the first division of
the (]u\,'clnping nuclens. Acl'.l)l'(lillg to Jounson (l‘.)”) the walls
between the megaspores in Peperomia hispidula ave very deli-
cate and soon disappear, leaving four nucler in a continuous
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mass of cytoplasm, During the preparation for the next division
the large central vacuole is rapidly formed. In Peperomia Sin-
tensii (Broww, 1908) an evanescent wall appears in the first divi-
sion only; in other Peperomia’s (Canpsrrr, 1899; Jonxson, 1900)
cell wall formation is wholly omitted, but in all these cases
cytoplasm remaing homogenous up to the third division (= first
division of the megaspores).

mothercell
]l]t',gll SPO res

daughter-

embryosac-
cells

“normal® megaspore
formation

no walls; vacuolation
following third divis. ;
tetrasp,  embryosac
(e. g. Peperomia).

no walls; vacuolation
following second di-
vis,; bisp. embryosac
(e. z. Gunnera)

" no walls; vacuolation
following first divis.;
monosp. embryosac
(e. g, Lilinm),

Fig. 2. Polarisation (vacuolation) as means of recognizing megaspores.

Thirdly we get results from the application of the hypothesis:
Up till now vacuolation was entirely left out of consideration
by all aunthors, and embryosacs were considered of identical
development, whether showing vacuolation after the first or
second or third division. So for instance any reasonable expla-
nation of conditions in Gunnera with its seven fusing nuclei and
in Peperomia with its eight fusing nuclei, was absolutely lacking.
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When marking vacuolation, differences will be noticed in
the early stages of embryosac-formation in e.g. Lilium, Glun-
nera and Peperomia, and they will be recognised as being of
resp. mono-, hi- and tetrasporical character (Fig. 2). Likewise
the peculiar number of eight fusing nuclei in Peperomia (Iig. 9)
and of seven in Gunnera (Fig. 11) loses its mystery. It 1s not
necessary to supply further examples here; the hypothesis’
working capacities will become more and more clear in the
following pages.

20 [ the two-nucleate stage of a normal embryosac the nuclei
are always separated by the large central vacuole (the embryosac is
polarised).

The significance of this central vacuole for homologising pur-
poses is plain. It provides us with means to distinguish the
nuclei of the micropylar end from those of the chalazal end.
There is no difficulty whatsoever in distinguishing the pri-
mary micropylar nucleus and the primary chalazal one. Only
fow authors however have realized the significance of this pola-
risation. As we will point to it often later on, one instance
will do for the moment to illustrate its extraordinary value:
In Onagraceae all four nuclei of the mature sac are found
at the micropylar end. The likewise four-nucleate Plumbago sac
shows two nuclei at each end of the central vacuole. In the
first case all nuclei are of micropylar origin, in the second one
two are micropylar and two chalazal. Though both sacs ave
four-nucleate it is undoubtedly a mistake to homologise these
two. From the very beginning of their development they are

plainly different.

Megaspore-formation.

Normally a “row of four¢ is formed, one of which becomes
the functioning megaspore, Whether the arrangement of these
cells is i or 7 or .-, and whether the inner one or any of the
other three becomes the functioning megaspore Y, and even

1) Discussion and complete literature by Pary (1015, p. 110).
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whether one or more of these megaspore-cells develop ), arve
questions most probably of systematical interest as well, but
lying beyond the scheme of this study. Tt iz the number of
megaspores formed, that interests us now, and whether it is
possible that two or more megaspores enter in embryosac-for-
mation, thus affecting the number of nuclei in the mature
sac. When formulating these two points more exactly, it turns
out that we have got to study the following lines of deviation
from the normal type:

15, The possibilities of a rveduction in the number of meqaspores,

It is known and needs no further commentary that the usual
number of megaspores is four. Normally three of these desin-
tegrate as soon as embryosac-development begins. Theoretically
however we might as well expect a partial or total suppression
of these non-functioning nuclei. The development of a reduc-
tion in this direction is fully worked out and represented in
fiz. 3. The (normal) “row of four¢ is figured by A. B shows
the “row of three¢, C the “row of two* and in D “ihe
embryosuc-mothercell itself is seen functioning as an embryosae,
In agreement with this gradual suppression, respectively three,
two, one or none megaspores are seen desintegrating.

It must be emphasized here again that this reduction series
rejects all presupposed connections between megaspore-forma-
tion and chromatine-reduction. When there is a row of four
or a row of three (fig. 3 A, B) chromatine-reduction is finished
before embryosac development begins and so coincides with
megaspore-formation. When however there is only a row of

two (fig. 3 C) the second reduction division — and when there
15 no rvow at all (fig. 3 D) both divisions — are shifted into

the germinating megaspore.,

We have already moved some arguments in favour of our
treating these two processns separately (p. 15, 16 and p. 19).
Moreover the correctness of this conception mll be confirmed
later on, this idea of a reduction series being in full accordance
with the vacuolation process.

1) Complete literature by Pary (1915, p. HO—144).
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2°. The omission of cellwall formation and ils consequences for
the number of nucler in the mature embryosac.

Omission of cell walls during megaspore-formation is of rather
common occurrence in Angiosperms. It results in two, three
or four megaspores lying in the same cell. Of course this omis-
sion is not confined to those cases in which a “row of four® is
formed (fig. 3 A). Megaspore-formation of the type B and C may
be affected as well. Fig. 4 presents a fully worked out scheme
of all further possibilities.

Four megaspores are formed (Type A).

1°. Cell wall-formation is omitted in the second division only.
Thus two nuclei are met with in the same cell. Either one of
these may develop and the other desintegrate (fig. 4 Ae) or both
of them may function (fig. 4 AA). The first should be in accor-
dance with the normal development, giving rise to an embryo-
sac of eight nuclei at most. The second however is still far
from improbable for both nuclei, lying in the same cell, have
got almost equal chances,

2%, Cell wall-formation is omitted in both divisions. Four me-
gaspores are found in the same cell. For reasons just mentioned
we might. expect either one of these to develop (fig. 4 Ay) or
all four (fig. 4 AAAA), which whould mean a really “tetraspo-
rical sac capable of becoming 32-nucleate, when fully developed.

For completeness’ sake two more possibilities are figured,
resp. showing two funetioning (fig. 4 AA ) and three functioning
(fig. 4 AAA @) megaspore nuclei. Their realisation however does
not seem very probable.

Three megaspores are formed (Type B).

1°. Cell wall-formation 1s omitted in the second division only.
Two nuclei in the same cell, either one (fig. 4 B«) or both
(fig. 4 BB) developing.

2°, Cell wall-formation is omitted in both divisions. Three me-
gaspores should be found in the same cell. This however must
be considered utterly improbable, for it can hardly be expected,
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spaores

four megaspores; two of
them not separated by
wals; only vne develops

four megaspores; two of
them not separated by
wals; both develop

three megaspores; two of
them mnot separated by
walls; ‘only one develops

three megaspores; two of

them not- separated, by

walls; both develop

four megaspores, not seja-
rated by walls; one de-
velops

four megaspores, not sepa-
rated by cell walls; two
develop

four megaspores, not sepn-
rated by cell walls; three
develop

\

fuur megaspores, not sepa-
rated by eell walls, all
four deyelop

three megaspores, not se-
parated by cell walls;
one develops

three megaspores, not se-
parated by cell walls;
two develop

three megaspores, not so-
lmrnh'd by cell walls;
all three develop

two megaspores, not sepa-
rated by cell walls; only
one develups

two megsspores, not sepa-
rated by cell walls; both
develop

Type Az

Type AA

Type Bz

Type BB

Type Ay

Type AAR

Type AAAa

Type AAAA

Type BB

Type BBz

Typo BBB

Type Cx

Type CC
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that of two daughter nuclei, lying in the same cell and being
under the same conditions, only one should divide. Fig. 4 B g3,
BB« and BBB are only inserted to make the scheme cover all
possibilities.

Two megaspores are formed (Type C).

One sole division, in which cellwall-formation is omitted,
both megaspores thus being involved in the same cell. Either
one (fig. 4 Ce) or both (fig. 4 CC) may develop.

Though megaspore-formation has been described in very many
cases, it 1s still impossible to produce a more or less complete
list of the various types. First of all only comparatively few
records, according to Courrer and CHAMBERLAIN (1912, p. 706),
can be accepted without reserve, even regarding the number
of megaspores formed! Secondly in almost all publications va-
cuolation is wholly left out of discussion, the figures being often
too scanty to allow any conclusion as to the megaspore-type.
Theretore all attempts at compiling a complete list have heen
given up. The following artificial scheme however furnishes
serviceable survey of all possibilities and of a few necessary
instances to illustrate them,

\ g s 1)
- Monosp. sacs Bispor, saes | I'risp, sacs | I'etrasp. sacs

4 megaspores formed

normal walls | Type A
the “normal
‘ type”
only 1st. div. | Type Az Type AA
walls | Calopogon Smilacina

(Pace 1909) | (Mc. Aruisten

1909, 1914)

no walls | Type Ay Type Adp Type A4 Type AAA4A
Clintonia

(Sarn 1911)

Avena (Cax-

NoN 1900)

l'r‘]n'l'ului:l
(Jonxson 1014)
Penaecaceae
(STEPIENS 1000)
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. Monosp. sacs Bispor. sacs Trisp. sacs Tetrasp. sacs

3 megaspores formed

normal walls | Type B
Very eommon

only 1st. div. Type Bz Type BB
walls | Gyrostachys
(Pace 1914)

no walls (Type B@) (Type BBz) (Type BBE)

2 megaspores formed

normal walls Type €
Trillium ‘
(Erxst 1902)

no walls Type Cz Tyne GG ‘r
[ Piper (Pary | Gunnera
1915) | (Samuvers 1912) |
[

Embryosac mothercell = megaspore

. Type D

Plumbagella | i

(DAanLGrEN ‘

1915, 1016)
L

Before passing on to the study of the further development
of the embryosae, three observations must still be made.
Attevtion must be called to the system which underlies our
indicating the various types by the formules used in fig. 3
and fig. 4.
letter A : 4 megasp. ave formed | 1 capital : monosporical sae

g Bid 5 R 2 : s @ bisporical "

p i it - Sl o 3 ,  s:trisporical .

. D :megasp. form. sup- | 4 . s:tetrasporical
pressed |

| desintegrating megasp. nucl. in the same sac

3
I(:'- 3 2 . 1 i1 1" N ) 1

.
7’ 4 J s " 1 " M 1 1]
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- Further it must be emphasized that our terms: mono-, bi-
and’ tetrasporical are by no means identical with those of
Courrer’s. Deduction has lead us to distinguish;

nine types of monosp. sacs, viz. A, Az, Ay, B, Bz, (Bg), C, Cz,and D.

five types of bispor. sacs, viz. AA, (AAB), BB, (BB»), and CC,

(two types of trispor. sacs, viz. AAAz, and BBB).

one type of a tetrasporic. sac, viz. AAAA.

Courrir however, identifying megaspore-formation and chroma-
tine-rednction, discerns three types only:

monosporical sacs (including our types A and B)

bisporical sacs (including our types C, AA and BB)

tetrasporical sacs (including ounr types D, AAAA and CO).

This distinction is not a theoretical question of nomenclature,
but based on a real difference. Our 17 types are no fancies but
plainly distinguishable forms. For instance Lilium, Peperomia
and Guonera are all three considered from Couvrrer's point of
view, to be of a tetrasporical nature and of the same megaspore-
formation. In fact however the early stages of development are
not the same, vacuolation following the first division of the
embryosac-mothercell in Lilium, the second division in Gunnera
and the third division in Peperomia. Lilium therefore must be
classified as belonging to type D, Gunnera as to type CC and
Peperomia as to type AAAA (fig. 2, p. 22).

"l‘]lil'dly it is good to point out again, that actually Zwo lines
of development are joined in fig. 4, viz. the omission of cell-
wall-formation and the germinating of two or more megaspores,
Of these two the first line is fully worked out; the other one
however only inasfar as it coincides with the first one and thus
influences the number of nuclei in the developing embryosac.
As already stated above, we have left out of diseussion the
very many cases in which two or more normally formed me-
gaspores (separated by cell walls) are seen functioning.

Development of the micropylar group of nuclei.

Normally the primary micropylar nucleus by two successive
divisions gives rise to a group of four nuclei, Spindles in the
second division are almost always showing ;" shape. The upper
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sister nuclei are the synergids, the other two being the egg
and the upper polar nucleus.

Often the development of this group is affected by a
reduction in the number of nuclei. Theoretically an increase
should be possible as well, but instances of a regular occurence
of more than four nuclei are not known.

- The reduction series is worked out in figure 5, the number

mier.

micr. group

and prim
chalnz. nucl.
full-grown

megaspore

prim.

----- Type 1
¢ ]

egE. 2 synerg.,

upper polar nucl.

----- Type 1Ia

egg, 2 synergids.

%ﬁ
---a- Type 11b
egg, 1 synerg,,
upper polar nuel,

_____ Type 1la

ege, 1 synergid,

= Type 111D

egg, upper pol. nuel.

Iig. 5. Reduction of the micropylar group.

of nuclei ranging from four to one. A further reduction should
not. be possible, for the character of the gametophyte resists
against total suppression and requires at least one nucleus:
the egg. When four nuclei are present, one i3 the egg, one
the upper polar nuclens and two are synergids (fig. 5 1).

M

Three nuclei may be either the egg and two synergids (fig. b
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ITa) or the egg, the upper polar and one synergid (fig. 5 1Ib).
Two nuclei are egg and synergid (fig. 5 1IIa) or egg and polar
(fig. 5 IlIb). One nucleus necessarily must be the egg, being
either the undivided primary micropylar nucleus (fig. 5 TV) or
possibly even the undivided megaspore itself (fig. 5 V). A sup-
pression of the egg does not seem very probable. The case of
Dasylirion in which there should bhe no egg in the micropylar
group has been proved to be false. As long as no new cases are
reported, we can safely leave out of consideration such a possibility.

If we examine conditions more closely, it must be admitted,
that this scheme really combines two reduction processes. The
one first attacks the synergid-development, the other begins
with a suppression of the egg-polar divison. An exact illustration
of the situation is presented by fig. 6.

Il MMl
5:5 5
L L]
b /
ooryy 3
- I; \ .r"‘l\':\f’
AL ik s C/

b3 b,
IIb 1IL

Fig, 6. Reduction of the micropylar groap, e = egg s = synergid

p = npper polar nucleus.

To confirm this conception about the development of the
micropylar group the following list of instances drawn from
literature is offered.
Type I : the “normal developments,
Type 1la : Aglaonema (Camepern, 1912), Gareinia  (Treus,
1911), Moringa (Rurcers, 1922), Cypripedium (Pacr,
1907), Gastrodia (Kuvsano, 1915).

Type 114 : (Juglans regia (Karsrey, 1902) )]

Type Tlla: Peperomia (Jounson, 1900, 1907, 1914, Browx, 1908)
(Dicraea elongata (Maexsus, 1913) 1)
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Type II16: Plumbagella (Danreren, 1915).
Type IV : Plumbago (Danreren, 1915).

Type V

" a8 & = & 4 = B e @

Development of the chalazal group of nuclei.

The primary chalazal nucleus also, normally develops into a
group of four nuclei: the lower polar nucleus and three antipodals.

megnsporc

micr,
and prim,
chalaz.nuel.

prim.

Fig. 7.

oy

-

EE] o o e e e i e
P

/!

/
/
. 1] I L}
' L) 0 .

Reduetion of the chalazal group.

QD

t'ull-f;rrown

chal.

roup

g

L

i

€ D
€
O @

Type 1a
3 antip.; polar nuel,

Type 1b

2 antip, 2 polar
nuel.

Type 2a
2 antip,, 1 polar
nuel.

Type 2b
1 antip.,, 2 polar

nuel,

Type 3a
1 autip, 1 polar
nuel.

Type 8b

2 polar nuel,

Type 4
1 polar nuel,

Type b
chalaz. group whol-
Iy suppressed

The number of nuclei however may be either more or less, Many
instances hoth of suppression and of secondary increase are known,

3
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Figure 7 illustrates the theoretical reduction series. The
o
scheme covers all possibilities from the normal number of four

pe laa

y b

————— Type 1L g

\.— @------ Type lay

e

===== Type

Type ¢ 2

-——-—— @ ————— Typo 203

«
D H - 4

3
e

i
=

Type 3 Q

Type 4

v
1
1
1
1
-
o

¥
1
1
i
1
=
R

Iig. 8. Desintrezrating nuclei in the chalazal group. Letters corres-
punding to those used in fig. 7. The Greek letter indicates the
number of desorganizing nuclei.

nuclei down to total suppression of the entire group. Some-
times, when the upper polar nucleus is suppressed (fi

g )y



Ia, ITTa, 1V, V) two of the chalazal nuclei are seen functioning
as polars and even fusing.

Besides the reduction just mentioned there is still another
way by which the number might decrease. Antipodals very
seldom survive the fertilization stage. Often however they begin
desintegrating long before the sac has reached its full-grown
stage. This of course is to be considered as an anticipation
without much interest from a morphological point of view. For
completeness’ sake all possibilities on this line are reviewed
in figure 8. The same indicating letters are used as for the
corresponding embryosacs of fig. T: a Greek letter is added to
indicate whether one, two or three nuclei are affected by early
degeneration.

The antipodals have not acquired special functions like the
nuclei of the egg-apparatus. Ordinarily the chalazal group is
formed by two simultaneous divisions. For these reasons a num-
her of three chalazal nueclei is not very probable. As a matter
of fact no instances could be found of the types 2b (lig. 7) and
2azx, 2a and 2be (fig. 8).

Representatives of the various types are presented in a table
on the following page.

An inecrease in the number of antipodal nuclei is very com-
mon too. Thix increase, however, seems to be of secondary origin
for it is caused by a development of an original number
of three nuclei. Most probably it is connected with special nu-
tritive functions of the antipodal apparatus and is of no interest
from a phylogenetical point of view. A complete list of all
cases in which the number of antipodals surpasses the usual
number of three is given by Samuers (1912 p. 100).



of 4
chalazal nuclel

aroup

group of 3

chalazal nuelei

I chalazal

nucleus only

)
b
|

group wholly

chalazal

group of 2 chalazal nuclei

suppressed

Type 41a:
the “normal development®
Type 1b:

Type 1az-1ap-1ay:
quite common
T}'lle ‘”)z—'”iﬁ:

Type 2a:
Pedilanthus (Arxornr 1912)
Type 2h:

Type 3a:
Dicraca (Magyus 1913)?
Limnocharis (Nirzscuge 1914)
Gyrostachys (Pace 1914) lf
Epipactis (Browx & Suarp1911) |
Type 3b: |
Peperomia (CauppeLn 1809, |
Jonxsos 1900, 1914, |
Browx 1908). ‘
Garcinia (Trevs 1911)
Moringa (Rurcrns 1922)
Bronghtonia and other Orchidac
(Suane 1912)
Cypripedium (Pack 1907)
Gastrodia (Kusaxo 1915)
(Cavenern 1903, |

1907,

Aglaonema
1912)

Type 4:

Lawia (Macnes 1013)

Type 5:

Euphorbiac (MoniLewskr 1909a,
1910, 1911, Arxorvr 1912)
Podostemac. (Macyvs 1913)
Penaeac. (Stepnens 1909)
Onagrac. (Geerrs 1909, Mopi-
LEWSKL 1909b, Wenrner 1914,
Rexxeir 1914, Ismgawa 1918). |

|

Lype 2az-2apg:
Type 2bz
Type 3az:

Codiaeum (Arxorpr 1912)
Plumbagella (Danrgres 1915)
Gyrostachys (Pace 1914)

Type 4ae:
Helosis (Coopar & Beryann 1000)
Ceramanthus (Anxoror 1912)
Podostemac, (Wext 1900, 1010,
1912)




IV. SYSTEMATICAL SURVEY OF ATYPICAL EMBRYOSACS.

As most authors have not paid much attention to the dis-
tribution of the protoplasm and to the arrangement of the nuclei
during the early stages of embryosac development, this review
necessarily {must be a’critical one, including not jonly the inter-
pretation of the figures as given by the authors, but a discus-
sion of the figures themselves as well.

The common desintegration of an otherwise normal group jof
antipodals (fig. S, laz "lag, lay) as{well as the secondary
increase of the number, of antipodals, are not included. For the
rest the criticism reckons with all embryosacs, known to have
more or less than the ordinary number of eight nuclel, and it
thus covers the whole range of possibilities represented in fig. 4— 8,

DICOTYLEDONES — Choripetalae.,

\
Juglandaceae - Juglans regia | T-nucleate? | Karsten 1002 | D-Ilb-1a?
““[‘".‘”I'lml‘m‘t‘uv | Helosis guyanensis | A-nucleate | Chodat et 1900 | D-l-4z
{ : Bernard
l’i];p~ . ] Campbell | 1899
WACHne snoramia nellucids 1G-nucleate . [ AAAA-ITa-
e Pe [HlllnnJ 'IN.”“(“IJ . Git Yohnson IH(HI l\l\.\.\ l“.l".“)

| [ 4
T 190
| Peperomia hispidula I“"”""‘“““‘ Johnson ;IE.‘L’: AAAN-TTTa-3h

| Peperomin Sintensii _

Peperomin arifolia ‘ l6-nucleate | Brown 1908 | AAAA-IITa-3b

Peperomia Ottomanin

Peperomin resediflora

Peperomin hlanda IRt leatal. Y aser I Ve By,

Peperomia marmoratia ‘ :

Peperomia magnoliifolia ‘
ln‘(".l:*iullilllj'

By Piper subpeltatum R Palm 1015 | Ca-llTa<3h
“Phorbiaceae Ceramanthus [ 4-nucleate | Arnoldi 1012 | A-l-da
Codineum A-nucleate | Arnoldi 1012 | A-I-30a




Euphorbiaceae

Guttiferae

Moringaceae

Podostemaceae

Penaeaceie

Onagraceae

Pedilanthus

Euphorbia procera

- Euphorbia virgata

Euphorbia palustris
Acalypha

Garcinia Kydia |
Gareinia Treubii |
Moringa oleifera
Oenone Imthurni
Oenone guyanensis
Cenone Richardiana
Oenone Treslingiana
Oenone Versteegiana
Oenone marowynensis
Apinagia divertens
Apinagia Goejei
Apinagia perpusilla
Lophogyne capillacea
Mourera fluviatilis
Tristicha hypnoides
Rhyncholacis macrocarpa,
Oenone Hulkiana (
Cladopus Nymanni
Podostemon subulatum
Hydrobium olivaceum
Farmeria metzgerioides
Lawia zeylanica
Dicraea elongata

Sarcocolla squamosa
Sarcocolla fucata
Sarcocolla formosa
Penaea mueronata

- Penaen ovata

- Brachysiphon imibrica-

tum

Oenothera Lamarckiana
Oenothera biennis
Circaca Iutetiann
Epilobium Dodonaei
Epilobium angustifolium

Oenothera I‘lli'l.()l'al']l.‘l

G

| 5-, occas.
=
7-nucleate

16-nueleate

' [6-nucleate
|
16-nucleate

16-nucleate

|~
S-nucleate

' 5-nucleate

1
[
|
|
| A-nucleate

d-nucleate
S-nucleate
d-nucleate

d-nucleate

|G-nucleate

A-nucleate

| 4-nucleate

d-nucleate

4-nucleate

d-nucleate

d-nucleate

Arnoldi |
I

’{Modi:emkr 1909

Modilewski 1910

1912 |

Dessiatofl | 1911
Modilewski 1911
Modilewski = 1911
Arnoldi 1912
Treub 1911 |
Rutgers | 1922
|
i
|
. 1909
Went | 1910
- Went 1912
Magnus 1913
Magnus 1913 |
Magnus 1013
Stephens l 1908
Stephens 1909 |
Greerts 1900
Werner 1914
Modilewski ! 1900
Werner { 1914
I f Renner 1914
i{ Modilewski 1900
| Werner 1914
Modilewski | 1900
Modilewski 1900
l‘.\’m'm-r 1914
Ishikawa 1018
Werner | 1014

A-1-4
A-I1-2a

AAAAN-I-S

AAANAN-TI-5

AAAA-T-D
ANAA-LD

A-ITa-3b
A-Ila-3b

C-1-4z

C-T-4a

C-1-4

C-1-5

C-11Ta-3a

1\ .'\ A .'\-I-i-l

4‘\"'-5’!



Ona graceac

llallm'hngiduccnc

Oenothera tetraptera
Oenothera coceinea

- Fuchsia

Clarkia

Oenothera nutans
Oenothera pycnocarpa
Gaura Lindheimeri
Gaura parviflora
Godetia spee.

- Jussiena repens

Ludwigia prostrata

' Circaea quadrisuleata

I

Gunnera Hamiltonii
Gunnera chilensis

Gunnera macrophylla

39

A-nucleate

4-nucleate

' 16-nucleate
1G-nucleate
[G-nucleate

DICOTYLEDONES — Sympetalac.

: ¢
Plunibaginacene

Compositae

Plumbago zeelandica
Plumbago capensis

| Plumbago pulchella

Plumbagella micrantha

Ceratostigma plumbagi-

noides.
Pyrethrum parthenifo-
linm var. aureum

MONOCOTYLEDONES,

“utf)lnm'u;u‘.

.l"liil(‘.(!uc

Orehig

acene

1

Limnocharis emarginata

Clintonin borealis

Cypripedium spectabile

Cypripedium  parviflo-
rutm

Cypripedium pubescens
| Cypripedinm candidum

Epipactis pubescens

Broughtonia sanguinea

d-nucleate
d-nucleate ‘
d-nucleate

| d-pucleate

4-, occas.
J-nucleate

[G-nucleate

|

H-nucleate

| 8/G-nucleate |

A-nucleate
|
! A-nucleate
|
|

oceasionally
| G-nucleate

Coralliorrhiza maculata O-nucleate

Phajus grandiflorus
Bletia Shepherdi
Gyrostachys gracilis

| Gyrostachys cernua

Gastrodia elata

ocens. G-nuel.

OCCAs.

H/G-nucleate |

|
|
|
I A-nucleate

- Werner
{

- Ishikawa

i

|

|

‘ { Ernst
Modilewski

\ Ernst

I Samuels

Schnegg

: Dahlgren

|
| Dahlgren
Dahlgren

{ Palm
| Palm

Hall
Nitzschke
Smith

IMace

Brown and
Sharp

Sharp

| Pace

| o
| Kusano
|

1914

1918

1902
1908
1908
1908
1912

1915
1916

015 |
1915 | D-111h=30x

1916
1916

1014 |
1915 |

1902
1014
1911

1007

1011

1012

1014
1015

A-I-5

|

CC-I-1a

D-111h=3a

D-THa-3a (Jax)

CC-1-1a

inecorrect.
A-1-8a ( la)
A-I-5

C-Ila-3b

B(A, Cor D)-
1-3a

B-I-3h

B(C or D)-
1-3a (Jax)
B-“:l-:}l:
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Araceae } i 1900 |
| Aglaonema commutatum ?? Campbell F :g?c;, | pathological
! Nephthytis Liberica i ¢ Campbell ‘ 1:]{):» ‘lnthulom al
Aglaonema pictum S-nucleate | Campbell |H?p(1)g D-11a-3b
\
Aglaonema versicolor  |6-15 nucleate! Gow | 1908 l? ?
Aglaonema simplex f S-nucleate | Campbell | 1912 iD—I[a-CSb
\

1 Aglaonema modestuin

Juglans regia according to Karstex (1902) shows a quite nor-
mal development of the chalazal group. At the other end how-
ever only three nuclei should be formed, viz. the egg, the upper
polar nucleus and one synergid, which should correspond to the
formule D—ITbh—1a. As the publication dates from 1902 con-
firmation of this condition is wanted. The more since other
Juglandaceae are reported to be quite normal in this 1 respect.
Moreover the author mentions some details which he could not
explain sufficiently.

First of all his statement that polars never fuse and even
are often found wide apart. Secondly the fact, that the two
nuclei at the micropylar end, which should represent the egg
and the synergid, show no difference in size or construction.
And thirdly his mentioning three cases of sacs in which, after
fertilization, three dividing nuclei were seen, both nuclei at the
top (synergid and egg!) still heing undivided. The author’s ex-
planation is, that the second male nucleus has fused with one
polar only. The figures should represent the second mitosis of
this fusion-nuclens and a first division of the other unfertilized
polar nucleus. A very doubtful hypothesis indeed.

Is it not safer to ascribe to Juglans regia a normal egg-appa-
ratus? Of course this is a suggestion only, which needs verifi-

cation by a renewed investigation. But Kanspen's publication
itself seems to contain rather strong arguments in its favour.
It is stated that cellformation oceurs very late in Juglandaceae,

1 Juglans nigra even not hefore fertilization. In my opinion
th(-, two “polars, never fusing and often wide apart are no
polars, but the egg and the fusion nucleus, Juglans regia being
S-nucleate and quite normal except as to the cell-formation of
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the egg, which lies free in the sac cavity at least until fertili-
zation. The only figure published by Karsren most strongly
supports this suggestion, showing two absolutely equal cells (the
synergids!) at the top, while the lower of the two nuclei in
the sac cavity (the fusion nucleus!) is of about twice the size
of the upper one (the egg). It is hardly possible to apply to the
said figure Karsten's interpretation of one synergid and the egg
at the top and of two polars.in the sac. Moreover my sugges-
tion gives a reasonable explanation of the three dividing nuclei
seen after fertilization, these being the egg- and the endosperm-
nucleus resp. in first and second mitosis.

Helosis guyanensis (Crnopar et Bersarp, 1900) very evidently
claims the formula D —I—4e. The disintegration of the primary
chalazal nucleus is already to be seen at the two-nucleate stage
of the embryosac. As a rule the whole nucleus has disappeared
before the micropylar’s first mitosis. Only once two chalazal
nuclei have been observed.

Peperomia pellucida was deseribed by Camppenn as long ago
as 1899 and reinvestigated by Jonnson in 1900, Camenern was
quite sure about the sac being l6-nucleate but he did not sue-
ceed in tracing the further history of the sixteen nuclei after
their formation. This gap however is fully filled up by Jonnsox.
Up to the l6-nucleate stage both authors agree even in details,
Neither in the two-nucleate stage nor in the four-nucleate one
any sign of polarity or vacuolation is to be seen: “Die vier
Kerne sind gleichmiissig vertheilt“. Not before eight nuclei are
well established vacuolation commences. Very soon a large cen-
tral vacuole is formed and the eight nuclei are found periphe-
rically. A simultancous division gives rise to the 16 nuclei of
the full-grown sac. Camesern supposed that afterwards three
nuclei should come together at the top of the embryosae, for-
ming the usual egg-apparatus, but he was not quite sure about
their always numbering three. (Iis fig. 8 on his Plate XXXI
reproduces only two nueclei). JOnNSON cleared up the matter
and there can be no doubt now that there is only one synergid
besides the egg. A similar group of two cells is found at

o0

the chalazal end and two other groups lie lateral. The eight re-
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maining nuclei come together in the middle of the sac and fuse.

There seems to be no difficulty at all in the interpretation
of the phenomena on the basis of our schemes. Vacuolation
does not begin before the eight-nucleate stage, so the four-
nucleate stage cannot represent anytbing else but four mega-
spores. Each of these four gives rise to a primary micropylar
and a primary chalazal nucleus, and further by a second divi-
sion to four nuclei two of which. belong to the micropylar and
two to the chalazal end. The two micropylar ones arrange
themselves as egg and synergid, the chalazal ones as two po-
lars. The mature embryosac thus contains four egg-apparatus
of two cells each, and eight polar nuclei, corresponding to the
formula AAAA—ITTa—3b (fig. 9, p. 43).

This conception is confirmed by Jomsson’s remark about the
synergid that “the position of the spindles in certain cases
seems to indicate that this is a sister to the egg® and further
by Browx's (1908) description of other Peperomia’s, which all
show the same development. Moreover the tendency to the
reduction Illa
Paiar (1915) mentioning abnormal sacs of this type in the usually

3b among the Piperaceae is demonstrated by
o .

eight-nucleate Piper subpeltatum. ,

Peperomia hispidula has almost the same development., Accor-
ding te Jonxsos (1907) however, only the micropylar egg-appa-
ratus remains intact, while the other three “micropylar groups®
do not come to the formation of cell-walls, thus leaving all
nuclei free, which results in their fusing with the eight polars.
In the full-grown embryo-sac only the ega, one synergid and
one huge primary endosperm nucleus are left. This however does
not affect the AAAA—IITa—3b character as shown by the
development.

Peperomia Sintensii and the other species described by Brown
(1908) and HAvser (1916) all show the same development. [t
1s not necessary to repeat everything in detail. The tetrasporic
character iz emphasized by the fact that in the first division
of the embryosac-mothercell of P. Sintensii a evanescent wall
is formed, while “when the two nuclei divide into four, plates
are formed on both spindles.“ Moreover in P. resediflora and
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P. blanda “werden bei beiden Schritten der Meiosis Wiinde
gebildet von sehr unregelmisziger Lage, die jedoch nach kurzer
Zeit wieder aufgelost werden.© In this case also we can safely
accept the formula AAAA—TIITa—3bh.

Arxorpr's publication on the Zuplorbiaceae is most annoying inits
lack of detail. Moreover there are absolutely no plates and the pu-
blished figures are too few in number to base any conclusions
upon. The author seems to have suffered from lack of material.
Ceramanthus’ mature embryosac probably contains only the
four nuclei of the micropylar end“..... am entgegengesetzten
Ende sah ich keine Ierne, obgleich dies nicht fiir absolnt
gewiss gelten kann.“ The only figure of the two-nucleate stage
shows clearly a primary chalazal nuclens as well as the pri-
mary micropylar one. The next figure represents four nuclei
at the micropylar end. Evidently the chalazal nucleus degene-
rates very soon after its formation, which is expressed by the
formula A—T—4=, The life history of the Codizeum is confined
to five lines and four figures. There seems to be a four-nucleate
sac at the end, but how it originated cannot be decided. Ag-
NoLpr's figures point to some development of the primary cha-
lazal nucleus. Possibly the sac-nuclens in full-grown state is
the vesult of a fusion of two polars, the sac thus being not
four- but actually five-nucleate, and the formula A—I—3ax.
Pedilanthus as a rule corresponds to A— I—4. Oceasionally the
reduction has not gone so far, there being two antipodals
left: A—T—2a.

The 16-nucleate Euphorbiaceae, described by MoviLewski (1909,
1910, 1911) and by Arsorpr (1912) are of such remarkable uni-
formity as to the development of their embryosacs that it is
not necessary to treat them separately. Vacuolation does not
commence before the eight-nucleate stage, which proves a tetra-
sporic condition. Each of the four megaspores develops only a
“micropylar group®; the chalazal groups are wholly suppressed
and not even a primary chalazal nuocleus appears. The four
“micropylar groups® are to be found: one at the micropylar
end of the sac, one at the chalazal end and one at each end
of a transverse axis. Each group organizes an ega-apparatus,
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leaving one free polar-nucleus in the cavity of the sac. Ulti-
mately these four polar nuclei fuse, giving rise to the primary
endosperm nucleus. The whole development thus answers to the
form. AAAA—I—5. (fig. 10, p. 43) which is in close agreement
with the condition in other Euphorbiaceae. Drssiarorrs (1911)
incredible statement about there being a full tetrad and still
a 16-nucleate sac in Euphorbia virgata could not be confirmed
by Mopmewskl (1911) as we can easely understand now.

Garcinia Kydia and G. Treubii as described by Treus (1911)
and Moringa oleifera Lam. (RUTGERS 1922) show a reduction in
hoth groups. At the micropylar end the division, which ought
to give rise to the upper polar nucleus, does not oceur, at the
other end development is stopped after the first division. These
two chalazal nuclei fuse and act as embryosac nucleas, the whole
development thus corresponding to A—-Tla—3b.

The Podostemaceae investigated by Wenr (1909, 1910, 1912)
are of a remarkable uniformity as to the development of the
embryosac. There is no doubt about the existence of a primary
micropylar and a primary chalazal nucleus in the two-nucleate
stage. The chalazal nucleus soon desintegrates while the other
one develops normally. Formula C-—I-—da. Lawia Zeylanica (Mag-
sus, 1913) is less reduced. Herve the primary chalazal nucleus
fuses with the upper polar nucleus: C—I—4&. Podostemon subu-
latus, Hydrobium oliwvaceum and Farmeria  Metzgerioides on the
other hand seem to represent a more reduced condition. The
full-grown embryosac shows the customary four nuclei, but in
these cases no desorganising or fusing nuclei are to be seen
during the development of the sac. It is evident that the cha-
lazal group is entirely suppressed, for the usual polarity and
acuolation at the two-nucleate stage is missing. The difference
between the two-nucleate stage of e.g. Lawia and that of Po-
dostemon ete. can be illustrated by a comparision of fig. 9
(Taf. XI) and fig. 56 (Taf. XIV) of Magnus’ publication. Also
the direction of the spindles in the next (last) division leaves
no doubt about the micropylar character of all four nuclei, It
is true that the four nuclei are not crowded together at the
top of the sac as may be seen by the Onagraceae, but the
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extraordinarily small dimension makes a spreading of the
nuclei through the whole of the sac inevitable. There seems
to be no reason why the formula C—I—5 should not be used
for these Podostemaceae. Dicraca elongata presents another con-
dition. According to Macenus the mature sac consists of one
synergid, the egg, and two antipodals. Only two or three of the
earlier stages have been seen and a complete series could not
be given. Under such circumstances it is difficult to decide about
the formula. The two-nucleate stage is clearly polarised and vacu-
olated, and the next division would snggest also C—IIla—3a.
This however differs widely from the other Podostemaceae.

The Penacaceae as far as investigated (Stepmens 1908, 1909)
show quite the same development as the Euphorbiaceae. The
arrangement of the nuclei and the organisation of the vacuoles
clearly shows a tetrasporic origin and suppression of all four
chalazal groups, the formula thus being AAAA—Ta—5 (fig. 10,
p- 43). The “micropylar® character of the lateral and chalazal
groups of cells is emphasized by the fact that embryos were
seen arising from one of these groups.

The Onagraceae, (Geerrs 1909, Mopinewsk 1909, Werner 1914,
Rexyer 1914, TXekwory 1914, 1915, Ismikawa 1918) show an
absolute uniformity in their development. No need to describe
the several stages in detail. The spreading of the protoplasm,
the vacuolation, the direction of the spindles and the crowding
of the four nuclei at the topend of the sac, these all make the
total suppression of the chalazal group so evident that Geerts
already said: “In der Oen. Lam. ist die erste Teilung im Em-
bryosack ausgefallen, und es entstehen somit gar keine Anti-
poden und kein unterer Polkern.* Form. A—I- 5. He however
did not recognise the individuality of the nuclei, for he still
homologised the two-nucleate stage with the same stage in
other Angiosperms, supposing the chalazal nuclens to be dis-
placed by protosplasm-stream.

Of several Gunnera species the life history of the female ga-
metophyte is published. We can pass the first publication
(Scuneae, 1902) on the subject as his record could not be con-
firmed by Erxst (1908). All other publications, however, (Mopi-
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rewskr 1908, Erxsr 1908, Samvers 1912) agree on most of the
important points. The first division of the embryosac-mother-
cell nuclens is not followed by wall formation and from the
figures it is clear that the large vacuole is formed at the four-
nucleate stage. From what 1s said in a previous chapter we
must conclude that the Gunnera sac reprents a bisporic con-
dition, polarisation leading us to homologize the four-nucleate
stage with the two-nucleate one of normal sacs. Both mega-
gpores of the embryosac come to full development, thus giving
rise to two micropylar and two chalazal groups of 4 nuclei
each. In the mature sac one of the micropylar groups (the
egg apparatus) is to be found at the top, both chalazal groups
come together at the bottom, while the second micropylar
group, in which cell formation is omitted, fuses with the three
polar nueclei of the other groups. This agrees with the figures
published by the different authors, showing an ordinary egg-
apparatus, six antipodals and seven fusing nuclei. Special attention
might be called to the fact that this explanation of the Gun-
nera embryosac, based on the vacuolation, results in a reasonable
explanation of the puzzling number of seven fusing nuclei. The
development corresponds to CC—I-—Ia (fig. 11, p. 43).

Plumbago species, investigated by Danrgren (1915, 1916) all
showed a four-nucleate sac. The two-nucleate stage is clearly
polarised, both the primary micropylar and the primary cha-
lazal nucleus giving rise to a group of two nuclei, viz. an egg,
two polars and one antipodal, which corresponds to D-111h-3q.

Ceratostigma (Danveres 1916) normally develops in the same
way. Occasionally however the antipodal degenerates. In Plum-
bagella (Danrares 1915, 1916) this desintegration is fixed, the
full-.grown sac never containing more than three nuclei:
D-T11h-3ax,

Pyrethrum /uu-r/wm:/}l/ium var. awrewm  (Para 1915) supplies
another instance of a bisporic sac. In the two-nucleate stage
plasm in still homogenous, vacuolation immediately following
the next division. As in Gunnera, here too, the bisporical cha-
racter is accentuated by the direction of the spindles and by
the early stages of vacuolation. “Bei der zweiten Teilung im
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Embryosack nehmen die Spindeln eine schiefe Stellung zur
Lingsachse des Embryosackes ein® states Para. This deviation
from the ordinary condition and still more the vacuoles originating
in two distinet groups strongly influences the character of the
embryo sac. The figures themselves seem to suggest that there
are two developing megaspores.

Both megaspores develop their full number of eight nuclei.
Owing to the narrowness of the Pyrethrum sac the nuclei of
the different groups do mot mix up. The sac thus presents a
row of four groups of four nuclei each, in fact a row of two
eight-nucleate embryosacs.

In the upper one the nuclei are arranged in the ordinary
way, there being two synergids, an egg, two fusing polar nuclei,
and three antipodals. By these three antipodal cells the narrow
sac 1s barricaded so that communication between the upper
and the lower half is made impossible. In the lower sac the
behaviour of the nuclei is somewhat abnormal. Four of them
separated by cell walls are to be seen just below the three
antipodals mentioned. The other four remain free in the sac
cavity. Perhaps, however, no mature sacs are seen by the
author, as Paim says: “Ueber die spitere Entwickelung dieser
eigenartigen Zelle gibt leider mein Material keine sichere Aus-
kunft. As far as present knowledge reaches the formula must
be Ce—I—Ila. (fig. 12, p. 43).

Pyrethrum thus closely agrees with the velated Tanacetum
(Parx 1915). In both the details of the development are the
same, the only difference being the somewhat further reduced
stage of the Tanacetum embryosac, in which only four nuclei
are developed by the lower megaspore. 1t is almost incredible
how Paiy, who has been struck himsell by this strong agree-
ment, could have been so fascinated by the idea of the <16-
nucleate type“ that he, in spite of relationship and agreement,
separated Pyrethrum from Tanacetum and classified it in the
same group as Peperomia, Penaeceae, ete.

Limnocharis emarginata has been investigated twice. We can
pass Hawr's publication (1902) on the subject, as his improbable
statement of the life-history was proved to be false by Nirzscnke
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(1914). This author describes the micropylar group as quite
normal, while the primary chalazal nuclens divides only once,
and sometimes twice, the six- or eight-nucleate sac thus cor-
responding to A—I—3a (or Ia).

Clintonia borealis’ embryosac (Symitn 1911) is of the Ay—I—5hH
type. Here too the type is as pronounced as it was in the
Onagraceae, and the resemblance to the Oenothera-sac Smirn
did not fail to notice. Perhaps the suppression of the chalazal
group may have been induced in this case by the peeuliar tetra-
sporical condition.

Cypripedium (Pace 1907) was one of the very first abnormal
sacs discovered, and has never been reinvestigated since. Though
the description is by the hand of an eminent examiner like
Miss Pace, when studying the figures of her richly illustrated
article the conclusion forced itself upon us that not only an-
other more probable interpretation is possible, but also that
Miss Pace’s interpretation does not cover all the data furnished
by her illustrations. The author describes the development as
follows: The megaspore-mother-cell gives rise to two daughter-
cells, of which the inner one (exceptionally the outer one) he-
comes the embryosac. (fig. 3, type C, p. 25). The primary embryosac-
nucleus divides only twice. The direction of the spindle in the
first division is |, of the spindles in the second divisin |
the two-nucleate stage a large central vacuole between the
nuclei is to be seen. Later the four nuclei should arrange

. In

themselves as an egg-apparvatus, consisting of two synergids
and the egg, and one free nucleus at the bottom or halfway
tlu_fmnln'yns:ut. At fertilisation triple fusion should oceur be-
tween this free nucleus, one of the synergids and the second
male nucleus.

It is evident that a development like this cannot be explai-
ned by the thoughts which underlie this study, based as they
are upon a fargoing specialising of the nuclel. The large central
vacuole in the two-nucleate stage places the character of these
nuclei as micropylar and chalazal beyond doubt, and so accor-
ding to Pace the chalazal group should have provided the egg,

to say nothing about a synergid acting as upper polar nucleus,
4
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The remarkable way in which this review of abnormal embryo-
sacs seems to establish our views, made us doubt Miss Pace's
description and look for another explanation of the data.
We will give first some facts, not in agreement with Miss
Pacr’s view, then our own suggestion about the life history of the
female gamethophyte of Cypripedium, followed by our arguments
taken from Pace. Of course we cannot give more than a sug-
gestion, a definite decision being only possible by reinvestigation
of the whole material.

The objections against Pace are:

I*. The statement about there being no more than two divisions
is based on the entirely negative argument that no more divisions
have been seen, which is recognised by Miss Pace herself in
saying: “No evidence of another division was found, although
at least 300 slides with hundreds of ovules upon each were
examined for this peculiar stage. When the sac is ready for
fertilization, four nuclei are present, so that if other nuclei are
formed they are very ephemeral. On her Plate XXIV fig. 24
she however reproduces an unfertilised, Jive-nucleate sac!

2% The direction of the spindle in the fivst, and (according to
Pace) only division of the micropylar nuclens is ', while the ordi-
navy direction of the spindle in the division, which gives rise
to the two synergids, is —. Moreover one of the figures (Pace,
Plate XXIV fig. 26) shows the two synergids still united by
fibres in — direction!

7. The statement about the enfering of a synergid in triple
fusion is very poorly illustrated. As a matter of fact though
“double fertilization was observed in hundreds of instances*
the removal of the synergid-nuclens to the embryosac-nucleus
has not been seen even once. The sacs show either, when
still unfertilized, both synergids in  their place at the top,
or alter fertilization, one synergid destroyed and two nuclei
below the egg. Tt seems to us that Miss Pace not knowing how
to trace the origin of that second nucleus, by lack of other
nuclei came to the conclusion that it could be nothing else but
a synergid-nucleus. This is o mere hypothesis however, and
canuot be meant to be more than that; she herself with ample
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material at hand, only saying that there are “two nuclei below
the egg, and from the lines of cytoplasm one seems to be the
synergid which has moved to that position®. (Pack, Fig. 42 on
Plate XXV should demonstrate these lines of eytoplasm, but in
other figures e.g. 43 and 51 nothing of the kind is to be seen).
4°. Tt is well-known that the entering of the pollentube
means the immediate destruction of the synergid. All figures of
just fertilized embryosacs, published by Pack, seem to furnish
proof of this occuring also in Cypripedium. On Plate XXVI,
Fig. 44 she ficures a synergid in which the pollentube has just
entered; the rucleus of this synergid is evidently desintegrating.
Her Plate XXV, fig. 43, at a little later stage, shows the two
fusing nuclei at the bottom, while in the synergid there are two
male nuelei and a stained thing which must be the last remnant
of the synergidnuclens. Her Plate XXVI, fig. 45 represents
double fertilization, while in the upper half of the embryosac
the deeply stained remains of ot/ synergids are to be seen.
Our own sugeestion about the development runs as follows:
In the two-nucleate stage there is a primary micropylar and a
primary chalazal nucleus (Pace, Plate XXIV, Fig. 24). Let us

follow the history of the micropylar one first. The direction of

the spindle in the division of this nucleus is | (Pace, Plate
XX1v, Fig. 25). But this is not the only division as Pace
supposed, It is followed by a division of the upper daughter
nuclens only, giving rise to the two synergid nuclel. The other
nucleus vemains undivided and becomes the egg (Pace, Plate
XXIV, Fig. 26). As to the chalazal group only one division
of the primary chalazal nuclens occurs. As a rule the prim.
chal. nucleus remains undivided until just before fertilization
(Pace, Plate XXIV, Fig. 26, Plate XXV, Fig. 29, 30), thus pre-
senting a peally four-nucleate embryosac. Then it divides, the
two daughter-nuclei staying close together (Pace, Plate XXV,
1‘. d9
llg_ ]_,
zation the pollentube enters one of the synergids (Pace, Plate
XX, fig. 44). The nucleus of this synergid at once begins to
degenerate (Pace, Plate XXVI, Fig. 44). A few moments later
tWo male nuclei have entered the synergid, whose nuclens is

'1:5, vtc,) and ;[(:t,ing HES (_‘111]H'_)’():-:il(l-llll(.‘]tllls. At fertili-



rapidly shrinking (Pace, Plate XXV, Fig. 43). By the time of
the fusing of the male nuclei with the egg and the double
sac-nucleus, only very small remains of both synergids are still
to be seen (Pace, Plate XXVI, Fig. 45). While this seems to
be the ordinary course, sometimes the division of the primary
chalazal nucleus may occur a little bit earlier, even at the
same time of the division of the primary micropylar nucleus
(Pace, Plate XXIV, Fig. 25; Plate XXV, Fig. 27; Plate XXVI,
Fig. 46). Probably in these cases the fusion of both nuclei
occurs already before fertilization, leaving a fusion-nucleus
instead of the usnal double-nuclens, as may be derived from
Pace’s statement that “one sac indicated the possibility that
the synergid may fail to unite in the triple fusion,* or in
other words, that there was only one nucleus to fuse with
the second male nucleus. If this record of Cypripedium proves
to be right, the development of the embryosac corresponds to
the formula C—Ila—3b.

Our arguments for this interpretation can be summarized as
follows: 1. The insufficiency of the interpretation of Miss Pack
to declare all figures given by her. 2. The details of her figures
as indicated in my description. 3. The lack of evidence put
forward in her arguments for the entering of a synergid-nucleus
in triple fusion and for the chalazal origin of the egg, which
are both entirely without analogies. 4. The analogies presented
by Gastrodia, in which hoth chalazal nuclei fuse soon after
their formation, by Garcinia, in which they fuse just before
fertilization and by Moringa, in which fusion takes place after
fertilization, all three showing the same trinucleate condition
at the micropylar end.

As already stated we do not claim to have given a decision,
this being impossible without, reinvestigating the whole material.
But our suggestion must be admitted as a possible explanation
and must be rejected on firm grounds before we can accept
Miss Pace's.

Lpipactis - pubescens, described by Brows and Smarp (1911),
normally has the ordinary eight-nucleate embryosac. Sometimes
however the chalazal development stops at the bi-nucleate stage,
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there being one polar and one antipodal nuclens. As all con-

osae, occur, the formula is: B (or A, C or D)—I—1a (or 3a).

Broughtonia  sanguinea, Coralliorrhiza  maculata and  Phajus
grandiflorus according to Smare (1912) have undergone some re-
duction in the chalazal group by omitling the last division.
The only two chalazal nuclei fuse and act as lower polar
nucleus. Formula B—I-—3b.

Bletia Shepherdi, investigated by the same author is either
normally eight-nucleate or reduced like the foregoing. Most
sacs, however, showed only four nuclei, more or less fusing or
desintegrating. Evidently this phenomenon can be brought back
to artificial growing conditions, as the author himself’ has
remarked.

Gyrostachys — (Spiranthes)  gracilis (Pace, 1914) exceptionally
develops a normal eight-nucleate embryosac. Usually however
the primary chalazal nucleus divides only once, giving rise to
a polar nucleus and one antipodal which sometimes stays, but
mostly degenerates, Formula= 1B (or Cor D) —I—Baz (or Ja or 1a),
Gyrostachys (Spivanthes) eernua has quite the same development,
but occasionally a row of four megaspores is seen. Miss Pace
referring to her figures 34 and 85 assumes the embryosac so-
metimes to be four-nucleate. Whether these figures really
represent four-nucleate sacs might be doubted; the dimension
of the sac nuclens at least points to its being a fusion nuclens.
There seems to be no reason why these sacs should not be
originally six-nucleate like the others. Pacr’s figures 31 and 36
show sacs with the antipodal gradually disintegrating, which
must result in sacs like 34 and 35.

Gastrodia elata is deseribed by Kuvsaxo (1915) as four-nucleate
like Cypripedium; the primary micropylar nuclens should produce
two synergids, the chalazal nucleus the egg and the embryosac
nuclens. Here toe a synergid should enter in triple fusion. It
is not necessary to repeat all that has been said when criti-
cising Pace on Cypripedium. Everyone of my remarks holds
for Gastrodia too. Especially the fact that Kusano also ab-
solutely failed to see the migration of a chalazal nucleus to
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the position of the egg (his figures 93—95 which should illustrate
this migration do not even give the slightest indication of a
chalazal origin of the egg!) and that he too absolutely failed
to see the migration of a synergid-nucleus towards the sac-
nucleus, might almost be called a proof of the incorrectness ot
the suppossed development of Gastrodia and Cypripedium.
Otherwise either Pack or Kusaxo should have found one or more
of the lacking stadia. Moreover Kusano’s figures so strongly
resemble those of Treus (1911) on Garcinia and so strongly
suggest an explanation in that direction, that it is hard to
understand why he did not come to it.

After the elaborate criticism on Cypripedium I can do with
marking only a few of the most obvious phenomena in Gas-
trodia. First of all the fibres between the egg and synergids
as illustrated in Kusano’s fig. 93 and 94, which seem to represent
the ordinary behaviour and are noticed by Kuvsaxo himself who
tried to explain them by saying: “Later, the limiting plasmic
membrane is precipitated between each two nuclei, often pre-
ceded by the formation of fibres.“ To me it seems more reaso-
nable to accept a micropylar origin of the ege and to do
without the far-fetched explanation of the fibres., A second
phenomenon, which makes a chalazal origin of the ege not
only improbable but quite impossible is illustrated in fig. 88,
89, 90 and 91. Though Kusaxo himself says “it is almost cu-
stomary that they (viz. the chalazal nuclei) lie in close contact
(fig. 91),“ he does not hesitate to consider the majoriy of his
material as abnormal! According to him the growth and divi-
sion of the chalazal nucleus should be much disturbed by the
lesser amount of cytoplasm, and all those sacs shoulds be
unable to come to full development. T do mnot think such a
presumption can be accepted unless every other possibility is
at least tested and rejected on firm grounds.

As far as can be gathered from Kusano's publication the
development seems to be as follows: The embryosac (one of a
row of three megaspores) is in its bi-nucleate stage clearly
polarized (Kusawo, fig. 78, 79, 81, 56, ete.). The primary mi-
cropylar nucleus presents a reduced development, giving rise
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to two synergids and the egg (Kusawno, figg. 93, 94). The divi-
sion which should give rise to the egg and upper polar nuclens
is suppressed, there thus being no upper polar nucleus. The
primary chalazal nuclens on the other hand divides only once.
As a rule both nuclei fuse soon after their formation (IKKusano,
fig. 89, 90, 91). Sometimes however this fusion may be a little
bit postponed (Kusawo fig.85). Only two of Kusano's figures do
not agree with this suggestion. Both figures (50 and 84) represent
nuclear divisions which by the direction of their spindles and
by the distribution of the plasm point to sacs of the type
B—I—5, instead of B—Ila—3b. I must emphasize here that
of course it is not possible to give a description of a life history
without any material at hand. Only a thorough reinvestigation
can clear up the matter.

Aglaonema  commutatum has been studied by Camresrrr (1900,

1908, 1912). He did not succeed, however, to give an idea of

the development. All his material of this species was collected
from plants grown under more or less artificial conditions, and
shows the common pathological phenomena like indefinite number
of nuclei i, multiple fusions and other abnormalities. Moreover
“there is some evidence that the complete embryosac may be
the product of the union of several sporogenous cells (mega-
spores).©
Nephthytis liberica is mot better known (Camrprir, 1905). It
was ,quite impossible to make out any prevailing type®, and
as this material too came from the greenhouse, the author
rightly remarks: “How far these are normal cannot be cer-
tainly determined until material grown under natural condi-
tions can be examined.* More stress is still laid on the pre-
sumption of pathological conditions by the fact that “the pollen
arains were badly shranken and distorted, and no satisfactory
study . ... could be made.®
Aglaonema pictum (Camepern 1903, 1912) was first assumed
to have a normal eight-nucleate embryosac. In his later publi-
cation Camppenrn however describes the sacs as five-nucleate,
the type being D—Lla—3b.
Aglaonema versicolor (Gow, 1908) should be 6 to 15-nucleate
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There should be a normal development of the micropylar group,
while at the other end a different number of nuclei, varying
from 2 till 11, should be produced. Gow however has not seen
all stadia of development. His record of what he has seen is
very brief and the figures very few in number. Moreover these
figures are only outlined and of no use for further research,

Aglaonema simplex and A. modestum (CaMPBELL, 1912) are five-
nucleate and of the D—ITa—3b type.

V. CONCLUSIONS REGARDING SYSTEMATICS AND
PHYLOGENY.

Our knowledge of the embryosac development of most families
15 yet too scanty to justify any attempt at an exact system of
the female gametophyte. The survey however still indicates
certain tendencies in development and it furnishes some unex-
pected evidences of relationship worth special mention,

Among Piperaceae Peperomia shows a regular development
of four megaspores and a regular reduction in the number ot
nuclei produced by each of these megaspores. Exactly the same
tendencies are occasionally met with in Piper. It is only hy
analising gametophytes as we did, that this relationship between
a 16- and 5-nucleate sac came to light.

Luphorbiaceae may be either 16-, 8-, 7-, 5- or 4-nucleate, Super-
ficially any connection between these types seems to be lacking.
In fact, however, they are as closely related as possible. Only
the chalazal group of nuclei is affected by a process of reduc-
tion, which can go as far as total suppression. In the 16-nucleate
sacs this process is combined with the development of all four
mMegaspores.

In Penacaceac the same combination of total suppression of
the chalazal group with a tetrasporical condition is to be seen.

All Onagraceae ave like the Penaeaceac, except their developing
only one of the four megaspores.

Monocotyledones show a  great variety of types. Reduction
processes ave still going on in every direction. The number of
megaspores ranges from four to one, and both the micropylar
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and the chalazal group may suffer from a decrease in the
number of nuclei. Among Orchidaceae these divergent lines of
development are even met with in the same family. In some
of the species the micropylar group is still quite normal, the
chalazal one being affected by reduction in the number of
nuclei; in other species the micropylar end too never reaches
the four-nucleate stage.

Our method of treating the various sections (megaspore-
formation — micropylar group — chalazal group) of the
cametophyte as morphological units, capable of following in-
dependent lines of development, proved to be a real progress,
in so far at least as closely related species are no longer scat-
tered all over a system. In this respect our outlines show
distinet advantages on Couvrrer’s, Ernst's, Damicren’s and Isni-
KAwA's schemes.

Especially the application of the idea to the lG6-nucleate em-
bryosacs has been fruitful. These sacs are no longer a type of
their own, but are considered as either of bi- or of tetraspori-
cal origin. A fully developed tetrasporical sac should be 32-
nucleate, each megaspore developing a “micropylar® and a
“chalazal group. Both however can be subject to reduction
conformable to the possibilities, worked out and illustrated in
figures H—7. Several of these reduction types can be 16-nucleate.
Of course full development of a bisporical sac also leads to

a l6-nucleate embryosac.

Up to the present moment the Angiosperm embryosac has
held a wholly isolated position. Its origin could not be traced
and its analogies among Gymmnosperms were dark, A gap in
phylogenetical knowledge on such an important point, necessa-
rily has led to numerous suggestions. None of these, however,
passed the hypothesis stage. It apparently depends in the main
on the author’s preference for a certain theory on the origin
of Angiosperms, which type of embryosac he will call the most
primitive one. It must be admitted that this is not the right
way of settling the question, using phylogenetical speculations
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as basis for a system, instead of systematics as basis for phylogeny.

The present study did not succeed in throwing more light
on the origin of the Angiosperm sac. It has led us to the view
that all embryosacs with an abnormal number of nuclei ave
derived from the normal eight-nucleate type. This conception
of the S-nucleate sac as the most primitive one fully agrees
with the actual conditions, for it is met with in all families
at the bottom of the natural system. On this point the phylo-
genetical value of our results is purely negative: it leads us
to reject all theories on the origin of Angiosperms, which ave
founded on the “primitive character* of the 16-nucleate em-
bryosac or of the embryosac with an increased number of
antipodals.

VL FACTORS WHICH MAY ACCOUNT FOR THE ANOMALIES
IN EMBRYOSAC-DEVELOPMENT,

The reduction in the number of megaspores (“row of four¢,
“row of three“, “row of two*, “no row at all®), in the number
of micropylar nuclei (four, three, two or one nucleus), in the
number of chalazal nuclei (four, three, two, one or no nucleus),
they all succesfully can be brought back to the same causes.

First of all the process of shortening the sex generation must
be mentioned. In most Angiosperms the sporogenous tissue has
been reduced to one cell only. So the next step on this way
necessarily must affect megaspore-formation and embryosac-
development.

Secondly there is the usual desintegrating and final suppres-
sion of non-functioning tissues. This is too well-known from
sporophytic conditions to need any further commentary. Its
application to the megaspore-formation and embryosac-develop-
ment will meet no objections.

The reduction in the number of megaspores probably is caunsed
by both processes. Normally three of the spores are seen des-
integrating. A total suppression should be an anticipation on
this degeneration.

The reduction at the chalazal end too may be influenced by
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hoth factors. Most authors who have made special study of the
subject agree on ascribing to the antipodals a nutritive func-
tion (Westermaier 1892, Tkepa 1902, Lorscuer 1905, Huss 1906).
Their losing this function leads to desintegration and finally to
total omission. This, of course does not hold for the lower polar
nucleus. Still this nucleus may be suppressed too, which shows
that the process of shortening the sex-generation is at work
as well.

At the micropylar end the nuclei, once formed, usually per-
sist. They have all got a special function. The occasional sup-
pression of one or two of these nuclei therefore must be con-
sidered as a result of the shortening of the n-generation. This
conception explains why reduction in the number of megaspores
and in the number of chalazal nuelei is more common than in
the number of micropylar nuclei. The development of the mi-
cropylar group is affected by one reducing factor only, while
in megaspore-formation and chalazal development two factors
are at work.

An increase in the number of chalazal nuclei, on the other
hand, éul‘c]‘y can be ascribed to a more intensive nutritive func-
tion. This view is supported by Campprrr’s (1899a, 1899h) state-
ment about the occasional increase after fertilization and in
relation to the nourishing of the embryo.

VIL. ABNORMAL SACS WHICH SHOULD FAIL TO FOLLOW
THE OUTLINED SYSTEM.

We have to mention here some literature about embryosacs,
showing special anomalies not in keeping with the resalts ot
the present study.

First of all Camesert’s publications on Aglaonema commuta-
tum (1900, 1903, 1912) and on Nephthytis liberica (1905). We
have already cited these cases in our general review. The irre-
gularities are doubtless pathological and caused by the abnor-
mal conditions under which the material was grown (in green-
houses). Especially the many multiple fusions strongly remind us
of Nimre's studies on the influence of external circumstances

on nuclear division and nuclear fusions.
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Secondly three cases of two micropylar eggs are reported
(StrasBurGErR 1878, Fischrr 1880, Mursrck 1902). In itself a
secondary increase in the number of micropylar nuclei is not
in opposition to our views. In more recent literature however
no such cases are met with. Therefore these records were not
nserted in our general survey, as they can only be accepted
under reserve of further confirmation. Especially since these
cases do not represent normal conditions, but anomalies. Fiscuer
himself even doubts the correctness of his observation, the only
indication being one section ,dessen Taunglichkeit durch den
Schnitt leider herabgesetzt worden ist.

Thirdly in a few publications a synergid is mentioned as having
assumed the fanction of an egg or of an upper polar nucleus.

=} o]

Almost all of these studies are dated long before triple fusion
was known. The only exceptions are Pack on Cypripedinm and
Kusavo on Gastrodia, but their figures probably have been mis-
interpreted, as we have already discussed (p. 49—52, 29—0h).

Lastly we have to deal with four cases in which there should
be an egg of chalazal origin (CraMbERLATS 1895, TrErsakow 1895,
Pace 1907 and Kusano 1915). There is no need to repeat again
whath has heen said in our discussion on Cypripedium (Pack)
and on Gastrodia (Kusano). As to the other two: Marie Oppeg-
MANN (1904), when reinvestigating the Aster embryosac, says
that “there was nothing to indicate the presence of an antipodal
egg®. She too noticed that often one of the antipodals becomes
larger than the other two, “but in no instance was [ able to
find in this lowest cell an antipodal oosphere as described by
CraMBERLAIN (1895)¢. The embryosac of Allinm odorum (TrETIA-
xow, 1895) is of the normal S-nucleate type. The author speaks
of embryo formation “zuweilen sogar aus allen drei Antipoden,
und zwar ohne Befruchtung.® This development begins “erst
nach der Befruchtung der Eizelle¢. This really seems to be
nothing else but a secondary increase of antipodal nuclei, quite
common now.

We seem justified in finishing this study by stating that all
literature on the Angiosperm embryosac confirms our views,
the only exceptions being: a few publications of too old a date
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to be accepted without fllrtilel." confirmation, and two more
recent studies (Pace, 1907 and Kusano, 1915) in which however
figures are probably misinterpreted.

VIII. SUMMARY.

Several attempts have been made to classify the various
types of Angiosperm embryosacs. These systems are based
either on the number of divisions between embryosac-
mothercell and egg (Covrrer) or on the number of nuclei in
the full-grown sac (Erxsr). They are wholly artificial and
therefore without any phylogenetical value.

The female gametophyte is no morphological unit, but a
complex, as well as the sporophyte. A natural system there-
fore presupposes thorough and detailed knowledge of mor-
phology. It has to reckon with the following processes as
probably independent lines of development:

Chromatine reduction.

Megaspore formation.

Polarisation.

Development of a micropylar group of nuclel.

Development of a chalazal group of nuclei.

Chromatine reduction usually accompanies the first divisions
of the embryosac-mothercell. Sometimes (in apogamous spe-
cies) it is omitted, which proves that it 1s not identical
with megaspore-formation.

Polarisation is a function of the developing megaspore
(embryosac). It does not accompany megaspore-formation,
but megaspore-development. It commences as soon as me-
gaspore-development begins. It therefore provides us with
means of recognising megaspores, even when two or four
megaspores are lying in the same cell: as long as plasm
remains ilt)lll();._{t.\ll(ﬂl:; spore-formation is still going on, as
soon however as polarisation (vacuolation) commences we have
to do with germinating spores. Moreover a large central
acuole enables us to tell the nuclei of the chalazal group
from those of the micropylar group.
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Megaspore  formation usually leads to a “row of four.®
Occasionally however only three or two megaspores are
formed, or even the embryosac-mothercell itself is seen
functioning as a megaspore. The omission of cell walls
during spore formation may affect the number of nuclei in
the mature embryosac: four germinating megaspores in
the same cell give rise to a tetrasporical, three to a tri-
sporical and two to a bisporical sac. We are forced to admit
theoretically: 9 types of monosporical, 5 of bisporical, 2 of
trisporical and 1 of tetrasporical sacs. The further develop-
ment of the megaspores must be considered as wholly in-
dependent from their formation.

Development of the micropylar group of nucle. Normally it
results in a group of four nuclei. Sometimes however the
number has been reduced. Theoretically this reduction can
go down to there being only one nucleus left, the primary
micropylar nucleus or even the megaspore 1tself thus assuming
the egg-function,

Development of the chalazal group of nuclei. Here all stages
of the reduction series may be met with, from the usual
four down to total suppression of the entive group. Kven
when nuclei are still formed their desintegration is of
common occnrence. On the other hand g secondary increase
in the number of nuclei sometimes has been reported.

A few, most probably incorrect, records excepted, all publi-
cations on abnormal embryosacs seem to confirm this con-
ception of considering the Angiosperm embryosac as a
morphological complea.

Another confirmation is to he found in its systematical
value. Relationships are established by the st;ltle of the
gametophyte as well as by the study of the spc'n'nph)"te. lispe-
cially the application of our views to I16-nucleate sacs has
been fruitful. They are no longer a type of their own, but
of bi- or tetrasporical origin, each one of their megaspores
being open to the deviations, which we have worked out
with regard to the monosporical sac.

The reduction processes by which megasporeformation, micro-
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pylar- and chalazal development occasionally are affected,
can be traced back to two causes, viz. the shortening of the
sex-generation and the usnal desintegration and final sup-
pression of non-functioning tissues. Megaspore-formation and
chalazal development are attacked by both factors, micro-
pylar development by the first one only.

The S-nucleate sac seems to be the most original type of
the Angiosperm embryosac. The present study did not suc-
ceed in throwing any light on its origin.
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STELLINGEN.



STELLINGEN.

I
Voor een ,natuurlijk einde” van leven bestaan geen bewijzen.
Veeleer moet een physiologische onsterfelijkheid worden aan-
genomen.

I1.

Aan Morean's crossing-over theorie en zijn opvatting van een
groepsgewijze lineair gebonden zijn der dragers van de erfelijke
eigenschappen, kan slechts de waarde van een werkhypothese
worden toegekend.

[11.

])i:‘ (‘)()]'51']'0""_': viln Zl‘ﬂ» ;\[n,‘\l's 18 IliUL fe ]’.ﬂ{,'kcn in Zell fllni(,‘ilt:l,
maar in cen bastaard tusschen Euchlaena en een der Andro-
pogoneae,

A

De exostichos en endostichos, die Bork bij Zoogdieren beschrijft,

zijn niet homoloog met de stichi der Reptielen, volgens de definitie

van Worrneaman,
V.

De Foraminiferen vormen geen natuurlijke groep. Het is beter
de Monothalamia met de Amoebozoa tot ¢één orde te vereenigen
en de Polythalamia als een afzonderlijke orde te beschouwen.

V1.

De opvatting, dat de 1oss een [Jstijdvorming is, staat sterker

dan de meening, welke haar een interglacialen ouderdom toe-

schrijft.
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