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ORGANIZATION AND CELL-LINEAGLE OF THE ASCIDIAN EGG.

By Epwiy G. CONKLIN.

Professor of Zoology, University of Pennsylvania.

WITII PLATES [=XII.

INTRODUCTION.

A.  Oreaxizamox or mie Ecc.—Recent years have witnessed a revival of
the ancient controversy as to the nature and contents of the germ cells. On
the one hand are those who with Weismann maintain that the ege must contain
the elements or determinants of very many structures which will appear in the
course of development; on the other hand are ranged the modern epigenesists
who find in the egg cell only complex chemical substances which have the capacity
under certain outer conditions of mfdercoing regular transformations into other
substances which inecidentally have peeuliar forms. just as crystals have.

But while this modern eontroversy recalls the ancient one between the
adherents of evolution and those of epigenesis, it does so chiefly hecause it proceeds
from the same temper of mind, and not beeause anyone today ix ready to defend
the views of either the evolutionists or the epigenesists of a century ago.  No one
now expeets to find in the ege or sperm a predelineated germ with all adult parts
present in miniature, neither can anyone now maintain that the egg ix composed
of unorganized and non-living material.  Evervone now admits that the truth is
somewhere between  these two extremes; the real problem is how much or how
little of organization is present, and not whether the germ is organized at all.

Though the controversy as to evolution and cpigenesis has thus been nar-
rowed within relatively small limits, and has thereby lost mueh of its startling and
picturesque character, it is none the less-a real and important controversy today.
In general the attitude of physiologists and those who deal with the processes of
development has ever been to place emphasis upon the epizenetic character of
development and the extremely simple strocture of the germ s whereas those who
are concerned chietly with organic struetures are prone to seck for antecedent
structures in earlier and earlier stages of development and so finally in the
unsegmented ege itself.

It is not many years since all embryological studies were dominated by the
germ-layer theory, sinee the time when germ layers were considered to be the
carliest appearing differentintions which could be profitably compared and homolo-
gized. More recently it has heen shown that such differentiations appear at a
stage much earlier than the formation of the germ layers, and that muany of
the early cleavage cells of different animals show such fundamental resemblances

1¥* JOURN. A. N. 8. PIIILA,, VOL. X111.



6 ORGANIZATION AXND CELL-LINEAGE OF ASCIDIAN EGG.

that they can e homologized with one another.  May not these differentiations
appear at still earlier stages and *“organ-forming germ regions’ be marked out in
the ege before cleavage begins?  Finally does the orgamization of the egg arise
de novo in the ovary, or may a certain part of it be carried over from generation to
gencration, and is this early organization of the ege in any way different from the
organization of any eell?  These are problems of profound importance which lie at
the basis of any thorough study of development. inheritance and evolution.

B.  Ascipiaxy Expryorogy.—Anyone who has observed the ascidian egg will
understand why it has been such a favorite ohject of study. The cleavage of the
ceo ix so beautifully regular and can he observed so readily in life that it is not
surprising that ascidians were among the first animals to which the *- cell-incage ”
method was applied. It 1s surprising, however, to find sueh diversity of opinion
with regard to the development of these animals; even in some of the most import-
ant points in the early development, such as the relation of the poles of the ege to
those of the gustrula, or the cell origin of the germ layers, scarcely two authors
agree, in spite of the fact that these eges are perhaps as favorable as any others in
the whole animal kingdom for the study of these problems. Under the circmm-
stances 1t is impossible to avoid the conclusion that a large amount of very careless
work has been done in this field.  Aceuracy is ever the avowed aim of seience, and
when one finds seientific work unpardonably inaccurate he may justly feel indig-
nant. For some reason or other ascidian embryvology has ever been a field of con-
flict and confusion. In some cases controversy has raged for years around a mere
blunder which has thus gained a sort of immortality rarely attained by accurate
work.

But ascidian embryology furnishes illustrations not only of inaceurate work ;
it also affords some of the most classical examples of accurate and substantial
research.  Considering the time when they were written. Kowalevsky’s papers
(1866, 1871) are models of accuracy.  The beautiful studies of Van Beneden and
Julin on the segmentation of the aseidian ege and ou the morphology of the tum-
cates (1884, 1886) surpass in excellence anything which had been done up to that
time. and in some respects they have not been equatled by any more recent work
on the development of these animals.  Chabry’s (1887) elassical paper on the nor-
one of the first
and best illustrations of the application of the experimental method to the study
of embryology.  After this, the most important work dealing with the carly devel-
opment of ascidians is that of Castle (1894, 1896), although it is marred by some
fundamental mistakes; he has applied iu detail the method of ccll-lineage to the
study of the development of Crona intestinalis, and has followed the history of
the individual eleavage cells farther than had any of his predecessors.  Other work
which deserves mention has bheen done by Kupfter (1870). Seeliger (1885), Davidoft
(1889), Samassa (1894) and others, and will be referred to later in the body of
this work.

mal and teratological embryology of ascidians i3 a masterpiece,
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In the face of all this antecedent work, it may seem =upertluous to devote yet
another paper to this xubject. and nothing was turther from my purpose when |
began. It wax in the attempt to find out the manner in which the ascidian cgg
comes to form its polar bodies at the endodermal pole. as deseribed by Castle, that 1
was led to eonclusions radically diflerent from his, as will be described later, and this
induced me to make a detailed study of the cell-lineage of three diflerent genera of
simple aseidians. In such a field it may be expeeting too mueh to hope that my
observations will meet with general aceeptance : hut perhiaps it may be proper for
me to say that I have spared no pains or labor to make them acenrate.

C. Materian axp Mernops.—Early in July. 19035, while working at the Marine
Biological Laboratory, Woods Holl, Mass.. T began the study of the maturation
and fertilization of the ege of Ciona intestinalis (L.) Flemming, with the aim men-
tioned in the preceding paragraph.  Only a small number of these animals was to
be found at that thme at Woods 1loll. though they occurred more abundantly later
i the summer. T therefore turned my attention to two other simple ascidians,
Molgula manhattenses NVevrill and Cynthia (Styela) partita Stimpson, both of which
oceur 1n considerable numbers in the Woods Holl vegion.  The very first lot of the
living eggs of Cyuthia which T examined showed a most remarkable plienomenon
and one which modified the whole conrse and purpose of my work; for there on
many of the unsegmented eggs, which were of a slate-gray color. was a brilliant
orange-vellow spot, whicli in other eggs appeared in the for of a crescent or band.,
Further observation showed that thix erescent became divided into two equal parts
at the first cleavage and that it could be followed through the later eleavages and
even into the tadpole stage. T thereafter. for a considerable portion of the summer.,
devoted myself to the study of the living eges of Cpathia. and a record of these
observations will be found in the bhody of this work and in plates 1=V, Afterward
I took up also the living cegs of Crona and Iolgula, aud finally T fixed and pre-
pared for microscopical exammation. both as whole objects and as serial scetions,
the egegs and embryos of all three of these genera. )

Castle (1896) has described in eonsiderable detail the time and manner of egg
laying n these three genera, and his observations Lean entively confirm.  The eggs
of Ciona and Moloula are laid m the carly morning. a httle before dayhreak, while
those of Cynthia are laid in the late afternoon. a little before sunset.  These
ascidians varely lay eges the first day they are in the Iaboratory. Sinee the
vellow pigment of the ege of Cynthia is difhenlt to observe by artificial light, it
was necessary to take eges from the ovary or oviduets and artifically fertilize
them in the morning in order to be able to study hy dayvlight the later stagesin the
development. A large proportion of such cges never develop, though the eges
secem ripe and the spermatozoa are active: however. some of them develop into
normal embryos and tadpoles, and from such I have obtaimed material for the study
of the later stages of the living egz. Whenever possible, however, 1 have relied
upon eggs which were normally laid and fertilized. masmuch as all such develop
normally. In Crona and Molgula it is very easy to artiticially fertilize the eges:
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in fact. almost every ripe ega of Crona will develop if fertilized with sperm from
another individual, hut if fertilized with sperm from the same animal the cgys
rarelv if ever develop, as Castle has shown. This 1s due to the fact that such
spermatozoa never enter the egg, though they may be quite active. Morgan (1904)
has recently discussed this interesting fact in a suggestive manner.

The method which 1 employved in studying the living eggs of these ascidians
was very simple; they were placed m several drops of fresh sea water upon a
glass plate and were covered by a large cover glass, which was supported by
picces of thin glass about 200 wp thiek. In such condition the eggs can be volled
over at will by pushing on the cover glass, and. if drops of water are oecasionally
added at the edge of the cover, the eggs will continue to develop normally for
two hours or more. Inasmueh as the entire development of Cynuthza up to the for-
mation of the free-swimming tadpole normally oecupies not more than eight to
twelve hours, depending upon the temperature, it will be seen that a considerable
portion of the development can be followed on a single egg. 1 do not doubt that
with proper precautions the entire development might be followed on a single egg;
however, since eggs which have heen along time under a cover glass develop slowly
and may beecome abnormal, and sinee there was nothing to be gained for my pur-
poses by the observation of a single egg throngh the whole development rather than
of several eggs through consecutive portions of it. I chose the latter and easier
method.

All my studies of the living eges of these aseidians were made with a dry lens,
the 4 mm. Apochromat of Zeiss which, with the No. 4 ocular, gives a magnification
of about 260 diameters. Even with a magnification of 50 diameters or less the
vellow ereseent of the Cynthia egg ix plainly visible.  In order to see this creseent
to the best advantage, especially with high powers, it 15 necessary to use wide angle
lenses with open diaphragm and clear white light. The fact that Castle studied
the development of this speeies but makes no mention of this vellow ereseent is
difficult to explain. I can only aceonnt for it by supposing that he obtained the
eggs in the evening and studied them by yvellow artificial light.

Preserved material was fixed in various fluids.—Perenyt's, Kleinenberg's, Piero-
Acetie, Sublimate and Sublimate-Acetic.  For the study of entire eggs and embryos
Kleinenberg’s fluid followed by the Picro-Hiematoxylin., whieh I have used with
suecess on molluscan eggs. gave incomparably better results than any other method.
Eggs so stamed were mounted in balsam under thin cover ¢lasses without supports
of any kind, and were studied with an oil immersion lens. the 3 mm. Apochromat
of Zeiss. By oecastonally applying a drop of xvlol to the edge of the cover glass
the balsam remains sufficiently soft xo that the eggs can be rolled mto any position
desired.  For serial sections, material fixed in Boveri's Piero-Acetie gave the most
satisfactory results.  Such material was stained on the slide in Delafield’s Haema-
toxylin and Eosin or in Iron Hiematoxylin and Bordean red.

Castle states that he lound it necessary to remove the egg envelopes by
drawing the egg mto a pipette through an opening so small that the egg alone
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could pass in, after the manner recommended by Chabry.  In most cases 1 have
found that the presence of the ege envelopes does not seriously interfere with clear
seeing, possibly owing to the fact that in the study of preparations T have used an
immersion lens in which the depth of focus is relatively slight.  In late stages,
however, the test cells are sometimes confusing, and in the case of Ciona 1 found
that these, together with the other envelopes, could be removed by simply rolling
the egas under the cover glass. In Cynthua the envelopes may sometimes he
removed in the same way. though not so casily as in Crona.

I. THE OVARIAN EGG.

Much has Deen written on the egg envelopes and ovarian eggs of ascidians
and I shall not here go over that ground in any detail.  But in searching for the
earliest differentiations of the egg substance it is necessary to go back to the
ovarian ege, and in so doing 1 have found some struetures the real significance of
whieh has not hitherto been appreciated.

L. Development of the Ouvocyte.

In a young ovocyte the eytoplasm stains uniformly and there is no trace of
volk or of test cells.  Close around the nucleus is a granular mass which is deeply
colored by plasma stains, the yolk nucleus or ¢ yvolk matrix 7 of Crampton (1899).
As the egg grows. small spherules of yolk begin to appear in the vieinity of the
volk matrix, and this yolk gradually fills the central portion of the egg surrounding
the nueleus, while the cytoplasm, whieh is free from yolk, occupies a peripheral
position. Nome of the follicle cells which surround the ege at this stage then
invade the egg, thus forming the ‘test cells” which are located chiefly in the
peripheral layver of evtoplasm. My observations as to the origin ol these ©test
cells " agree with some of the most careful work. both ancient and modern, which
has heen done on this subject (Kowalevsky, 1866, 1871; Seeliger, 1882; Van
Beneden and Julin, 1886 Morgan. 1890 ; Floderus. 1896 ; Bancroft, 1899).

The earliest appearanee ol polarity is found in the location of the yolk matrix
on one side of the nucleus and in a slight eccentricity of the latter. I consider it
very probable that the yolk matrix is derived from the attraction sphere of the last
ovogonic mitosis. and that the chief axis of the egg represents the cell axis which
passes through the centrosome and nucleus, and which. as T have previously shown
(Conklin, 1902), is preserved in every cell throughout the cleavage of the egg and
probably also in all later cell divisions. If this be true, the polarity of the ege is a
differentiation which is carried over from generation to generation, and as this chief
axis of the ege is 1dentical with the gastrular axis, and bears a constant relationship
to the principal axes of the embryo and adult, it will be seen that at least one
important differentiation of an animal is predetermined (not predelineated) at all
stages.  Although this chief axis of the egg 15 usnally recognizable at all stages by

2 JOURN. A. N. S. PHILA,, VOL. XI1L
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a slight eecentrieity of the nueleus, it is often dificnlt to observe it after the dis-
appearance of the yolk matrix.  No other axial differentiations of the egg are
recoenizable until after the fertilization.

2. Test Cells and Chorion.

In the fully formed ovarian eggs the test cells hie imbedded in a peripheral
layer of elear protoplasm ; this layer stains intensely with plasma stains, and in the
living eges of Cynthia contains yellow pigment granules. In Cyntliza the test eells
are distributed singly and pretty uniformly in this peripheral layer (lig. 61), and
the same is true of Crona at an carly stage i the formation of the ovoeyte (figs. 168,
169). but in the fully formed ovarian egg of Crona the test cells are found in little
nmasses or nests ' of from three to six or eight cells each (fig. 170). A similar
grouping of the test cells has been deseribed by Morgan (1890) in an unidentified
species of Clavellina. 'These cells are mueh smaller and more nnmerous than the
test eells of Cyntira, and are evidently formed by division of the original test cells.

The test eells of Cynthia become quite large and eontain yolk spherules. though
they do not stain as densely as the yolk of the eges in CZona the test cells are very
mueh smaller and do not contain these spherules. About the time that the ovarian
eges eseape from the ovary the test cells are extruded from this peripheral layer of
protoplasm. and the outlines of the ege. which up to this time have been irregular,
hecome more nearly spherical. It is probable that the expulsion of the test eells
and the assumption of the reegular spherieal form by the ege have a common eause
i the inerease of surtace tension at this time.

At the time of the extrusion of the test cells T have observed in the ovarian
eggs of Crona a faintly-staining, homogeneous layver which lies inside the outer
follicle cells and outside of the ege.  The test cells lie on the inner border ol this
homogeneous layer; [rom its general appearance it is highly probable that the sub-
stance of which 1t is composed 1s extruded from the egg along with the test cells.
This homogeneous material does not long persist as suel but soon disappears and
probably goes to form the chorion. At this time the ege undergoes considerable
shrinkage in size, a distinet perivitelline space bemng formed, and the egeg becoming
regularly spherical (¢f figs. 171 and 172). It 1s evident that this 1s due to the
escape of flaid from the cgg, probably the homogeneous substance deseribed above.

In this eonnection a word or two as to the signifieanee of the test cells may he
permissible.  The fact that v Cynthra they contain yolk and grow to a considera-
ble size. and that spermatozoa not infrequently enter them (figs. SO and 85 sn.). may
be taken as evidence that these cells are randimentary eggs; a view which is held by
Floderus (1896). Baneroft (1899) and others.

3. Structure of Fully Formed Ouvocyte.
When first laid the living eges of Cynthia ave. exclusive of the ege envelopes,
about 150 jcin diameter: those of Crona are about the same size, but in Molgnla
they are mueh smaller, being abont 100 4 in diameter.  The very large germinal
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vesicle eontains an abundant granular precipitate. an enormous nueleolus, and at
wide intervals within the vesicle, but chiefly near the nuclear membrane, a few
deeply staining chromatic granules.  These grannles are small at this time and it 1s
dillicult to determine their exact shape. though many of them appear to be V- or
Y-shaped; they are the bivalent chromosomes of the first mataration division.
Close around the germinal vesiele and extending out nearly to the periphery of the
ege is the volk, which exists in the form of spherules. imbedded close together in
the granular eytoplasm.  Finally there is the peripheral tayer of deeply staining
protoplasm in which the test cells were formerly imbedded and which eontains no
yolk, but numerous refractive spherules mueh smaller than those of the yolk.

In the living eges of Cynthia this peripheral layer is elear and transparent and
contains uniformly but sparsely distributed vellow pigment, which seems to be asso-
eiated with these small refractive sphernles. This pigment is soluble in alcohol
and hence eannot be observed in fixed and prepared material ; on the other hand,
the aleoliol in which large numbers of these eggs have been preserved. has the eolor
of a solution of potassium bichromate. The test eells of Cynthia also contain yel-
low pigment granules which are gathered close around the nuclei of these cells. Tt
is noticeable that most of the viscera of Cynthza contain this same yellow or orange
pigment, the ovaries being especially highly colored. This pigment is much denser
in some individuals than in others. and correspondingly one finds some ova in which
there is little or none of the pigment. while in others it is very abundant.  In gen-
eral the animals whieli have little of the pigment in their viscera are those which
produce egzs with little or no pigment. while those in which the viseera are deeply
piemented produce well-pigmented eggs.  The central yolk mass of the living egg
of Cynthia is of a slaty gray color. while the germinal vesiele is clear and trans-
parent. Therefore. in the living egg of this species of aseidian, three areas can be
distinguished with great clearness before the maturation divisions begin,—the
peripheral layer of protoplasm containing the yellow pigment. the central mass
of gray yvolk and the clear germinal vesiele.

In Ciona and Molgula also these three arveas ave distinguishable in the living
egg before maturation. but not so elearly as in Cynthia. In Ciona the peripheral
layer is nearly transparent, the yolk is a brownish red, while the germinal vesicle
is also transparent. In Aolgula both the peripheral layer and the germinal vesicle
are transparent. while the yolk is gray, with a faint lilac tinge. A brief inspection
of the egas of Boltenia shows that in this genus the yolk 15 a bright red.

This peripheral layer of protoplasm, which ix present in all the aseidian ova
which I have studied. is, both in living and in stained material, the most striking
feature of the ege hefore maturation and fertilization. Tt is surprising therefore
that in spite of this fact it has received xo little attention from those who have
studied the ovarian history of the aseidian egg; in fact. with a single exception, 1
cannot be sure that it Las ever been mentioned by any previous writer on this sub-
ject. In his paper on the origin of the test cells. Morgan (1890) figures and de-
scribes this *peripheral zone of protoplasm™ i an unidentified spectes of Clavellina
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from Green Turtle Cay, Bahamas. What may perhaps be the same layer was de-
seribed by Kowalevsky (1866) as a “‘gelatinous layer,” in which the test eells are at
first imbedded ; Tater. about the time of the first cleavage. the test cells move to the
periphery of this layer.  In these respects this gelatinous layer of Kowalevsky re-
senibles the peripheral layer of protoplasm, but in other respeets the ditferences
are very great; for example, Kowalevsky says that this layer is formed by the
activity of the follicle cells, that it closely surrounds the blastomeres during eleav-
age, and that it becomes the gelatinous mantle of the adult. while the eclls within
it (test cells) form the eells of the mantle. In none of these respeets is this gela-
tinous layer like the peripheral layer of protoplasm deseribed above, and 1 am in
doubt whether Kowalevsky actually saw this layer of protoplasm or whether he is
not deseribing the perivitelline spaee between the surface of the egg and the chorion.
It is Interesting to note that Kowalevsky ealls espeeial attention to the yellow color
of the test cells, thongh he nowhere indieates that he has seen any sueh yellow
pigment in the egg itself. Kupfter (1870). on the other hand. coneluded that the
test cells were formed by free cell formation from the substance of the egg, becaunse
“die Zellen gleich Anfangs genan die Farbe des Dotters haben’ ; however, he
nowhere indieates that the peripheral layer of the egg differs in any way from the
remainder. In not one of the many later papers on the ascidian egg can 1 find any
reference to this peripheral layer of protoplasm, except in that of Morgan alrcady
referred to.  In view of the ease with which it ean be seen. both in living and in
stained material, and of the very important part whieh 1t takes in development,
this 1s most remarkable and inexplicable. If due attention had been given to this
feature of the ascidian egg, it 1s safe to say that some of the most conflieting accounts
of aseidian embryology would never have been written.

A peripheral Jayer of protoplasm, entirely similar in strueture to that of the
aseidian egg, has been observed and deseribed by Sobotta (1897) in the ege of An-
phiovus. In this case Sobotta says that the peripheral layer gives rise in large part
to the inner ege membrane. which forms about the time of the maturation, but even
after the formation of this membrane a portion of this layer may remain at the
periphery of the egg.  Sobotta speaks of the desirability of observing this layer in
the living egg, and from what I have scen in the aseidians I can but emphasize this
suggestion. In the ascidians this layer does not disappear with the formation of the
ege membrane, to which 1t eontributes, but colleets at the lower pole when the
egg 1s fertilized ; from Sobotta’s ficures I judge that the same thing happens in
Amphioxus.

The colors of ascidian eggs deserve some notice at this place. In 1870
v. Kupffer observed in the living eggs of Ascidia canina (Ciona intestinalis ?) that
in the early stages of the ovarian egg the ojplasm 1s yellow ; later, as the egg ripens,
this color ehanges to a brownish red (Kuptter. 1870, p. 10). In the later stages of
development this red color is limited entirely to the walls of the alimentary traet.
In different animals and at different periods of the year Kupfier found that this
color varied from a bright red to an orange tone (p. 17).
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Van Beneden and Julin (1881, pp. 4 and 5) call attention to the fact that
Corella parallelogramma produces two kinds of eggs, one yellow the other gray in
color.  Both kinds ol eggs develop normally and in the same manner and give rise
to larvae, the endoderm cells of which are colored yellow or gray. (lavellina visso-
ana also produces two dilferently colored kinds of eges, one pure rose the other
yellowish im tint. Al eggs produced by the same individual have the same color.

In the species of Clavellina studied by Seeliger (1885) the color of the proto-
plasm surrounding the nuclei of the cleavage eells is yellow, as an inspection of his
ficures of the living eggs shows (2. his plate 1).

These cases, taken in conjunction with my observations on the eggs of Cynthia,
Ciona, Molgula and Bollenza, show that the ecggs ol ascidians are frequently
colored 5 these colors are nsually found in the yolk, and in the later development
pass into the endoderm ecells.  In Cynthiza the peripheral layer is also eolored, and
this fact leads me to hope that some other ascidian may be found in which still
other portions of the oiplasm may be differentially colored.

II. MATURATION AND FERTILIZATION.

These processes are so intimately associated in the ascidian cgg that it ix diffi-
cult and perhaps inadvisable to treat them entirely separately.  As in so many
other eggs the entranece of the spermatozoon furnishes some stimulus to the egg
which leads to the completion of the maturation divisions. Without this stimnlus
the egg may remain in the stage of the metaphase of the first polar spindle for
hours or even days.

; A.  MATURATION,
[.  Disappearance of Nuclear Membrane.

The first steps in the formation of the polar spindle take place before the
entrance of the spermatozoon. Almost as soon as the egg is laid, and sometimes
even before this, the wall of the germinal vesicle dissolves and the elear protoplasm
contained within the germinal vesiele moves up to the animal pole of the egg where
it may spread out into a cap or peripheral layer (Crona). or may form merely a
somewhat Hattened disk (Cynthia). As soon as the nuclear membrane has dis-
solved the chromosomes, nucleolus and a granular mass from which the spindle
fibres are formed gather together into the center of this area ol nuelear proto-
plasm (figs. 62, 63, 77, 78); since the chromosomes lay at the periphery of the ger-
minal vesicle before its membrane dissolved, this involves a considerable movement
on the part of these various constituents. No distinet linin network is visible
thronghout the germinal vesicle, either before or after its membrane dissolves, and
the drawing together of these scattered elements into a central mass must be due
to something other than the eontraction of the threads of sueh a network.

The eliromosomes, when drawn together into a central mass, are connected by
a laintly staining. finely granular substance. whieh is much denser than the sm-
rounding nuelear protoplasm. In the further development of the polar spindle this
mass gives rise to the spindle fibres, and from this fact, as well as from its staining
reactions, it may be identified with linin (figs. 62, 77).



14 ORGANIZATION AND CELL-LINEAGE O1' ASCIDIAN EGG.

The guestion as to the cause of the dissolution of the nuclear membrane 1S an
interesting one.  In a recent work. R. Hertwig (1904) suggests that it is due to
the fact that the cytoplasm attacks the nueleus after the cell has ceased to grow,
From sueh observations as I have made 1 should be inelined to think that the
cause was a quite different one,—zzz., the continued growth of the nucleus at a
more rapid rate than the cytoplasm. ™ In most if not all cases the nuelear mem-
hrane dissolves only after the nuecleus has execeded m volume a certan ratio to

.

the cell body. In the aseidian egg the germinal vesicle does not hegin to dissolve
as soon as the egg ceases to grow 3 on the other hand. there is a considerable period
after the maximum size has been reached before the nuelear membrane disappears ;
dnring this period the germinal vesicle continues to enlarge, the test cells are
extruded, the seeretion which gives rise to the chorion is poured out. the entire
eee shrinks in volume, and finally the nuclear membrane grows very thin and dis-
appears.  This process is in no wise complicated by the presence of a centrosome,
since, according to my observations, no eentrosomes are present at any stage of the
maturation divisions.

2. Chromoesomes.

Even before the wall of the germinal vesicle dissolves the chromosomes may
be distinguished as small deeply staining bodies, some of which at least are A\
or Y-shaped (fig. 76).  They are small and numerous, and I have not been
able to count them with any assurance of accuracy. After they have been drawn
together into the center of the nuclear area, as deseribed above, they become a hittle
larger and ave plainly V-shaped (figs. 62, 63, 77).  When the spindle fibres appear
they are at first widely seattered on or among these fibres (ligs. 63, 79, 80), and
ounly in the metaphase do they become arranged in an cquatorial plate (fig. 66).
In the splitting of the chromosomes the daughter halves first separate at the apex
of the V and remain longest eonnected together by the two limbs; this double V,
with the apices pointing to the two poles of the spindle, is then stretched out
nntil the two limbs of eaeh V come to lie near together. thus forming a double Y,
cach with a long stem pointing to opposite poles: even the little space between the
limbs of the Y may disappear, thus forming cross-shaped chromosomes (fig. 66).
After the daughter chromosomes have separated they are plainly V-shaped (figs. 67,
68); and this shape may also be seen in the first polar body and m the second
polar spindle (figs. 68, 69). In the second polar spindle each hmb of the V is sepa-
rated from the other, thus giving rise to rod-shaped chromosomes, which are found
in all the stages of the anaphase and in the second polar body (figs. T0-73).
Owing to the small size of the chromosomes it has not heen possible to deter-
mine with certainty which of these maturation divisions is reducing and which
equational.  If the two lmbs of the Vs in the first maturation represent two indi-
vidual ehromosomes united at one end. then the first maturation division is equa-
tional and the second reduecing. for these limbs of the V's are not separated until
the second maturation ; if, on the other hand, the cleft in the original Vs represents
the splitting of two original chromosomes placed side by side (a thing which scems
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likely. since sueh parallel ehiromosomes without any cleft ave found in early stares
(¢f- figs. 70, 62). then the first maturation division would separate whole chromo-
somes and hence he reducing, while the second wonld separate half® chromosomes
and therefore be equational.” Only a careful investication of the manner of origin
of these V-shaped chiromosomes would finally solve this problem. and this material
1< unfavorable for such work.

3. Nucleolus.

The nueleolus of the germinal vesiele is large and iz frequently vacuolated :
it usnally lies eceentrically in the germinal vesicle. thongh its position hears no
constant relation to the polarity of the ege.  As is nsually the ease, it hegins
to dissolve at the same time that the nuclear membrane does, and it disap-
pears with great rapdity. so that no trace of 1t iz left by the time that the first
maturation figure huas reached the metaphase.  In this respeet 1t differs materially
from the nuecleolus of many other eges. where its solution is =0 slow that 1t may
not disappear until late in the first mataration division.  Tn this case the solution
of the nucleolus is hastened by its breaking up into wany small fragments (figs.
62. 63, nl.).

4. Spindle Formation.

My observatious agree entirvely with those of Boveri (1890). Julin (1893). Hill
(1895). Castle (1896) and Crampton® in showing that there is no trace of a centro-
some at either pole of either of the matoration spindles at any time in their his-
tory. These results are directly opposed to those of Golski (1899). who found
minute centrosomes at the poles of the maturation spimdles of Ciona ntests-
nals.  Not only are no centrosomes visible in my preparations at the poles of the
spindle. but all evidences of astral radiations are also absent.  Under these etrewn-
stances the formation of the spindle ix of unusnal interest. The spindle tibres first
appear as lines of granules. which radiate in all directions from the finely grunular
mass of linin substance which nnites the chromosomes in the middle of the nueclear
area (fic. 62). These lines of granules are quickly transformed into fibres which
run through the linin substance : these fibres are never parallel at their first appear-
ance and frequently radiate in all directions. though they sometimes run in the
same general course (figs. 63, 64).  As this mitotic figure with the surrounding
nuclear plasm is moved nearer aud nearer to the surface of the egg the fibres come
to be more nearly parallel. hecoming paratangential with the ege surface (fig. 65).
In this rearrangement of the fibres they are at first farthest apart at the ends, xo
that the spindle has an hour-glass shape (fig. 63). Then certain of these fibres
unite at their ends into several groups or bundles, but the fibres wlich belong to
one group at one pole may be associated with different fibres at the opposite pole
(fig. 65). There 1s thus formed a kind of multipolar spindie. elosely resembling
the witotic figure present in many plants (¢f. Osterhout. I897: Mottier. 1807

' 1 am indebted to D, Crampton for the privilege of® seeing photographs ot the beautiful p']:nes
of his completed but yet unpublizhed work on the matnration and fertilization of Molgule.
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Nemee, 1899). Finally, in the metaphase all the spindle fibres are drawn together
at the poles: but even in this stage, though the spindle fibres lie close together,
they do not unite into a central body, and there are no astral rays (fig. 66). In
the anaphase a few rays may he scen runmng from the margin of the chromatie
plate toward the equator of the cell and lying on the periphery of the spindle (figs.
67. 81, 82).  These are the only fibres which are not continuous from pole to pole,
and are therefore the only ones which bear even a remote resemblance to astral rays;
that they are not such, however, is shown by the fact that they radiate from no
center but lie only aronnd the periphery of the spindle.  In this respect they more
closely resemble peripheral spindle fibres than astral rays. Still. if one considers
that one of the characteristies of peripheral spindle fibres 1s that they are attached
to chromosomes, 1t will be seen that these fibres do not belong in that category. Of
course, since centrosomes are not present, there can be no central spindle.  We have
in this case. therefore, a mitotic figure in which are neither central spindle, periph-
eral spindle nor astral rays in the strict significance of those terms. The spindle
which iz present arises wholly from nueclear linin, and consists almost exelusively of
fibres which are continuous from pole to pole.

The small size of the maturation spindles of the ascidian egg is notable as con-
trasted with the great size of the germinal vesicle.  Among many annelids and mol-
Insks the first maturation spindle is at least as long as the diameter of the germinal
vesicle, whereas among the ascidians it 1s searcely more than one-quarter as long.
However, in those animals in which the spindle is very long in the prophase or
metaphase it undergoes a great shortening in the anaphase,—e. g.. in Crepidula it
18 not more than half as long in the anaphase as i the metaphase (Conkhin, 1902).
This ix probably true of all cases in which the maturation spindle is a large one;
for, since division of the cell body regularly takes place through the equator of the
spindle, the spindle must be relatively short at the time of the division of the cell
body, or the polar body will be relatively large. In all those cases in which the
first polar spmdle is a long one, centrosomes are present near the periphery of the
germinal vesicle before its membrane disappears and the loose linin network of the
nucleus i transformed into the spindle fibres, thus forming a large, loosely con-
structed spindle.  Later, by contraction of these fibres, the spidle shinks in all
dimensions.  In the ascidians, on the other hand, no centrosomes are present and
the shrinkage of the linin takes place before the spindle 15 formed, so that from the
first it occupies but a small part of the volume of the germinal vesicle, and 1s no
larger at the beginning of mitosis than at its close.

The second maturation spindle arises in part at least from the remains of the
lirst, and is about half as large. Here also there is no trace of centrosomes or astral
radiations at any stage. The spindle 1s barrelshaped. and a few peripheral fibres
are found around it in the anaphase (figs. 69-72); in all respects it closely resem-
bles the first maturation spindle.

Sueclr a case of mitosis as this. in which we have the formation of a spindle, the
separation of chromosomes and the division of the cell body entirely without the
presence of eentrosomes, offers a valuable opportunity for the study of the mechanics
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of mdirect cell division.  Inasmuch as some of the eleavages also throw light on
this problem, its further consideration will be postpouned to the seetion which deals
with the first clenvage.

3. Movements of Spindle and of Nuclear Plasm ; formation of Polar Bodies.

In Cynihia the fivst maturation spindle and the surronmding nuelear plasm re-
main indefinitely in the condition shown in fignres 77 and 78 unless the ege be ferti-
lized. In Ciona the stage at which the maturation processes come to rest is a httle
more advanced than in Cynthza, as is shown in figure 172: the peripleral layer of
protoplasmt is here collected over the lower hemisphere of the cgg, and the nuelear
plasm which has escaped from the germinal vesicle forms a layer over the entive
upper hemisphere.  Unfertilized eges may remain in this condition for at least
three or four hours and still be capable of fertilization and normal development :
but if they remain unfertilized for ten or twelve hours the nuclear plasm spreads

FiG. I. —Nection of un egg of Cynthia partite which had lain twelve hours without being fertilized.
The first polar spindle (1 p. <) lies in the position in which it was first formed ; the peripheral layer
of yvellow protoplasm (p. 1.} remains uniformly distributed over the surface, but the elear protoplasm
has spread throughout the yolk and broken it up into irregnlar masses (compare with figs. 77 and T3
showing nunfertilized eggs in normal condition).
FIG. I[I.—Stained preparation of an entire egg of Cyuthia partite, showing small spindles at oppo-
site poles (1. p. s.), which are possibly two first maturation spindles, though more probably one of these
is a precocioosly developed sperm spindle.
through the substance of the volk m nrregular inasses (¢f- text fig. 1), and the egas
thereafter are not capable of normal fertilization.  The maturation and further
development of the ege are finally and forever halted m this carly stage unless
the ceo be fertilized.  As soon as a spermatozoon enters the egg active move-
ments of the protoplasm Degin and a localization of diflerent Goplasmic materials
oceurs. which will be described later; at the same time the first maturation spindle
moves to the animal pole and is turned from a paratangential to a nearly radial
position.  The daughter chromosomes then separate and the first polar body is
extruded (figs. 6668 and 79-82).
The second maturation spindle is sinaller than the first. as Castle has shown.
and, like the first. is paratangential in position in early stages and only later
becomes radial.  The second polar body is extruded close to or nnmediately under

3 JOURN. A. N, 8. PHILA. VOL. XIIL
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the first (igs. 71-73).  The two polar bodies are of approximately the same size,
and neither ever divides.  They are at first composed of clear protoplasm in which
the chromosomes are free: later the chromatin is dissolved and diftfused throughout
the cell body. so that they stain deeply and uniformly. They may at all times be
distinguished from the test cells by this staining reaction as well as by their being
closely attached to or imbedded in the cge.  In (Zona they may further be distin-
guished from the test cells by the fact that they are larger than the latter.  /n
many eggs of Cynthia and in almost all of Ciona the polar bodies remain attached
10 or tmbedded in the egg at the pornt of therr formation, and they thus constitute
a most important landmark.

B. FErTILIZATION.

Ax has been said. the first maturation spindle remains in the metaphase until
the egu i1s fertilized.  The egg remains capable of fertihization for three or four
hours at least after the first formation of this spindle. As Castle (1896) has
shown. self-fertilization rarely if ever occurs in Ciona, thongh artificial cross-
fertilization 1s most caxily accomplished. In Cynthia. on the other hand, arti-
ficial cross-fertilization 1s snceessful m only a small proportion of the eggs.

I have so far been unable to find any artificial means which will cause the
unfertilized eggs to develop beyond the metaphase of the first maturation division.
Vieolent shaking, various degrees of concentration or dilution of sea water. solutions
of sodium or magnesinm chloride of varying strengths have all been withont eftect
i this regard. My experience in this matter s similar to that of Lyon (1903). who
reports that he was unable to cause parthenogenetic development among ascidians
at Naples by any artifictal means.

1. Entrance of Spermatozoon.

Of the mulfitudes of spermatozoa which may be seen burrowing between the
follicle cells outside of the chorion after spermatozoa have heen mixed with the
ova, only a few ever pass through that membrane. 1 have never seen a sperma-
tozoon in process of passing through the chorion and do not know how it 1s
accomplished. It is possible that there are one or more micropyles at the lower
pole, though I have never seen them. In whatever manner the spermatozoa pass
the chorion it is done very guickly and several frequently enter the perivitelline
space; dispermy or polyspermy, however, is very unusual. A spermatozoon enters
the egg itn from two to five minutes after the spermatozoa are mixed with the ova,
and the presence of snpernumerary spermatozoa in the perivitelline space 1s shown
by the fact that some of the test cells are occasionally fertilized (figs. 80. §5, sn).

The spermatozoon always enters the egg near the vegetal pole. 1 have not
found 1t possible to determme in living eggs whether the point of entrance lies
exactly at the vegetal pole or a little to one side of this.  In stamed preparations
of entire eggs, as well as in sections, the entering spermatozoon 1s usually seen to
lie eccentrically with reference to the vegetal pole (figs. 79, 173).  In other cases,

<
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however, it lies almost exaetly at that pole; in sections this appearance might
be due to obliquity of the plane of scction to the egg axis, but in preparations of
entire eggs it can be scen that the spermatozoon does sometimes enter almost ex-
actly at the vegetal pole. It is unquestionably true that the point of entrance 1s
usually eceentrie as Castle aflirms, but the degree of eecentricity just as certainly
-aries in different eases. 1t might be supposed that this eceentrieity always lay in
a single definite meridian, were it not for the faet that in cases of dispermy and
polyspermy the various points of entranee lie in different meridians (¢f. figs. 12, 94).
I conclude therefore that the spermmatozoon may enter at any point on the vegetal
hemisphere within abont 30° of the pole.

The fact that the spermatozoon always enters near the vegetal pole must be
due to some structural peeculiarity; the peripheral layer of protoplasm is a little
thicker at this pole than clsewhere at the time that the sperm enters, and this might
he held to be the cause of the sperm’s entering at this pole, were it not for the fact
that the sperm enters at the vegetal pole in many other eggs, e. ¢. those of annelids
and mollusks, in which there is no periperal layer. It is probable that this very
general phenomenon is dependent upon some fundamental property, such as the
polarity of the egg or the direction of movement of the egg substance.

2. Movements of Ooplasm.

With the entrance of the sperm the most astonishing series of changes takes
place in the egg. These changes are most striking in the living eggs of Cynthua,
where, owing to the yellow color of the peripheral protoplasm, the movements of
the egg substance can be direetly observed ; but they may also be scen in the living
eges of Czona, and a detailed study of these changes may be made on fixed and
stained preparations. Almost immediately after the entrance of the spermato-
zoon the peripheral layer of protoplasm, whiel is nearly uniformly thick, and the
areat area of nuclear plasm. in which the first maturation spindle lies (figs. 77, 78),
flow around to the lower pole of the egcg, leaving the first maturation spindle sur-
rounded by only a small amount of protoplasm. Thus within some ten minutes
after the entrance of the sperm the protoplasmic pole of the egg is transformed into
the yolk pole and vzze versa. Castle does not figure nor deseribe this flowing of the
protoplasm from the animal to the vegetal pole, and it is probably owing to the fact
that he had not observed the early stages in which this oceurs that he describes the
polar bodies as being formed at the yolk pole of the egg and the spermatozoon as
entering at the protoplasmic pole.  Although he says that the presence of a sperma-
tozoon cannot be detected in the egg from which his figure 1 is drawn, I should sup-
pose from the fact that the first polar body is being extruded that the sperm must
already have entered (¢f. my fig. 173).

a. Localizaiion of Yellow Protoplasm.
[n Cynthia this downflow of protoplasm takes place so rapidly that it can
be seen in the living egeg and with suech foree that the test cells, which e between
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the surface of the ege and the chorion, are sometimes carried down with the stream-
ing protoplasm to the lower pole of the egg, where they are crowded together and
heaped up in the perivitelline space (fig. 3. e/ seg.). While this tlowing 15 most
active. streamers of vellow surface protoplasm may be seen radiating toward the
npper pole.  The yellow protoplasm thus carried to the lower pole colleets into a
deep orange-yellow spot which surrounds the sperm nncleus (figs. 4-6); it frequently
forms a prominence at the lower pole which recalls the polar lobe of the eggs of
annelids and mollusks.  The elear nuclear protoplasm also tlows to the lower pole.
where it lies beneath the vellow disk or spot and 1s visible around its periphery (figs.
4-6). The yellow protoplasm then gradually spreads again until it covers most of
the lower hemisphere (figs. 6-10). Then the sperm nucleus moves to one side of this
vellow cap, and a large part of the yellow protoplasm is drawn over with it until it
forms a yellow band or crescent, in the middle of which the sperm nucleus lies.
This crescent lies just below the equator of the egg and its middle point marks
the posterior pole of the future embyro. while its two horns reach forward about
halfway around the egg to the middle of the right and left sides.

b.  Localization of Clear Protoplasm and Yolk.

At the same time that the vellow protoplasm is being formed mto a crescent
and moved up toward the cquator on the posterior side of the egg. the clear proto-
plasm which surrounds the sperm nuclens and aster is also drawn entirely away
trom the lower pole to the posterior side of the ege and thence np to the equator
(figs. 82-92).  Up to this time the sperm nucleus and the elear and yellow proto-
plasm have remained near to the egg surface; finally. after the meeting of the germ
nuclei near the posterior pole of the egg. these nuclel and the clear protoplasm sur-
rounding them move hiward to the center of the egg, winle the yellow protoplasm
is largely left at the surface.

When the clear and yellow protoplasm are withdrawn from the upper pole the
eray yolk is there exposed (figs. 4. 5, 11).  After the protoplasm moves up to the
posterior pole the yolk is exposed over the entire egg, except for the area of the
vellow crescent and a narrow line of clear protoplasm, which comes to the surface
just above the crescent (figs. 15-18).

In sections. small spherules which probably represent the yellow granules
of the peripheral layer of protoplasm. may be seen heaped up around the entering
sperm (fig. 74), this aggregation corresponding to the yellow spot of the living egy
(fig. 6). This massing of the yellow spherules is most marked, while the sperm
liead lies in the peripheral layer; when it passes through this layer into the deeper
layer of clear protoplasm the vellow spherules again spread out into a flattened disk.
as shown in ficures 75 and 80, which correspond to figures 7 and 8 of the living
egg (Plate 1).  Later, when the sperm nucleus moves to the posterior pole and the
yellow protoplasm is drawn over to that side to form the erescent, sections show
that this crescent does not lie entirely on the sarface, but that it extends for some

ws. 87, 90, 92).

distanee inward toward the sperm nuncleus (f
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In Ciona the same type of protoplasmic movement oceurs as in Cynthia. but
with certain minor ditferences. The peripheral layer is here decidediy thicker at
the lower pole than elsewhere, even before the fertilization of the ege: the nuclear
plasm or elear protoplasm is alzo at this stage distributed as a laver over the entire
upper hemisphere of the egg (fig. 172).  After the entranee of the spermatozoon
the protoplasm of both these layvers colleets at the lower pole.  The nuelear plasm
and peripheral protoplasim eannot ecasily be distinguished in living eges of (7ona, hut
in fixed and stained material the latter stains more deeply than the former (figs.
172, 173). A erescent of peripheral protoplasm is formned here in the same way as
m Cynthia (higs. 175, 176). and it occupies the same relative position (figs. 179-
183).  Though Castle did not observe the peripheral layer of protoplasm and its
movement to the lower hemisphere it ix evident that he recognized at least a part
of the erescent.  Ilis figures 17 and 45-47 show the middle portion of the cres-
cent 1n the 2-8 cell stages. and he describes this as an area of finely granular pro-
toplasm, whieh 1s elear in the living ege, and out of whieh the small posterior
mesenchyme cells are tormed.  Aecording to my observations these eells arse from
a small part only of the middle portion of this creseent, while the greater part of
the ereseent gives rise to the muscle and mesenchyme eells of the tadpole.  From
his figures, as well as his deseriptions, it 1s evident that he reeogmized only a small
portion of the ereseent. zzz.. this median area of - elear protoplasin.”

In many cgax of Crona. if not in all, clear protoplasm. which is eomposed of
large alveoles, surromnds the entering spermatozoon (fig. 173).  Later. when the
sperm nueleus moves to the postertor pole, this elear area moves with it. and i sec-
tions in the median plane (figs. 175, 176) forms a clear triangular area in the imddle
of the deeply staining erescent. There is here shown a marked differentiation of the
substance of the crescent which eontinues to he recognizable thronghont most of the
cleavage. 1 have not observed this elear median portion of the erescent in the 4-cell
stage. but in the S-cell stage and thercafter it is plainly visible as a deeply staining
cap of protoplasm on each side of the mid-line. It eorresponds in the main to the
““clear protoplasm” deseribed by Castle, which, as he discovered, marks the posi-
tion of the sperm nucleus at the posterior pole and which ultimately gives rise to
the “ small posterior mesenchyme ™ eells (B™°) at the posterior pole of the gastrula.
This same clear protoplasm s present in the middle of the erescent in the Cyuthia
ege. although it is here obsenred by the surrounding yellow pigment; in the un-
segmented ege it forms a laver of transparent protoplasm over the smface of the
ereseent, and in the cleavage stages of prepared eggs it is visible as two deeply stain-
ing caps of protoplasm similar to those in the egg of’ Czona: it ultimately gives rise
to the small posterior mesenchyme cells which are formed from the middle of the
creseent and whieh are composed of clear protoplasm in which there is no yellow
pigment (fig. 48. m'ch.). The substance of the creseent is therefore plainly differ-
entiated from the first into these two substances. clear and yellow protoplasm.
which remain distinet throughont the entire development.
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3. Development of Sperm Nucleus and Aster.

Immediately after 1t has entered the egg the sperm head is rod-shaped and 1s
frequently coiled or twisted on itself (figs. 74, 79, 173). It decreases in length and
mncreases i width very quickly, and soon appears pear-shaped, the pointed end
being directed toward the sperm aster. At first densely staining throughout, it stains
less and less: densely as 1t swells m volume, until finally the ehiromatic and achro-
matic constituents are easily distinguishable (figs. 80-87).  During this process there
are no evidences of chromosomal vesicles, the nucleus constituting a single vesicle.

In some cases there is a faint e between the head of the sperm and the egg
membrane which represents the middle piece and perhaps a portion of the tail (figs.
T4 T0). Ver_v soon after the spermatozoon has entered the ege a small aster,
with central clear area and minute rays, appears in the position of the middle
piece, hetween the sperm head and egg membrane (figs. 80, 173). The sperm aster
then grows with great rapidity, the rays extend throughout the greater part of the
clear protoplasm and even into the yolk and a minute body, the centrosome, hecomes
visible at the centre of the rays, while the whole aster stains more deeply that the
surrounding protoplasm (figs. S1-87).

4. Path of the Spermatozoon within the Egg.

The spermatozoon usnally enters the ege in a radial direction and keeps right
on through the protoplasm at the lower pole until it reaches the deeper lying yolk
(figs. 74, 75, 80). This may be known as the penetration path (Ronx). The sperm
nucleus and aster then rotate so that the aster is directed forward in all further
movements, as 1s true 1n so many other cases (figs. 80-83). The path deseribed
after the rotation 1s the copulation path (Roux), and 1t always forms more or less
of an angle with the penetration path. While the penetration path may apparently
lie in any portion of the lower hemisphere within about 50° of the pole, the copula-
tion path seems to be definitely determined by the structure of the egg. The sperm
nueleus and aster move in this path from the neighborhood of the lower pole up to
the equator of the ege on the posterior side, all the time keeping near to the surface
of the ege (figs. SI-8T). But this path is not always the shortest path to the
equator ; sometimes 1t 1s the longest, as in figures 81 and 85, in which the sperm
haviug entered to the left of the lower pole moves across to the right side in the
ficure and then up to the equator. The point near the equator to which the sperm
nuecleus moves mvariably marks the posterior pole of the eeg and of the future em-
bryo, and the copulation path by which the sperm nuclens reaches this posterior pole
must lie along the posterior side of the ege; but sinee the point of entrance of the
sperm and the penetration path may lie near to or far from the posterior side, it is
evident that they ean have nothing to do in determining the position of the posterior
pole. And sinee the copulation path is not always the shortest path to the equator,
but may sometimes be the longest, it secems probable that the direction of the copu-
lation path is not the cause but the result of the antero-posterior ditlerentiation of

the ceg. A further consideration of this subject will be found in the general part
of ths paper.
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5. The Egg Nuclens and rts Movements.

After the formation of the second polar hody the clhiromosomes left in the ege
form chromosomal vesieles which then unite to form the ege nucleus (fie. 73). The
latter then moves away trom the animal pole into the yolk. apparently m the dirvee-
tion of the axis of the second polar spindle (figs. 86, 87); it soon turns. however,
and moves toward the sperm nueleus and aster at the posterior pole. Xt first a few
remnauts of spmdle fibres conueet the ege nueleus with the antinal pole (fig. 87),
but these are soon lost and therealter this nucleus, without any surrounding area
of protoplasm or astral ravs. s almost lost to view in the dense mass of yvolk (fie.
§9).  TImally the ege nucleus emerges from this volk into the clear protoplasm
surrounding the sperm nueleus, and the two nuelei meet at the equator of the ege
about half way between the posterior pole and the eenter.  The relative positions
of the two germ nuclei when they first meet is mvariably the same; the cge
nueleus always Iving on the eentral (anterior) and animal pole (ventral) side of the
sperm nucleus (ligs. 89-93).

6. Sperm Amphiaster and first Cleavage Spindle.

About the thme that the sperm nuelens hasinoved to the edge of the vellow cap
(fig. 8) and some time before the union of the two germ nuelel. the sperm centro-
some divides as shown in figures 880 890 1 have not obrevved all the details
of this division. but it 1s evident that the centrosome here gives rise to a centro-
somal spidle or netrmn (Boverr 1901), at the poles of which the daughter centro-
somes le.  After the centrosome has divided, the sphere also divides (fig. 88). and
a well-marked eentral spindle s left conneeting the two danghter centrosomes (lig.
89, When these danghter centrosomes have moved to the poles of the sperin
nuclens the central spindle 1s cuvrved around that nueleuss and finally ats fibres
heconme indistinet (fig. 90) and then disappear altogether (fig. 91). The sperm aster,
at the time of its division, invariably lies on the central side of” the sperm nueleus,
and the axis of the amphtaster thus formed 1= at vight angles to the copulation path
and to the plane of the first cleavage (figs. 8S8=91).  Up to the thne when the
two germ nucelei meet, the spernt ecutrosontes lie at the poles of the spermm nueleus
(fig. 91). whereas no traee of centrosomes are ever found 1 eonnection with the ege
nuelens, and after the latter has moved away from the.animal pole, onats path to

the sperim nucleus, no trace of radiations, spindle fibres or even of surrounding
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one near the ege nueleus: the atter afterward completely degenerates, according
to Castle. and takes no part whatever in the formation of the first cleavage spindle.
I have heen wnable to find this archoplasmic mass i conmection with the ege
nucleus unless the remmants of the second polar spindle (fig. 87) may be interpreted
as such.

Any one who has studied the method of origin ol the cleavage centrosomes in
the caes of ascidians and of mollusks cannot fail to be impressed with the profound
differences between the two. In the onre we have no eentrosome or aster in connec-
tion with the ega nielens at any stage, while the sperm centrosome and aster arve
visible at all stages after the entrance of the spermatozoon. and give rise direetly
to the cleavage eentrosomes; i the other, according to my observations. a centro-
some and aster are found in connection with cach of the germ nuelei, and coinci-
dently with the union of these nuelei the asters or spheres also nnite, while out of
this fused sphere material o single centrosome arises in conneetion with cach germ
nuclens.  Hois recommended to those who maintain that in these details of’ fertili-
zation all animals must conform to a single type that they study the fertilization of
a casteropod as compared with that of an ascidian.

V. Dispermy.

Although it ix a relatively rare thing for more than one spermatozoon to enter
an ecge, still eges are oceasionally found mto whiel two spermatozoa have: pene-
trated.  The entrance of more than two spermatozoa, i 1t oceurs at all, must he a
very rare phenomenon.  In stained preparations and in serial sections 1 have never
seen an undonbted ecase of ity unsegmented eges are sometimes found in which
there are a number of nuelei, but i all casex it ix possible that these may have
arisen from the division of two sperni nuelei. In living eges 1 have sometimes
observed several yellow spots on the Tower liemisphere. Sucl an ege s shown in
ficure 12 there are here four vellow spots, eacli about equidistant from the vegetal
polesand presumably there 1 a nuelens i eacli of these, thongh nuelei were actnally
observed moonly two ot them. It ix possible that these may have arisen by divi-
ston from two original nnelei, and that thix ix therefore a case of dispermy and not
of polyspermy. Tt ix an interesting facet that dispermic eges never divide, thongh
the noelel may do so vepeatedly, and of conrse they never develop normally.

Dispermic eges have heen repeatedly observed both in living and in fixed
material, i entive preparations and moserial seetions. Sueh eges afford a valuable
menns of testing the guestion as to whether the point of entranee of the sperm is
predetermined, and move mmportant still. as to whether the posterior pole of the
cooand the plane of the first cleavage ix pre-existent in the ege or ix established
by the entering spermatozoon,  So ar ax | have observed, the two sperm nueley
alwayvs enter the ege near the vegetal pole, and at first they he m a common proto-
plasmie field.  As they move toward the equator, however, they frequently sepa-
vate, and when they have reached the equator and have each given rise to a spin-
dle they are often tound on opposite sides of the ege with the smrounding proto-
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plasmie fields gquite separate. The two spindles arve usnally parvallel to cacl other
and are alwavs entirely independent, the poles never being united into a triaster
or tetraster.

Sections of two dispermic eges are shown in figures 94 and 95; in the Tormer

the sperm nuclet, which have not vet reached the equator of the egg, occupy symmet-
rical positions on cach side of the mid-line, and the protoplasmic field in which they

lie 1s loeated on that side of the ege which corresponds to the posterior pole ol nor-
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FiGs. 111-V1.—Dispermic eggs of (' partita; drawn from stained preparations of entire
eggs. Figs. 111. and V are viewed from the vegetal pole, the polar bodies being seen
through the egg. Fig. IV is viewed from the animal pole and Fig. VI from the posterior
pole. The boundary between the protoplasm and yolk is indicated by a crenated line;
when seen through the egg this boundary is represented by a line of stipples. .

mal eges.  The vellow protoplasin here forms a continuous ereseent, and save for the
fact that the sperm nuelei do not lie at the middle ol this ereseent and that o small
tongue of volk partly separates the two sperm asters, the ege is not unlike a normal
one. In ligure 95 a later stage of a dispermic cgg is shown, in which the sperm nuelei
Liave reached the equator and have moved in from the surtice toward the center of
the ege, while one of these nuelei has united with the sinele ege nueleus.  There
(i here alzo a symmetrical arrangement of the sperm nueler and of the clear and yel-
low protoplasmt on each side of the mid-line. The protoplasmic areas e here further

4 JOURN. A. N. S. PHILA,, VOL, X111
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separated than in the preceding figure, though they still lie nearer one pole of the
ege than the other.  In this case also there can be little donbt that the more rvichly
protoplasmic pole corresponds to the posterior pole of normal eges while the volk-
laden pole corresponds to the anterior one.

Other dispernic cges are shown in text fignres 1=V and here also one hemi-
sphere of the ege contains more protoplasm than the other. and may probably be
identified with the posterior pole,  In still other eges, especially those in which the
cleavage spindlex are fully formed, the spindle and protoplasmie fields may lie on
opposite sides of the ege (¢f. text fie. V). In these ecases neither pole can he eer-
tainly identified as anterior or posterior.  In normal eges the eleavage spindle
alwayvs stands at right angles to the chief axis of the egg and to the plane of the
firxt cleavage ; i dispermic eges the spindles are frequently not at right anglex to
the ege axis and 1f; as 1 believe, the plane hetween the two protoplasmic areas rep-
resents the normally median plane. they are more frequently parallel with this
plane than perpendiculay to it.

The phenomena of dispermy demonstrate that the point of entrance of the
spermatozoon ix not predetermined but that spermatozoa may enter at different
pointz on the vegetal hemisphere; they also vender probable the view that the
plane of bilateral svmmetry is not first established Dby the aceidental path of the
spermatozoon within the ege, but that thix plane is strocturally present before ferti-
lization.  This problem will he more fully discussed in the general part ol this paper

(Chap. VII).
11, ORIENTATION OF EGG AND EMBRYO.

Ax o preparation to the study of the cell-lineage and later development ol the
aseidian egy it is necessary to consider at onee the ortentation ot the ege and carly
cleavage stages. This ix the more necessary sinee the utmost possible diversity of
opiion hias heen expressed with regard to this matter.

1. Van Beneden and Julin's System: of Orientation.

Vin Beneden and Julin (1884) were the first to nndertake to relate the
carly stages of development of the ascidian egg to the later stages.  Their work
was in fact one of the ecarliest and most admirable contributions to the subject
of cell-lineage.  They followed the cleavage, eell hy eell, as far ax the $4-cell stage
and potuted out what they supposed to he the relations of each of these cells to the
cerm lavers,  Theyvdetermined the relations of the axes of the ege and carly eleavy-
age stages to those of the gastrnla and Luva and, for the first time in the history
of embryvology, established the tfact that the prineipal axes of the larva may be
identified m the nnsegmented ege. The evidences upon which they based their

conclustons ax to the axial rvelations of ege and enrbryvo and as to the fate of the
cleavage cells are not fully stated in thenr briet” paper of only fifteen pages: hut
their statements of fact are perfectly elear and explicit.  hr brief these are ax

[ollows :
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(1) The first eleavage spindle i eccentrie toward the posterior pole of the egg,
and the median plane of the future embryo is marked out by the hilateral symmetry
of the unsegmented ege (p. 6). .

(2) The plane of the first cleavage coincides with the plane of bilateral svin-
metry, and therefore divides the ege into vight and left halves (p. 6).

(3) The second cleavage plane is transverse to the long axix ol the embryo
and separvates two Favge anterior cells from two small postevior ones (p. 7).

(4) The mtersection of these two planes marks the vertical axis of the ege: one

-

end of this axis corresponds to the middle of the dorsal, the other to the mddle of
the ventral face of the gastrula (p. 7).

(0) The third cleavage separates 4 larger dorsal eells from 4 smaller ventral
ones (p. 7); the latter wre ectodermal. the former ¢ mixed.” i

(6) At the fourth eleavage these 8 eells give rise to 165 8 ventral cells, all
cctodermal. and N dorsal eells; 6 of which ave mixed, and 2, which are smatler than
any of the others and lie at the posterior pole, ectodermal (p. 8).

(1) By division these L6 cells give vise to 325 16 ventral cells, all ectodermal
and 16 dorsal cells, 4 ectodermal derived from the 2 posterior ectoderm eells of the
previous stage. 6 ectodermal derived from the 6 mixed cells, 4 endodermal and 2
still mixed.  With vegard to the identification of the dorsal and ventral faces at
thix stage they say :—*“Ou bien les eellules eetodermique lorment ensemble une
calotte appliqudée par sa coneavité contra les globes endodermiques et mixtes (comme
dans fig. 10, ¢), ou hien c’est le contraire qui a lien, les ¢lobes endodermiques et
mixtes ¥ étalent en surface de facon a constituer ensemble une calotte moulée sur
I'ectoderme (fig, 9, ¢).”

(8) At the next stage there are 44 cells; 32 cetodermal, caxily reeognized hy
thetr transparency, and 12 other cells very much larger.  The cctodermal cap is
notably extended and tends to envelope the endoderm.

From this stage onward there is no question as to the identilication ot the dor-
sal and ventral faces or the anterior or posterior ends.  Ax will presently appear,
my work, like that of Chabry (1887), entirely confirms the orientation adopted by
Van Beneden and Julin, thougeh T cannot agrce with themn as to the fate of certain
idividual cells.

9

2. Seeliger’s System.

Neeliger’s (1885) Tater work was mueh less detailed and satisfactory with
regard to the orientation ol the ecarly cleavage stages, ax Castle has shown.  His
prineipal econclusions as to ovientation are:

(1) The first cleavage plane coincides with the median plane of the embryo,
hut neither anterior nor posterior, dorsal nor veutral can be recognized at this
stage (p. 49).

(2) The sccond cleavage divides the cgo into two smaltler anterior cells and
two larger posterior ones (p. 48). '

(3) The third cleavage separates 4 dorsal endodermal cells from 4 ventral ecto-
dermal ones; the two posterior ventral eclls ave larger than any of the others.
Structwrally all these cells are alike (p. 49).
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() In the 16-cell stage the S dorsal endodermal cells are yellow and have
small nucleis; the S ventral cetodermal ones ave elear (p. 50).

In the identifieation of individual cells and their axial velations Seeliger was
mueh at fault. The small cells of the 4-cell and later stages are certamly not ante-
rior in position hut posterior, as has been shown hy Van Beneden and Julin, Chia-
bry, Samassa, and Castle: while the two larger cells of the S-cell stage are not ven-
tral but dorsal in position, not posterior hut anterior, as their relations to the two
small posterior cells show.  Sceliger therefore mistook anterior for posterior, dorsal
for ventral and conseguently right for left; in short, he committed all the mistakes
possible i orientation,

3.  Samassa’s System.

Ten years after the publication of Van Beneden and Julin’s work, Samassa
(I894) working on Crona wnd Clavellina veached very different conclusions from
those set forth hy the first named authors.  With the first four conelusions ol Vin
Beneden and Julin mentioned above he agrees, save that m the unsegmented cge
he claims that only the median plane and the anterior and posterior. bnt not the
dorsal and ventral, poles can he vecognized.  With regard to the identification of
the dorsal and ventral sides he held that Van Beneden and Julin were completely
in ervor and that they had mistaken the dorsal for the ventral, the endodermal for
the ectodermal pole in all stages up to the 44-cell stage.  As the most important
evidence of this [alse orientation Samssa cites Van Beneden and Julin’s figures Y ¢
and 10 ¢, which represent optical sections in the sagittal plane of a 32-cell and a
H-cell stage respeetively.  In the fivst of these the ectoderm cells are shown as
colimnar. the endodermi cells ax flattened ; whereas i the second, figure 10 e, the
cetoderm cells arve flattened and the endoderm eolummar. = The ficures of these
two authors.” says Sumassa, “are suflicient to show that figure 10 ¢ ix properly and
fignre 9c falsely oviented; i hoth cases the evlindrical eells belong to the endoderm
and are dorsal in position.”  The words of Samassa directed against Van Beneden
and Julin apply with equal or even greater foree to himself: * Van Beneden and
Julin have not onee sought,” he savs, *to hring forwuard one fact in support of’ this
vemarkable transformation.”  With the exception of the worthless @ preors areu-
ment that cells which have onee heen evlindrical must always remain so Samassa
has not produced a single argument or faet in favor of his contention.

4. Castle’s System.

In the same year Castle (1894), i o preliminary paper and again i his
final paper (1896) on the carly embryology of Ceona intestinales, veversed the orien-
tation maintained by Van Beneden and Julin and held with Samassa that in all
stages preceding the 44-cell stage the Belgian investigators had mistaken dorsal
for ventral and zzze versa.  Furthermore, after having studied the formation of
the polar hodies, he was lead to the truly remarkable conclusion that these hodies
in ascidians are formed at the endodermal pole, whereas i all other amimals, o
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i as known, they are formed at the ectodermal pole of the ege. His conclusions
were stated in the most l)()\ltl\l' manner and have heen widely aceepted, notwith-
standing that such an orientation is absolutely unique, and for this very reason

Vil Vil

F1G. VI1.—Four-cell stage of Ciona intestinalis viewed from the animal pole; the crenated line
represents the houndary between the protoplasm and yolk ; the dotted line marks the anterior
limit of the erescent at the vegetal pole; the four cells are approximately eqnal in size.

Frc. VIII.—Four-cell stage of Cynthia partita seen from the animal pole; the limits of proto-
plasm and crescent are represented as in the preceding figure; the two posterior cclls are a little
smaller than the anterior ones,

should have been received with caution.  Inasmuch as Castle’s work is the most
thorough and extensive treatment of the carly development of ascidians sinee the
appearance ol Van Beneden and Julin's paper. and siiee his conelusions ave diamet-
rically opposed to my own, it seems desivable to give with some fnlness his conelu-
sions as to orientation as well as the evidences upon which these conelusions arve
based.  Tn speaking of Van Beneden and Julin's work he sayx (1894, p. 200):—.

“It ix my purpose to show that by vielding themselves to eonjec tmo n =o >111.|l]

mnatter as these three cell divisions, the emiment authors fell into an error \\'hich
mmvalidates the most important conelusions of theiy otherwise excellent work.  For
in corvelating the 44-cell stage with the 32-cell stage they have ehanged the oren-
tation <o that they have identified the dorsal side of one with the ventral side of
the other. the endodermal half of one with the ectodermal half of the other.  7hesr
orientation of all the stages prior to the yy-cell stage is accordingly wrong. Their
terms ectodermal and endodermal, ventral and dorsal,as emploved up to this stage.
must be z'nle’rc/zanged” Again with regard to the point at which the polir hodies
form he savs (1894, p. 211) :—“1 have repeatedly seen the polar bodies and observed
continuously the cleavage stages following their formation.  These observations lead
{o the surprising hut unavoidable conclusion that the point on the surfaee of the
ege at which the polar bodies form hecomes later the center of the dorsal or endo-
dermal half of the ege”  Again in hix later work (1896, p. 226) he suys with
regard to this matter:—. . ¢ The form changes accompanying maturation occur, in
Cona at least. and presmmably in ascidians in general, at the pole of the ege oppo-
site to that at which they ocenr in Amphiovus, and, so finr as known, i all other
animals producing eges with polar difterentiation ; for the changes conneeted with
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maturation are uniformly reported to take place at the animal. 7. e., at the more
vichly protoplasmic pole, whereas in Ciona they take place at the vegetative pole.

The statement made in the preceding paragraph preseuts a condition of affairs
<o dircetly contrary to that fonnd in other gronps of animals, as well as to what has
heen assumed by all previous writers to he the case in aseidians, that it requires the
presentation of unmistakable evidence in its support.  Such evidenee I have to offer,
hoth from the study of the living egg and from that of preparations.”

What is this evidence? So lar ns it relates to the or 1zin of the polay hodies at
the vegetal pole it ix twofold; (a) the polar bodies are formed at the volk-rich
pole. (b) thix pole hecomes the endodermal pole of the gastrula.  As to the first of
these proposttions 1 have already shown that the geyminal vesicle fades and the first
maturation spindle appears at the protoplasmie pole (figs. 77, 78, 172). Only later,
after the entrance of the spermatozoon, does the protoplasm flow away from thix pole.
leaving the maturation spindle closely surronnded by voll; <till later, dwring the
first eleavage, the protoplasm flows hack acain to near the center of the ege and at
the close of this cleavage it moves still nearer to the pole at which the polar hodies
lie (figs. 100, 102, 106, 107, 178); thereafter this pole is always the more richly
protoplasinic.  Therefore, except for a hrief period after the fertilization and hefore
the fivst eleavage, when the protoplasm ix temporarily withdvawn tromn the matora-
tion pole through the influence of the spermatozoon, the matwration or animal pole
and the more vichly protoplasniie pole are one and the same in aseidians ax in other
animals.

As to the statement that the polar hodies are formed at a point whiel correxponds
to the center of the dorsal or endodermal pole of the castrula it is evident that
nnless the polar bodies have heen actually tollowed through  the development to a
stage when the ectodermal and endodermal poles are unmistakable, this statement
must rest upon indireet evidence furnished by a study of” the cleavage stages.  Ax
a matter of fact, Castle has not figured nor deseribed the polar hodies in any ege
later than the 16 to 24-ccell stage, whereas there 1x no trace of gastrulation i Crona
hefore the T6-cell stage (fig. 200).  Undoubtedly therefore Castle’s evidence that the
polar bodies arve formed at the endodermal pole must he indirect rather than divect,
and must he derived from the study and orientation of the eleavage stages. We
may therefore turn at once to the evidenees which led Lint to reverse Van Beneden
and Julin’s ortentation of these stages. So far as 1 am able to discover there ave, in
addition to several minor considerations which could at hest he considered only as
confirmatory, two and only two general lines ol evidence whieh he hrings {inrward
in favor of his contention.  They ave the [ollowing :

1) The hemisphere in which division is carliest as the cge passes from the 16-
cell stage to the 32-cell stage, and from the latter to the $6-cell stage becomes later
the ventral or cctodermal hemisphere of the embryo (1894, p. 2065 1896, pp. 229 and

235).  The sccond paper refers to this proposition as having heen demonstrated in
the first.  What ix this demonstration 7 So far as 1 can ascertain it consists merely

in the assumption that the cells, which in the 16-cell and 32-cell stages divide carlier
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than the others must continue to divide more rapidly aud thus give rise to the more
numerous ectoderm cells of the castrular stage.  So tar fror there being any dem-
oustration ol” this propoxition there is actually no evidenee oftered i support of it.
Farthermore, 1 ean aflivm from my own stadies that it is not true. The eells whieh
lag behind in division up to the G4-cell stage, thereatter divide much more vapidly
than the others and give rise to the ectoderm of the gastrula (¢f. figs. 130-134 and
196-204).

(2) Castle’s sccond reason for rejecting the ortentation ot Van Beneden and Julin
is the same as Smuassa's, 22z, the peculinr shape of the cells at the two poles. Tn the
32-cell stage and even earhier the cells at the maturation pole are long and columnar
while those at the opposite pole are thin and supertieially lavee. = They [the colum-
nar cells] retam this colmmnay form up to and throughout gastrnlation ™ (1896, p.
257).  They thus give rise direetly to the eohnnmar endoderm eells which are ulti-
mately invaginated. On the other hand, Van Beneden and Julin maintained that the
flattened cells of the 32-cell stage hecame the columnar cells of the 44-cell stage and
that the colummar cells of the carlier stage hecame the flattened ones of the latter
stage.  Castle savs that their ficures show at a glanee the absurdity of such an
interpretation (1804, p. 208; 1896, p. 237).  Sinee the whole orientation which he
adopts as opposed to that of Van Beneden and Julin rests upon the extablislunent
of thix one point. it passes helief that he, as well as Samassa, should not have taken
the most evident and direet step to prove it Van Beneden and Juolin figure optieal
sections in the sagittal plane of an cge v the 32-cell stage showing the columnar
cells at the ventral pole, and of one 1 the 44-cell stage showing them at the dorsal
pole.  Castle figures actual seetions of a 32-cell stage and of a Th-cell stage. hut
none between these two. A study of actual or of optical sections of eges transi-
tional between the 32-cell and the To-cell stages would have shown conclusively
that the columnar cells of the tormer ave eradually transtformed into the flattened
cells of the latter. and the flattened cells of the one into the columnar eells ot the
other, and would thius have completely estabhished Vim Beneden and  Julin's
orientation.  Such a series of optical sections of the (Zona egg, viewed from the left
side and also from the posterior pole, ix shown m text figures IX to XV, and the
various stages 1 this change of shape can there be clearly followed. A similar
series of actual scetions of the ege ot Cynthia 1% shown m text figures XVI1I to XXTV.
1 do not find that thiz transformation is quite as rapid in Cynthia and Crona as s
indicated by Van Beneden and Julin’s fienves 9 ¢ and 10 ¢ for (lavellina. At the
44-cell stage the cells at both poles are colmmmnar and of nearly equal height (text
fiex, NX1II, NIV). and not antil the G6d-cell or even the To-cell stage is this trans-
formation complete. Tt mmst not he supposed, however, that this change in shape
of the cells at the two polex is o continnally progressive one, since all the eells he-
come more superficial durimg division and more columunar during rest. Consequently
every cell changes shape more or less durimg each eyele of division; this is well
<hown m fignres XVII1 and XX,

Other details whieh Castle regards as confirmatory of his view will he taken
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up later. but enough has now been said, in my opinion, to show the untrostworthi-
ness of s prineipal evidenece against Van Beneden and Julin’s system of orientation
aed in favor of his own.

5. FEwvidences in favor of Van Beneden and Julin’s System.
While it 1s evident from these many and serions dilterences of opinion that it
ix easy to make mistakes m the ortentation of the ascidian ege, it is not true that
the cgeis an unusually difficult one to orient. In fact there arve few eges. except

AEE &5
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Fi1Ggs, IX-X1[.-- Camera drawings of entire stained eggs of Ciona intestinalis viewed as transparent
objects. Figs. IX and X1 are seen from the posterior pole; Figs. X and X1I from the left side. Figs.
IX and X represent a 16-cell stage passing into a 24-cell stage; Figs. X1 and XIT a 32-cell passing
into a 44-cell stage. The head and tail of the arrow mark the position of the equator (third cleavage
plane) at the anterior and posterior poles. The cells of the crescent (mesoderm) are B63, 1354 and B%=;
all the other cells of the lower hemisphere are yolk laden and the houndary between protoplasm and
volk is indicated hy a crenated line; the stippled areas adjoining the median plane in the cells Bs-2 and
B¢3 represent caps of deeply staining protoplasm (clear in life). The segmentation cavity is shaded by
vertical lines and the cells bordering it are seen in median optical section; the cells at the upper pole
are columnar, those at the lower pole flattened. 'The polar bodies, although shaded diagramatically, are
present exactly where they appear i the drawings.

those in which the cleavage is markedly unequal, in which this ean be so easily
done.  All the embryonic axes are clearly distinguishable ift the unsegmented cge,
and at every stage in development there are numerouns landmarks by which the
different poles of the ege may be recognized.  With the exception of Seeliger, all
students of the carly development of ascidians have recognized that from the 16-
cell stage onward, the posterior pole ix marked by two cells much smaller than
any others in the entire ege. The chief difficulty has been, ax evidenced Dy the

bt
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work of Secliger. Samassa, and Castle, in distingnishing the dorsal and ventral faces
in the pregastralar stages.  This is due to the laet that the cells at these two poles
are of somewhat similar shape, size and arrangement, ax may he seen by referring
to figures 117, 118, 120, 124, 130 and 131 of this paper. However, the differences
between these poles are so nuurked that there never need he any confusion regard-
e them.

(I) The most striking difference between the two poles is found in the fact
that at all stages of the cleavage and gastrolation one pole ix vich in protoplasim, the
other vich i yolk.  This ix particularly noticeable in Cynthia and Molgula, but is
also true of Crona, thongh in this genns the differences between the two poles are not

XV | ' XVi

Fres. XIII-XVI.—Camera drawings of entire eggs of Ciona intestinalis viewed as transparent objects ;
Figs. XTIT and XV are seen from the posterior pole; Figs. XIV and X VI from the left side. Figs. XITI
and XIV represent a 44-cell stage passing into a 62-cell stage; Figs. XV and X VT a 76-cell passing into a
110-cell stage. The position of the equator, the boundary between protoplasin and yolk and tlhe segmen-
tation cavity are represented as in the preceding figures. In Fig. XTV the cells A74 and A7-8 are neural
plate cells, A73and A77 chorda cells; in Fig. XVI the neural plate cells are A%7, A%S AS1s5 A816 while
the chorda cells are A®%s, Ao, A%13 A814  The crescent cells (mesoderm) are Bz Boa B74, B73 (Figs.
X1II and XIV) and their dirivatives B7-s, 1376, Br7, B8 B35, B%6, B37, 3%8 (Fig. XV and XVT). The
other cells of the lower hemisphere are endodermal. In Figs. XIIT and X1V the cells bordering the seg-
mentation cavity (seen in optical section) are of about equal height at the two poles; in Figs. XV and
X VI the cells at the 1dwer pole are columnar, those at the upper pole flattened. The polar bodies are
present exactly where they appear in the drawings

quite so marked ax in the other genera named.  Thix difference ix <o great that in
properly stained eges one can always tell at a elanee which is the yolk pole and
whieh the protoplasmic.  In cges stained in plero-hacnmatoxylin the protoplasm
ix red or light purple, the volk yellow and the two poles are so unlike that

5 JOURN. A. N. S. PHILA., VOL. X111
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there can be no exeunse for mistaking them.  In Cymthza. indeed, these differences
can be casily recognized in the living ege, the yolk being slate-gray and the proto-

7. 58). The volk spherules are not scattered
through the eytoplasm, but the limits of the yolk and extoplasm are sharp and dis-
tinet.  In the cells at the volk pole the eytoplasm is limited to a small area around
the nucleus; at the protoplasmic pole the evtoplasm occupies a large part of the
cell, the volk being limited to the inner ends of the cells.  This is seen especially

plasm colorless or vellow (figs. 28, 32, 3

Figs, XVII-XX.—Actual sections of eggs of (ynthia partita ; Figs. XVII and XIX in the median
plane, Figs. XVIT and XX in a transverse plane. Figs, XVII and XVII1 represent a 20-24 cell stage:
Figs. X1X and XX a 32-44 cell stage. Uushaded portions of eells represent clear protoplasm; closely
crowded spheres, the yolk ; minute spherules, the yellow protoplasm of the crescent. The clear protoplasm
is located chiefly in the cells of the animal half of the egg (ectoderm); it is also found in the crescent
cells (mesoderm) (135= Do B93) and neural plate cells (A7+4, npper half of A52) of the Jower hemisphere.
The remaining cells of the Jower hemisphere, (endoderm Bs1, Be-r, At A63 and chorda, A73 and lower
half of A6-2) are filled with yolk; yolk is also found in the central ends of all the other cells. The yvellow
protoplasm is limited to the creseent cells and to a single pair of cells of the upper hemisphere (b53), In
Fig. XVII the eclls at the two poles are approximately equal in height: in Fig. XV1IT the cells at the
animal pole are flatter, probably owing to the fact that they are dividing; in Figs. X1X and XX the cells
at the animal pole are columnar, those at the vegetal pole flattened. The polar bodies are actually pres-
ent where they are represented.

well in actual sections taken in the ege axis: suelr sections arve shown in text figures
XVII to XXIV, and it can there he seen that the evtoplasin is largely found in those
cells whiel Tie on that side of the ege where the polar bodics are found, while the
cells at the opposite pole are ahnost entively filled witle volk.  These yvolk-laden
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cells are ultimately invaginated and form endodermn (text figs. XX to XXI1V) and
are thervelore dorsal in position, while the protoplasmice cells at the opposite pole
form ectoderm and are ventral m position.  The ecells which form the posterior
boundary of the yolk-rich hemsphere contain the small spherules, already deseribed,
whicli-are characteristic of the vellow protoplasm of Cynthza.  The distribution of
the volk shows conclusively, therefore, that the cellx of the animal or ventral hemi-
sphere contain most of the elear protoplasimn and give rise to the cetoderm. while
the cells of the vegetal or dorsal hemisphere contain most of the volk and yellow
protoplasm and give rise to the endoderm and mesoderm.

XXV

Frgs. XX1-XXIV.—Sections of eggs of Cynthia partita; Figs. XXT and XXI1V in the median plane,
Fig. XXII1T a little to one side of the median plane at the posterior end, Fig. XXTI in a transverse plane.
Fig. X X1 represents a 64-cell stage, Fig. XX11 a 64-76 cell stage, Fig. XXT1T a 76-110-cell stage, and Fig.
XX1V a 110-cell stage. The clear protoplasm, the yellow protoplasm and the yolk are represented as in
the preceding fignres. The clear protoplasm is localized chiefly in the ectoderm and neural plate cells,
the yellow protoplasm in the crescent cells (mesoderm) aud the yolk in the endoderm and chorda cells;
volk is also present in the inner ends of the ectoderm and mesoderm cells. The polar bodies shown in
Fig. XXTIT in dotted outline do not lie in the plane of the section drawn, but in that of the next section of
the series. It is probable that the neural plate and chorda cells of this fisure (A™+and A7:3) have already
divided in a transverse plane (z. fig. 131}, and that these cells should therefore be labelled A®7 and A%
as in Fig. XXIV. 1n Fig. XXI1 the mesoderm cell Bf2 (Fig. XVIIT) has divided into a mesenchyme
cell (B73) and a muscle cell (1374), the former containing little and the latter wuch of the yellow protoplasm.

(2) Thix ovientation is further confinmed by a study of the vellow crescent of
the Cynthia eee and of the cells which develop trom it.  As has been shown. the
vellow protoplasin of this eee colleets at the Tower (vegetal) pole and then moves up
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to a position just below the equator on the posterior side where it forms a yellow
crescent. At the first cleavage this erescent is divided in the middle into right and

left halves: at the second cleavage it passes into the two posterior cells of the 4-cell
stage : at the third eleavage it goes into the two posterior vegetal cells of the S-cell
stage. In two subsequent divisions the yellow protoplasm is separated from the
vollk with whieh it is associated and thercafter forms a erescent of vellow cells which
surrounds the posterior side of the egy just below the equator (figs. 37, 39, 41, 42).
At all stages of development this crescent or. the cells which arise from it. lies in
the posterior half of the vegetal hemsphere, and the yellow cells are never sepa-
rated from the mid-dorsal line by more than a single row of volk eells (figs. 44-48).
On the other hand these yellow cells are separated from the mid-veutral line hy an
ever increasing number of clear protoplasmic cells (figs. 43, 45, 122, 129, 157, of
seq.). The single row of volk eells mentioned above as lying between the yellow
cells and the dorsal mid-line mvaginates during gastrulation and gives rise to the
ventral cord of endoderni in the tail of the larva, while the yellow eells, which are
also invaginated. give rise to the mesoderm. A study of this yellow crescent and
of the cells which develop from it shows econelusively that it always lies on the pos-
terior border of the yolk-rich or dorsal hemisphere, that at the T6-cell and 52-cell
stages, it 1s separated from cells which give rise to the ventral endoderm, and that
it is invaginated with the endoderm and forms the musele cells and mesenchyme of
the tadpole.

(3) Wholly similar results as to the orientation of the egg and embryo follow
from a study of the lineage of all the other cells of the embryo. 1 believe that 1
have seen every division of every cell up to the 218-cell stage. and m the eritieal
period between the 32-cell and To6-cell stages 1 have seen these divisions i hundreds
of cases. The evidenee from this source as to the orientation cannot here be pre-
sented in detail but must be deferred to that portion of this paper which deals
particularly with the cell-lineage ; however, it can be said that in not a single inst-
anee have I found any evidence agaiust the orientation according to Van Beneden
and Julin, while every observation which I have made on the cell-lincage speaks in
favor of that ortentation.

(4) Finally a most direet and convineing evidence in favor of this system
of orientation is found m the position of the polar hodies thronghout develop-
ment. In preparations of the eggs of the three genera of ascidians whieh I have
studied, the polav bodies are easily distinguishable from the test cells by their
deeper stain; in Czona they arve also larger than the test cells.  In the last named
genns I have seen the polar bodies attached to the egg or imbedded in 1t at every
stage from the unsegmented ege to the gastrula (Plates X1 and XII).  In every
single instance they have heen found at a point on the ectodermal (ventral) hemis-
phere which a study of the cell-lineage shows to correspond to the animal pole of
the unsegmented egg. 1 have not observed the polar bodies in every egg of Cynthia
which T have studied or drawn, possibly because they do not in this genus remain
attached to the egg so persistently as in Czona. but whevever 1 have been able to
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identify them they have been found at the same pole of the eoe as in Czona (figs.
S7. 92,96, 102, 106, 107, 108, 110, TT5. 116, 130. 133, 139, 143).  In stages later
than figures 159 and 113 the protoplasm of the polar cells hecomes vesieular and
stains so famntly that they can no longer be identified with eertainty.

Castle maintained from indirect evidence. as 1 have already shown, that the
polar bodies of (zona are formed at the middle of the endodermal or dovsal half of
the egg. 1 have never in a single instanee observed anything which might he mis-
taken for a polar body at this pole, whereas I have found the most positive and oft
repeated evidence that the polar hodies lie at the ectodermal or ventral pole from
the time of their formation to the gastrular stage.  These ascidians therefore form
no exeeption to the general rale that the polar hodies are formed at the middle of
the ectodermal hemisphere of the egg.

It 15 not necessary in this place to point out in more detail than has been given
already the sourees of crrvor in the work of Seeliger and of Samassa, espectally ax their
work dees not undertake to follow the exact cell-lineage of every eell up to the
aastrular stage or later.  With Castle’s work, however, the case is quite different.
for while the considerations already mentioned probably explain the sources of his
error of orientation. they do not explain the way in whieh he has incorporated this
error 1 the cell-lineage which he has tollowed to an advanced stage. In brief,
I find almost all of Castle’s figures corveetly drawn. and 1 can without diffi-
culty correlate his drawings eell for eell with my own.  The most important ex-
ceptions to this statement are found mn his fignres 53 and 54, hut even heve the dif-
ferences are not great.  IHis castrubar stages ave of course correctly orviented since the
dorsal and ventral faces of the embryo are nunmistakably marvked out as soon as the
invagination begins.  All of his pregastrular stages. however, with the exception
of a 48-cell and a G4-cell stage. shown in his figures 57 to 60. are erroncously
oriented. dorsal Deing mistaken for ventral and ventral for dorsal.  With the
lincage which he gives of every cell up to the 46-cell stage (his fig. 56). 1 entirely
agree. but in passing to the 48-cell stage (his figs. 57 and 58) lie inverts the egg
and shifts the cquator one cell-row ncarer the vegetal pole than it should be.
consequently all of the lneage of the later stages i1s wrong. While therefore
the stages from 48 cells on are correctly orientated. the lineage of the mdividual
cells 1s mmeorreet ; before the 48-cell stage the lineage is correet but the orientation
wrong. The evidence for this grows m part out of the general considerations
already mentioned, but it is also fonnded upon a detailed study of the ecell-line-
age, to which we now turn.

1V. CELL-LINEAGE.

A. NoMeENcLATURE.—In order to faethitate reference to the work of others, it
is desirable that some good system of naming the individual cleavage cells be
adopted and thereafter adhered to even if it be not ideally perfect.  The system
whiell has been employed with only slight modifications in all the recent eell-line-
age work on annclids and mollusks is not well snited to the ascidian ege becanse in
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the fatter there 1s no distinetion of macromeres and miceronieres. because there arve
no = qguartets” which arvise from stem cells, beeanse this system 1s not well adapted
to <how the perfeet bilateral symmetry of the ege and embryo, whieh is one of the
most characteristie features of ascidian development, and finally because of the great
number of figures whieh must be used as exponents in the representation of later
stages (e g. the letter designating each of the eleavage cells of the ninth generation,
ligs. 140-143, would need to be followed by no less than six exponents). Owing to
these reasons 1 early saw the difliculty of attempting to apply this system to the
cell-lineage of the ascidian egg. The most complete system of nomenelature which
has heretofore heen used i the study of the cell-lineage of ascidians is that of
Castle, which 1s & modification of a system devised by Kofoid (1894).  In this sys-
tem. as 12 well known, the four uadrants of the egg are designated by the letters
A. B, C, D: after the third cleavage the cells nearer the vegetal pole are designated
by capitals, those near the animal pole by lower case letters. The first expon-
ent following a letter indicates the generation to which a cell helongs, the second
exponent the position of the cell relative to the vegetal pole.  With this system it
s always difficult to determine at a glance the lineage ol any cell since = to ascer-
tam the mother cell of any particular cell, its first exponent must be dininished by
one : and its second exponent, if an even number. must be divided by two, but if
an odd number 1t must be first mercased by one and then divided by two. In
order to determine the daughter cell of a particular cell. simply reverse this process:
that is, inerease the first exponent by one and double the sceond exponent.  To
determine the other danghter eell dimimsh this second exponent by one ™ (Castle.
1896, p.o 227). While it is thus diflicult to determine at a glanee the hneage
of any cell, the number of exponents required is velatively small, and this fact,
more than any other. has led me to adopt Castle’s system, with the following modi-
fications :—The right and left halves of the embryo are designated by the same
letters. the names of cells on the right being underscored as compared with those
o the left. This method of designating the cells of the vight and left sides is
essentially similar to that emploved by Chabry (1887). In this way but two
letters are needed for the whole cell-lineage, one for the anterior and another for
the posterior quadrants.  For these T desired to use the letters emploved by
Van Beneden and Jnlin and hy Chabry. zzz. A and P, but owing to the difli-
culty of distinguishing between lower case and capital P. 1 finally chose the letter
B instead of P. The right auterior quadrant iz A, the left A the right pos-
terior quadrant is B, the left B. After the third cleavage all cells Iying on the
polar body side of that cleavage plane are designated by lower case letters. while
those on the opposite side of that plane continue to he designated by capitals. This
modification not only emphasizes the bilateral character of the ascidian egg, but it
also simphifies the nomenclature.  Furthermore, 1t facilitates referenee to Castle’s
work, for when in his ortentation of the 48-cell stage the ege s mverted as com-
pared with carlier stages the right side 1s substituted for the left, and the letters A
and D, which m the earlier stages designate the actual left side, are used after the
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48-cell stage to designate the actual right and zzce zersa. 1In my modifieation of his
system this substitution of one side for the other will be indieated only by the pres-
ence or absence of a line under the letter. 1o all stages later than the 48-cell stage
[ eontinue to use lower case letters to designate eells of the animal or eetodermal
hemisphere, and capitals for those of the opposite hemisphere, whereas Castle
reverses this rule.

B. CLEAVAGE oF THE EGG:; First 10 SEVENTII GENERATION OF CELLS (1-64 CELLS).
Although the details of the early cleavages of the aseidian egg have heen
treated at eonsiderable length by previous writers on this subjeet, 1 have deter-
mined to present the subject here, cleavage by eleavage, hoth becaunse my results
differ in many respects from the conclusions heretofore reached and because I wish
to call attention to certain features of these eleavages which have not as yet been’
noticed. I shall shorten the account wherever possible by references to previous
worlk. '
As is well known, aseidian eges develop with egreat rapidity; there are cer-
tainly few other eggs which develop so rapidly.  Both Ciona and Cynthia reach
the fully formed tadpole stage in about twelve hours, while AZo/gula reaches this
stage in not more than eight hours after fertilization.  Certainly there are few things
more wonderful than the origin of a complex animal.—of a chordate

, from an egg
in the short space of from eight to twelve hours!  The portions of this brief period
devoted to the different stages of development are interesting and suggestive.  In
Cynthia about 40 minutes clapse hetween the fertilization and the appearanee of
the first cleavage furrow; about [40 minutes between the first cleavage and the
beginning of gastrulation; and about 140 minutes between this stage and the young
tadpole stage shown in ficure 163, The different generations of cleavage cells are
separated from one another by intervals about as follows:' -

Fertilization to first eleavage ( 1-2 Celis), . . 40 .
First to seeond cleavage ( 2-4 AR T . Al o
Necond to third cleavage ( 4-8 = ), . . 500 ¢«
Third to toarth cleavage ( 816 = ), . . 20 -
Fourth to fifth eleavage ( 16-32 =+ ), . . 20 -
Fifth to sixth cleavage ( 32-64 * ) . . 20 *
Sixth to seventh eleavage (64112 = ). . . 20 «
Seventh to eighth eleavage (112-218 = ), . ! 20
Eighith cleavage to voung tadpole stage (fie. 163), . 2 hrs.

1. First Cleavage,; 1-2 cells. (Figs. 18-27,96-100. 177, 178. 181.)

After the meeting of the germ nuclei. which ocenrs about midway between the
center of the ege and the posterior pole (figs. 91, 92, 93), the cleavage spindle
develops rapidly and moves inward from the posterior pole until it lies almost

! These ficures are based upon the study of eggs laid and fertilized at 5 vor. and put up at inter-
vals thereafier until 11 rar.  In each of these lots eges were found in several different stages and the
results can be accepted as only approximately corrvect.
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exactly in the center of the egeg (fig. 96), always being oriented so that it lies at
right angles to the plane of the first cleavage and with its equator in that plane.
At the same time the elear protoplasm and a small portion of the yellow protoplasm
move inward from the posterior pole toward the center of the egg (figs. 92, 96).
The Tavger part of the yellow protoplasm remains at the surface in the form of a
crescent, but the clear protoplasm is entirely withdrawn from the surface except for
a narrow zone whieh hes just above (ventral to) the crescent on the posterior side
(figs. 1318, 96). During the formation of the first eleavage furrow, even this
narrow zone of elear protoplasm is withdrawn from the surface to the center of the
ege, so that the yolk now eovers the entire surface of the ege exeept for the arca
of the erescent (figs. 100-102 and 178-179). This condition is just the reverse of
that which prevailed at the begiuning of development, when the yolk was central
i position and the protoplasm peripheral (figs. 76-79).

The centrosomes and asters are larger and more easily studied in Czona than in
Cynthia. Proceeding from the periphery to the center, the following parts of the aster
may be recognized (figs. 177, 179) : (1) The deeply staining. peripheral layer of the
aster, (2) the elear inner layer of the aster traversed by radiating fibres, (3) a evanular
central body upon which the astral fibres end. The latter is the centrosome, and
15 plainly composed of two parts, () an onter granunlar zone and (4) a central clear
area from which the netrum arvises.  In Cynthiza the outer and mner layers of the
aster are not distinguishable and the centrosome itself is not so large as in Ciona ;
the Jatter is. however, composed of the same parts. zzz.. a peripheral granular zone
and a central clear area which ¢ives rise to the netrum (figs. 95, 99). In these
aserdians, just as in the gasteropods which T have studied (Conkhn, 1902), the
centrosome undereoes a deeided growth and metamorphosis during the cyele of
division; i the early stages of the eyele it is a small, deeply staining body, in the

eranular zone

later stages 1t hecomes mueh larger and differentiates into the outer
and the central clear area (¢f. figs. 97, 98).

In Cizona both the first and second eleavage spimndles are remarkable in that at
all stages of the division the nuelear part of the spindle can be clearly distinguished
from the polar or astral part (ligs. 177, 179).  The portion of the spindle derived
from the linin of the germ nuelet 1s short, deeply staining and barrel-shaped, and
all respects resembles a maturation spindle (compare figs. 177 and 179 with figs. 67.
70.71).  Even in the possession of a few peripheral fibres which radiate from the
shehtly rounded ends of the spindle toward the equator, this spindle resembles
those of the matimration divisions.  These peripheral fibres are not in line with the
astral radiations, and henee ave all the more striking.  The astral rays which run
from the centrosomes to the ends of this nuelear spindle are small and faintly stain-
ing as contrasted with the heavy, deeply staining fibres of the nuclear spimdle.  No-
where c¢lsge, so far as I am aware, 1s this double character of the mitotie igure so
clearly shown as in these cleavages of Czona.  This is due to the small size of the
nuelear spindle and to the large size of the astral systems, =o that the ends of the
nuclear spindle are not easily confused with the astral rays. and also to the great
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difference in the staining reactions of the two. Exeept for the presence of these
astral systems, this cleavage spindle is almost exactly like a maturation spindle.

In Cynthia the distinetion between these two parts of the cleavage spindle is
not so clear beeause hieve the nuclear portion is mueh longer and reaches nearly to
the centrosomes (fig. 97): but even heve the nuelear part can be distinguished from
the astral by the stronger character of its fibres.  In this genus also the astral sys-
tems are not so large as in CZona and the individual fibres ave stronger, so that the
contrast hetween the nuelear and the astral portions of the spindle are but faiutly
marked.

These cleavage spindles of Ciona. like the maturation spindles already deseribed,
are of espeeial interest for the study of the mechanies of mitosis. 1 have not attempted
to make a detailed study of this subjeet. but it is quite evident that the separating
chromosomes move only as far as the ends of the nuclear spindle fibres (fig. 99).
They are never drawn up into contact with the centrosomes, but remain at the
border of the aster. where they are transformed into chromosomal vesieles.  In the
maturation divisions there are no centrosomes or asters at all to complicate the
problem, and here also the chromosomes move only to the ends of the nuclear spin-
dle fibres. These fibres elongate somewhat in the later stages of mitosis (figs. 70,
71. 72), thus separating more widely the daughter chromosomes.

The fact that in the maturation divisions the chromosomes separate without
the aid of centrosomes or asters may be taken as evidenee that in the similar spin-
dles of the first and second cleavages the centrosomes and asters, although present,
take no part 1 this work. Anything which will explain the movements of the
chromosomes i such spindles as those shown in figures 69 to 72 will also explain
their movements m such eleavage spindles as those shown in figures 177 and 179.
In the maturation mitoses there are neither eentrosomes nor asters. and vet the
separation of the chromosomes oceurs in the usual manner. The spindle fibres
apparently serve only as a guide for this movement. and must be considered the
result rather than the cause of stresses in the eell substance. This 1s shown hy
the fact that when they first appear these spindle fibres are not parallel but run
in all directions (figs. 62, 64). Later, under the influence ol stresses in the eyto-
plasm. they Dbecome parallel.  Under these eiremmstances there is 1o reason to
belhieve that the movement of the chromosomes is caused by other factors than
those which bring about movements in the eell body.

The constriction of the cell body first ocenrs, ax indicated by fieure 20, at the
posterior pole.  This 1s probably due. as Castle says, to the fact that at this stage
this pole 1s the more riehly protoplasmic one.  Very soon the constriction extends
all the way around the ege and, as the mitotic spindle lies in the middle, it follows
that the constriction must be about as deep on one side as on another (fig. 99).
This constriction divides the ogplasm with exact equality. not only quantitatively
but gualitatively also. During and immediately following this division the yellow
crescent undergoes some very remarkable transformations. These changes are
shown n figures 21 to 26, which represent consecutive stages of the same egg drawn

6 JOURN. A. N. 8, PHILA,, VOL. XIIIL
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at intervals of about two or three minutes.  The erescent is first constricted in the
middle (figs. 20 and 21); then the gray yvolk penetrates into the lower part of each
half of the crescent and approaches near to the surface, being covered ouly by a
thin layer of the yellow protoplasm (fig. 22).  Above and below this itrusion of
volk the crescent remains deep vellow in color: in the region of the intrusion the
color is gray with a superficial covering of yellow pigment grannles. The lower
(dorsal) portion of the crescent thus cut oft from the remainder is small as compared
with the upper part, and is median in position. Not more than two minutes after-
ward this lower part unites with the upper along the median line (fig. 23). thus
forming a deep yellow semicirele in each blastomere. The intrusion of yolk may
still be seen enteving this semicirele throngh its open half, which is dorsal and lat-
eral 1 position.  Then these two semicireles come into eontact with each other
along the first cleavage plane, the free ends enlarge into rounded knobs, and the
intrusion of yolk is less large (fig. 24).  Finally, the intrnsion hecomes still smaller,
the open ends of each semicirele join, and the erescent is reestablished (figs. 25 and
26).  Observation of the living egg during this period of division gives the impres-
ston of remarkable eytokenetic activity in all the odplasm ; not only does the eres-
cent take part in this activity but the yolk and the clear protoplasm undergo
marked movements, in the course of which the clear protoplasm is divided into two
areas which are entirely separated from each other by a partition of volk (figs. 25—
27). 1 have heen unable to analyze all of these movements; one thing, however,
seems very probable, zzz. that they are in the main of a vortical natnre and that
they are comparable with the movements in the constriction of the eell hody which
I have observed in gastropods (Conklin. 1902). T have not thoroughly studied
these movements by the aid of serial sections; since they take place with such
rapidity, this would be possible only by sectioning and studying a very large numher
of eges during the period of the first cleavage. In figure 99. which is an equatorial
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section of an egg of the stage shown in figure 22 or 23, the substanece of the erescent

(Cr) can be recognized on the posterior side of the egy; it does not. however, show
any of the thickenings or thinnings indicated in the surface views mentioned.
Beneath the superficial layer of yellow protoplasm in this figure is an area of c¢lear
alveolar protoplasm. while still deeper is the radiating protoplasm which constitutes
the astral systems.

In the telophase of the first cleavage the centrosomes, daughter nuelei, and the
surronnding areas of elear protoplasm rotate toward the animal pole (fig. 100) in a
manner similar to that which occurs in the blastomeres of gasteropods (Conklin, 1902).
Through the ageney of these telokinetic movements of the first eleavage the nuelei,
centrosomes and clear protoplasm are carried above the equator of the egg toward
the animal pole.  The pole at which the polar hodies lie thas hecomes more richly
protoplasmic than the opposite pole and ever after continnes to be so (fig. 102, ¢/ seq.).
(lastle has observed this telokinetic movement in Czona, and deseribes it in the fol-
lowing words (18906, p. 233): ~The first cleavage spmdle arises, as has been stated, not
far from the center of the egg.  As its first cleavage 1s nearine completion, however,
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the attraction spheres and nuclei begin to move toward the dorsal surlace of the
cew, away from its more richly protoplasmic animal pole. from whieh the plane of
separation cuts it move rapidly.”” 1 find. however, that in Ciona, as in Cynthia,
this telokinetic movement of the nuelei and spheres ix not away from the more
richly protoplasmic pole. unless the substance of the erescent he considered as con-
stituting the protoplasmic pole. but that the eclear protoplasin also moves with the
nuclel and spheres toward the animal (ventral) pole (figs. 178.182).  Nobotta (1897)
has also observed a similar bending of the spindle axis and movement of the
daughter nuclei and centrosomes in the anaphase or telophase of the first cleavage
of the ege of Amphiorxus. He describes it as an attempt on the part of the centro-
somes and nuelei to regain the center of the blastomeres; but it is probable that this
15 ounly another case of the telokinetie rotation of the cell contents with the conse-
quent establishment of a new cell axis (¢f. Conklin, 1902).

2. Second Cleavage ; 2—y cells. (Figs. 28-30, 101-105. 179, 182, 183).

During the anaphase of the first cleavage each centrosome becomes elongated
at right angles to the spindle axis and to the chief axis of the ege and gives rise to a
minute centrosomal spindle or netrum at each pole of the mitotic figure (figs. 98, 99).
These netra elongate in the antero-posterior axis until the daughter centrosomes
come to lie at the anterior and posterior poles of the nucleus of each blastomere : the
nuclear membrane is then dissolved and the second cleavage spmdles are formed (figs.
101, 102, 177, 179). These spmdles. like those of the first cleavage. are composed
of a nuelear and an astral portion. the two being distinguishable with especial ease
i Crona (fig. 179). The spindles lic m an area of clear protoplasm above the equa-
tor of the egy, and in Cynthia are shightly eccentric toward the postertor pole (fig. 102).
The areas of clear protoplasm become elongated i the antero-posterior axis (figs. 28.
101. 102, 179); they are surrounded on all sides by volk. which forms a peripheral
layer over the whole surface of the egg. except in the region of the crescent.  The
substance of the crexcent is directly continuous with the clear protoplasm in the
region of the posterior pole of the second cleavage spindle (figs. 102, 179). Although
the volk surrounds the areas of clear protoplasm it is not uniformly thick on all
sides : on the upper or ventral side of these areas the layer of yolk s very thin, on
the lower or dorsal side and anterior to the crescent it 1s especially thick. This dis-
tribntion of the yolk can be seen not only in sections, such as figures 102 and 179, but
also In entire preparation and in living eggs.  lu the latter the light gray of the
upper hemisphere (figs. 28, 29 and 30), as contrasted with the dark gray of the lower
hemisphere. indicates that the layer of yolk which surrounds the areas of elear pro-
toplasm is thin over the upper hemisphere and thick over the lower.  The area at
the vegetal pole. where the layer of yolk is thickest. gives rise to the endoderm cells
which are always yolk laden; the upper hemisphere. where the yolk layer is thin,
gives rise to the cctoderm ecells which contain a relatively small amount of yolk;
the substance of the erescent gives rise to the muscle and mesenchyme cells. and in
Cynthia is always characterized by the presence of the yellow sphernles.  In later
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stages the yollk ceases to be peripheral in position and comes to lie in the central
portions of the eleavage eells (text fies. XVII-XX1V); this change in position is
brought about by the flowing of the peripheral layer of yolk inward along all the
developing eleavage furrows (figs. 104-107, ¢/ seq.) until finally the yolk comes to
oecupy a central position 1 all the blastomeres. while the clear protoplasm is
brought once more to the surface. These cytokinetie movements whieh aceompany
cell division do not change the relative distribution of yolk and eytoplasin in the
ditferent hemispheres and quadrants of the egg, but only its loeation in the indi-
vidual eleavage eells.

In the second cleavage the constrietion of the cell begins at the periphery or
free surface and proceeds inward through the eell body (figs. 104. [05). The
peripheral layer of yolk is thus earried mmward along the cleavage furrow, as has
been said, and the middle of each spmdle is bent in toward the center of the egg
(fig. 105). At the same time the yolk and yellow protoplasm continue to be car-
ried in along the first cleavage furrow. The inflow of yolk along a developing
cleavage furrow leaves a protoplasmie connection between the two daughter cells,
into which the yolk does not penetrate for a eonsiderable time; this protoplasmie
connection 1s frequently of service in determining the lineage of cells since it always
connects daughter cells (figs. 104-107).  Fmally the inflow of yolk completely cuts
oft this connection.

The four cells which are formed by the second cleavage are all approximately
of the same size in Crona ; in Cynthia the two anterior cells are slightly larger than
the posterior ones, just as Van Beneden and Julin found to he the case in Clavel-
lina (text figs. VII. VIII). DBut though the daughter cells are of nearly the same
size they are of very different quality. The posterior eells contain about the same
quantity of clear protoplasm as the auterior ones, but they contain httle yolk and
practically all of the yellow creseent substance; the anterior cells on the other hand
contain a great deal of yolk, but practically none of the ecrescent substance. The
seceond cleavage is therefore differential in a very marked degree (¢f. figs. 29 and 30).

5. Third Cleavage ; 4-8 cells. (Figs. 31-35, 106-101), 184).

In the anaphase of the second eleavage the centrosomes elongate in the verti-
cal axis and the daughter centrosomes, moving to the upper and lower poles of the
nuclei, form the centrosomes of the third cleavage spindles. In an abnormal egg
shown in ficure 103 this division of the eentrosomnes occurs in one of the blastomeres
in the prophase of the second eleavage and not in a vertieal but in a horizontal direc-
tion. The position of these third eleavage spindles is peculiar and of great prospective
significance. They are slightly cecentrie toward the animal pole, and acecordingly
the four eells which are eut ofl" at this pole are smaller than those at the vegetal
pole.  When the egg is viewed from either the right or the left side the spindles in
the anterior and posterior quadrants seem to be parallel and are both slanted for-
ward at the upper pole; aeccordingly the four upper cells, when formed, lie slightly
anterior to the four lower ones (figs. 108, 184).  When the egg 1s viewed from the
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anterior pole it is seen that the spindles in the anterior quadrants are not parallel.
but that they converge toward the animal pole.  The reverse is the ease if the ege is
viewed from the posterior pole, 7. e., the spindles in the posterior quadrants diverge
toward the anmmal pole.  Thus it comes about that the nuclet in the anterior-vege-
tal cells (A') are relatively far apart. those in the anterior-animal cells (a*?) close
together (figs. 106 and 109); whereas the reverse is the ease in the posterior cells,
z.e.. the nucelel in thie posterior-vegetal cells (B'') are near together, those in the
posterior-ammal cells (b*?) far apart (fig. 107).!

Every one of these matters 1s of prospective signilicance in the further devel-
opment of the embryo: associated with the forward slant of the spindles toward
the animal pole is the fact that the cells of the animal hemisphere overhang those
of the vegetal hemisphere at the anterior pole; whereas the posterior cells of the
vegetal hemisphere are not completely covered by those of the animal hemi-
sphere when the ege 1s viewed exactly from the animal pole (figs. 110, 112, 116).
Associated with the convergence of the spindles in the anterior quadrants toward
the animal pole and the convergence of the spindles of the posterior quadrants
toward the vegetal pole is the fact that in later stages the anterior half of the
vegetal hemisphere is broad from side to side, its posterior hall’ narrow. while the
anterior half of the animal hemisphere is narrow from left to right, its posterior
half broad (figs. 109-118, e/ seg.). While the position of these spindles is therefore
mdicative of mmportant prospective characteristies of the embryo. it must not be
regarded as the initial cause of these characteristics.  Indieations of these features
may be scen in the distribution of the yolk and protoplasm at the four-cell stage.
and there can be no doubt that the position of the spindles is itsell’ the result of
cytoplasmic localization. .

One of the features of this stage to which Castle calls particular attention is the
presence of a * cross-furrow  on the right and left sides between the anterior dorsal
and the posterior ventral cells (A* and 1'% figs. 51, 32, 108, 184). T find. as did
Castle and Chabry, that this cross-furrow 1s constant in position and that it marks a
downward bend i the equator, which may be observed as late as the gastrula stage;
in the region of this downward bend the ectoderm cells grow down over the cells of
the vegetal hemisphere in advanece of the neighboring cctoderm cells (figs. 116-119,
125-126, 128, 130, 134, ¢f seg.). 1 observed the process of formation of this cross-
furrow in the hiving egg, and have represented this m figure 31, When the third
cleavage furrows first appear, they are all m nearly the same plane, the furrows
between the daughter cells of the posterior quadrants heing nearty perpendieular to
the ege axis, as indicated by the faint line between the cells B** and b** of figure 31.
which line represents the position of the furrow between those cells when it first
appears. A minute or two afterward this furrow is tilted downward at its anterior
end and upward at its posterior, as indicated by the heavy line between those two
cells; in this way the cross-furrow arises on the right and left sides of the egg
hetween the anterior dorsal and the posterior ventral cells.

! Figs, 106 and 107 represent two scctions of one and the same egg, in the S-cell stage, the
former through the nuclei of the anterior cells, the latter through the nuclei of the posterior ones.
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During telokinesis the movements in the eell body are similar to those which
occur at the close of the second cleavage. 7. e.. the middle of the spindle 15 earried
in toward the centre ol the egg while the poles of the spindle move outward toward
the surface (ligs. 106, 107). By this movement the spindle axis is much bent on
itselt. 1 have not observed in these eges any tendeney for the sphere substanee at
the poles of the spindles to be carried as near as possible to the animmal pole.—a
thing which 1s very apparent in gasteropod eggs.

I have already called attention to the fact that the four cells at the ammal pole
are smaller than those at the vegetal pole; this disparity 18 most marked between
the upper and lower cells of the anterior ¢uadrants (figs. 106, 107).  The anterior
dorsal cells (A'") are the largest in the egg at the eight-cell stage. the anterior
ventral cells (a*?) the smallest. The posterior dorsal cells (B*!) are but little, if any,
larger than the posterior ventral ones (b'*). and both are intermediate in size
between the upper and lower anterior cells.

The ditterent cell substances are distributed to the eight eells as follows: The
clear protoplasm is found in all the cells. hut is most abundant in the four ventral
cells and least abundant in the two posterior dorsal cells (B*!); yolk is found mn
all of the cells, but is most abundant in the two anterior dorsal eells (A*) and least
abundant in the four ventral eells; the yellow protoplasm or erescent substance is
confined almost entirely to the two posterior dorsal cells (B*'), but a very small
amount of it is found around the nuelei of all the cells (figs. 106, 107, Cr. s.). My
attention was first drawn to the vellow protoplasm around the nuclel in my study
of the living cges of Cynthia (figs. 3240, et seq.); since then I have found, in
preserved material, a few of the spherules of this yellow protoplasm around the first
cleavage spindle and around the resting nuclei of the 2-cell, 4-cell and 8-cell stages
(figs. 96, 106, 107).  In later stages of development it is found around the nuelei
of a few of the ectoderm cells even as late as the young tadpole stage (plates IV
and V). In spite of this perinuelear distribution of some of this ereseent substance, it
1s largely limited to the two posterior dorsal cells (B*'1) of the S-cell stage, where it
constitutes more than half of all the substanee of those cells (figs. 31-35, 106. 107).

Van DBeneden and Julin first observed that the four ventral cells of the
S-cell stage are smaller than the four dorsal ones: Seeliger, Samassa, and Castle
observed this same fact, though they incorrectly called these smaller cells dorsal 1
position.  Castle is quite right when he says (1896, p. 228) the - four cells which lie
nearest the polar globules are smaller than those more remote,” hut 1 cannot under-
stand how it was possible for him to reach the conelusion that- the smaller cells
“are more abundantly sapplied with yolk,” while the larger cells are riecher in pro-
toplasm (pp. 234 and 235). According to my observations this is not true ol Czona,
Cynthia or Molgula.

During the S-cell stage two little hosses or caps of elear but deeply staining
protoplasm which will give rise at the 64-cell stage to the small posterior mesen-
chyme cells (B™ fig. 130 ef seg.) are visible on the posterior surface ot the cells B!
and B (fie. 184).  These little caps lie in contact with cach other on each side of
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the mid-line and right at the middle of the erescent. of which they form an
extremely small part. They arve formed by the ageregation at this point of a little
clear protoplasm which first appeared at the time of fertilization as a elear area
around the spermatozoon. and whiel alterwards lies at the middle of the erescent
(hgs. 173, 175, 176).  In Cynthia this avea of clear protoplasm does not usnally
take the form ol the deeply staining bosses or eaps before the li-cell stage (figs.
115, 115), though these may sometimes appear. as they do in Czona, at the S-cell
stage.  Although they arise from the snrface of the crescent they eontain no yellow
pigment, and in the hving ege this small spot of protoplasm and the eells to which
1t gives rise are almost perfectly transparvent and arve therctore difficult to see. In
stained preparations they alwayvs stain deeply and thus form an excellent land-
mark (figs. 116-120. e/ seq.).

Chabry and Castle have called particular attention to these prominences ol
elear protoplasm whieh are found at the posterior pole of the ege, and Castle traces
them back to the 2-eell stage. and givex eood reason for believing that this area
of clear protoplasm marks the point of entranee of the spermatozoon. and was
caused by it T entirely agree with Castle that thix aggreeation of clear protoplasm
ix eaused by the entering spermatozoon, since I have seen it surrounding the sper-
matozoon immediately after its entrance (lig. 173); but it ean scarcely he said to
mark the point of entrance. as it doex not remain stationary but moves with the
erescent from a point near the vegetal pole to one near the equator on the posterior
side of the egg.  So far ax T am able to determine from a study of Castle’s figures
and deseription. the area of finely granular protoplasin, which he represents in his
figures 17, 45, 406 and 47, ix the middle portion of the erescent.  The large area of
clear protoplasm represented in cach of these figures and marked x gives rise to
the middle cells ot the c¢rescent (€2 D2 of his fig. 49). therefore the small pos-
terior mesenchyme cells, C7% and D™ of later stages, can represent but o small part
of the area marked v in the carlier stages.  The earliest stage in which Castle
represents the substance of” these future mesenchyme eells 12 at the posterior pole
of the cells C*% and D% in his ficure 51. 1 conelude, therelore, that he ohserved
the middle portion of the crescent (- of his figures) in the earliest stages of the
development. but that he did not recognize the substance of the sinall mesenchyme
cells as distinguizhed from the substance a (ereseent substance) before the Z4-eell
stage (his fig. 51).

All students of ascidian embryology agree that the first plane of cleavage is
median in position. the second transverse, and the third horizontal or coronal. but
bevond this there are few agreements among them, as has heen pointed out.  In
the matter of the relations ol these eleavage planes to the germ layers there are as
many opinions as there are concerning the orvientation ot the ege. Van Beneden
and Julin (1834) maintained that the tour ventral cells ol the S-eell stage ave
purely ectodermal, but that the four dorsal cellx arve still “mixed.” each of them
containing cetoderm and endoderm. while not until the 44-cell stage is the separa-
tion ot cetoderm and endoderm in these dorsal cells eompleted.  Seeligey (1885) hield



1§ ORGANIZATION AND CELL-LINEAGE OF ASCIDIAN EGG.

that the third cleavawe plane separates the eetoderm from the endoderm, the four
ventral cells being ectodermal, the four dorsal endodermal.  Davidoft (1891) found
that in Déstaplia the four ventral eells are ectodermal, the fomr dorsal endodermal.
and a similar view ix maiutained by Samassa (1894).  Castle (1896). on the other
hand, maintains that both the ventral and the dorsal cells of the S-cell stage are
mixed, the ventral eells containing eetoderm and mesoderm. and the dorsal eells
endoderm and mesoderm, and not until the 48-cell stage are the substanees of these
layers finally separated.

My work, like that of Castle. places hut little weight upon the idea of gerin
layers. since it undertakes to trace specific organs to certain eleavage eells, and
even to certain regions of the unsegmented ege.  Emphasixis therefore placed npon
organs and upon orean-forming cells and substances rather than npon the more
indefinite eerm lavers.  Towever, I find that the fonr ventral cells of the 8-cell
stage are purely ectodermal, while the four dorsal eells are endoderinal and meso-
dermal, save for the fact that four nearal plate cells (A™, A™, fies. 120, 121, 123
will arise from the anterior portion of the dorsal hemisphere at the 44-cell stage.
The mesoderm and endoderm ave first completely separated at the 22-cell stage
(fiex. 117, 118). T find that only four ectodermal (nenral plate) eells eome from the
dorsal hemisphere, whercas Van Beneden and Julin hold that at a corresponding
stace (44-eells). sixteen cetodermal cells have been derived from the dorsal hemi-
sphere.  Of these sixteen cells four only are really cetodermal (the neural plate
cells), eight are mesodermal, and four are endodermal.  Castle’s eonclusion that a
portion of the mesoderm is derived from the ventral cells is due to his erroncous
lneage of the cells after the 48-cell stage: all of the ventral cells are ectodermal,
and all of the nesoderm and endoderm are derived from the dorsal cells.  With
the exeeption therefore of these four neural plate cells, which arise at the 44-cell
stage on the dorsal side of the third eleavage plane, all of the ectoderm lies on the
ventral side of that plane, and all of the endoderm and mesoderm on its dorsal side.
This conclusion. it will he observed, is very similar to that of Seeliger. Davidoft,
and damassa.

4. Fourth Cleavage; S—16 cells. (Figs. 36-38. 110-115, 186-183.)

The spindles for the fourth eleavage appear in all of the cight eells at abont
the same time, though the dorsal cells sometimes divide slightly in advanee of the
ventral ones.  All the spindles are approximately horizontal in position. and all are
oblique to the median and transverse planes (tirst and scecond eleavage planex).
Ax a result of the fact. stated on page 45, that the dorsal hemisphere is broad in front
and narrow behind, while the ventral hemisphere is broad hehind and narrow in
front, we find that the obliquity of the spindles of one hemisphere 15 reversed as
compared with that of the other. Thus the spindles in the anterior-dorsal cells
approach in direetion a transverse plane, in the posterior-dorsal cells they approach
an antero-posterior plane; whereas in the anterior-ventral cells they approach an
antero-posterior plane, while in the postertor-ventral eells they approach a trans-
verse plane (figs. 110-113, 186, 187).
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Corresponding with these positions of the spindles the subsequent divisions of
the cells are such as to lead to an inverse position of the cleavage cells in the
dorsal as compared with the ventral hemisphere.  In the anterior-dorsal cells the
fourth cleavage furrows run from the anterior border of the cells to the transverse
(zecond cleavage) plane, and are approximately antero-posterior in direction ; In
the posterior-dorsal cells these eleavage furrows run from the lateral horders of the
cells to the median (first eleavage) plane and are approximately transverse in divee-
tton.  In the ventral hemisphere the reverse is the case; in the anterior-ventral
cells the fourth cleavage furrows are approximately trausverse in direction, in the
posterior-ventral cells approximately antero-posterior.  Thus it comes about that
two of the anterior-dorsal cells do not reach the mid-line, while all of the posterior-
dorsal cells do; and that two of the posterior-ventral cells do not reach the mid-
line. while all of the anterior-ventral ones do.

The fact that each hemisphere is thus the mirrored hmage of the other with
respect not only to the width of the anterior and posterior parts, but also as to
the direction of the fourth cleavage spindles and in the positions of the resulting
cleavage cells,—this fact hax contributed to the difficulties which most students of
aseidian embryology have experienced in distinguishing the dorsal and ventral
hemispheres, and has probably heen responsible in some cases for the confusion of
those hemispheres.  However, at this stage as at every other. the two hemispheres
are easily distinguished by the relative amounts of yolk and protoplasm at the two
poles as well ax by the position of the crescent and of the polar bodiex.

All of the cell divisions of this eleavage are approximately equal, except that
of the posterior-dorsal cells, B* and B*'.  These cells divide very unequally, giving
rise to two small posterior cells, B> and B*?, which are the smallest in the entire
ege (figs. 111, 113, 186). Since the work of Van Beneden and Julin, these eells
have been ohserved by all who have studied the ascidian cleavage, and they have
served as the most important landmark in the orientation of the eleavage stages.

In this stage as in the preceding one, the yvolk is most abundant i the cells
of the dorsal hemisphere; the protoplasm. i those of the ventral hemisphere; while
the yellow protoplasm isx almost entirely confined to the posterior cells of the dorsal
hemisphere (figs. 36, 37, 38).  In stained preparations the limits of the yolk and
protoplasm are sharp and distinet, and are represented in the drawings by a ere-
nated line (fies. 108, ez seg.).  The relative amounts of yolk and protoplasm at the
two poles can be readily seen by comparing figure 110 with 111, and 112 with 115,
The yolk and protoplasm of the four ventral cells are about equally diztributed to
their eiehit danghter eclls; the same is true of the two anterior-dorsal eells. which
divide so that cach of their four daughter cells contains about the same proportion
of yolk and protoplasm (A1 A*% fies. 36, 37. 113).  However. mn the division of
the posterior-dorsal eellx, the daughter cells are qualitatively very disimilar; the
small posterior cells (B*?) consixt almost entirely of® yellow protoplasm, while their
larger sister cells (B*) are about half and halt, yellow protoplasm and yolk.  The
outlines of the yellow protoplasm or erescent are perfeetly distinet as shown in
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figure 57, and the formation of the small posterior eclls shows most beautifully that
the cleavage planes do not necessarily follow the hnes of demarvcation between the
vellow protoplasm und the yolk: for i this case they cut across those Tines so that
the small posterior eells contain a wedge of yolk 1 addition to the yellow proto-
plasm (figs. 37, 113, 117).  This volk 1is later obscured by beimng covered by the
vellow protoplasm (lig. 39, e/ seg.), but when the posterior cells arve first formed it
15 quite distinet. These small posterior eells contain not only vellow protoplasm
and volk, but also those caps of elear superficial protoplasm whieh later go mto the
small posterior mesenchyme cells.  These caunot be seen in the living egg, but are
very evident in stained prepavations (figs. 115, 115, 186, 187).

The localization of yolk and protoplasm at the vegetal pole is now practically
the samne as at the hegiuning of gastrulation, and it is clearly indicative of the loca-
tion of definitive oveans.  The relative positions of the yolk and yellow protoplasm
are the sae in the 16-cell stage shown in tignve 37, as in the early gastrula stage
shown i figure 46, The area of volk. free from protoplasm. which smrounds the
vegetal pole (figs. 57, 111, 113). gives rise to the endoderm of the gastrula, the
tongue of volk whieh rmnx back between the arms of the creseent (figs. 37, 113)
gives rise to the ecandal endoderm cord of the lavva. while the grveater hreadth of
the volk m front of the second ecleavage plane (fig. 37, 113) 1s mdicative of the
ereat transverse extent of the endoderm of this vegion i later stages (fig. 406, o/
seq.). The protoplasm of the anterior-dorsal eells 1s located at the antervior horders
of those cells (figs. 37, 113). and in this region the notochord and nenral plate cells
later arise.  In all these vespeets the localization of these substances iz of dirvect
prospective significance : n fact one may go further and say that a// the regrouns of
the gastrula and certain important organs of the later larval stage arve heve
actually marked out on the egg at the 16-cell stage. This is no ideal mapping out
of the ego into organ forming germ regions. but an actual localization of strikingly
different substances which ueed only to be jfollowed through the development to
prove tha! they give rise to definite organs which occupy the same relative positions
wn the larva, and are composed of the same peculiar substances, as in the early
cleavage stages or even tn the unsegmented egg.

b, Faufth Cleavage; 16-32 cells. (Figs. 39-42, 116-110, 189-195).

The fifth cleavage does not occur simultaneously m all the cells of the fifth
weneration, but divisions appear in the cells of the vegetal or dorsal hemsphere
before they do in those of the amimal or ventral hennsphere (figs. 116-118. 184,
[90).  In Cyathia the anterio-dovsal cells divide a hittle earvlier than the posterior-
dorsal ones (fig. 117). and the anterior-ventral cells a Iittle in advance of the pox-
teviov-ventral ones (fie. 118).  In Crona. also. the cellx of the dorsal hemisphere
divide before those of the vental, hut there is practically no differenee in the time
ol division of the anterior aud postevior cells of this hemisphere.  Neither at this
stage nor at any preceding or succeeding one are the cleavages move rapid or the
cells morve numerous at the posterior than at the anterior pole, as climmed by Van
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Beneden and Julin for (lavellina (1884, p. 13).  Although thix cleavage may he
subdivided into 20-cell. 22-cell and 24-cell stages, the duration of eacli of these
stages is very brief, and the fifth cleavage is completed in all the cells bhelore the
sixth appears.

Castle (1896, p. 229). in particular. has deseribed the diffevences in the time of
division of the cells of the dorsal and ventral hemispheres, and has made it a prin-
cipal evidenece in fuvor of Iiis schente of orientation.  The fact that at this and at
the sueceeding cleavage the cells of one hemispherve divide earlier than those of the
other has heen aceepted by him ax proof that the ewlier dividing hemisphere ix
ventral and ectodermal, while the more slowly dividing one is dorsal and eudo-
dermal, since. at the time of castrulation, the nmumber of cells of the ectodermal
hemisphere is greater than that of the endodermal. But neither the fifth nor
the sixth cleavage results in the formation of more eells in one hemisphere than
in the other, since all the cells of both hemispheres divide hefore the next eleavage
beging; at the close of the fifth cleavage there arve sixteen eells in eaeh hemisphere.
and at the close of the sixth cleavage thirty-two eells in eacli hemisphere. 1n the
seventh cleavage. as we shall see. the hemispliere in which divisions were slower at
the two preceding eleavages becomes the more rapidly dividing one, and theveafter
the number of cells is more nmnerous in this hemisphere than in the opposite one.

In the anterior-dorsal cells the lifth cleavage spindles are parallel with the
median plane and are obliquely posterior-dorsal and anterior-ventral in direetion
(fig. 117): four of the resulting danghter cells (A%, A% lie around the anterior
border of the ege just helow the equator, while the other four (A, A% form a row
across the dorsal surface ot the ege just in front of the sceond eleavage plane (fig.
[17). The fornter are conposed of volk and protoplasm in about equal parts. and
uive rise to ehorda and neural plate cells: the latter are vich in volk, but have little
protoplasm and give rse to endoderm.

The four posterior-dorsal cells divide a little later than the anterior ones, and the
spindles lie approximately in a transverse divection (figs. 117, 189). The protoplasm
of these cells 1s ehiefly erescent substance s the small posterior cells (B°%) are alinost
entirely composed of this substance, while the larger cells (B> are composed of this
subxtanee and yolk in abont equal proportions. the forner oceupying the outer half’
ol the cell and the latter the median half. These larger cells divide equally so as to
cut oft all of tlns ereseent substance wnd w small amonnt of yolk in the lateral
danghter eells and to leave but little protoplasm and much yolk in the median ones
(igs. 37, 39). Thix division ocenrs at the 20-ecll stage, and when it is completed all
of the nesodermal or ereseent substanee is finally and completely separated from
the endoderm. and, except for a small amount of vellow protoplasm which lies elose
around the nuelel of many of the blastomeres, all the erescent substance is contained
m the fonr cells which form the posterior border of” the dorsal hemisphere (figx, 39,
10).  The small posterior cells divide a little Tater than these larger ones and
nnegnally, the median daughter cells being smaller than the lateral ones (figs. 41,
12, 119).  Thus there come to be six mesodermal cells, three on each side ot the
nid-line, during thix cleavage,
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Divisions begin in the ventral hemisphere before they are finished in the dor-
sal (figs. 118.191).  In the most anterior and posterior pairs of cells of thix hemi-
sphere (272, 17 the spindles are nearly parallel with the median plane: in the two
remaining pairs of cells (a°* and b>?) the spindles are oblique from posterior-ventral
to anterior-dorsal (figs. 118, 191).  The division of the anterior pair of cells (a2
fies. 115, 119) gives rise to a couple of cells (a%, a®?) which lie just above the egua-
tor and in contact with the chordameural-plate cells of the dorsal hemsphere.
Later development shows that these cells form part of the anterior portion of the
nenral plate s the only other eclls of the ventral hemisphere which enter into the
‘formation of this plate are portions of the cells a%. which He on the lateral horders
of the cells a®®.  All of the cells of the ventral hemisphere are of practically the
same size and constitution : cach consists of a superficial layer of protoplasni. in
which the nucleus lies, and a deeper layer of volk, the cells of this pole heing
decidedly protoplasmic as compared with those of the opposite pole.

The result of this cleavage is the formation of sixteen cells in each hemisphere
which may be tabulated as follows :

Ventral henasphere

14 ectoderm cells. protoplasmie.
2 nenral plate cells, protoplasmie.
Dorsal hemisphiere
6 endoderm cells. volk laden.

4 chorda-nerve'!

cells, volk and protoplasm.
6 mesoderm cells, vellow protoplasm or crescent substance,
52 cells,

At the close of this cleavage the cells of the ventral hemisphere are smaller in
superficial arca than those of the dorsal iemisphere : when viewed from the ventral
pole the dorsal cells are seen around the entive periphery of the ege, exeept at a
point on the right and left sides where a single ventral cell (b5, b*%) occupies the
periphery @ this is the only eell of the ventral hemisphere which can be seen from
the dorsal pole (fgs. 119, 192, 193). A similar condition prevailed at the cloze of
the preceding cleaving (figs. 116, 117, 190), the only cells of the ventral hemi-
sphere which could be scen from the dorsal pole being b*# and b**. This condition
may be traced still farther hack to the S-cell stage (figs. 108, 110, 184) where the
ventral cells are simaller than the dorsal ones and where the only portion of the
ventral hemisphere which lies helow the genceral plane of the equator is that part
of cach of the posterior-ventral cells (h*= b*?) which meets the anterior-dorsal cell
m the cross furrow (figs. 108, 184).

At the close of the fifth eleavage the superficial area of the ventral eells is
smaller than at any preceding stage and that of the dorsal cells is greater; this is
due to a change in the shape of the cells. the ventral cells becoming long and col-

' Throughout thiz paper the cells which are to give rise to chorda, nerve, muscle and mesen-

chyme are, for the sake of brevity, frequently referred to as if they had already given rise to these
struetures.
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umnar, while the dorsal cells become relatively broad and flat (text figs. X1, XTI,
NXIX, XX). This change of shape has heen observed and commented upon by
Van Beneden and Julin, Samassa. and Castle. and hoth of the latter authors attri-
bute the colimunar form of the ventral cells to the pressure exerted upon them by
the overgrowth of the cellx of the dorsal hemisphere; both regard this overgrowth
as the beginning of gastrulation (epibole).  Whatever may be the canse of the
shapes of the cells at the two poles, whether purely mechanical or not, it is eertain
that this 1s not the beginning of gastrulation, since. as 1 will show later, the
colnmmnar eells of this stage beeome the flattened eetoderm cells of later stages,
while the flattened eells of' this stage become the columnar endoderm cells of the
gaxstrula
6. Sivth Cleavage ; 32—64 cells. (Figs. 13-45, 120-130, 194-197).

In thix cleavage the divisions are not synchronous, the cells of the dorsal hemi-
sphere dividing before those of the ventral as in the preceding cleavage, and some
of the cells in the posterior halt dividing later than those in the anterior one.
Aecordingly it would be possible to sub-divide the pertod between the 32-cell and
(4 —cell stages into a 44 -cell. a 16-cell and a 48-cell stage, ax Castle does. These
stages, however, are of briel duration and all the cells of the sixth generation
divide betore any of the seventh do: therefore. the xixth cleavage is distinet from
preeeding and suceceding ones.

The spindles appear in the four chorda-neuval-plate cells at the anterior border
of the dorsal hemisphere in a nearly dorso-ventral direction.  The four ventral pro-
duets of this division (A, A™%) form o bhand of small eells around the antevior bor-
der of the egg just dorsal to the equator; these cells ultimately give rise to the
poxterior part of the neural plate; the dorsal products (A% A"") give rise to the
chorda (Ags. 119-125).  The neural plate eclls are sinall and contam hittle or no
volk, whereas the chorda cells are lTarger and are yolk-laden (text hes, NIN, XX,
XXIT1): this eleavage of these cells is therefore markedly difterential.

While these eells are dividing, all of the endoderm eells divide ; these are the
four median ecells whieh meet at the vegetal pole (A%, A B, B, and a single
pair of eclls which lie lateral to these and in front of the transverse (second cleav-
age) plane (A®%. A%%).  The spindles in the median cells are antero-posterior
direction, while those in the lateral cells are nearly transverse (figs. 120, 121, 123).
These divisions are equal and non-differential in the median eells; in the lateral
cells the division is difterential. the inner produet (A™®) being rich in yolk. the
outer (A™) containing more protoplasm : the former is an endoderm eell, the latter.
according to Castle, mesenchyme. By these divisions ten endoderm eclls are pro-
duced. tive on each side of the mid-line, and two mesenchyme cells (tigs. 44-46).

While the divisions of the endoderm and chorda-neural-plate eclls are ocen-
ring, the most anterior mesoderm cell (B2 B*%). forming the point of the crescent
on each side, divides, the spindle Iving in a nearly dorso-ventral divection (figs. 43.
44, 120-129. 193, 194).  This division, in faect, sometimes shghtly precedes that of
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the anterior cells.  The products of this division are nearly equal in size but are
(ualitatively dissimilar, the dorsal one (B7%) containing less of the yellow proto-
plasm and more yolk than the ventral one (B™). This difference between these
danghter cells is plainly visible in the living condition. thie dorsal cell being a
fainter yellow than the ventral one (figs, 4548, ¢# seg.); in preparations the dorsal
cells always stain more deeply than the ventral ones, owing to the greater ¢uantity
of c¢lear protoplasm which they contain (text fig. NXI1I). This difference in the
constitution of these cells corresponds to a diflerence in their fate; the dorsal cells
aive rise to mesenchyme, while the ventral ones produce some of the wmuscle cells of
the tail of the tadpole.

The division of these twelve cells of the dorsal hemisphere are practically syn-
chronous, and they advance the cog from the 32-cell to the 44-cell stage. A little
later the second cell of the crescent on cach side of the mid-line (B%!) divides. its
spindle standing in a nearly dorso-ventral direction (figs. 45, 127-129).  The dorsal
dangliter cell (B™) in this case also contains less yellow protoplasm and more yolk
than the ventral one (I37%). and like the cell which immediately adjoins it anteriorly
(B7%) gives rise to mesenchyme, while the ventral moiety hecomes a musele cell.
By this division the mesenchyme and muscle substance of the crescent are finally
and completely segregated into separate cells, and the number of cells in the eres-
cent 1s advanced to ten, and in the entire egg to forty-six. This division of the cell
B** 15 sometimes delayed until the cells of the ventral hemisphere are dividing
(figs. 127-129), and a 406-cell stage 1s therefore not always present.  The division
of the last remaining cells of the dorsal hemisphere. the middle eells of the erescent
(B2 B*). is delayed until divisions are well advanced in the ventral hemisphere,
and 1t may occur even after the ventral cells have divided (lig. 47). T do not find,
therefore, that there ix commonly a 48-cell stage such as Castle describes.

The divisions of the cells of the ventral Lemisphere are all synchironous. as
fignres 124 to 129 show. The dircetion of the spindles in the different cells is so
different that it is difficult to ¢ive an exaet deseription of them. In the four median
cells whicli surround the animal pole (a®% b** and their fellows of the right side)
the spindles are transverse; the spindles arve also nearly transverse in the most
anterior and most posterior pairs of cells (2% b)) ; i the only other pair of cells
which meet along the mid-line, the second pair in front of the animal pole (a%), the
spindles are nearly antero-posterior.  In the other three pairs of cells of this hemi-
sphere (a®", 2, 1) the spindles ave oblique in position. and their directions can he
best appreciated by consulting the figures (v figs. 124, 196).  The most anterior
pair of cells (a%?) are neural plate cells: these eells divide transversely (figs. 24—
126), forming a transverse hand of four cclls just above the equator; on each side
ol these a single cell (a7, fie. 130) s added at the close of this cleavage which
completes the nomber of nenral plite eells that are derived from the ventral
hemisphere. In fienre 130 the hand of six eell (272, ™% o™ and their fellows of
the right side) which lie around the anterior border of the ventral hemisphere we
these neural plate eells.

ATl the divisions of the cells of the ventral hemsphere are equal, and all
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the danghter cclls are similay i appearance. By this eleavage the cells of the
ventral hemisphere are mercased to thirtyv-two. and when the small postevior cells
(B%3. B%%) of the dorsal hemisphere have divided there ave thivty-two cells o this
hemisphere also, or xixty-four in the entive embryoc all in the seventh generation
(tigs, 130, 131).  Tabulating these lacts we find that there are at the elose of the
sixth cleavage the f[ollowing eells :
Ventral hemisphere
206 ectoderm cells, protoplasmic.
6 neural plate cells, protoplasmic.
Dorsal hemisphere
10 endoderm cells, volk laden.
4 chorda cells. volk laden.
4 neural plate cells. protoplasmic.
mesenchyme cells, light vellow protoplasm.
anterior mesenchyme cells, elear protoplasin.
posterior mesenchyme cells, elear protoplasn.

1O LY W=

6 muscle cells, decp vellow protoplasin.
64 cells.

At the beginning of the sixth elenvage the cells of the ventral hemisphere are
narrow and columnar, while those of the dorsal hemisphere arve broad and flat (text
tigs. X1, XTI, XIX, XX).  Thix condition prevails np to the 44-cell stage when
the cells of the ventral hemisphere hegin to divide. During their division the
ventral cells hecome shorter and hroader, and at the same time the dorsal cells,
which have passed into a resting stage, erow more columnar and mueh smaller in
surface area, and belore the close of thisx cleavage the cells at both poles are col-
umnar and of about the same height (text fiex. NT1L, X1V, XXI). This change
i the shape of the cells of the two hemispheres, which begins during the sixth
cleavage. ix not completed until the seventh eleavage ot the ventral eells (figs. 133,
134, 195-204).  During this change of shape there 1s no diffientty m distingnish-
ing the two hemispheres; for the endoderm cells ave filled with volk and the meso-
derm cells withh vellow protoplasm or erescent substance, whereas the cells of the
ventral hemixphiere are largely protoplasiie (text fies. NVII-XXIV).  Moreover.
the polar bodies arve often attached to the cge at its animal pole throughout the
whole of this period (cf. flox. 190-204).

I have ahready diseussed the views of Van Beneden and Julin, of Samassa and
of Castle relative to the <hape of the cells ot the two hemispheres.  Although Van
Beneden and Julin showed hy their figures that the dorsal cells of the 32-eell stage
of Clavellina are flat and the ventral ones columnar, whereas the dorsal cells of the
44-cell stage are colummar and the ventral ones flat, they did not ohserve nor
attempt to explain this change ot shape.  On the other hand, as we have scen,
Samassa and Castle denied that such a change of shape took place, and they there-
fore reversed Van Beneden and Julin’s ortentation of all stages hefore the 44-cell
stage. | have already wiven what scems to me satistactory and sutlicient evidence
in favor of the ortentation of Van Beneden and Julin, and against that of Smnassa
and Castle. and T need not vepeat that evidence here.
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Turning now to a detailed stady of the observations of Samassa and Castle
during this eritical sixth cleavage; we find that Samassa did not attempt to follow
the cell-lincage further than the 48-cell stage (hix fie. 9), but jumped at once from
this stage to one with at least 76 cells (hix fig. 10). His orientation of all stages up
to and including the 48-cell stage (his fig. 9) is the reverse of that of Van Beneden
and Julin, and s wrong; his orientation of the gastrula, shown in his figure 10, is
right.  Therefore. in the interval between his fieures 9 and 10 he has inverted the
ece so that the dorsal face of his figare 10 corresponds to the so-called ventral face
of all preceding figurex.!

Castle, on the other hand, has traced the cell-lineage much further than the
d5-cell stage, and it 1s therefore possible to follow in detail the manner in which le
passes from the crroneous ortentation of carlier stages to the correet orientation of
later ones. He has given correctly the lineage of every eell up to and including
the 46-cell stage (his figs. 55 and 56), as [ have convineed mysell hy comparing his
ficures, cell for cell, with my own. but his orentation of these stages should e
reversed.  On the other hand his ortentation of all stages later than the 46-cell
stage 1s correct, bnt the cell Iimeage of these stagesis wrong.  This is due to the
fact that Detween the 46-cell and the 48-cell stages (his tigs. 56 and 57) he has
mverted the cge <o that the dorsal surface of all stages later than the 46-cell stage
corresponds with the so-called ventral simtace of all earlier stages.?  This inversion
of the egg introduces many profound errors in the cell-lineage after the £6-cell stage.

Considermg i detail Castle’s acconnt of this sixth cleavage we find that he
has correctly represented the divisions of the cells of the real dorsal hemisphere
which Dring these cells up to the seventh generation and the entire cge up to the
40-cell stage (his fig. 55). At thas stage the cells of the ventral hemisphere are
still in the sixth generation (¢ his fig. 56), and this stage is almost exactly compara-
ble with my figures 119 to 123, Immediately after this, in the 48-cell stage (his figs.
57 and 58), Castle supposex that the cells of the real dorsal hemisphere, which are
now 1 the seventh generation, divide again, thus passing into the eighth gencration.
winle the sixth generation cells at the opposite pole are supposed by him to remain
undivided. It 1x absolutely essential to his scheme of orientation that the cells of
one hennsphere should remain m the sixth generation, while those of the other hemi-
sphere are advaneing to the seventh and eighth generation.  1f it conld be shown
that all the cells of both hemispheres divide during this sixth cleavage it would com-
pletely break down Castle’s ortentation of the earlier stages and his cell-lineage of the
later ones.  In all of his fignres of this cleavage (figs. 55, 56, 57, %) Castle represents
the cells at one pole in process of division while those at the other pole are in the
resting condition.  However, in two of my figures of this eleavage in Crona (figs.

tIn his explanation of figures he says that fizure 9 is viewed from the cephalic pole; this is, of
course, a verbal ervor, since his lettering of the cells shows plainly that the cgg s viewed from the
candal pole.

* Unfortunately Castle gives no dorsal, ventral nor lateral views of' this eritical 48-cell xtace at

which the inversion occurs, but only an anterior and a posterior view (his figs. HT and 58, reproduced in

text fizs, NNV and NXXVT of this paper).
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196 and 197). which represent ventral and dorsal views of one and the same egg,
the cells at hoth poles are seen to be in process of division, and the ouly cells in
the entire embryo which are not dividing are the small posterior cells (B**).  The
cells of the dorsal hemisphere are in the late anaphase or telophase. and their nuclei
are still small and densely cliromatic; the cells of the ventral hemisphere are all m
the equatorial plate stage.  Zhese figures show most conclusively that all the cells of
the embryo divide during this sixth cleavage and ave advaunced from the sixth to
the seventh generation, and they therefore make tmpossible Castle's view that the
cells of the dorsal hemisphere rematn undivided, while those of the ventral hemi-
sphere divide twice. Another evidence that the cells whiel are shown dividing in
his fieures 57 and 58 are not the same ones which have just divided in his figure 55
may be found in the fact that but sixteen of these cells are shown dividing in the
former figures. whereas the other sixteen cells, which, according to Castle, helong
to the ventral hemisphere, are in the yesting stage, exaetly as are the sixteen cellx
which immediately surround the dorsal pole; at the two previous eleavages, and as
I have found also, at the two subsequent ones, all the cells of the ventral hemisphere
divide simultaneously, and this faet speaks against Castle’s view that at the 48-cell
stage one-halt of these cells divides and the other half does not.

Sinee the dorsal hemisphere. shown in his figure 55, contains twenty-eight cells
of the seventh generation and two of the sixth, while the ventral hemisphere shown
in figure 56 contains only sixteen cells of the sixth generation, it is evident that if
the ege is inverted in its orientation at thix stage the equator must be shifted nearer
to the dorsal hemisphere so as to reduce the number of dorsal cells to sixteen and
to inerease the number of ventral eells to thirty, or, after the division of the two
small posterior cells, to thirty-two. Thix is just what Castle has done; i his
deseription of the 48-cell stage (pp. 238. 239) he says that at this stage the embryo
is composed of three zones of sixteen cells each. as follows: ;

Ventral hemisphere

16 cells of the seventh generation, eetodermal group.
16 cells of the seventh generation, eqnatorial band.
Dorsal hemisphere
16 cells of the sixth generation. endoderm, ehorda and mesoderm.
485 cells.

Innnediately after this stage the ti-cell stage is reached by the division of the
sixteen cells of the ectodermal gronp.  Castle has tabulated the eells of this stage
as follows:

Ventral hemisphere

32 cells in the eighth generation, ectodermal group.

16 eclls in the seventh generation. the equatorial band.

48
Dorsal hemisphere

16 cells in the sixth generation.

64 cells.

>~ JOURN. A. N. 8, PIIILA,, VOL. XIIL
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Ax it can be proved that no cells of this stage remam in the sixth generation,
but all have passed into the seventh, it is certain that the equator both here and in
the {8-cell stage 1s in the wrong place, that it really les hetween his equatorial
hand and the cetodermal group. and that there are therefore thirty-two cells in cach
Lemisphere in the G4-cell stage.

Wholly apart, therefore, from the perfeetly conclusive evidence as to the orien-
tation of the cgg and embryo which may be drawn from the Instological character
of the eells at the two poles. as well us from the location of the polar bodies, it can
he shiown by a detailed study of the cell-hneage that Castle has inverted the ege at
the 48-eell stage, transterred sixteen cells from the dorsal to the ventral hemisphere
and consequently shilted the equator of the cimbryo at least one cell row nearer the
dorsal pole than 1t should he.  Of course the hueage of every cell is thereby pro-

Castle Conklin Conklin Castle

XXV XXVi

F1es. XXV and XNXVI.—Surface views of eggs of Ciona intestinalis; copied from Castle's figures 57 and
58 (1896). Fig. XXV represents an anterior view; Fig. XX VI a posterior one of the same egg. The orienta-
tion and cell-lineage, according to Castle, are indicated by the designations of the cells in that half of the egg
under his name ; the designations of the corresponding cells in the other half of each figure shows the system
of orientation and cell-lineage adopted in this paper. Owing mevely to differences in nomenclature the cells
in the right half of Fig. XX VI are designated by the letter D, those on the left by the letter B, Every-
where lower-case lette1s designate cells of the animal (maturation) hemisphere ; capitals, cells of the hemisphere
opposite the maturation pole. The equator lies between the cells designated by lower-case and capital letters,

foundly changed : the only cells which retain o semblance of their former names
throughout this revolution are the small posterior cells (€72, D™ of Castle’s system).
and thelr sisters (€70 D™, the most anterior eells of the crescent of cach side (€7
D), and the most anterior pair of cells of the dorsal Temisphere (A™ B™). Even
1 the case of these four pairs of cellx the right and left eells of” each pair are inter-
changed, so that everywhere A should replace B, and €, D. '

In subsequent stages Castle does not always preserve the same designations for
civen cells. For example. the cell which i his figure 58 is labelled A™ hecomes
i fie. 605 2% of fieure 58 bhecomes d* of figure 60, while the one labelled 4%

o~
o B.q

£
a
i the former figure heeomes A™ in the latter.  Strangely enough this last cell
which had heen variously located in the dorsal and ventral hemispheres, and in the
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anterior and posterior quadrants is finally hronght hack to its vight position and
given its trne designation.  In all stages lTater than his figure 60 the designation
A7 stands for the same cell in Castle’s ficures and i my own.

The changes in the desienations of the cells which wre hrought about by this
inversion of the orientation at the 48-cell stace may be most easily seen and appre-
ciated by a reference to the accompanying text figures NXV and XXVI, where the
designations ol the cells. according to my interpretation, are given on the right side
of figure XXV and on the left side of figure NX V1, while Castle’s designations of the
correxponding cells ave given on the left side of ficure XXV and on the right side
ol figure XXVI. Barving the exceptions mentioned in the preeeding paragraph.
Castle has followed with substantial accuracy the subsequent Tineage of the dorsal
hemisphere up to a stage of about one hundred and twelve celly, though always
upon the basis of his erroneons lineage of the 48-cell stage.  With the exeeption of
a single pair of cells, 1 need not further explam my departive from Castle’s nomen-
clature of the later stages. This exeeption is the patr of snall posterior mesen-
chyme cells which Castle designates €720 D™ inasmuoch as T find that they he
ventral to their sister cells, T shall designate them BY, B and their more dovsally
placed sister cells BP9, B2,

With the completion of the sixth eleavage we reach a period when the gastru-
lation ix ready to begin.  Already preparations for the gastrulation are apparent in
the changing shapes of” the eells of the dorsal and ventral hemispheres, in the rela-
tive positions ol the eells and in the directions of their divisions.  Even the pecu-
liar type of the chordate gastrula, with its overgrowing anterior lip and its nearly
stalionary posterior one. 1s foreshadowed at ¢ very early stage in the eccentric posi-
tion of the animal and vegetal poles in the two hemispheres of the egg.

In the 32-cell and G4-cell stages it s apparent that the animal and vegetal poles
do not mark the middle of the ventral and dorsal faces of the embryvo. This was
lirst noticeable in the 4-cell stage of Cynt/iza where the two posterior cells are
smaller than the anterior ones. In the S-cell stage the anterior-ventral ecells are
clongated antero-posteriorly. while the posterior-ventral ones are clongated trans-
versely: this hrings the animal pole still farther hack of the middle of the ventral
face.  In the 16-cell stage there are two paivs of eclls adjoining the md-hue in
front of the animal pole and hut one pair hehind it in the dorsal licmisphere there
is one pair of such cells in front of the vegetal pole and two hehind, but the most
posterior pair is smaller than the others, so that the vegetal pole lies near the mid-
dle of the dorsal tace.  In the 32-cell stage three pairs of cells adjoining the mid-
line are in front of the animal pole, two behind it : while in the dorsal hemisphere
theve are two pairs of sueh cells in front of the vegetal pole and two hehind it,
thoueh herve again the most posterior cells are very small ones. Iy the Gdcell
stace (fies. 130, 131) there arve four pairs of cells adjoining the mid-line i front of
the animnal pole and only two paivs behind it while in the dorsal hemisphere there
ave fonr paivs of snch eells, hoth in front of and behind the vegetal pole, but the
wost posterior pair arve the tiny mesenchyme eells (B™, B™) which are partly eov-
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ered by their sister cells (B2, B7?). Thus the vegetal pole is slightly posterior to
the middle of the dorsal face and the animal pole ix decidedly posterior to the nnd-
dle of the ventral face in all of the stages mentioned. and this condition beeomes
even more pronounced in later stages; thus in the 124-cell stage (fig. 139) there arve,
ventral to the equator. six pairs of cells adjoining the mnid-line in front of the ammel
pole and four behind it while in the 184-cell stage (fig. 145) there are cight pairs
of sueli cells m front of the animal pole and five belind 1t 5 i the 218-cell stage (fie.
[44-147) there are ten such pairs of cells in frout of the animal pole and only five
hehmd it. Al of the cells of the ventral hemisphere are of approximately the same
size, so that 1 these later stages it is evadent that the ammal pole lies far back ol the
middle of the ventral hemisphere.  This location of the amimal pole posterior to the
middle of the ventral hemisphere is due in the first instancee to the smaller size of
the posterior cells in the 4-cell stage and then to the fact that the prevailing poxition
of the spindles in the anterior eells of this hemisphere is parvallel with the median
plane, while in the posterior cells it is transverse. [t is not due. as mght at first
thought seem to be the casc, to the more rapid growth and division of the anterior
cells of the ventral hemisphere since all of these cells divide at nearly the same
time and are of approximately the same size.  The prospective signmficance of this
eccentrie location of the animal pole may be found in the greater length of the ante-
rior lip ol the blastopore, as compared with the posterior hyp.

C. (GASTRULATION ; SEVENTI TO NINTl GENERATION oF (‘BLrs. 64-218 CrLLs.

In both Ciona and Cynthia the gastrulation actually hegins during the seventh
cleavage and it is far advanced hy the close of the eighth, though the elosure of the
blastopore and the completion of the gastrulation does not oceur until about the end
ol the tenth cleavage. 1 have followed the lineage of every eell through the seventh
cleavage and of almost all the cells through the eighth. and have therefore been able
to determine the part which each cell takes i the formation of the gastrula. At
no time after the Gd-cell stage arce all the cells of the embryo in the smme generation.,
From this time toward the endoderm cells Ing behind the ccetoderm and mesoderm
cells In division; the cighth cleavage oceurs in the ectoderm and mesoderm before
the seventh is finished in the endoderm.  Therefore the periods of the seventh and
cighth cleavages cannot he sharply separated, but for the sake ol convenienee we
shall consider these two cleavages as il they were distinet.

V. Seventh Cleavage; 61-76, 76-112 cells. (Figs. 46-561, 130-139. 198-204.)

The seventh eleavage begins in the antertor quadrants of the dorsal hemisphere
in the two pairs of chorda eells (A™, A™) and in the two pairs of neural plate cells
(A™ A™) 1 the posterior quadrants it begins in the two most anterior cells ol the
crescent on each side, the pair of muscle cells, B, and the pair of mesenchyme
cells, B™ (fies. 130 132).  With the exeeption of the two mesenehyme eells the
spiudles in all of these eases are parallel with thie plane of the equator and with the
surface of the ege: in the mesenchyme cells the spindles. when seen from the dor-
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sal side. are directed obliquely forward. outward and ventralward (figs. 131, 132).
These divisions, when completed. give rise in the anterior quadrants to four ehorda
vells (A, A®C, ARB. AR and to four neural plate cells (AS7, A%, AR5 ARI6) o
each side of the mid-line. which are arranged in two rows of eight eells caeh
running around the anterior border of the dorsal hemisphere (figs. 134, 200). Al
these divisions are equal and non-differential.

In the posterior quadrants the division of the anterior muscle cell on each side
337 B one in front of the other, which are alike
m size and quality.  The mesenchyme cell (B37%) divides unequally and differentially

gives rise to two daughter eells (1

giving rise to a small yolk-laden cell (B™). lIying anterior. lateral and ventral to its
lavge sister cell (B%), which 1s more protoplasmic (figs. 134, 200).  The former is,
according to Castle, the = posterior chorda fundament’ while the latter is mesen-
chyme. T have been unable to find suflicient evidence that this small cell is later
incorporated in the chorda, but on the other hand do not wish to deny that this is
the case. Since it 1x derived from the mesenchyme 1 prefer to elass it with the
mesenchyme cells until its fate is more certainly known.  These divisions advance
the embryo to the 76-cell stage and the distribution and generations of the cells
may be summarized as follows:
Ventral hemisphere

Eetoderm. . .. ... . . ... Tth generation 26 cells.

Neural plate. . . ... ... ... ... .Tth 2 GRRE
Dorsal hemisphere

Endoderm . . ... ... .. ... .. ..Tth b 10 -«

Chorda = 8th generation 8 eclls.

Neural plate Sth e B e

Muscle . Sth 2t 4+ =~ Tth % 2 Sex

Mesenchyme Sth ) 4+ < Tth i S *

Sth generation 24 eclls. Tth generation 52 cells.
76 cells.

The classification of the cells of this stage into chorda. neural plate. muscle
and mesenchyme.! must of course be based upon the later history of these eells, hut
even at this carly stage important differences may be recognized in the histological
characters of the cells nained. In the living egues of Cynthiza the endoderm eells
are slate-gray i color and are filled with yolk: the chorda ecclls are lighter
gray and contamn less volk than the cendoderm eells; the ectoderm and weural
plate cells are clear and protoplasmie: while the muscle and mesenchyme cells
are yellow. the former being more deeply colored than the latter. In the main
my classification of the cells of this stage agrees with that of Castle: the most
inportant difference concerns the musele eells which he elasses as > neuro-muscular
cell«”” Owing to the striking color of these cells in Cynilza their later history can
be followed with relative ease; they nltimately give rise to the three rows of muscle

! See note p. 52,
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cells in the tail of the tadpole (figs. 58, D), and so far as 1 am able to determine do
not contribute anything to the nervous system.  In general the mesenchyme cells
nuy also he traced by their faint yvellow eolor until they give rise to the mesen-
chyme of the tadpole. and, with the exception of the small cell which Castle calls
the * posterior chorda fundament,” T agree with him as to the fate of these eells.
Castle figures and deseribes the cell. A™. as the most anterior of the mesenchyme
cells. I do not find that it contains vellow protoplasin in Cyntiza. but its histolo-
eical structure is different from that of the other endoderm cells: 1 shall theretore
tollow Castle in classing 1t as a mesenchyme cell.  The median cellx of the ereseent
(") resemble 1n their deep yellow color, the muscle cells rather more than the
mesenchyme, and Castle reckons these cells with the * neuro-muscular ring.” hut
the later history of these cells shows that they lie just beneath the notochord and
at the hinder end of the ventral endodermal cord in the tail of the tadpole (figs.
161-165) 1 therefore. they do no give rise to the lateral museles, and they are pro-
bably to be eounted as mesenchyme ecells.

At this stage. therefore. the endoderm consists of four pairs ol eells meeting
along the mid-hne (figs. 134, 200), and of one pair of laterally placed cells whieh lie
Just i front ol the second cleavage plane: the echorda eonsists of an are of cight eells
bounding the endoderm in front; m front ol the ehorda cells and below the equator
is an arc of eight neural plate eells.  Posteriorly the endoderm is bounded by an
arc of twelve mesenchyine cells, while just outside these 1s an are of six muscle
cells (eight, i fig. 154}, The neural are m front 1s separated from the muscle are
behind by the most dorsally situated ot all the ectoderm cells (D). But for this
lateral interruption it would he possible to speak of a ** neuro-muscular ring” as
Castle does. The chorda and mesenchyme ares form a continuous chorda-mesen-
chyme ring, as Castle has shown.

Castle asserts (1896, p. 246) that the mesenehyme s made up of eells
derived trom both hemispheres and all four quadrants.” and agan that two cells
“ozzo dTHand ¢ [my BY] are the sole contribution of the dorsal hemisphere to
the mesoderm of the Tarva™ (p. 242). This is certainly not the case; the mesen-
chivme and musele cells are dertved entirely and exelusively from the dorsal hemi-
sphere and largely trom the pns‘tcrim- (quadrants.  The most posterior eells of the
creseent on cach side (B and 1tz mate) are counted hy Castle as part of” the ecto-
dermm; their histologieal strueture. color in the living cge off Cynthra and later
history show that thev are the most posterior of the muscle cells.  Of two other
cells of this stage, Castle says (p. 242)0 it ix noticeable that d°° and its mate %
hiave heen shoved forward out of their own quadrants to a position hestde the endo-
derm cells derived from the anterior quadrants.”  These cells are really A™ and
its mate, as 18 shown hy their origin and later history (figs. 120, ¢/ seg.). and do not
belong to the posterior but to the antertor quadrants.

The T6-eell stage 1s of very short duration, for mmediately after those divi-
sions in the dorsal hemisphere which advanee the embryo from the 64-cell to the
T6-cell stage, all the cells of the ventral hemisphere divide simultancously.  The
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direction of the spindles in these cells is indicated by the equatorial plates repre-
sented in figures 198 to 203, In the posterior quadrants all the spindles are
nearly antero-posterior in direction, except i those three ventral cells on ecach side
(b™. b2 b™M) which lie nearest to the dorsal surface and between the muscle cells
behind and the neural plate eells in front (figs. 201, 203): in these cells the spin-
dles are nearly vertical.  In the anterior quadrants the spindles are antero-pos-
terior in a transverse row of fowr cells which lies just in front of the animal pole
(", «™?): in the row of four cell just in front of this the spindles are transverse
(a™@ a™™): they are also transverse in a single pair of cells which meet at the mnid-
line just in front ol the last mentioned row (a*?); in the most anterior row of the
ventral hemisphere, consisting of six neural plate cells (2™ o™ a™%), the spindles
are dorso-ventral in position. therefore. at the close of tlus division there are
twelve neural plate cells in the ventral hemisphere. arranged in two rows of
six cells each.

All of these divisions of the cells of the ventral hemisphere ave synchronous,
equal and non-diflerential. and they inerease the number of cells in the ventral
hemisphere to sixty-four and bring the whole nuniber of cells in the embryo up to
one hundred and eight.

Very soon after these divisions in the ventral hemisphere the posterior muscle
cell (B™) and one of the mesenchyme cells (B77) of each side divide; in the former
the spindles converge posteriorly and ventrally toward the median plane, in the
latter posteriorly and dorsally. By this division two mesenchyme and t\\o nmx(lc
cells are added to the total in the embryo which at this stage consists of dne hun-
dred and twelve cells (fig. 133, 154') which may be tabulated as follows :

Ventral hemisphere

Ectoderm . . Sth generation, 52 cells.

Neural plate Sth generation, 12 cells.

Dorsal hemisphere !
Endoderm . . . . . . ... ... . Tth een.. 10 cells.
Chorda . . . . Sth generation, § cells. ‘
Neural plate . Sth " S
Musele . . . 8th SR
Mesenchyme Sth - S = Tth - 6o

Sth generation, 96 cells. Tth gen., 16 cells.
112 cells.

The only cells in the entive embryo which have not passed mto the cighth
generation at this stage are the ten endoderm cells, and six mesenchyme cells, two
of whicl are anterior. and four median and posterior: all of these cells exeept two,
the small posterior mesenchyme cells (B™). divide soon after this stage and thus
pass into the eighth generation. but not until after other cells have passed into
the ninth. This stage. therefore, may be taken as representing. as nearly as may
be found. the close of the seventh cleavage and the transition to the eighth.

1 The division in a pair of mesenchyme eells 1 B77) of this stage is not completed ; therefore, in
the explanation of figures, this is called a 110-cell stage.
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This stage 1s important as marking the hegimnings of gastrnlation for which
preparvations were made in preceding stages.  The endoderm cclls and the four
posterior mesenchyme cells which remain in the seventh generation now lie at a
considerably lower level than the surrounding cells. This. although nsually spoken
of ax an invagination, ean scarcely with right be called such, for as seetions show
there 1s neither at this stage, nor at any preceding one, any considerable hlastocoel ;
<ince there 1s 1o eavity mto which the eells can push it 1= seareely permissible to
speak of thelr invaginating.  In reality the gastrulation is dne to two factors,
neither of whieh is invagination.  The first and most important is the ehange of
shape of the celly, whieh has been deseribed in part already; the second is the
overgrowth of the eells Iving aronnd the endodermal area.

Ax to the first we have already seen that in the 16-ecll stage the eclls at both
poles are of about equal height; during the filth eleavage the eells at the animal
pole hecome long and eolummar. while those at the vegetal pole are broad and flat;
during the sixth eleavage the eclls at the two poles change shape so that at the
close of thix cleavage (64-cell stage) the cells of both poles are of nearly equal
licight, those at the vegetal pole being perhaps shehtly longer than those at the
animal pole. At this stage the cells ol the dorsal (vegetal) hemisphere still have a
lareger surface arca than those of the ventral (animal) hemisphere, so that when
viewed from the vegetal pole only cells of the dorsal hemispherg ean he scen, but
when viewed from the opposite pole a peripheral row of dorsal eells can be seen
around those of the ventral hemisphere (figs. 1500 131).  During the seventh
cleavage this ehange of shape progresses rapidly so that at the 76-cell stage the
surface area ol the dorsal cells is less than that of the ventral ones: the endo-
derm eells in particular grow long and narrow, whereas the ectoderm eells
hecome broad and flat (figs. 198-204). After the seventh eleavage of the eeto-
derm and mesoderm cells (112-cell stage) a row of ventral hemisphere eells s
visible alli around the periphery of the dorsal hemisphere when the cembryo is
viewed from the dorsal pole (figs. 133, 134). The remarkable reduction m the
surface area of the endoderm cells, whieh oceurs without any division in these cells,
and wholly by their change of shape will be hest appreeiated by eomparing figures
151 with 134, and fgures 197 with 200 ; 10 all of these ficures the endoderm eells
are in the seventh generation, but the superfieial area of these cells in the two older
stages is not more than half as great as in the two earlier ones.  In proportion as
these cells decrease in surface area they inerease in depth. their inner ends beeome
enlarged, and at the same time their nuelel are withdrawn from the surface to a
deeper level in the cells (text figs. NXI-NXXIV). The tlattening of the eetoderm
cells leads to their covering a larger and larger surface area until they finally over-
grow the marginal cells of the dorsal hemisphere. Samassa undertaok to explain the
colummnar form of the cells at the animal pole in the 32-cell stage by the pressure
exerted on them by the overgrowing eclls of the opposite pole, but it 1x obvious
that neither at this carly stage, nor during the later one just described. can the
canse of this change of shape be located in the eells of one hemisphere rather than
in those of the other.
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The second factor of the castrulation. 22z, the overgrowth of the cells sur-
rounding the endodermal area has been well desceribed hy Castle. It is the result
tn part of the first factor and also of the more vapid division of the eells of the eeto-
derm and the correspounding retavdation of division in the endodermal cells.  This
overgrowth oceurs in the anterior guadrants from i {ront, the chorda cells over-
arowing the endoderm and the nenral plate cells the chorda: m the posterior quad-
rants it ocenrs from the sides, the muscle eells overgrowing the mesenchyme, and
the cetoderm the muscle eells. At three pomnts this overgrowth is long delayed, at
the posterior pole where there ix a deep notch m the blastoporie rim which persists
until the blastopore has nearly closed. and at the right and left sides of the blasto-
pore where the overgrowth is slow.  This leads to the peeuliar form of blastopore,
wide in front and narrow behind, which 1s found among aseidians.

S.  Eighth Cleavage; 112—132 cells, 132218 cells. (Figs. 135-147, 205).

The eighth eleavage first appears in the two anterior musele cells of each side
(B*%, B*7), the spindles being nearly transverse to the auntero-posterior axis of the
embryo (figs. 135, 136).  This division is equal and non-differential, and there result
four muscle cells on each side. an anterior pair (B*, B*'%) and a posterior pair (B*,
B*Y).  When first formed the median cells of each of these pairs hie at a higher
level than the lateral ones (fig. 135); soon afterward the lateral and median ecells
are at the same level (fig. 136); still later the lateral onex lie at a ligher level
than the median ones (fig. 140).© This is, of course, a result of the overgrowth,
whereby the cells which were lateral in the blastopore hip come to overly those
which were median in position.

At the same time that these musele eells are dividing the pair of large mesen-
chyme eells, B%%, divides, the spindles being obliquely antero-postevior and dorso-
ventral in direction (figs. 135, 136). This division 1s approximately equal and
non-difterential, and eives rise to the mesenchyme cells B, B which lLie on each
side of the caudal endoderm cells.

While these divisions are proceeding in the mesoderm. and thereby advancing
these cells to the ninth generation, the delayed seventh eleavage appears m the
mesenchyme and endoderm cells. The first of these cells to divide 1z the most
anterior mesenchyme cell (A™) ;5 the spindles are here nearly dorso-ventral
direction, and the resulting daughter eells (A, A%%) are of about the same size,
though the dorsal cell containg move protoplasm than the ventral one, as Castle has
shown.

Coteidently with these divisions two pairs of endoderm cells (A™ and B*?)
divide, the spindles heing approximately transverse in the anterior pair and antero-
postevior in theposterior one (fig. 135).

A little later the four endodern: cells which meet at the vegetal pole (A™, B™, fig.
136) divide. the spindlex being antero-posterior in direction.  The last remaiming pair
of endodern cells of the seventh generation to divide ix the lateral one (A7, figs. 135,
136): T have not seen this cell in division. but it is probable from a study of later
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stages that the spindle lies in it also in an antero-posterior direction.  All of these
divisions ot the endoderm are equal and non-difierential.

Finally the median mesenchyvme cells, B, divide, the spindles being antero-
posterior (fig. 136), and the resulting daughter cells alike in size and quality.

With this division all the cells of the embryo have passed into the cighth
generation, exeept the small posterior mesenchyme eells (B™*) which never again
divide, so far as [ have observed; and exceptimg eight muscle cells and foinr mesen-
chyme eells which have passed into the ninth generation.  The following tabular
statement summarizes the character and location of the cells at the close of this stage:

Ventral remisphiere

Ectoderm . .. ... . 8th gen,, 52 cells.
Neuralplate. ... ... .. .. . Sth = 12
Dorsal hemisphere

Endoderma . . . ... ... .. ... Sth « 20

Cligmda’ D R Sh =

Neural plate . b e ST S

Muscle . 9th gen., Seells...8th ¢ S

Mesenchyme, 9th ¢« 4« (. 8th <« 14« ith gen., 2 cells.

9th gen., 12 cells.  Sth gen.. 118 cells.  Tth gen., 2 eclls.

152 eclls.

The 132-cell stage 1s not a sharply defined one, for before all the divisions
which have been described above have heen finished, other divisions are begun
which lead to the ISt-cell stage (figs. 156-143).  The cells which divide first in
this period are the four median neural plate cells AN, A®® (fig. 1306): shortly after-
ward the four lateral ones A A*® (fig. 140), also divide. The spindles in all
these cells lie m a radiating position around the blastopore, and as a result of this
division there are produced i the dorsal hemmsphere two rows of neural plate cells,
eight cells in a row, situated at the anterior border of the blastopore and dorsal to
the chorda eclls.

Abont the same time forty-four of the fifty-two ectoderm cells divide; the
spindles are approximately transverse in all these cells. exceept in the most posterior
row of the ventral hemisphere. where they are dorso-ventral, and in two transverse
rows of four cells each, which arve the third and fourth rows in front of the animal
pole (figs. 139, 143). where the spindles ave antero-posterior in direction.

By these divisions the dorsal neural plate cells arve mereased to sixteen. and
the cctoderm to one hundred and cight cells, so that at this stage the entire eimbryo
contains one hundred and eighty-four cells. Twenty cells, forming two rows of ten
cach aronnd the anterior border of the embryo just ventral to the equator, remain
undivided for some time and arve conspicuous for the large size of themr resting
nuclel and their more deeply staining eytoplasin (figs. 138, 142). The four hind-
most of these celts on each side belong to the posterior quadrants (b™7, 118, h31*,
D) the other six pairs (a2, 2% 2317 %% o™ a™) which form the median
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antertor portions of these rows, arve derived from the anterior guadrants, and they
form the anterior portion of the neural plate.

Finally 1 the stage shown m figures 144 to 147, these twenty cells divide, all
the spindles being approximately dorso-ventral in direction.  About the same time
the eight chorda cells divide, the spindles standing in a dorso-ventral direction (fig.
145), and a little later the six most anterior endoderm cells (A2 A% A™) divide,
thie spindles being nearly transverse (fig. 147). These thirty-founr divisions advanee
the embryo from 184 to 218 cells. '

Bévond this point 1 have not attempted to follow the lineage of each and
every cell; this could be done suceesstully only by a most exacting study of serial
seetions i connection with whole preparations.  With suflicient labor and matenal
I believe that the lineage of every cell could be traced through to the tadpole stage,
but 1 have lacked both the time and the material for such a study.  Tabulating
the cells of this stage we find that there are:

Ventral hemisphere

Ectoderm . . . 9th gen., 104 cells.
Neural plate . 9th = 24«
Dorsal hemisphere

Endoderm.. .9th <« 12 <. . 8§th gen, 14 cells.

Chorda. . . . .9th ¢« 16 ¢

Neural plate . 9th 16«

Muscele.. . . . Oth S “«....8h « 4 =

Mesenchyme . 9th ¢ 4« . 8th ¢ 14 7th gen., 2 cells.

9th gen., 134 cells.  Sth gen., 32 cells.  Tth gen,, 2 cells.

218 eells.

At this stage the gastrala is nearly cirenlar in outline when viewed from the
dorsal or ventral pole: the gastrocoel is a cavity deep and wide in front and nar-
row hehind, where it opens to the exterior through a deep groove between the
mescnchyme aud muscle cells of each side.  The endoderm lies at a deep level. m
contact with the ectoderm of the ventral side: in the anterior (uadrants it consists
of nine pairs of cells which become the gastric endoderm of the larva, in the pos-
terior (uadrants are four pairs of endoderm cells which meet along the median
plane; the two posterior pairs hecome the candal endoderm of the tadpole, the two
anterior pairs are added to the gastric endoderm. Three pairs of cells at the hinder
end of this cord of caudal endoderm are mesenchyme. while on each side of these
and running forward lateral to the caudal endoderm are seven pairsof large mesen-
chvme cells (in fig. 147 only five pairs are visible, since two lie at a deeper level,
one beneath the cell B¥ and another heneath A™2). The muscle rudiment consists
of six pairs of large cells, dorsal to the mesenchyme. on each side of the blastopore
eroove and still uncovered by ectoderm.  The ehorda consists of sixteen eells arranged
in two rows of ecight each, one ventral to the other, and covered superfictally by
cells of the neural plate.  Sixteen cells of the neural plate which cover the chorda
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cells and form the antevior border of the blastopore belong to the dorsal hemi-
sphere: the rest of this plate 1s composed of cells of the ventral hemisphere,
arranged in four rows of six ecaeh, and lying just in front of the chorda region ;
therefore in the 218-cell stage the nerve plate consists of forty cells arranged in six
transverse rows, cach containing six cells except, the two most posterior rows which
contain eight each. The animal pole, with the polar bodies still attached, is still
situated baek of the middle of the ventral face, six cell rows posterior to the
anterior edge of the neutral plate; there are but five rows of cells of the ventral
hemisphere posterior to the animal pole, while there are ten such rows in front
of it.

V. LATER DEVELOPMENT.

My observations on the later stages of development agree in the main with
those of previous workers and particularly with those of Castle, who made a thorongh
study of these stages by means of serial sections. 1t is true of these stages, how-
ever, as it 1s of the eleavage stages, that many topographical relations can be made
out more satisfactorily by a study of entire preparations. 1 have therefore
devoted especial attention to sueh preparations. and my observation, both on living
and on stained matenal, are embodied in plates V and X.

1. Closure of Blastopore.

During the closure of the blastopore the embryo changes shape and at the
same time the ege axis is shifted. This stage is therefore an mmportant one in
the orientation of the later stages. The gastrula is at first disk-shaped (fig. 134). it
then hecomes saucer-shaped (fie. 136) and then cup-shaped (figs. 144, 145). During
this change as the cmbryo inereases in depth it deereases in its other dimen-
sions so that it Decomes more nearly spherical (fig. 145). The closure of the
blastopore takes place more rapidly from the anterior than from the posterior
side ; n fact after the general drawing together of the margins of thie saucer-
shaped gastrula the posterior lip remains nearly stationary until the last stage 1n
the elosure of the blastopore.

Soon after the 218-cell stage the gastrula hecomes elongated and ege-shaped,
the posterior end being somewhat narrower than the anterior.  The anterior lip of
the blastopore continues to grow posteriorly while the lateral lips draw nearer
togethier; thus the blastopore hecomes T-shaped (fig. 118), and finally, by the
further growth of the anterior lip, the anterior part of the blastopore, represented
by the bar of the T, 1s covered and the ])lastopow is redueced to a longitudimal
groove between the lateral lips (figs. 152, 153).  In the agrowth ol the lateral lips
they come to lie at a higher level than the anterior lip. and conseqnently as the
latter continues to grow posteriorly, the former ave tilted np at themr anterior
ends until they hecome vertical in position.  These lateral lips are at first formed
only of the muscle cells, hut later the ectoderm cells completely overgrow them.
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In this process the ectoderm does not, for some tine, close up the noteh at the pos-
tertor end of the blastopore (fig. 52); this is one of the last steps in the process
of elosure.

The overgrowth of the antertor lip continues until it has eovered about three-
(uarters of the dorsal face; meanwhile the animal pole is shifted nearer to the
point of greatest curvature at the anterior end, and the blastopore is transported
from the dorsal side toward the posterior end. In this process the rows of muscle
cells which at au earlier stage stretched from the posterior pole to the second
cleavage plane, and were antero-posterior in direetion, are tilted up at their anterior
ends and pushed backwards until they lie at the hinder end of the emhryo and run
in a dorso-ventral direction (figs. 52, 55, 506, 157).  This complete change in the
direction ol the rows of muscle cells 1 found most perplexing and diffieult to under-
stand.  In early stages the crescent. and the mesoderm cells which form from it, les
Just below the equator of the egg. and in the antero-posterior plane; in these later
stages the mmuscle cells are transverse to the antertor-posterior axis. A detailed
study of mtermediate stages shows how this change is brought about. After the
closure of the anterior part of the blastopore. corresponding to the bar of the T.
the anterior lip does not overgrow the blastopore groove (stem ol the T) and its
lateral walls. which are composed of the muscle cells; on the other haud. these
lateral walls lie at a higher level than the anterior lip. and the continued growth
of this lip pushes the muscle cells and the groove hefore it.  As the posterior lip
remains stationary during this process it happens that the entire dorsal portion of
the posterior quadrants is tilted up in front and pushed hackward until it forms the
posterior end ol the embryo, the posterior lip becoming vental and the anterior lip
dorsal i position.  Thus the blastopore groove. which lay on the dorsal side pos-
terior to the middle. comes to lie at the posterior end of the embryo and the walls
of the groove. containing the muscle cells. come to be terminal in position and ver-
tical in direction (hgs. 50-53).  The mesenchyme cells, as well as the candal
endoderm, lie at =0 Jow a level that they are not disturbed by the overgrowth of the
anterior lip, consequently the rows of these cells still preserve an antero-posterior
direction (fig. 157). Thus the mesenchyme and muscle cells. which in earlier
stages lay side by side, come to be separated anteriorly. and only remain in con-
tact with one another at the hinder end of the strand of caudal endoderm cells;
the mesenchyme cells in this region are derived from the median part of the cres-
cent and they ultimately become separated from the remaining portion of the
mesenchyme which comes to lie in the trunk (fies. 161=167).

These general ehanges in the shape of the embryo at this stage are accom-
panied by divisions of many of the cells, some of which we may now consider. In
all the ectoderm cells the ninth cleavage is nearly svnchronous: in the posterior
quadl‘:'mts the spindles are approximately antero-postertor in dircction. and the
same 1s true for the two hindmost rows of the antertor quadrants, but in most
of the other cells of the anterior quadrants the spindles are transverse, thus it
happens that the animal pole is shifted forward (fig. 149).  As compared with
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the cighth cleavage there is therefore a regular alternation in the direction of
division in most of the cells. 1 have not observed the tenth cleavage of these
cells, but 1t seems probable that the direction of division is. in many of the cells,
the same as at the ninth cleavage, i one may judge by the longitudinal rows
of cells as well as by the number of rows which are present in the posterior
quadrants (figs. 1565, 160).  The ammal pole is, therefore, shifted still further
forward during this cleavage. The postero-lateral ectoderm cells slowly overgrow
the muscle cells, but for a long time they do not overgrow theé median posterior
mesenchyme cells, and there is therefore left the deep noteh m the blastopore at
the hinder end of the embryo which has already been deseribed.

The neural plate in the stage shown in figure 148 consists of six transverse
rows of cells, only four of which show in the ficure.  The two posterior rows are
derived [rom the dorsal hemisphere and consists of eight cells cacli; the four ante-
rior rows consist of six eells cach, and are derived from the ventral hemisphere.
In subsequent divisions of the postertor rows of this plate the spindles are antero-
posterior in direction, thus adding to the munber of rows but not to the number of
cells in each row; for example, in fignre 152 there are eight rows of cells, hut
apparently only six eells in each row!

The endoderm cells of the anterior quadrants divide chietly m a transverse
plane ; those of the posterior quadrants i an antero-posterior plane (figs. 150,
154, 156). This fact, taken in conjunction with the direction of division in the
ectodernt cells, contributes to the lengthening of the posterior part of the embryo
and to the widening of the anterior part. and consequently to the shifting of the
ammal pole firther toward the anterior end.

Of the two rows of chorda eells established at the eighth eleavage one has
come to he posterior to the other. and both bend so as to become horse-shoe-shaped
(fig. 153).  Later these cells divide again (fig 157) and, pushing hackward with the
anterior lip. carry the muscle cells before them, as already deseribed.

In the 218—cell stage there were twenty mesenchyme cells: in the next stage
shown (fig. 150) these are inereased by one or two divisionz o that there are twenty-
two or twenty-four eells.  As in the preceding stage, they still lic on the ventral
side next to the ectoderm and along the posterior border of the gastral endoderm.
In figure 150 only one row of mesenchyme ecells is found lateral to the candal endo-
derm 5 m figures 154 and 150 there are two such rows,  In all these figures there
are three pairs of mesenchyme cells at the hinder end of the eandal endoderm ; the
most posterior of these is the small posterior mesenchyme eells (B7°), the others arve
B*? and B*°.  All of these eells are protoplasmie, stain deeply and are strikingly
different in appearance from the endoderm cellx.

The musele cells, which in the 218—cell stage consisted of six pairs of cells, are
shown in figures 51 and 153 inereased to eight pairs which are arranged m two
rows on cach side of the blastopore groove. By the continued growth of the ante-

' In this figure it is possible that a single row of cells on each side of the stippled area should be
reckoned as part of the neural plate.
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rior lip these rows are tilted up into a dorso-ventral direction,  An optical scetion
of the candal vegion at this stage shows four musele eells on each side, one ahove
another (fig. 158); a lateral view shows three rows of musele cells with tour or five
cells in each row (figs. 56, 157). 1 have not observed the exact manner in which
thix change from two rows to three takes place, but it is evident that it must be
associated with the division of the cells of the original two rows. In figure 951
there are cight muscle eells on each side; in figure 55, thirteen: in fignre 50,
fonrteen ; in figure 157, fifteen ; in figure 165, cighteen; and in figure 59, twenty ;
therctore each ot the cells shown i ficure 51 must have divided once and some
of them twice during the period represented by these figures.

2. Development of Larva (Figs. 57-60. 160-167).

After the growth of the anterior lip has earried the notochord to a posi-
tion approximately corresponding to that of the blastopore groove in figure 153
and has shifted the rows of muscle eells into a nearly vertical direction (figs.
157, 158). these rows of musele cells again come to be antero-posterior in dirce-
tion (figs. HS8. 59, 161-165). This change takes place rather suddenly and I have
not observed all the steps in the process. 1t seems probable, however, that
it is due to two factors; (@) the depression of the dorsal ends of the musele
rows to a position alongside of the notochord, and (4) the ontgrowth of the
tail of the larva from the vegion of the ventral ends of the musele rows.  This
outgrowth. which is associated with the lengthening of the ventral side of the
embryo, carries the candal mesenchyme cells and the ventral ends of the muxele
rows bhackward into the tail and thus the rows of muscle cells again assume an
antero-posterior direction (figs. 58, 59, 161-167). Usually six cells are seen in
each row and in addition there are two or more cells at the hinder ends of
these rows which do not fall specifically into any one of them. In living
embryos the musele and mesenchyme cells retain their yellow color and the
individual musele cells may be plainly scen; all the figures shown in plate V
represent camera drawings of living embryos and in all of them the yellow cells
were distinetly visible as drawn  When seen from the caudal pole (fig. 60). the
three rows of musele eells are seen to he only one-layered and the cells of one xide
are connected with those of the other hy a group of small yellow cells (the caudal
mesenchyme), which lie ventral to the notochord at its hinder end.

In stained preparations of young tadpoles these candal mesenchyme cells ean
be seen to consist of two or three pairs of cells at the posterior end of the candal
endoderm and ventral to the notochord (figs. 161-165).  The other mesenchyme
cells. which in a former stage (figs. [566, 157) were continnous with this candal
group, are now separated from it by the whole length of the muscle rows.  These
mesenchyie cells at the anterior ends of the muscle rows are fonnd - later stages

UNince this paper was sent to presz Misses oot and Strobell have prepared for me a series of
more than thirty photomicrographs of the living eggs and embryos of Cynthia. These photographs

show in the most striking manner the vellow protoplasm and the cells which arise from it; even in the
tadpole stage these individual cells are plainly recognizable in the photographs.
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in the trunk of the larva, and they may therefore be known as trunk mesenchyme
cells 5 in figures 161-165 they consist of cight or ten cells on each side. Whether
there may he a few seattered mesenchyme eells between the eandal and the trunk
eroups and ventral to the musele rows must still be left an open question. but there
can be no doubt that most of the mesenchyme cells are loeated in these two groups.
The =eparation of the ecandal from the trunk mesenchiyme must have been accom-
plished in part by the same means which brought the musele rows from a vertical to
a horizontal position, zzz., by the outgrowth of the tail.  In addition there seems to
have been an aetual forward movement of the trunk mesenehyme, as is indicated
by @ comparizon of such figures as 156 and 161, Thisis probably partof the general
forward shifting of the animal pole.  In later stages when the tail is hent toward
the ventral side, the trunk mesenchyme is found ventral to the anterior ends of the
musele rows (figs. 59, 166, 167). In these later stages the mesenchyme cells are
frequently found dividing; they are smaller and more numerous than the muscle
cells and are more than one cell-layer thick.

In the formation of the larva the ventral cord of endoderm inereases greatly in
length, heing composed in very young tadpoles (fig. 161) of six or seven pairsof cells.
These cells form a double row hetween the muscle eells of cach side and ventral to
the notochord. 1n front of the candal endoderm and notochord lies the gastral
endoderm consisting of yolk cells which form a single but rather irregular layer
around a small central ecavity, the enteron (figs. 161, 162, 164-166).

In young larvee the chorda cells are wedge-shaped and form two or more rows
of cells which interdigitate, as has been deseribed hy previous writers.  In the
latest stage which T have studied (fig. 167) these cells interdigitate to such an extent
that they form a single row of" disk-shaped or slightly wedge-shaped cells. 1 have
not followed in detail the method by which the two ares of chorda eells shown in
ficure 153 are transformed into the double row shown in figure 162, but 1 see no
reason to question the account given of this by Van Beneden and Julin and also
by Castle.

The neural plate grows backward with the notochiord nearly to the posterior
end of the embryo. I can find no evidence in favor ot the view that any portion
of the nervouns system is derived from cells which hound the blastopore groove pos-
terior to the neural plate (figs. 152,153). nor is there any evidence tor the existence
of a nerve ring surrounding the blastopore.  Since the neural plate, six or eight
cells wide at its hinder end, iz earried back with the chorda nearly to the hinder
end of the embryo where the last trace of the blastopore is found (fig. 53), and sinee
no portion of the nerve cord is found posterior to the blastopore and notochord
(figs. 163, ef seq.). it seems most probable that the hinder portion of the nerve
cord. as well as all the rest of it, is derived from the neural plate and not from
the lateral lips of the Dblastopore groove. That the muscle cells do not give
rise to the posterior part of the nerve cord, ax claimed by Castle. is made probable
by the fact that thisx portion of the nerve cord is not yellow, as are the muscle
cells: T cannot therefore aceept without further evidence Castle’s statement that
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the posterior portion ol the nerve cord is formed from the muscle eells (his * neuro-
nmuscular” cells).  Furthermore, T am unable to find satisfactory evidence that
the cetoderm which covers the musele cells and closes the blastopore noteh behind
contributes to the formation of the nerve cord.  Zherefore, it is probable that
the entire central nervous system comes from the neuval plate, which is a portion
of the anterior lip of the blastopore.

After having overgrown the niusele cells and closed up the posterior noteh
of the blastopore the cetoderm forms a pair of V-shaped folds (figs. 52-54), the
apex of the V lying just behind the blastopore and the hmbs diverging anteriorly
and laterally. By the forward extension ol these folds the meural plate 1s rolled
up mto a tube which 1s eovered with a laver ol ectoderm. in the mauner character-
istic of vertebrates.  These folds are at first V-shaped, but after they have extended
around the anterior end of the nerve plate they melose an oval area which 1s pomted
behind (fig. 55).  The folds close from helind forward and ultimately convert the
entire neural plate into a tube, which retains a lumen in its anterior portion (the
sense vesiele) and an opening to the exterior (the neuropore). but which contains no
lumen back of the anterior end ot the notochord (figs. 166. 167).  7/hat portion of
the nervous system dorsal to the notochord and which contains no lumen is derived
Sfron: those neural plate cells which belong to the dorsal hemisphere and which
e origin were inttmately associated with the chorda cells ; the anterior lalf
of the enlarged portion of the nerve tube lying in front of the notochord (sense
vesicle) is devived from those cells of the neural plate which belong to the ventral
hemisphere.  As nearly as [ can determine the anterior end of the neural plate lres
about 30° above the original equator of the cgg and 60° below the animal pole.
The cephalic pole of the larva lies ventral to the anterior end of the neural plate
but dorsal to the animal pole ; therefore, the antero-posterior axis coineides neither
with the egg axis nor with the equatorial plane but hies nmd-way between the two.
The egg axis is therefore not dorso-ventral n the larva hut is, strietly speaking,
postero-dorsal and antero-ventral i direction.  Inmasmueh as the forward shifting
ot the anmimal pole by whieh this position of the axesis brought about occurs at a
late period in the development. and also for the sake of simplicity of expression 1
have, in accord with all my predecessors, described the ege axis as dorso-ventral in
dircction in all the early stages.

VI. COMPARISONS WITH AMPHIOXUNS AND AMPHIBIA.

The remarkable differentiations apparent in the ege and early cleavage stages
ol ascidians. the relatively small number of cells present during gastrulation and
organogeny. and the comparative case and certainty with which the axial relations
of the egg and embryo ean he determined at all stages.—these conditions render
the aserdian ege the most favorable in the whole phivinm of the chordata for an
exact study of the early development. In no other chordate has the cell-hneage
been followed i detail up to the formation of defimtive organ bases, and no where
else in the phylum has it been possible to determine with the same degree of cer-
tainty as here the relations of the axes of the egg to those of the gastrula and larva.

10 JOURN. A. N. S, PILILA,, VOL. XIIT
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It is therefore worth while to compare the early development of ascidians
with that of other primitive chordates in order to see what light may thereby be
thrown on certain disputed problems. It must, of course. be understood from the
beginning that such comparison can have the weight only of suggestion ; the prob-
lemis which have been raised in the study of any group can be solved only by the
further study of that group. but comparisons with other forms may be of great
service. If evolution be true. if ascidians arve genetieally related to other chordates.
then it must be true that their modes of development are related.  Whethier the
mode of development of aseidians as compared with Amphiovus and amplibians s
palingenetic or coenogenetie 1s largely a matter of opinton, and need not concern us
here so only 1t be granted that there is a relationship hetween these classes in the
matter of their development as well as in thewr later structure.

Klaatseh (1896) has attempted to elucidate certain disputed points in the
development of Amphiovas by a comparison with the ascidians, proceeding upon
the prineiple that it is well to reason from the relatively known to the velatively
unknown, {rom conclusions in whieh all agree to questions upon which there is
diversity of opinion.  Samassa (1898), on the other hand, holds that the aseidian
ontogeny has been =o greatly shortened and modified as compared with that of
Ampliovus that it would be much better to explain the former hy the latter than
the reverse.  All this might be true without destroyving the value of comparison,
but when Samassa further proceeds. as he does m the following sentence, to deny
that there 1s any relationship hetween the two forms except in a single stage, he
takes away all basis of comparison except for that single stage.  He says, p. 20.
“ Nun iahnelt aber die Ascidienentwicklung der des Amphioxus nur m dem einen
Stadinm, wenn der Urmund geschilossen ist. der Chorda nach hinten answachst und
die Organe der Larva die fiir Wirbelthiere characteristische gegenseitige Lagerung
ziegen . . . Bis zu diesem Stadium ist aber die Entwicklung des Amphioxus und
der Ascidien so verschiedenen wie moglich.”  We have here, if T mnderstand
Namassa correctly. homologies which are found only i a single stage of the onto-
geny, which have had no beginnings in homologous parts or proeesses, have neither
homological antecedents nor consequents and have therefore arisen de novo. This,
it seems o me, 1s the logical coneluston to be drawn from Samassa’s statement, and
it is one as indefensible on zoologieal as on philosophical grounds. There are many
points of resemblance in the carly development of clmphiovas and ascidians, as is
well known, and such differences as exist are explicable on the general prineiple of
evolution through divergent modification.

The study of the cell-lineage and early development of a large number of
annelids aud mollusks has shown that in such general matters as the relations of .
the axes of the ege to those of’ the gastrula and larva, and the origin of the germ
layers and of speeifie organs from eertain blastomere or vegions of the egg, there is
a high degree of uniformity among members of the same phiyvlum and even among
related phyla. 1t would certainly be surprising if the developwment of Amphioxus
and the ascidians should be found to be more dissimilar than that of annelids
and gasteropods.



ORGANIZATION AND CELL-LINEAGE OF ASCIDIAN LGG.

=1

&5

1. Avial Relations of Ecog and Imbryo.

In considering the axial relations of egg and embryo one is confronted at onee
with the difliculty of determining what is meant by the anterior pole, unless it be
defined in terms of strueture rather than function. The anninal pole ix a stroctur-
ally definite point, but the anterior end of the embryo,—who ean say what it is?
[n the early development of 4mphiorvus and ascidians the point which at one time
ix most anterior does not continue such for any considerable period. and it 1s prae-
tically impossible to determine the exact point of this rounded anterior portion of
the emhryo which will become the most anterior part of the hody. Not only iz the
animal pole a structurally definite point but the anterior limit of the neural plate
is also, and the relative positions of these two can be determined with considerable
accuracy. The result of sueh a determination shows that there is great similanty
among the lower Chordata in that the anterior limit of the nenral plale is always
some distance removed from the animal pole. In ascidians the chief axis of the egg s
plainly marked out not only by the well differentiated cleavage cells but also by the
polar bodies whieh in some eases remain attached to the ege at the point of their
formation until the blastopore has closed.  Tn the early gastrula the ammal pole is
shightly posterior to the middle of the ventral hemisphere, the vegetal pole marks
the middle of the dorsal hemisphere. and the deepest point of the gastrococel (text
fic. XXVIL). In the elosure of the blastopore the anterior lip overgrows the
archienteron, and the blastopore, being closed from i front backwards. 1s finally
limited to a longitudinal groove in the posterior half of the dorsal face of the
gaxstrula.

The relation of the ege axis to the embryonie axis s not a simple one, z. e.,
they neither coineide nor is one at right angles to the other. During the over-
crowth of the anterior lip the animal pole is shifted nearer to the anterior end of
the gastrula.  This may be, and probably is in part, due to a shifting of the point
of greatest curvature at the anterior end to a point nearer the ammal pole.  77e
anterior edge of the neural plate never reaches farther forward than about one-
thivd of the way from the equator to the animal pole, and consequently the animal
pole lies on the ventral side of the larva but near the head end.  Correspondingly
the opposite pole of the extended ege axix lies near the posterior end of the dorsal
side and consequently not far tfrom the place where the last trace of the blastopore
can be scen.

Previous students of ascidian embryology. and particularly Castle and Samassa,
have considered that the ege axis was dorso-ventral and henee perpendicular to the
embryonie axiz. T at first held the same opinion. but observations on the change
of shape of the gastrula and partieularly upon the anterior limit of the neural
plate during the elosure of the blastopore have eonvineed me of the truth of
the position here taken (¢f. text figs. XXVII-XXIX).

The axial relations are not so evident in A4mphiovns and amphibians, since
the animal and vegetal poles are not so clearly marked as in the ascidians. Hat-
schek (1881) supposed that the animal pole of the ege in Amphiovus was ventral
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to the cephalic pole of the embryo: and this view has been supported by
Garbowski (1898): on the othey hand. Kowalevsky (IS67) and many vecent
writers on the development of Amphioxus (Lwoll 1894, Klaatseh 1896, Samassa
1898, Morgan and ITazen 1900). have considered that the most highly arched
portion of the late gastrula represents the animal pole. Since thix point ix said
to become the anterior end of the embryo it is evident that according to this
view the chief axis of the egge coineides with the chief axis of the embryo and
i antero-posterior in direction. whereas in aseidians it has heretofore heen claimed
that the ege axis is dorso-ventral in direction and hence perpendicular to the
same axis in Amplioaus.

Such diversity i this most fundamental of all axial relations seems very
improbable considering the many points of resemblance between these groups,
and at least such contlicting vesults should be supported by the hest of evidence
hefore being given general eredence.

Korschelt and Heider in their excellent text book attempt to harmonize these
differences in axial relations between Amphiorus aud the ascidians by regarding
the anterior pole of the ascidian gastrula as the animal pole, but T agree with
Samassa (1894), and Castle (1896), that the animal pole never comes to lie at the
anterior end of the embryo. though unlike them T hold that it does move in that
direction.

In Amphiorus as in the ascidians the anterior limit of the neural plate is
situated some distance behind the most highly arched portion of the gastrula.
and even if the latter be regarded as the antmal pole it wounld still be true of
Amphiovus as of the ascidians that the neural plate does not reach ax far forward
as the animal pole. DBnt there are reasons for thinking that the animal pole liex
ventral to the most highly arched portion of the Amphiorus gastrula. Many mves-
tigators agree that the animal pole liex opposite the blastopore ; Samassa has observed
in a small percentage of eges that the polar body is still attached to the embryo at
a time when the blastopore is growing smaller. and in all such cases he found 1t at
the pole opposite the blastopore (althongh. as he maintains, at the anterior end of
the embryo). But the point opposite the blastopore lies ventral to thie most highly
arched portion of the embryo.  Even if it should be assnmed that both ventral and
dorsal lips grow equally, the animal pole would still be located on the ventral side
of the most highly arched portion. owing to the peculiar shape of the embryo; il
the dorsal lip erows more rapidly than the ventral, which in the light of what
takes place in aseidians and amphibians scems probable, the animal pole must lie
still tarther toward the ventral side.  In any event a considerable space must 1nter-
vene between the anterior Himit of the neural plate and the animal pole.

The work of Garbowski (1898), shows that the longitudinal axis of the larva
of Amphiovus forms an angle of about 70° with the eastrular axis,—a result which,
like that of Matschek and Sobotta, agrees very closely with my observations on
ascidians, and which practically removes the supposed diserepencies in axial rela-
tions between these two classes.
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On the whole it seems to me that there is every reason for beheving that the
relations of the egg axis to the embryonic axis arve essentially the same in Amphi-
ovus and ascidians, that in both the ego axis is postero-dorsal and antero-ventral
in drrection and that rn neither does the neural plute extend more than one-third
of the way from the equator to the animal pole (cf. text figs. XXVII-XXXT1).

It the same axial relations exist in amphiblans as m aseidians, the middle
of the pigmented hemisphere of the frog's egg does not correspond to the cephalic
pole of the embryo but lies ventral to this pole, while the white hemisphere corres-
ponds in the main to the dorsal side.  This 1s approximately the ortentation which
has been maintained by Piiger, Roux. Morgan, Kopsch and H. V. Wilson. Kopsch
(1900), in particnlar, has shown that the anterior margin of the neural plate lies
=ome diztance helow the animal pole. and judging from his figures the axial relations
in the embryoof the frog must be almost identically like those in the ascidian (¢f.

text figs. NXXTII-XXXV).

2. Entrance of Spermatozoon.

Among ascidians the sperm enters the ege near the vegetal pole; it then moves
to the posterior pole where it meets the egg nucleus. and the sperm amphiaster is
tormed at right angles to the copulation path. The outer pigmented layer of pro-
toplasm collects around the sperm nueleus and moves with 1t to the posterior pole
where the mesodermal ereseent 1s formed.

In Amphioxus the sperm also enters near the vegetal pole according to Sobotta
(1897). but whether 1t then moves to the posterior pole and swhether there 12 a
collection of" superficial protoplasm around the sperm nueleus 1= unknown.

In the frog the xperm enters on the posterior side just below the equator and,
according to Roux. the point of entrance determines the posterior pole of the emhryo.
Schultze. on the other hand, thought that the point of entrance lay at the anterior
pole. but since he alzo with Roux holds that the entrance occurs at the pole oppo-
site that at which gastrulation begins. it 1= evident that this difference with regard
to the pole of entrance ix only partof the larger difference between these authors as
to the general orientation ot the embryo. The conditions which are found in the
ascidian cgg closely agree with the orientation of Roux as agaimnst that of Schultze.

In another important respeet Roux’s observations find a parallelin the ascidian
egg; lie observed that after fertihzation the pigment cap of the frog's ege shifts <o
that its margin lies below the equator on the side of the egg where the sperm
enters while at the opposite pole it comes to lie above the equator. T believe that
this movement of the pigment is comparable to the movements of the layer of
vellow protoplasm in the egg of Cynthia.

3. Cleavage.
There are many differences in the cleavage of the egg in these thyee classes
of chordates, but some fundamental characteristics are essentially similar in all of
them. The most important of these is that the cleavage is usually bilaterally
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symmetrical.  The first cleavage always comnadex with the median plane among
ascidians, and every subsequent eleavage 1s perfeetly bilateral. one-half” of the cgg
being the mirrored image of the other.  In the frog’s ege the first eleavage usnally
lies in the plane of symmetry’, and although the subsequent eleavages grow more
and more irregular, bilaterality 1 sometimes strongly expressed even m the later
stages (¢/. M. Schultze. 1863 ; Rauber. 1882).

In Amphiovus. it 1 correctly understand Wilson (1893, p. 600}, the first cleavage
coincides with the median plane.  In the subsequent eleavages, both Wilson and
Samassa (1898) have been unable to find the remarkably regular alternation of
meridional and latitudinal eleavages deseribed by Hatschek.  These eleavages are
extremely variable in form; among them Wilson recognizes three prineipal types,
one radial and two bilateral.  After the 16-cell stage, however, almost all the eggs
become bilateral, whereas in the S-ecll stage three-fourths of them are radial.
Wilson suggests that variations from the bilateral type may oceur among ascidians,
but I agrec with Castle and Samassa that nnder normal conditions this 1s never the
case. In the S-cell, T6-cell and 32-cell stages of the bhilateral types there are many
striking resemblanees to corresponding stages of the aserdian; thix apphes particu-
larly to Wilson’s bilateral type 11 (¢f his figs. 1318, 33, 34, 36, 37-39, 41-43, and
Samassa’s figs. 2, 6.7, 9).  In these fignres the form of the eleavage is so stmilar
and the position of the cells and even the direetion of the spindles within the
cells xo remarkably like what is found in the ascidians that the individual eleavage
cells can be correlated m these two anmimal classes.

Too little is known of the cell-origin of the germ layers m Amphiovus to
determine aceurately how close ix the likeness to ascidians 1 this regard.
Wilson holds that the eight animal cells of the 16-cell stage are purely ectodermal
and that the * seceondary macromeres ” (A% B C%, D7) which surronnd, and were
dertved from, the four basal cells at the vegetal pole are of mixed character,
giving rise to both endoderm and ectoderm. and perhaps alzo mesederm.  He does
not give the evidence upon whieh this conelusion rests. but 1ts similarity to the con-
ditions which exist in the ascidians should not be overlooked.  Here also the
elelit animal eells are purely cctodermal, while the - scecondary macromeres,” and
in fuct, all the cells of the vegetal hemisphere m the 16-cell stage are of mixed
character, the four antertor ones containing endoderm and eetoderm (neural plate
substance). and the four posterior ones, endodern and mesoderm.  Wilson expressly
states that he uses the terms macromere and micromere ** solely for the sake of con-
venmence,” and he concludes that the cleavage is very unlike that of annelids;
Samassa also emphasizes this same conelusion.

We may conelude, then, that there are certain fundamental resemblances he-
tween Amphioxus and ascidians in the matter of cleavage and that the most notable
differences between them are found in the number of cells and the degree of their
differentiation at any given embryogenic stage; in aseidians this number is rela-

" In the newt, Diemyetylus, Jordan (1893) found that the first cleavage is perpendicular to the
median plane.
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tively small and the degree of diflerentiation high as compared with Awpliorus ;
e. .. at the stage when invagination begins in Amphiorvus there ave according to
Wilson about 512 cells, at a corresponding stage in Czona there are 76 cells. 1t
may he presumed that the relative constancy or variability ol cleavage in these
two classes depends npon the two features just contrasted, viz., the number of the
cleavage cells and the degree of their differentiation.

In a general way the same kinds of likenesses and differences exist between
ascidians and amphibians in the matter of cleavage as between the former and
Amphioras.  Among amphibians, however, these differences arve further imcreased
by the presence of a relatively large uantity ol volk.  Whether the cctoderm
comes entirvely from the four upper cells of the 8-cell stage 1 these animals cannot
be aflirmed, but 1t ix evidently derived in chief part from these cells.

4. Plustula and Gastrula.

The form of the blastula and gastrula s mueh influenced by the relative
muount of yvolk in different cases. A large cocloblastula, such as 1s present in
Amphioxus, does not ocenr in the aseidians or amphibians.  In the aserdians this
1= due not merely. nor largely, to the amount of the yolk but rather to the shape of
the cells which are always elongated either at one pole or the other 2o as to nearly
fill the blastocoel : the latter is small at all stages and the embryo and larva very
compact.  In the amphibians the relatively small size of the blastoeocl i due
not only to the quantity of volk, but also to the many-layered character of the
blastula wall.

In all three elasses the ectoderm arizes from the upper hemisphere of the hlas-
tula, the endoderm and mesoderm from the lower hemispheve, but the precise rela-
tion of these germ layers to the thivd cleavage plane 18 not known in the cases of
Amphiovus and the Amphibia.

Most uvestigators affirm that the gastrula invagination in Amphioxus is at
first radially symmetrical, and only in the later stages does 1t become unsymmet-
rical.  Samassa (1898), on the contrary. finds that the gastrola is bilateral from the
beginning and conecludes that this bilaterality is the direct outcome of the bilater-
ality of the cleavage stages, In hoth ascidians and amphibians it 1« hilateral from
the first, the mvagination appearing near the anterior border of the dorsal face and
then extending so us to melude most ol the dorsal area.

9. Closure of Blastopore.

Iu ascidians the closure of the blastopore results largely from the progressive
posterior growth of the anterior (dorsal) lip. while the posteror (ventral) lip
remains relatively fixed in position.  Owing to the peculiar differentiation of the
cells of the blastopore lip they can be individually followed through a Iarge part of
this process: the number of cell rows between the posterior lip and the animal
pole and between the anterior lip and that pole ean also be determined with accu-
racy during the earlier stages of the closure; from both of these facts it ix certaim
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Fres. XX VII-XXXVITT. —Schematic representations of three stages in the gastrulation of an ascidian, of .{mphioxus
and of an amphibian to show their supposed resemblances in (1) Axial Relations, (2) Closure of Blastopore, (3) Origin of
Nenral Plate, (4) of Chorda and (5) of Mesoderm. The position assigned to the polar bodies in Amphiorus and the amphib-
ian is to a eertain extent hypothetieal. 'The head of the arrow marks approximately the anterior limit of the neural
plate; the tail of the arrow, the median mesenchyme cells in the posterior (ventral) lip of the blastopore. The meso-
dermal cells or areas are shaded by entire or broken lines.

Fras, XX VII XXIX —Right halves of bisected gastrulae of Cynthia; the chorda cells are shaded by coarse stipples,
the neural plate cells (n.p.) by fine stipples. The musele cells (m.s.) lie lateral to the mesenchyme eells (m’ch) and hy the
overgrowth of the anterior (dorsal) lip of the blastopure are separated from the mesenchyme cells anteriorly (XXTX).

Fias, XXX X XXIT.—Right halves of bisected gastrulae of Amphiorus (mainly after Hatsebek). Iun the two earlier
stages the existence and position of the mesoderm is hypothetieal, being based npon the conditions found in ascidians.

Fres. XXX111-X XX V.—Right halves of bisected gastrulie of the frog (mainly after Kopseh . The areas shaded by

tippled lines represent the supposed position of the mesoderm, here covered by endoderm and yolk.

Fros, XXX VI-XXXVIIL—Dorsal views of late gastrulw of ascidian (XXXVI), Amphiorus (X XXVII), and frog

XXXWIII The cireles marked 1, 2, 3, { indicate suceessive stages in the closure of the blastopore. The aetnal position
of the mesoderm in the ascidian and its supposed position in Amphiozus and the frog is shown by the vadiating lines
wround the blastopore. The unshaded area ' Ch.) anterior to the blastopore and between the bhalves of the mesoderm rep-
resents the plate of chorda cells.
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that the posterior lip takes only a small part in the elosnre of the blastopore, except
in the final stages of that process.  The posterior border of the hlastopore is tormed
of mesodermal cells dervived from the erescent; these cells are larger and more
rounded than the cells of the anterior border and are easily distinguishable by
their color and texture.  In the closure of the blastopore they are rolled m at
the lateral margins but not at the hinder end, and owing to the large size of
these *myoblasts” the posterior portion of the blastopore i1s reduced to a longi-
tudinal groove.  Finally, this groove is closed by growth from all sides. the pos-
terior lip growing more rapidly than the anterior one in the final stages of the
process.

The earliest trace of the anterior lip appears just posterior to the chorda
cells, the endodermal cells liere becoming depressed (fig. 134) ; at tlns stage the
chorda cells and the neural plate cells which lie just anterior to them are at the
same level. but in the posterior growth of this lip the chorda cells are rolled m so
that they form the mner, as the neural plate cells form the outer, layer of the ante-
rior (dorsal) lip.  None of the neural plate cells and none of the ectodermal cells
are ever wrolled. the ouly cells which suffer this fate being the chorda cells and
the muscle cells (myoblasts).

There has been much controversy as to the part played by the antertor and
the posterior lips in the closure of the blastopore in Amplrorus and the amphib-
lans.  Kowalevsky supposed that the closure in Amphioxus occurred in a radially
symmetrical manner. the entive border ol the blastopore growing equally ; Hatschek
thought that the growth of the anterior (dorsal) lip was the chief factor mn the
closure ; Lwofl, Klaatsch. Samassa, Morgan and IHazen agree in the main with
Kowalevsky.,  MaeBride (1898) finds that in the final stages of elosure the ventral
lip grows more rapidly than the dorsal.

Among the amphibians, observation and experiment show that the over-
erowth of the dorsal lip is greater than that of the ventral, but the relative
amount of erowth of each lip is not certain.  In ecarly stages of closure the dorsal
lip is alone concerned. ax is also the case with ascidians: n later stages growth
takes place from all sides.  According to Pfliiger the dorsal lip sometimes moves
throngh an are of I80° in the case of the trog. according ta Ronx 170°; Morgan
estimates this movement at 120°, Kopsch at 75°. and H. V. Wilson at 72:°. In
the ascidians there is no doubt whatever that the closure is due chietly to the
growth of the dorsal lip, though owing to the changing shape of the embryo it
is difficult to estimate the angular amount of that growth.

In Amphiovus and the ascidians the growth of the dorsal lip oceurs as rapidly
in the middle as at the sides and there is therefore no indication of concres-
cenee of lateral lips. At no stage during the closure of the blastopore in these
animals iz there any indication whatever of such conerescence, either in  the
form of a noteh at the edge of the dorsal lip or of a seamm along the middle of
the neural plate. In Cynthia and Ciona 1 have seen every division of the cells
of this lip up to an advanced stage and these divisions take place as rapidly

11 JOURN. A. N, 8. PIIILA,, VOL. XIIIL
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and uniformly along the mid-line as at the sides.  Practically all mvestigators,
who have studied the embryology of dmplizorus or the ascidians ave in agreement
upon thix point. and if' conerescence occurs among the amphibians, as is claimed
by some investigators, though denied by others, it can only De said that in this
vespeet the amphibians are very ditferent from these other classes.  The evidenee
that the amphibians do form sueh an exception 1= by no meuns conclusive, as Zicgler
(1902) pomts out.

The question whether and to what extent there is an actual inrolling of eclls
from the outer to the inner layer in the elosure of the blastopore is one which has
heen much discussed.  In all three ol these ehordate classes an mrolling of cells at
the margiu of the blastopore has been repeatedly observed. but the relative nnmber,
the origin and the eharacter of such cells ave matters of dispute.  Lwolt (1894)
mamtains that the entive dorsal hip of Amphiorus. mner as well as outer layer. is
formed from ectoderm cells which are mrolled.  All of these mrolled eclls he connts
ax ectoderm and consequently concludes that the chorda and mesoderm are of ceto-
dermal origin. The invagimation of the endoderm is, in his opinion, the real castru-
lation. whereas the turning in of the ectodermal cells is a coenogenetic proeess
which has nothing to do with the formation of the enteron but is eoncerned only
with the formation of chorda and mesoderm.  This conclusion has been eriticised
by Samassa (1898), Klaatseh (I896), Morgan and Hazen (1900). ef a/.. on the
ground that there is no sufficient evidence that the inrolled cells are eetodermal.
With this coneclusion. when extended to the ascidians. [ heartily agree.  Herve
the cells which are inrolled at the anterior border of the blastopore are chorda
cells which are volk laden and resemble endoderm and not ectoderm. The cells
which are 1nrolled at the posterior lateral borders are mesenchyme and musele cells
and i histological structure are very unlike the ectoderm.  While therefore agree-
mg with Lwoft that the chorda and mesoderm cells are inrolled (though from
opposite portions of the blastopore hp in ascidians) | agree with his enties that
these cells, judged by their hincage and histological eharaeter, are ecrtainly not
ectodermal.

6. Neural Plate.

In ascidians the nearal plate material hecomes segregated into six eells at the
d44—cell stage ; four of these cells he n a transverse row at the anterior border of
the dorsal hemisphere, just below the third eleavage pline and two of them lie
just above this plane and therefore i the ventral hemisphere.  The four dorsal
cells lie just anterior to the four chorda cells from whieh they were separated at the
sixth cleavage.  Both-the dorsal and ventral eclls divide transversely, the former
giving rise to an arc of cight cells the latter to one of four cells, and to these a
single additional cell is added on each side making an are of six neoral plate cells
in the ventral hemisphere,  In subsequent divisions the neural plate increases muach
in lencth and its anterior portion also incereases in breadth, but 1t 12 never more than
cight cells wide in its posterior part.  Soon after gastrulation begins the neural
cells overgrow the chorda cells and thereafter cover the dorsal hp to its posterior
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margin.  During all this time the anterior margin ol the plate reaches only about
one-third of the way from the equator to the animal pole. The postertor margin of
the plate reaches nearly to the hinder end of the embryo. and when the blastopore
closes a pair of V-shaped tolds runs forward from the region of the blastopore
inclosing the neural plate between them.  These neural folds then fuse from behind
torwards thus converting the plate into a tube.  Dorsal to the notochord the neural
tube becomes sohd : m the region in front of the notochord it retains its lumen.
There i1s no nerve ring around the blastopore and probably none of the ecto-
derm cells around the posterior margin of the blastopore are added to the neural
plate.

In Amphioxus and amphibians the neural plate is first recognizable about the
the time of the closure of the blastopore.  Asin axcidians it arises in the outerlayver
of the dorsal lip and extends hack as far as the blastopore, hut whether itx cells
arise In close connection with the chorda and from both dorsal and ventral hemi-
spheres as in the ascidians 15 unknown; furthermore, the distance of the anterior
edge of the plate trom the animal pole ix unknown. The work of Kopseli (1900)
indicates that 1 the frog the anterior marvgin of the plate is situated less than
half the distance from the equator to the animal pole, and H. V. Wilson (1900) n
particular has shown that the anterior part of the neural plate 12 formed from the
black hemisphere. the posterior part from the white hemisphere.—a result which
agrees precisely with my observations on ascidians.  As 1s well known the method
of closure of the neural tube in Amphiovus is peculiar. while the solid character
of the hinder part of the tube is peculiar to the ascidians, but with these exceptions
the later history of the nearal plate and tube 1z essentially similar in all three
classes.

i. Chorda.

In aseidians the substance of the chorda ix segregated into a single trans-
verse row of cells just posterior to the neural cells at the 44—cell stage, before
there 1s a trace of gastrulation. These chorda cells are generally clearer and
contain rather less yolk than the endoderm cells which lie immediately posterior to
them.  These four chorda cellsdivide transversely forming an are of eight eells and
soon thereafter a depression of the endoderm ocenrs posterior to this are. whieh is
the beginning of the gustrulation.  These chorda cells are flanked on each side by
the most anterior cells of the mesenchyme ave. the two arcs together forming the
chorda-mesenchyme ring of Castle.  The eight chorda cells then divide antero-
posteriorly forming two rows of eight cells each.  This plate of cells by shoving,
by interdigitation and perhaps to a limited extent by folding, decreases in width and
hncreases in length. the cells finally, in a late larval stage, becoming arranged i a
single linear series.  When they first arise the chorda eells are superfictal m posi-
tiou, but in the overgrowth of the dorsal Tip they are inrolled so ax to he in the
roof of the gastrocoel.  The posterior growth of the dorsal lip carries the entire
chorda into the hinder half of the embryo, and it afterwards extends to the tip of
the developing tail.
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In Amphioxrus the earliest stage at whieh the ehorda has heen positively iden-
tifiecd 1x one when the blastopore is small aud the embryo elongated.  Aeccording to
Hatschek it consists at this stage of a plate, about six cells wide, in the root of the
archenteron and extending along the mid-line of the dorsal lip throughout its entire
length.  This plate i narrower and longer than 1t s in the ascidians, but is other-
wixe mueh the same in appearance,  The later history of the chorda is essentially
the same i both forms. With regard to the origin of the chorda cells
Amphioxus, Morgan and Hazen (1900) have shown that the cells which are inrolled
in the formation of the dorsal lip and some of which must take part in the forma-
ation of the chorda, are clear and contain less yolk than the endoderm cells.
Whether these cells form at this stuge a plate which s wider from side to side
than it 1s long, as is true of the ascidian, is not known. Lwott (1894) has also
recognized the fact that the chorda cells are rolled in at the margin of the dorsal lip,
and for that reason he regards them as of ectodermal origin.

In clmphioxus and in some amphibians the definitive roof of the enteron arvises
from ecells which he along each side of the chorda plate, and whieh finally grow
under that structure and thus separate it from the gastrie cavity ; in the ascidians the
chorda lies ultimately in the posterior part of the body where the gastrie cavity is
almost entirely lacking and there is no growth of endoderm eells under it to form the
roof of the enteron. In most amphibians the chorda does not form a broad plate of
cells, but 1s a narrow rod closely united ventrally with the endoderm. which forms
the root of the enteron, and connected laterally with the mesoderm. In these
three groups of chordates the chorda plate 1s widest in ascidians and narrowest
in amphibians.  In all three 1t lies in the dorsal lip and 15 conncected laterally
with mesoderm (text fige. NNXVI—XXNXVIII). The later lustory of the chorda
is essentially the same in all three classes.

The question whether the chorda is of endodermal or of mesodermal origin s,
as has been frequently said, one of definition of temns.  Castle coneludes that it 1s
mesodermal because in . Amplhioruas and lower vertebrates it *is derived from a
common fundament with what is universally regarded as mesoderm™ and also
because it = comes to ocenpy a position between the inner and onter layers of the
embryvo.”  On the other hand, the histological struecture of the chorda cells 1
Cynthia and Crona 1= much more like endoderm than mesoderm, and they are
unquestionably derived from cells of the gastric endoderm at the 32-cell stage (lig.
117, 193). 1 believe that special importance should attach to the structure ol the
cells which torm the chorda. and it this he accepted as a guide the chorda. at least
among ascidians, should be recarded as endodermal.

S, Origin of Mesoderm.

The exact place and manner of origin of the mesoderm of ascidians can be
recognized with the greatest ecertainty in the gastrula, cleavage stages and even in
the mnseomented eege, The ereseent, from which most if not all of the mesoderm
arvtzes, les just below the equator of the nnsegmented ege, and on the posterior
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side. its arms extending forward to the second cleavage plane. It occupies this
position throughout the whole of the eleavage, its substance becoming localized i
a number of large rounded cells.  In the gastrulation these cells arve mrolled along
the lateral-posterior horders of the blastopore, thux reducing the posterior portion
of the blastopore to a groove and rendering the whole blastopore pear-haped. No
such appearance is found v Awplioxus or amphibians where the blastopore retains
its circular form until a late stage: this may be interpreted as due to the fact that
in these animals the mesoderm 1s not so largely developed at an early stage. but
it furnishes no satisfactory reason for supposing that the mesoderm 1s not formed
in corresponding positions in all three classes.  We know that the neural plate and
the notochord come from similar vegtons in all three. and it is most unlikely that
the mesoderm arvises from wholly different regions.

Hatschek's account of the origin of the mesoderm of Awplizovus shows some
tmportant resemblances to what oceurs among ascidians.  He found that ronning
back on each side from the first appearing primitive segments was a mesodermal
fold which led to a pair of pole cells in the ventral (posterior) lip of the blastopore.
All recent investicators have denied the existence of these pole cells, and there
can be little doubt that lHatsehek was mistaken with regard to them. Xven in the
ascidian there arve, strictly speaking, no pole eells in this region, nor anywhere
else in the embryo.  The cells which in the aseidian oceupy the position assigned
by Hatschek to the pole cells are the posterior mesenchyme cells. These eells form
the middle of the crescent, and from them a band of mesoderm cells runs forward
on each side. hut these bands were not formed by the teloblastic growth of the pos-
terior cclls; on the contrary. their substance wax localized in the crescent before
cleavage beean.  However the non-existence of the pole cells of Awuphiovus does
not destroy beliet in Hatseliek’s account of the mesodermal folds which run back-
ward from the primitive segments to the blastopore.  Several investigators have
recoznized such folds or bandx. and their existence ean searcely be doubted. These
bands have been seen only in older gastrulee. and they here occupy a position
which corresponds very closely with the mesenchyme bands in the asetdian gas-
trula.  The separation of the musele band from the mesenchyme band in the older
castrnlae of the ascidian (2. p. 69) is evidently a cocnogenctic plhienomenon. since
nothing of this sort is known to occur elsewhere. If the mesodermal bands of
Amphiorus are present in earlier stages thau those in which they have been repre-
sented by Hatsehek, and if they occupy the same relative position as in the asci-
dian they would surround the posterior border of the blastopore, and only by over-
erowth of the dorsal lip and the narrowing of the whole Dlastopore would they
come to lie alongside of the notochord.  That mesodermal cells are present in the
posterior lip of the gastrula of Amphiovus at an carly stage is made probable Dy
the observations of Lwoft, Klaatseh, Morgan and Hazen. Lwoll has found that
the longitudinal musculature of Amphiorvus arises along the hinder lateral parts of
the blastopore. where it comes from cetodermal cells, as he thinks, which are in-
rolled.  Klaatsch agrees with this and compares the * pole eell bands” of ascidians
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with these mesodermal folds of Amphiorus. Te has observed that in both asei-
dians and Amplhioxus these cells are more ronnded than other cells of the gastrula.
Like Klaatsch. Morgan and IMazen find that around and within the ventral lip of
the blastopore, during the early gastrula stages, there are frequently found small
rounded cells which contain lIittle yolk.  They aflirm that the form of these cells
15 not the result of eell division, as Samassa had assumed, but that they preserve
their rounded form even in the resting stage.

Samassa (1898). however. says that i Amplizorus the origin of the mesoderm
lias no relation to the blastopore. The fact that the mesoderm has it growth
zone at the caudal end of the embryo. in the vicinity of the blastopore, is. he says,
a condition whieh it shares in common with all other organs of the embryo. In
the face of the positive evidence adduced by Lwotl, Klaatsch. Morgan and Hazen
this negative conclusion of Samassa’s seem to me to Tose much of 1ty weight.

It seems probable from these accounts that mesoderm cells are present in
the ventral lip ol the ecarly castrula of Awphiorus just as in the wsadians. and
that they give rse to the longitudinal mesodermal folds of later stages; it remains
to be seen whether these mesoderm cells may not be traced back to a still earlier
stage, comparable with the crescent i the ascidian egg (¢f. text fige. NXVII-
XXXII).

The origin of the mesoderm in amphibians 1s a much more diflicult and com-
plicated question and one mto which T cannot enter fully here. 1t is generally
believed, however, that in the frog’s ege the ecells which are to form the mesoderm
are present when the dorsal lip first appears. and even prior to that time. They
are the deeper layer of cells of the blastoporiec ring and, therefore, surround the
ege below the equator. Whether at their first appearance they surround the entire
blastopore 1s not plain, but in later stages this is said to be the case.  According to
this view the notochord is a mesodermal structure differentiated out of the con-
tinnons ring of mesoderm surrounding the blastopore.  There is here resemblance
to the chorda-mesenchyme ring which is present in the aseidians and probably also
W Amphioras, but m the amphibians this ring appears to give risc at once to a
sheet of mesoderm and not to mesodemal bands such as are found v Amplhiorus
and ascidians (text figs. NXNXIT-XNXXVIII).

On the whole 1t 1x probable that there 1s fumdamental agrecment between
Amphiorus and ascidians in the place and manner of mesoderm formation, and
thongh the amphibians differ in some 1mportant respects from the other two classes
it 1s possible to interpret their method of mesoderm formation in the same general
terms.

Referring to Rabl's (1892) ¢ Theorie des Mesoderms,” Samassa (1898), and
Garbowski (1898) mamtain that there is no ** peristomal” mesoderm i Amphioxus,
but that all the mesoderm 1s < castral.” 1 the view lLere taken is correet. all the
mesoderm of this animal s at first peristoinal while the gastral mesoderm is later
derved from thix. Thisis exaetly the eonclusion which has been reached by Davidofl
(I801). and Castle (1896), with regard to the ascidian, a conelusion whiech 1 can
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fully confirm from my own work. Furthermore, it is not improbable that the same
thing is true of the amphibians. This is in confirmation of’ Rabl's view that the
peristonmal mesoderm is palingenetie. the gastral coenogenctie, and the suggestion
1s ratsed that in all these eases the gastral mesoderm is dervived from the pertstomal
through the manner of overgrowth of the dorsal lip of the blastopore (text figs.
NXXXVI-XXXVII11).

Although 1 have made no special study of the subject, and cannot thercfore
speak with assimrance, 1 have seen no evidenee in favor of Van Beneden and Julin’s
view that enterocoels arve present in ascidians as in _Ampliiovus: in this respect |
am in accord with the more recent stndents of aseidian development (Davidoft,
Castle).

From these compartsons 1 think it may be safely concluded that there arve
many fundamental resemblances in the early development of Tunicata, Anplhiiovus
and Amplnbia, and that in consequence of the carly differentiation of the aseidian
ece and embryo and hecause of the known cell-lineage of some of its important
organs the development of these animals throws light upon the embryology of other
chordate classes.

VII. THE ORGANIZATION OF THE EGG.!

It is mtevesting to observe how reeent studies of development have led to the
recognition ot morphogenetie differentiations at carlier and earlier stages in the
ontogeny : a dozen years ago the germ layers weve the earliest differentiations of
this sort which were generally recognized. It wasin the attempt to determine the
cellular orizin of the germ layers that it became evident that the cleavage cells
themselves were of morphogenetie value. Some of the differentiations of the
cleavage cells could he traced back to the very first eleavage or even to the
unseginented ege: thus the study of eell-lineage led logically and unavoidably to
the conclusion that the eleavage cells and even the unsegmented egg miust he organ-
1zed with reference to the parts and axes of the future animal.

For onr present pnrposes the organization of the germ eells has reference only to
such differentiations ax are of direct value n the building of the embryo. in other
words, such as are morphogenetie, and 1t may be held to melnde phenomena of
polarity. symmetry and localization : it obviously includes other things alzo, such as
regeneration and reculation, whieh are not, however. objects of nvestigation 1 this
work.

A. Porarity.

Fifty years ago Remak showed that the piemented hemisphere of the frog’s
eue eave rise to the cells ot Von Baer's ~ammal germ-layer,” while the white
hemisphere gave rise to the **vegetative germ-layer.” The middle of the ecto-
dermal hemisphere hasever sinee heen known as the anmimal pole, the middle of the
endodermal hemisphere as the vegetative (vegetal) pole. 1t iz a remarkable faet

A more complete discussion of this =ubject, especially that portion of it which relates to ex-

perimental work, is reserved for a snbsequent paper, only such matters being treated here as are the
outgrowth of the observations recorded in the preceding pages.



38 ORGANIZATION AND CELL-LINEAGE OF ASCIDIAN EGG.

that with a few possible exeeptions. whielt are by no means well estahlished, the
polar bodies are tormed at the animal pole of the ege in all cases.  This is a fact of
the most general occurrence and of the ghest significance ; it indicates that before
or during the maturation of the egg there ocenrs a polar difterentiation or localiza-
tion of the ege substance of such a kind that in all cases the future ectoderm 1s
formed at the matnration pole and the endoderm at the opposite pole.

The apparent exceptions to this rule are tew i nmmber and may be examined
i some detail; they are limted to the eggs of certam nsects, Petromyzon.,
copepods. Ascarss. echinoderms and ascidians.  The only reason tor supposing. as
Korschelt and Heider (1903, pp. 545, 546) do, that the polar bodies are not formed
at the animal pole 1 insects and wm Pefromyzon is that they here lie to one side of
the pointed end of the egg; there is no proof that they do not he at the mddle
of the ectodermal area.  Hicker (I1899) says that in the larger species of Cyelops
“mneither the place of formation of the polar bodies, the place of entrance of the
sperm nor the position of the first cleavage spindle are pretormed in the egg, but
are sccondarily determined by the position of the ege n the ege sack” (pp.
193, 194). However, this ege is one which 1s not caxy to orient, and it hias by no
means been proven that the polar bodies do not form i this case at the nuddle of
the cetodermal area.  Even ift the justice of all of 1icker's statements he admitted
it has not been shown that the eleavage spindle may not rotate so as to cause the
first and seeond cleavage furrows to pass throngh the matoration pole, as is nsnally
the case.  Such a rotation of the first eleavage spindle takes place in nematodes,
and a somewhat similar rotation of the entive egg, atter the formation of the first
cleavage spindle, has been deseribed hy Bigelow (1902) in the case of Lepas, where
it had previously been held that the first eleavage was equatorial.  Hacker's obser-
-ations do not show that the ehief axis of the ege 1s not predetermined. and they
certainly do not prove that the maturation pole and the ectodermal pole do not
coincide.

In Ascaris megalocephala, Bovert (1887) observed that the second polar body
is nsually formed at some distance from the first - whether thirongh wandering in
the protoplasm or t]l;'()ng‘ll a turning of the entire ege 1 eould not determine™ (p.
32).  Hix ficures (1888, pl. IV) show that the first cleavage furrow frequently
passes through the pomt of attachment of the second polar body.  The stody of
the cell lineage of Ascards has shown that most of the ectoderm is segregated 1n
one of the first two cleavage cells (the » primary ectoderm cell ™ of Zur Strassen.
1596).  Thix would scem to indicate that in this animal the polar bodies-do not lie
at the middle of the ectodermal pole; however the relations of the maturation
pole to the octodermal pole and to the first cleavage are not clear in this case, and
it may not be impossible that Ascarzs may yet be found to conform to the general
rule.

As for the echinoderms, Wilson (1895) supposed from indirect evidence that
the matwration pole and the future animal pole did not unsually coineide in
Tovopneustes, and further that the chief axis of the ege was established only after
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fertilization,  However. the evidence in favor of this iz not conelusive as Wilson
admits.  On the other hand, Bovert (1901) has shown in the most eonvineing man-
ner that m Strongyvlocentrotus the polarity of the egg may he traced hack to the
ovoevte, and that this polarity determines the gastrular axis. It s thevefore,
possible that in all echinoderms the polarity of the ege is predetermined i the
ovary. and not after the maturation and fertilization, and that in all eases the
niaturation and ectodermal poles coimeide!

The most remarkable and apparently well established of these exeeptions to
the rale that the polar hodiex are formed at the animal pole ix that of the ascidians
studied Dy Castle (1894, 15896). where the polar bodies were said to he forined at
the vegetal or endodermal pole of the ege.  [Towever, this conclusion rests upon
erroneous orientation. as I have shown in the preceding pages: i aserdians as
other animals the polar bodies are formed at the ectodermal pole.  There are. there-
fore. no well established exeeptions to this general Taw ?

In many cases 1t 18 known that the polar differentiation of the ege may he
recognmzed while the ege is still in the ovary. Reference has just heen made to
the condition in Strongylocentrotus m which the pole of attachment to the ovarian
wall becomes the maturation pole of’ the ege and the ectodermal pole of the larva.
Bovert savs that m all known cases the pole toward which the germinal vestele s
cecentrie becomes the amimal pole. In (7o, Tillie (1900) hax demonstrated that it is
the free pole of the ege which hecomes the maturation and ectadermal pole, while the
pole of attachment hecomes the vegetal pole. In a number ol gasteropods (Limncaa.
Succtnea, Polvgyra. Limax. Physa. Planorbis, Ancylus) 1 have found that there
is a marked polar differentiation of the ege in the ovary. the germinal vesiele being
cccentrie toward the free pole of the ovoeyte. 1 have elsewhere (1903) shown
reaxon for believing that in dextral snails the polar bodies are formed at the free
pole and in sinistral snails at the attached pole of the ovoevte.  In his work on
Cerebratulus, Wilson (1903), fonnd that the polar bodies were formed at the free
pole of the ovocyte, and again in his vecent paper on Dentaliuim (1904), he finds
the side of attachment in the ovary represents the lower or vegetal hemisphere.
We find then that the chiet axis of the ege i very generally present 1 the ovoeyte.
and that the free side usually gives rise to the maturation and cetodermal pole,
while the attached side beeomes the vegetal pole: hut in echinoderms and probably
alzo in xinistral gasteropods these conditions ave rveversed. the side of attachment
beeoming the ectodermal pole.

In the gasteropods named above, 1 found it possible to recognize thix polarity
of the ovoevte at a very early stage : n general it coineides with the - orgame
axtz" (Van Beneden), or the © cell axis” (Heidenhain) 2. e.. the axis passing througlh
the centrosome or sphere, and the center of the nuelens. This cell axix is a general

! However, Garbowski (1904) atlirms that in .lsteries glaciclis the polarity of the ege is not

determtined even in the S-cell and 16-cell stages, and that the blastomeres are equipotential up to the

500-cell stage!

Wheeler (11897, p. 41-46 has discuszed in an admirable manner the apparent exceptions 1o
this law of polar ditferentiation and concludes that these exceptions are by no means well established.
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characteristic of many. if not of all cells. and ax it is present in all the cells of
the cleaving egg, where it is preserved from one cell generation to another (z.
Conklin. 1902), it may be considered to be a diflerentiation which is continuons
from generation to generation. But while the cell axis determines the egg axis
and this the gastrular axis. it is not necessary to suppose that in the carly
ovarian history of the egg one pole is composed of ectodermal substance and the
other of endodermal.  On the contrary, this is prohably not the case. My obser-
vations on the living eges of aseidians and snails leads to the view that it 1s not
the extrusion of the polar bodies at one pole which causes that pole to become
the ectodermal one, hut rather that i7 /s the movement of the germinal vesicle with
its contained clear protoplasm to one pole, and the spreading of this protoplasm
at this pole. which is the determining factor. In short it is the localization of
ectodermal substance at the maturation pole which caunses that pole to give rise
to ectoderm. 1 shall return to this snbject in the section on localization.

Whether other axes of the egg are predetermined before eleavage is in most
instances unknown. In a few cases all the axes of the future animal are marked
ont before fertilization; for example, among insects and cephalopods, as is well
known, it is possible to identify anterior and posterior. right and left, dorsal and
ventral axes of the egg while it is yet in the ovary. In most cases. however, the
only axiz which ix recognizable before fertilization is the chief axis of the cgg.
This is troe of the ascidians. but here there ave certain evidences. which will be
presented in the next seetion, that the other axes are already established, though
not directly recognizable until after fertilization.

B. SysyeTRy.

Van Beneden and Neyt (ISS7) sugeested that bilateral symmetry may be
characteristic of all cells of bilateral animals, and Lillie (1901) has expressed a
similar view regarding the eggs of such animals. This hypothesis. if true, would
materially simplify the problem of the carliest differentiations and localizations of
the egg, hut it is supported by little direct evidence; in fact, it is surprising that in
most bilateral animals bilaterality appears so late in development. In most annclids
and mollusks the ege and early cleavage stages are to all appearances radially symme-
trical, and in many cases bilateral syminetry first appears with the formation of
the mesentoblast cell, 4d.  In echinoderms hilaterality is said to appear first in the
castrula stage s in Amphiovus during cleavage ; in aseidians it appears immediately
after fertilization and before the first cleavage; while in cephalopod and imsect
egex it appears during the erowth of the ovoeyte in the ovary. Wilson has
repeatedly expressed the view that characteristic differentintions, such as bi-
lateral symmetry. arixe at different periods of development in diflerent cases. and 1t
cannot be denied that the ocular evidenee ix in favor of this view. On the other
hand. there are certain considerations which lead to the conclusion that hilateral
oreanization may be present in the developing ege or embryo long before it is direetly
visible,  For example, in NVerztina there are two groups of granules in the proto-
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plasm of the unsegmented cgg, one on cach side of the polar bodies.  Blochmann
(ISS2) observed that these grannles were ultimately loealized during cleavage
in the vight and left ** Urvelarzellen.”  They therefore mark out a bilateral organ-
ization of’ the unsegmented ege, although the eleavage up to the time of the forma-
tion of the = Urvelarzellen™ is typically spiral and radially symmetrical.  In other
gasteropod eges, where these granules arve lacking. not a trace ol bilateral organiza-

<

tion is visible hetore the formation of the mesentoblast cell: vet it can scarcely he
supposed that the egas of these gasteropods arve so unlike those ol Neritina as to he
actually radially symmetrical as they appear to be.  Rather it seems probable that
the hilateral organization which appears in this one respect in the Neritina egg is
characteristic of other gusteropod eggs also. though it does not usually become
apparent until a later stage.

Crampton (1894) discovered that the cleayage of the egg in sinistral snails is
reversed as compared with that of dextral forms. I have shown elsewhere (1903)
that the inverse symmetry of sinistral snails is traceable to the inverse organization
of the unsegmented ‘ege.  OF this fact there can he no doubt. though it is not vet
certain how this inverse organization may have been produced. But an inverse
organization of the egg. such as would produce inverse symmetry of the embryo
and adult. implies of necessity a bilateral organization to begin with; it must be.
therefore, that the eggs of these gasteropods are bilateral. though this fact is not
directly evident,

In the aseidian ege the lirst appearanee of bilaterality which T have heen able
to deteet occurs soon after fertilization when the sperm nucleus moves toward one
side of the egg which later becomes the posterior pole.  One might. therefore. he
inclined to consider that in this case the egg before fertilization was radially xymme-
trical, and that the chance movement of the sperm into one meridian determined
the median plane of the embryvo. were it not for the fact that all the movements of
the sperm within the egg seem to be directed by the organization of the cytoplasm.
The sperm always enters the egg near the vegetal pole, but the fact that the point
of entrance is nearer that pole in some mstances than in others shows that that
point 1s not a fixed and constant one.  After the sperm has penetrated the peri-
pheral layer of protoplasm. and has turned so that its centrosome 1s directed for-
ward 1n its movement through the egg it moves up to the equator of the egg in a
path nearly parallel with the surface.  Arrived at the equator, the upward move-
ment ceases and the sperm nuclens and centrosome. after meeting the ege nuclens,
turn in toward the ecenter of the egg. These movements are of such a con-
stant character that they cannot be the result of chance: they must be directed
and probably by the extoplasin of the ege. Furthermore. it secems probable from the
evidence of such cases as figures 81 and 85 that the sperm nucleus does not
always take the shortest path to the equalor as it should do if the egg were
radially symmetrical and the median plane were really determined by the path
of the spermatozoon. On the other hand, it sometimes apparently tukes the longest
path as iof it must needs move in a cevtain meridian.  This scems o indicate that
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the median plane of the embryo is nol deterniined by the chance palh of the
spermalozoon within the egg, but rather that both the median plane and lhe
patlh of the spermatosoon are delermined by the structuve of lhe cytloplasm.

Finally, in eases of normal or artifieial parthenogenesis the median plane
cannot be determined by the path of the spermatozoon. In eggs ol this kind
the establishment of bilateral svinmetry must be held to be due to the structure
of the ege itself or to environment. and whichever of these views may be aceepted
it follows that the path ol the spermatozoon cannot be regarded as a general tactor
i determining the median plane ot the embryo.

These and other similar considerations lead to the view that bilateral orgam-
zation is frequently present in the egg before it hecomes visibly manifest. and
they lTend support to the hypothesis of Drieseh (1896) that the eges of all bilateral
animwals are hilaterally organized, there being a = polar bilateral direction of par-
ticles™ in the “intimate structure of the ege”  Jf this be true, the eggs, the cleac-
age stages and the blastule of annelids and mollusks. of echinoderms and Amphi-
oxus are as truly bilateral as they are tn the ascidians, thotgh this bilaterality
may be masked by a radial form of cleavage and by an apparently radral organi-
zation of the egg.

[ cannot pass over thix subject withont referring to the extensive work of
Roux (1883, 1885, 1887, 1902, 1903) on the determination of the median plane in
the frog's ege. This work is too widely known to require more than passing
notice. By meang of * loealized [ertilization,” 7. e, the application of’ spermatozoa
to any meridian of the egg, Roux has determined that the first cleavage plane
passex through the entranee point of the spermatozoon and that the median plane
of the embryo usnally coincides with the first cleavage plane.  He therefore eon-
siders that the median plane i in typical conditions, determined by the path of the
spermatozoon.  Moskowski (1902), on the other hand. holds that the first cleavage
plane and the median plane of the embryo are determined by definite movements
of the ege substance and not by the path of the spermatozoon. Castle (1896)
believed that the plane ol the first cleavage and the median plane of the embryo
were determined, in the aseidians studied by him, by the place ol entrance of the
spernatozoon. the point ol entrance marking the posterior pole; hut since the point
ol entrance ix near the vegetal pole, while the posterior pole lies near the equator,
it iz evident that the point of entrance cannot mark that pole. It is true that the
protoplasm which gathers around the head of the sperm as soon as it enters the egg
moves with the sperm to the posterior pole and there remains permanently, but the
location of this protoplasni at thix pole is evidently due to something other than the
point of entrance of the spermatozoon.  There is no question whatever that, in the
ascidians. the path of the sperm within the egg coincides with the plane of the
first cleavage and with the median plane of the embryo, hut there 1s evidence. ax
I hiave shown, that thix path is itself determined by the stracture of the ege.
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C. CyrorrasMic LOCALIZATION,
1. Localization in Cleavage Stages.

That there is a specifieation and loealization of those portions of the proto-
plasm of the ege whieh are destined in development to give rise to definite organs
has been repeatedly aflivmed and denied sinee His first propounded the doctrine of
cerm regions” in 1874, At first this doctrine took the form of a

<

*organ forming
mental projection of the carly embryonie organs haek npon the unsegmented ege.
Later the study of cell-lineage showed that definite organs of the larva or adult
arose from defimite blastomeres. whieh in tirn came from definite portions of the
unsegmented ege. But although it was thus possible to map out the cleavage cells
and the unsegmented egg into regions corresponding to eertain organs of the embryo.
it was not usually possible to show that these regions were visibly diflferent from one
another.  Nevertheless the faet that certain blastomeres eonstantly cave rise to
certain parts, and that other blastomeres developed very diflerently and gave rise
to other parts. led students of eell-lineage generally to the view that there must he
some  protoplasmie diflerenee between such blastomeres. though 1t might not be
directly visible.

On the other hand were those who maintaied that the protoplasm of the early
cleavage stages was undifferentiated and that speeifications which determined the
fate of these cells arose only at a later period and under the mtluence of environ-
mental or extrinsic conditions. such as mutual interaction between the eells. position
in the developing embryvo, ¢fc.  Sueh views were mamtained on the ground of
experimental work. especially that of Driesch, Hertwig. Morgan. Wilson and others.
but 1t should not be toreotten that the experimental work of Roux furmished
mmportant evidence in favor of the mdependent ditferentiation, = Selbstdifferenzi-
rang’. of different Dlastomeres.

Thus while the study of cell-lineage showed conclusively that eertain eclls
were destined in the course of normal development to give rise to ecertain organs
and that the mdividual blastomeres were nmore or less differentiated from one another.
the results of experimental work showed that in many animals individual eleavage
eells were eapable of giving rise to an entive embryvo, and 1t was. therefore, aflivmed
by some investigators that these cells conld not be differentiated for any particular
end. Inasmueh as these faets of cell-lmeage and of expernmental embryology were
well extablished. it was only possible to harmonize these discordant results by some
form of interpretation. This was nndertaken from two different standpoints: (1)
It was affirmed that the carly cleavage cells were not really diflerentiated for any
specific end and that eaell might develop into any part of the embryo: if in any
case certain parts or organs came {rom certain blastoneres 1t was due merely to the
= continuity of development™ (Hertwig, O., 1892).

(2)  On the other hand, it was suggeested that these diseordant results as to
the diflerentiation of the early ¢leavage cells might be explained by the fact that
the eges of diflerent animals might difter in the time at which diflerentiations
arise. I the eges of eehinoderms. Ampliovus, fishes and frogs. which had been
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chiefly employed in experimental work, the eleavage was not known to be constant
and differential in character: whereas in all forms the cell-lincage of whieh was
known. the cleavage was both constant and differential. 1 therefore suggested
(15097) that for the present it would be advisable to recognize two types of eleavage,
a determinate type in which the blastomeres ave diflerentiated from one another
and are constant in their manner of origin and development. and an indeterminate
type.in which such difterentiation and constaney are not known to oceur. At the
same time [ was careful to state that this indeterminateness might he only apparent
and not real, and = that the denial of a definite prospective value to each blasto-
mere might rest upon the curious basis that no one had followed a single blasto-
mere throngh the development™ (1897, p. 191).  In favor of sueh a distinetion was
the experimental work which had heen done on the eges of etenophores and gaster-
opods: the cleavage in these animals is known to be determinate. and 1t was found
that from a part of an egg only a part of an embryo would develop.  Tn all cases
constant and ditlerential features appear sooner or later in the course of develop-
ment, but if in some cases they appear late in the cleavage while in others they
appear early this wonld explain the fact that in some species a whole embryo may
he produced from one of the first two or first four blastomeres. whereas in other
eases only a partial embryo results. Wilson m particular has defended the view
that specifications arise at diflerent times in different eggs, and that these differ-
ences 10 the time of speeification may explain the diflerent poteneies of blastomeres
or portions of the egg. ‘

While it is entirely possible that differentiations may appear in some cases
earlier than in others, experiments on the development of parts of eggs are no
satisfactory test of the presenee or absence of such differentiations as the eges of
echinoderms and ascidians well show.  The cchinoderms were snpposed to pres-
ent one of the best examples of an indeterminate form of eleavage; fragments of
the ege or isolated blastomeres here give rise to entire embryos. and it was conelud-
ed that differentiations must appear in these cges relatively late in development.
But Bovert (1901) has shown that in Strongylocentrotus, and presumably in other
echinoderms also.! a vemarkable stratification of the egg. corresponding to the pri-
mary orzans of the larva, appears at the time of the maturation of ihe egg. These
observations have tanght us more with regard to the actual differentiations of this
coa. as contrasted with the potencies of its parts, than all the experiments which
have ever been made.  Again, the ascidian egge has one of the most determinate
and morphogenetie forms of cleavagze known and the diflerentiations of the varions
parts of the unsegmented ege are very great. and vet the experiments of’ Driesch
(1895, 1903) and Crampton (1897) have shown that entire embryos may be pro-
duced from isolated blastomeres of’ this ege; such experiments apparently demon-
strate the totipotence of the tirst four blastomeres of the ascidian egg,” but all the

=0
'See foot-note, p. 8.
Sinece this paper was written I have earefully studied the poteney of individual blastomeres of
the ascidian egg by the experimental method. My results, which will be puablizhed elsewhere, show
that nothing resembing a normal embryo or larva is ever produced from any fragment of an ege which
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experiments i the world could not have shown as satisfactorily as direct observation
has done the remarkable cytoplasmic differentiations and localizations of’ this egg.

It seems. therefore, that this apparent confliet between the vesults of obscrva-
tion and of experiment on the early development of the egg, between the prospec-
tive tendency and the prospective poteney of its varions parts, can be harmonized
neither by the elaim that differentiations do not exist in the carly stages of devel-
opment nor by the assnmption that differentiations appear earlier in some cases
than in others. .

(3) It seems rather that the true explanation of this diserepaney is the one
originally sngeested hy Roux (1892, 1895), zzz.. that there is a difference in the
regenerative or regulative eapacity of ditlerent ova and that in the experimental
studies referred to we are dealing with sndirect development or regeneration, as con-
trasted with direct or normal development. Just as some adult forms show little
capuacity for regeneration or regulation while others of equally eomplex differentia-
tion show this power in a high degree. so it seems that the capaeity for regulation
shown by eges is more or less independent of the degree of their differentiation.
To all appearances the aseidian ege is more highly ditferentiated than those of mol-
lusks or ctenophores, and vet the former has a much higher regulative eapaceity
than the latter.  Jf this view of the relative tndependence of differentiation and
regulation be correct the conflict between the resulls of cell-lineage and of exper-
mental embryology disappears, for the prospective tendency or the actual differentia-
tion of a blastomere and its prospective potency deal with two distinct things.

2. Localization before Cleavage.

The phenomena of germinal loealization have heretofore been studied for the
most part dnring the cleavage and subsequent periods of development : only within
the last few yvears has this study been extended to the egg before cleavage. Never-
theless the brilliant researches of Driesch, Lillie. Boveri, Fisehel, Wilson and Carazzi
in this field have already vielded most important results. and are {ull of promise for
future work. In some ecases this localhization of different kinds of protoplasm or of
organ-forming substances has heen directly observed. in other ecases it has been
inferred from the results of experiment. but in many instanees hoth observation and
experiment lead to the conelusion that the morphogenetic processes begin before
cleavage. The work of Lillic on Unzo (1901) and Chetopteras (1902), and especially
experiments of Fischel (1897, 1898, 1903) on the etenophore ege, and of Wilson
(1903). and Yatsn (1904) on the nemertine egg have shown that definite regions
of the nnsegmented ege give rise to definite organs or regions of the embryo.

Apart from the early separation of protoplasm and yolk whieh oeeurs in many
volk-laden eges, loealization of visibly different kinds of protoplasm in the unseg-
mented ege has been observed in relatively few cases.  Among the earliest observa-

does not include the whole of the right or left half.  Tudividual blustomeres produce rounded masses cf
cells but have wo power to give rise to muscle, chordu, newral plude or sense organs, if they do not conlain
those portions of the eqy wlich normally yive vise o these parts.
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tions of this sort are those of Robin (1875) and Whitman (1878) on the egus of
leeches. Here peculiar ageregations of protoplasm ocenr at the two poles of the ege.
after maturation and fertilization. which have heen called * polar rings.”  Vejdovsky
(1888 dizcovered that these polar rings arise in Rhynchelmis from a peripheral
laver of brown protoplasim, which has a great afhnity for stains.  The substanee of
this layer collects at the two poles of” the ege after maturation and fertilization and
thus constitutes the polar rings.  During the cleavage most of this substance is scg-
regated 1nto the large posterior macromere of the 4-cell stage, and it ultimately
passes into the mesomeres (probably the first and second somatoblasts of Wilson).
Nevertheless other portions of this protoplasm go into the micromeres; in fact it
forms ** the general material for the building of the bodyv. with the exception of the
intestinal epithelium 7 (Vejdovsky. 1888, p. 123).  Polar rings have also heen
observed hy Foot (1894, 18496) in A/lolobophora. and their method of formation in
this form has heen determmined in a most careful and satisfactory manner: this work
will be disenssed inore {ully in the next section on the genesis of ege organization.

One ol the most remarkable cases on record of the localization of visibly difier-
ent kinds of oiplasm is found in Myzostoma glabrum in whieh Driesch (1896), and
more recently Carazzi (1904). observed two conspicuous zones of protoplasm in the
ego before maturation. an upper one which is of a redish tint and a lower one which
is grcen.  During the maturation of the ege the upper zone differentiates into
two. an upper red zone and an equatorial colorvless one.  According to Driesch
(1896, p. 120) the red zone gives rise principally to the substance of the miero-
meres (cctoderm). the clear zone to endoderm, and the green one to the substanee
of the somatoblasts (ectoderm and mesoderm).

Another case of visible localization of the substances of the unsegmented egg
was observed by Bovert (1901) in the ovoevte. ege and Yavva oft Strongylocentrotus
lividus ; lieve hefore maturation and fertilization the surface of the ege is covered
by a uniformly distributed red pigment; after maturation this gathers into an equa-
torial zone leaving an arca of elear protoplasm at the upper pole and another at
the lower one.  Later development shows that the upper elear cap gives rise to the
ectoderm. the red zone to endoderm and the lower cap to mesenchyme.

A visible localization of diflerently colored substances in the unsegmented cgg
also occurs in fresh water snails belonging to the geneva Physa, Planorbis and
Limnea. In these animals | have tound (Conklin, 1903) that a clear cap of pro-
toplasm appears at the upper pole during maturation and then gradually spreads.
over the upper hemisphere ot the ege: the upper hemisphere thus hecomes milky-
white in the Hving eee, while the lower half remains yellow. T have followed these
white and vellow substances through the development and find that the white sub-
stance gives rise to the ectoderm. the vellow to the mesoderm and endodern.

Quite recently Wilsorr (1904) has observed in Dentalium a localization of unlike
substanees in the unsegmented ege and by a series of experiments he hax shown
the part which some of these substances take in the formation of certain organs of
the Tnvva. Axin the case ot Strongviocentrotus there is here an accumnlation of
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elear protoplasm at cach pole of the egg with a broad pigment band around the
equatorial region.  The clear polar arcas. the lower of which forms a prominent
lobe., Wilson regards as comparable with the * polar rings” of leeches and oligo-
chietes.! In the course of development the upper white area is allotted to the three
quartets of ectomeres; the mddle pigmented zone 1s mainly allotted to the four
basal entomeres, while the lower zone passes mainly into the first somatoblast (2d),
and possibly also into the second somatoblast (4d) and the left posterior micromere
(3d).  This work is the most complete and important which has vet been done on
the snbject of eyvtoplasmie localization and it firmly establishes the fact that difler-
ent substances and areas of the unsegmented ege are causally related to different
organs and parts of the larva.

It is doubtful whether any other ecase of eytoplasmie localization hitherto
veported 15 mmore remarkable than that which has been deseribed in the preceding
pages for the ascidian ege. The most striking features of this localization are the
orcat diflerences in the substanees loealized. the manner in whieh this loealization
1= accomplizhed and its bilateral character.

(1) The first of these features is the result of the different pigments which
are associated with the different kinds of protoplasm, and which mark out as on a
map the various germinal arcas of the ege. In Cynthiza the pigment in the periph-
eral layer of protoplasm is yellow, the yvolk is a blueish gray, while the protoplasm
which eseapes from the germinal vesicle is colorless.  Not the pigment but the pro-
toplasm with which it is associated is of” differential value, for the pigment may
differ most remarkably in different genera of aseidians, hut the organs which arise
trom similar areas arve in all cases stmilar. What has been said of the pigment may
also be =aid of the volk: thiz inert substanece is not in itself of differential value,
but 1t hes m a definite region of the ege and probably in a particular kind of proto-
plasm, which it marks out as the vellow pigment does the peripheral laver.

Of these three kinds of protoplasm the yellow (mesoplasm) goes almost entirely
into the muscle and mesenchyme cells, though a small portion of it may he found
around the nuclei of other cells, the elear protoplasm (ectoplasm) is ehietly distribu-
ted to the ectoderm and the gray yolk-laden protoplasm (endoplasim)® to the endo-
derm, though here also some of these substances arve distributed to all the cells. It
1= not to be supposed that these three Kinds of protoplasm are the only ones present
m the ege. rather 1t 1s probable that others are present which are not visibly distin-
guishable.  In faet, soon after the cleavage begins, 1t is noticeable that the proto-
plasm in the dorsal part of the erescent ix a fainter yellow than that in the ventral
part. while from the time of the fertilization onward the middle of the ereseent is
marked by a small area of elear protoplasm (2. p. 21); the deeply pigmented

1 Several vears ago I suggested (Conklin 1897, p. 39) that the yolk lobe (* polar lobe,” Wilson)
was compuarable to the polar rings of leeches.

z [t should be observed that these names are given with reference to the part which these
ditferent portions of the odplasm play in the development of the animal; the peripheral layer of the

ovoevle, whieh would be called ectoplasm if the ovoeyte alone were under consideration, is mesoplasm
when regarded from the standpoint of its fate in development.

13 JOURN. A. N. 8. PHILA, VOL. XIII
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portion of the crescent gives rise to the musele cells, the hghter or clearer portions
to mesenchyme.  Inasmuch as the protoplasm which enters into the muscle cells
and mesenchyme is localized with such definiteness in the unsegmented egg 1t can
scarcely be supposed that the substances which are to give rise to the neural plate
and notochord are not also definitely localized though they may not be direetly visible.!
It this presumption s correct the visibly different organ-forming substances are
by no means the only ones present.

(2) The striking eftect of this evtoplasmie differentiation is heightened by the
manner in which localization takes place. The dowurush of the peripheral layer
of yvellow protoplasm to meet the entering sperm, the subsequent movement of this
protoplasm together with the sperm nucleus to the posterior pole and the formation
there of the crescent, the migration of the clear protoplasm to the lower pole, thence
to the posterior pole and then to the center of the egg.—these phenomena are so
evident and they occur so rapidly that they strike the observer with amazement.

(3)  Finally the bilateral character of this localization 1s most notable.  In all
other recorded cases of cytoplasmic localization the vartous substances become
arranged in zones around the chief axis of the egg and the symmetry is apparently
radial ; here the carly stages of localization are also of this sort, and the gray upper
pole, the clear middle zone and the yellow lower pole of the Cynthia egg immedi-
ately after fertilization are not unlike the localizations in the eges of Myzostoma or
Strongylocentrotus, but in the ascidian this apparent radial symmmetry gives place
almost 1immediately to a marked Inlateral symmetry which is brought about by the
movement of the protoplasm from the lower hemispliere to the posterior pole and
the formation there of the erescent.

Certain fundamental resemblanecs which run through all these cases of eyto-
plasimie localization are so striking that they scarcely need any emphasis hiere. The
extstence in the unsegmented ege of a peripheral laver of protoplasm whieh is
clearly distingnishable from the remainder of the egg is a phenomenon of very wide
oceurrence. /i wmost of the cases just named this peripheral layer aggregates at
one or both poles of the egg after fertrlization, and in animals belonging to phyla
as far apart as annelrds, echinoderms, mollusks and chorvdates the substances at the
upper pole give rise to ectoderm, those at the lower pole to mesoderm, while the
endodern arises from the regron intermediate between these two.  Although many
differences appear tn the later development of these animals they do not detract
Sfrom the value of these fundamental resemblances which apparently afford a sound
basis for a comparative morphology of ova.

1 Sinece this was written I have been able to distinguish the chora neural-plate substance as carly
ax the 2-cell stage; it ix the light gray protoplazm at the anterior border of the dorsal hemisphere

(figs. 28, 32 et seq.)  Photomicrographs of living egg of this stage will be published soon in which
this substance 1= clearly shown.
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D. Gexesis oF THE ORrRGANIZATION oF Thi EGG.

It is probable that the differentiations of egg eells, of blastomeres. and possibly
ol all types of cells, are reducible to two [undamental proeesses:—(1) the genesis of
unlike substances, and (2) the localization of these substances in definite parts.
Few observations or experiments have been made on the former of these processes
and probably no other problem ol development would better repay a thorough
investigation ; the loealization problem has been approached from many sides and
has vielded results of great interest and importance.

It is a significant fact that localization in the unsegmented ege takes place in
so many cases at the time of maturation and fertilization.  This is the case in cer-
tain aseidians, fresh-water snails, nemerteans and echinoderms; in AZyzostoma and
Dentalinm the two poles of the ege are dissimilar while the egg is still in the ovary,
but here also active localization goes on during maturation. In ascidians and
fresh-water snails it 1s not possible to determine whether the movements which
lead to loeahzation are dependent upon the maturation or upon the fertilization of
the egg, since as yet it has not been possible to separate experimentally these
processes; they certainly scem to be associated with the entrance of the sperm-
atozoon, but since the maturation does not here occur mntil after the fertilization,
it 18 not possible to determine with certainty the relative importance of these two
processes mn causing localization. In Strongylocentrotus the movements which
lead to the formation of the red pigment zone occur after the extrusion of both
polar bodies and before fertilization; in this case therefore the localization is
associated with the maturation.

1. Role of the Nucleus in Differentiation ; Cytoplasmic Organization and the
Nuclear Inheritance Theory.

The localization which is effected in the ascidian ege upon the entrance of the
spermatozoon Is by no means the initial localization in this cege.  In the ovocyte
heafore maturation and fertihization the mesoplasm, whieh later give rise to the meso-
derm, exists as a peripheral layer of protoplasm. the ectoplasm. which m later
stages 1s chiefly distributed to the ectoderm, is in large part contained within the
germinal vesicle, while the yolk-laden portion of the egg, the endoplasm. which
later passes largely into the endoderm, is nearly central m position (figs. 61, 76).
At an earler stage neither the peripheral layer nor the yolk are recognizable as
such; the cell body ix composed of granular deeply-staining protoplasm, and aronnd
the nuclens 1s a distinet granular mass, the “ yolk matrix” of Crampton (1899).
In the very voung ovoeyte this granular mass is sitnated chiefly on one side of the
nucleus, and frequently containg at its center a large granule, surrounded by a clear
area. which T take to be the centrosome; the granular mass surrounding this is
accordingly sphere material or archoplasm.

[n the growth of the ovocyte the sphere material enlarges and spreads around
the nucleus, forming the yolk nueleus or matrix; it then begins to disintegrate into
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granules or larger masses,! as desceribed by ("1':1‘11.11)‘[011. which wander out into the
cell body.  Crampton has observed that these granules give rise to the yolk spher-
ules which first appear in the protoplasmic ground substance around the nueleus,
leaving the peripheral layer of the egg free [rom yolk.

I'am of the opimion that the peripheral layer also contains portions of the
archoplasm or sphere material; the staining reactions of this layver are like those
of the archoplasm; in the disintegration of the sphere foeculent masses of archo-
plasm pass into this layer; finally. comparison with other forms favors this view.
The careful obscrvations of Foot (1896) on the yolk nueleus and polar rings
of Allolobophora show that in this animal the polar rings may be traced back
step by step to a substance in the vicinity of’ the nuclens of the very voung ovo-
evte. which Foot identifies with archoplasm. 1n the later stages this substance
becomes distributed throughout the cell and forms a more or less irregular peri--
phieral layer: finally the substance of this layer aggregates at the two poles of the
ege to tform the polar rings. as previously described.

Among gasteropods the sphere material 1s largely of nuclear origin, containing
nuclear sap and dissolved oxyvehromatin, which have escaped from the nneleus
during the period of mitosis (Conklin, 1902); il the same be true ol the ascidians
both the peripheral layer of protoplasm (mesoplasm) and the yolk (endoplasm)
contain elements which were ultimately derived from the nucleus at the last ovo-
gonic division.

The clear protoplasm (ectoplasm) which ix appavent in the egg after matura-
tion, and whicli, in the conrse of development, passes mainly into the cctoderm is
largely contained within the nucleus of' the ovocyte.  In the first maturation divi-
ston an extremely large quantity of nuclear sap, containing an unusual amount of
dissolved oxychromatim, escapes into the cell hody where it can be recognized as an
area of clear protoplasm.  This elear protoplasm can be followed through a large
part of the development, hoth in ascidians and in gasteropods. In the latter parti-
cularly this clear nuclear plasm is plainly visible in the living ege. Tt forms a
fusiform or colnmnar arca around the first maturation spindle, and after the formation
of the polar bodies it Hattens out at the surface of the cgg, forming first a cone,
then a lenticular mass, and finally a cap of clear protoplasm. This cap extends
down over the ege to a region a little helow the equator, and finally during cleavage
it is largely localized in the three (nartets of eetomeres.

[n the ascidians the later history of this nuelear plasm is not so easily followed
as 1 the gasteropods. owing to the presence of a peripheral layer of mesoplasm,
and to the fact that its movements here are more extensive and complicated.
In Cynthia it flows to the lower pole along with the yellow mesoplasm, then it
moves with the sperm nueleus to the posterior side of the egg and finally to its
center.  Ilere it surrounds the eleavage spindle, and at the close of the first
cleavage moves toward the ammal pole so that the larger part of it comes to
lie in the upper hemisphere.  In subsequent divisions it surrounds all the nuclet
though the most of it goes into the ectodermal cells as in the ecase of gasteropods.

I These fragments of the volk nucleus are larger and more easily seen in Molgula than in either
Chona or Chynthiu,
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This truly remarkable condition in whicle considerable portions of the cyto-
plasm are traceable to the nuclens is of the utmost theoretical importance.  From
all sides the evidenee has been acenmulating that the chromosomes are the seat
of the mheritanee material, until now this theory practiczlly amounts to a demon-
stration.  On the other hand. all students of the early history ol the egg have
observed that the earliest visible diflerentiations occurin the eytoplasm. and that the
positton, size and quality of the cleavage cells and of various organ hases are con-
trolled by the evtoplasm.  However) zn the escape of large quantities of nuclear
material 1uto the cell body and the formation there of spectfic proloplasmic sub-
stances we have a possible mechanism for the nuclear control of the cytoplasm. and
when, as tn the case of the ascidians and [fresh waler gasteropods. these substances
are definttely localized in the egg, and can be traced throughont the developnient
until they enter tuto the formation of particular portions of the embryo, a spectfic
mechansm for the nuclear control of development is at hand. and the manner of
harmonizing the facts of cyloplasmic organization with the nuclear inheritance
theory is clearly indrcated.

Of eourse substances which enter the nueleus and contribute to its growth
mnst reach it through the eytoplasm. but this does not signify that the same sub-
stanees are given hack to the eytoplasm as are taken up from it: on the contrary
we know that some of the substances which escape from the nuelens (¢, g., oxy-
chromatin) are not identical with those whieh enter it.  Considering the necessity
of the nueleus 1 assimilation and regeneration. it seems most likely that differentia-
tions of the evtoplasm proceed in the first instance from the nueleus; and, indeed.
m the case of the ege cell, some of the 1mportant eytoplasmic substances can
be actually seen to come from the nucleus. This does not indicate that these sub-
stances exist from the beginning n the nucleus: on the contrary there is direct and
visible evidence that they arise epigenetically.  Such epigenesis, however, does not
signify laek of primary organization ; on the other hand all the evidence favors the
view that back of the orgamization of the eytoplasm is the organization of the
chiromosomes, whieli 1s delinite, determinate and prinary.

What has been said with regard to the genesis of the different substances of
the cytoplasm applies in the main to their loealization. 1t is evident that this
localization is progressive. and that it arises epigenetically.  But though we may
push back this localization to earlier and cavlier stages and to simpler and simpler
forms we eannot entirely do away with it, even thongh it may be traced to polarity
and chemotropism.  Some basis of localization must be present in the carliest
stages of the ohgenesis, but this may possibly be little more than is found in the
body cellz in general. It doex not seem improbable that the differentiations and
localizations of the ovocyte and of the tissue eells are comparable in their manner
of origin.  The most remarkable difference between the two 1s that the tissue
cells having reached the limit of their diflerentiation are incapable of further
development whereas the egg cell having reached the limit of its differentiation in
the ovary may. under the conditions of’ a free cell. begin another sevies of differen-
tiations which lead to the production of an organisn.
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2. Faclors of Localization. a. Cyloplasmic Movements.

Undoubtedly the most important of all the localizing factors so far recognized
are cytoplasmic movements.  Nuch movements have heen observed in unsegmented
caes as well as in the cleavage cells, and they are generally associated with local-
ization of unlike substances and frequently with cell division. The importance of
such movements in the differentiations of the egg I first recognmized v Crepidula
(1899), where the movements of the cytoplasm during eleavage are very exten-
sive.  In the ascidian egg, on the other hand, these movements are most pronounced
in the period between the fertilization and the close of the first cleavage. In both
the aseidian and gasteropod these movements are delinitely direeted and bring
about a constant and typical form of localization of the materials of the egg.

The fact that these movements are definitely directed shows that they are de-
pendent upon a constant organization of the cell; their immediate canse is nnknown.
So far asx I have observed, these movements always begin soon after the disappear-
ance of the nuclear membrane and the consequent escape of nuelear materal into the
cell body. In the case of the gasteropods, I have snggested (1902) that one of the
charactertstic movements of the telophase of division is due to the aflinity of the
sphere material for oxygen. After the formation of this sphere material, durmg
cach cell division, it moves to the surface ol the cell and as nearly as possible to the
animal pole, If, however, the eggs be placed 1 water, from which the oxygen has
been removed by boiling, this movement to the surface does not take place. In the
ascidian the entrance of the spermatozoon seems to be the inciting cause of the
movement. The peripheral protoplasm (mesoplasm) rushes down to the point of
centrance and masses around the spermatozoon ; then when the latter moves toward
the posterior pole this protoplasm goes with it and is thus eathered into the eres-
cent; finally, when the sperm nucleus moves in toward the centre of the egg the
larger part of this protoplasm remains at the surface, while a small portion ol 1t 1s
drawn in with the sperm toward the center of the egg.  In thesemovements, as well
as in the subsequent ones during cleavage, the mesoplasm remains near the surface ol
the cell and in this respect resembles the sphere substance of the gasteropod egg.
The flowing of the protoplasm to meet the entering spermatozoon is a phenome-
non of rather general occurrence. In most cases this leads only to the tormation
of a small protoplasmic field around the sperm and sometimes to the formation of
an entrance cone; in the ascidian practically all the protoplasm of the egg takes
part in this movement leaving the maturation spindles with only a trace of pro-
toplasm aronnd them. This withdrawal of the protoplasm from the animal pole
may be associated with the fact that there are no centrosome or asters in the
maturation spindles; whereas there is a large centrosome and aster in connection
with the sperm nucleus.  Certainly the clear protoplasm is usunally found n the
region of the asters. What the exact nature of this attraction between the proto-
plasm and the spermatozoon is, is not known. but the immportant point here is that
the cause of the remarkable movements of the protoplasm which follow the ferti-
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lization of the aseidian egg is not unique, and that the whole movement is peculiar
only because of 1ts extent and the definite manner in which it is direeted.

The movements which take place during cleavage ave in part merely the
general movements which accompany cell division and in part they ave of a locali-
zing character.  In the former class are the vortical movements which probably
ause the separtion of the chromosomes and the division of the cell body (Conklin.
1902); m the latter are such movements as that which oceurs at the close of the
first cleavage by whieh the elear protoplasm is carried Irom a central position into
the upper hemisphere of the ege.  After the cleavage has begun the localizations
due to movement are strictly lmited to the individual cells, no movements of a
localizing character occurring through cell walls.

b, Cell Division as a Factor of Localization.

This brings us to the mueh disenssed guestion of the role of eell division in
development, and more particularly of the influenee of cell division on phenomena of
localization.  There can be no doubt that in many eggs the localization which
begins before cleavage eontinues during that process.

To a certam extent cleavage may he regarded as a loealizing factor, but its
importance in this respect 1s certainly far less than that of the active movements
Just desenibed.  Inasmuch as loealizations may take place in the absence ol eleav-
age or before 1t begins, and since many cleavages are non-differential it is evident
that there 1s no close nor neecessary connection between the two.  Furthermore
the cleavage planes do not always coineide with the hnes of localization ; this is
shown especially well in the aseidian, where the localization in the unsegmented
egg 1s particularly distinet.  Thus the ecleavage planes do not follow eclosely the
boundaries of” the erescent; the first and second eleavage planes are placed symme-
trically with reference to the crescent, hut they do not coimeide with any of its
boundary lines.  The third cleavage plane lies above the upper border of the
crescent when first formed; later the erescent extends np to the equatorial plane
=0 that the cleavage plane and the upper boundary of the crescent coineide (fig. 31,
52).  The fourth cleavage cuts oft the median posterior crescent cells from the
lateral ones, but leaves an area of volk in hoth of these cells (fig. 37). In the
median posterior cells thix is a small wedge-shaped mass of yolk which is later
covered and obscured by the yellow erescent substance (tig. 39).  The neural plate
arises on the anterior side of the egg from cells which He both above aud below the
equator, or plane of the third eleavage; these neural plate cells are rich in pro-
toplasm. and correspondingly the area trom which they arise is vichly protoplasmie.
The third cleavage cuts right through this protoplasmic area leaving a portion of
1t above and a part below the equator.  In the S-cell and 16-cell stages the anterior
dorsal cells contain hoth neural-plate and chorda substance; the portion of each of
these cells turned toward the equator 1s protoplasinie, that turned toward the vegetal
pole volk-laden (A°% A% figr. XVH., XIX., 116, L17). At the next cleavage
these two portions are separated, the upper protoplasmie part becoming the neural
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plate cells. A7 and A7, while the lower yolk-laden part hecomes the ehorda cells,
A% and AT The chorda-nenral substances are thus contained in the same cells
until the sixth eleavage, though their substances are distinet at a much carher
period.  Still other instances might be cited to show that the planes of local-
1zation and the planes of cleavage do not always comeide. Thisis in part due to the
fact that the boundaries of the different kinds of germinal material, e. g.. the yellow
protoplasm of the Cynthia ege, are not as sharp as arve the boundaries of the cells,
and consequently the cleavage furrows cannot precisely separate different kinds of
cerminal material.  Nevertheless the eleavage planes are, nnder normal conditions,
constant in position and character and bear a constant relation to the planes of dif-
ferentiation.  But that this relationship 1s not a casnal one ix further indicated hy
experimental studies on cleavage 1 which the position of the eleavage furrows may
e altered without altering the localization of germinal materials or the typical form
of development.  Thercfore the factors which determine localization and those
which determine the form of cleavage are more or less independent.

All of these facts speak unmistakably for the view that localization 1s more
fundamental than eleavage as Wintman (1893) has so ably maintained. and that
such correspondence as may exist between the two is ot secondary origin and of
mmor importance.  Nevertheless the extreme constaney of cleavage forms shows
that we have here a phenomenon, which if of secondary importance to germinal
localization, 15 still of real significance. I have shown that in Crepidula the
cleavage 1s a localizing factor, though secondary in importance to protoplasmic
movement. and 1t seems probable that Wilson (1903) is right when he arvgues that
the relative isolation produced by eleavage gives opportunity for the inerease of
any mnitial differences which may exist m the cells at the time of their formation.

Finally it must he concluded as a result of both observation and experiment
that the type of cleavage 1s less constant and less fundamental than the type of
localization, but that cleavage may itself be a factor in the progressive specification

of cells (¢f. Wilson, Latlie, Conklin. e/ al.).

. Tyres oF GErMINAL Locanizatiox : Evorvrion oF Types.

The wonderful resemblances m the germimal localization of annelids and
mollusks, as shown especially in the cleavage, have been repeatedly commented
upon. Furthermore this loealization i1x for shadowed 1 the egg before cleavage
beging, and this suggests the inquiry as to whether the resemblances between types
of loealization grow closer as one approaches the ovoevte, and whether the man-
ner as well as the vesults of localization are comparable mm the different types. At
present our knowledge of the localization in these carliest stages of development
ix very incomplete, and a comparison can be drawn only between annelids, mol-
lusks, ctenophores, echinoderms, ascidians and possibly nemerteans and nematodes.

In most of these phyla a peripheral layer of protoplasm 1s present before
maturation, which after maturation and fertilization colleets at one or both poles
of the egg; also with the possible exception of the ctenophores and nematodes,
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there is remarkable uniforinity in the localization of the substances of the germinal
layers in all of these groups, the cctodermal substances being located in the upper
hemisphere, and the endodermal and mesodermal in the lower hemisphere of the
ege.  But in the localization of important organ bases theve are many differences
hetween these phyla.

1. Annelid-Mollusk Type.

The pattern of loealization in annelids and mollusks is very similar during the
eleavage stages and, so far as ean be judged from present knowledge, it is mueh the same
in the unsegmented eges of these two phyla.  The fact that the cetoderm, mesoderm
and endoderm eome from eells whieh are identieal in origin, position and number;
that the nmbrella, prototroch, eerebral ganglion, sub-cesophageal ganglion, mesoder-
mal bands, blastopore. stomodeum and intestine come from corresponding region of
the ege in the two groups, these facts speak strongly in favor of the vegional homolo-
aies of the egex of these phyla. whatever may be thought of their eell homologies
(Conklin, 1897 ; Child, 1900). DBut regional homologies as well as cell homologies
nust be based npon similarities of germinal loealization, and we would, therefore,
be justified in concluding that the types of loealization were similar in the nnseg-
mented eges of annelids and mollusks even in the absence of any direet knowledge
upou that snbjeet. But the experiments of Crampton (1896) on ///yanassa and
of Wilson (1904) on Dentalium as well as the observations of Lillie (1899, 1901)
on Unzo. and my own observations on loealization in the eges of Crepidula, Physa,
Planorbis and Limnea furnish considerable information as to the time. the manner
and the nature of localization in the molluscan cgg during and before eleavage, while
numerons works on the eell-lincage of the annelids as well as the observations of
Wheeler (1897). Driesch (1896) and Carazzt (1904) on the unsegmented egg of
Myzostoma show that the nature of localization is here very similar to that found
in the mollusks. .

In all of these eases the only formative substanees which are direetly reeogniz-
able before eleavage are those of the future germ layers.  In the main the ectoder-
mal substanees arve located in the upper hemisphere and the endodermal in the
lower. thongh Wilson (1904) has found that the apreal organ does not form in the
larva of Dentalium when the polar lobe at the vegetal pole is removed. The meso-
dermal substances arve also located in the lower hennsphere, and sinece the primary
mesoderm eell (4d) always come from the left posterior macromere of the d-cell
stage and from the posterior hlastomere of the 2-cell stage it may be inferred that
immediately before eleavage it lies posterior to the vegetal pole; whether it may be
located exactly at the vegetal pole in still earlier stages and then later shift to the
posterior side, as in ascidians, cannot he determined at present.

When a polar lobe is present the mesodermal substanece is probably located m
it. Crampton (1896) fonnd in //yarassa that the mesoblast cell (4d) did not form
when the lobe had been removed ; Wilson (1904) holds that v Dentalzim the sub-
stance of the lobe is allotted to both the first and second somatoblasts’(2d and 4d).
and that its size 1s proportional to the size of those eells and of the parts to which

14 JOURN. A. N. S, PHILA., VOL. XI1I.
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thev give rise. He ealls particular attention to the fundamental resemblances
between the cges of Dentalium and ol Myzostoma in the matter of the polar
lobe and the = pillar of protoplasm.”  Furthermore this lobe 1s comparable to
the polar rings of leeches and oligochactes,  Sueh a lobe. although present in some
annelids and mollusks, iz not present in all of them, and this would at first thought
seent to mark some important difference in loealization. DBut the presence or
abzence of such a lohe probably indieates no fundamental dissimilarity in the locali-
zation, but rather variations in the surface tension and fluidity of different eges.
Although there are many interesting difterences between various annehds and
mollusks in the size of the polar lobe, of the blastomeres and of larval organs, these
differences mark variations in the proportions of parts rather than in the type of
localization. In all known cases among annelids and mollusks corresponding organs
arize from ecorresponding regions of the egg.

[t may be conelnded also from the work of Wilson (1903) and Yatsu (1904) on
Cerebratulus that the character of the localization in the nemertine egg is essentially
like that of the annelid and mollusk. though many of the details of loealization
are less accurately known in this ease than in the others named.

2. Clenophore Type.

If Fischel (1903) is right regarding the localization which he aseribes to
the unsegmented etenophore ege there 1s one fundamental difference hetween the
ctenophore and other animals whose types of localization are known. On the
anthority of Metselhmikoft’ he derives the mesoderm (somewhat doubtfully 1t must
be said) from the micromeres at the upper pole of the ege, and consequently in his
fig. 21 (p. 708) he localizes the mesodermal material at the upper pole of the unseg-
mented egg. A zone below this, reaching to the equator or a little lower, repre-
sents the eetodermal substance, and in it is loeated the material for the cihated
plates. At the lower pole and in the central part of the ege is the material sub-
stratum of the endoderm. 1In all other well established eases the cetodermal sub-
stances lie near the animal pole, while the mesodermal and endodermal substances
lie near the vegetal pole.  Inasmuch as an apical sense organ is formed at the
antmal pole in etenophores in much the same way as in annelids, mollusks and
nemerteans, it is difficult to resist the conclusion that the loealization of the ecto-
dermal, mesodermal and endodermal substanees in the ctenophore egg will ulti-
mately be found to be similar to that whieh prevails in other types.

3. Echinoderm Type.

The form of loealization in the cchinoderm egeg. as shown by Boverl's
(1901) work on Strongylocentrotus. 15 In many respects similar to the annelid-
mollnsk-nemertean type. In this case, however, the mesoplasm is located at the
lower pole of the egg and ix sorrounded by an equatorial zone of endoplasm, wliereas
i annelids and mollusks, after the first two eleavages, the endoplasm lies at the
lower pole, and the mesoplasm on the posterior side of this pole, and in one only of
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the first four blastomeres.  Whether the mesoplasm lies on one side of the vegetal
pole in the unsegmented ege of annelids and mollusks eannot be aflirmed on direct
evidence, but it seems not imlikely that this is the case. If this be true there is
here a diflerence between echinoderms and annelids or mollusks, in the form of
localization, though it ix by no means impossible to derive one type from the other.

1. Asadian Type.

Finally, the type of localization in the ascidian egg diflers in many respects
from that of the other phyla mentioned, though showing certain general resem-
blances to all of them and particularly to the annelid-mollusk type. Castle has
called attention to the fact that there are no important resemblances between
aseidians and anuelids in their cell-lineage, and with this opinion I entirely agree.
Nevertheless, in the localization of cctoplasm, mesoplasm and endoplasm in the
unsegmented egg there are many similarities between these pliyla, hut in the posi-
tion of speeific organ bases the diflerences are guite notable.

Among ascidians the ectoplasm which escapes trom the germinal vesicle at the
animal pole does not remain there, as in the fresh-water snails, but flows rapidly
to the lower pole, then to the posterior side of the egg, then into the eenter and finally
into the upper hemisphere of the egg; in other phyla the ectoplasm becomes direct-
1y localized at the upper pole, here only indirectly. The mesoplasm is first segregated
at the lower pole in a manner which recalls the cgg of Strongylocentrotus, and then
finally becomes localized on the posterior side, a vesnlt which somewhat resembles
the condition 1in annelids and mollusks; in the ascidians the cells of the mesoder-
mal creseent lie in the posterior lip of the blastopore, in annelids and mollusks the
teloblasts and mesodermal bands lie in a similar position in the early gastrula
stages, but owing to the closure of the blastopore from hehind torward they are
ultimately removed some distanee from the blastopore lip. The mesoderm -and
mesodermal organs may therefore be said to arise from corresponding regions of the
ege in these two groups of animals (text figs. XXXIX, XL). The endoplasm also
15 localized in corresponding regions of the egg in these phyla.

When, however, we come to compare the positions in the eges of these phyla
of important organ bases the differences are very marked. For example, in
annelids and mollusks the apical plate and cerebral ganglion are formed near the
animal pole, the sub-oesophageal ganghia from the ventral plate, which is derived
from the cell 2d, lying not far below the equator on the posterior-dorsal side and
Just above the mesodermal teloblasts (text fig. X L) ; subsequently in the coneresence
of the posterior lip of the blastopore, the bases of the sub-oesophageal ganglia are
sarried to the ventral side.  The nervons system of annelids and mollusks thus has
a double origin, one portion arising from the region of the animal pole, the other
from the posterior pole, and these two portions subsequently become econnected
together by commissures which surround the oesophagus. In the ascidian the
entire central nervous system is formed as a continnous plate which lies along the
anterior side of the egge, stretching from a point about 60° from the animal pole and
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30° from the equator to a point a little below the equator (text fie. XXXIX); no
portion of the nervons system comes from the region ot the animal pole and none
from the posterior pole.  Furthermore, the month. which is here a new formation
and has nothing to do with the Dblastopore, does not open through the nerve plate
but lies between the anterior end of the neural plate and the animal pole.

We have here differences of a fundamental order, even in the earliest stages of
development. between the vertebrate, or rather chordate. and the invertebrate; the
early development throws no light upon the way in which the one may have heen de-
rived from the other. It is of conrse possible to conceive of a condition 1 whieh the
nervous system surrounded the entire blastopore as a ring, which in the case of the
annelids underwent conereseence from behind forward, thns forming the ventral
plate and ganglia, but which in the chordates underwent conerescence from n front

C.g.

end.

end.

XXXIX XL

Fres. XXXIX, XTL.—Diagramatic representations of the types of germinal localization in ascidians
and annelids. Mesodermal snbstance is shaded by lines, neural substance by fine stipples, and chorda
material by coarse stipples. Fig. XXXI1X, the ascidian type; egg viewed from vright side. The meso-
plasm, composed of mesenchyme (m’ch) and mnscle substance (ms), is represented in its final position,
which it assumes before the flrst cleavage. The nenral plate (n. p.) and chorda (ch.) substances are not
distinguishable in the unsegmented egg, but are here shawn in the positions in which they appear at the
2-cell stage ; the chorda and mesenchyme suhstances should be shown as meeting on the side of the egg,
thus forming a chorda-mesenchyme ring around the endoderm. The ectoplasm (ect.) and endoplasm
(end.) are localized, as here represented, at the close of the first cleavage. Fig. XL, the annelid type;
egg viewed from left side. The substances of the first and second somatoblasts (the former stippled along
one border, the latter shaded by lines) are shown in the positions in which these cells are ultimately
formed ; in the unsegmented egg the lobe which contains the substances of these cells lies nearer the
lower pole. The substances of the cerebral ganglion (c. g.), ventral ganglia (v. g.) and protetroch (proto.)
are not distingnishable in the unsegmented egg, hut are shown in the regions to which they may he
traced by means of the cell lineage.

backwards.  But however probable snch a theory may be it finds little support in
the carly development of ascidians. It is true that a nerve ring has been deseribed
as surrounding the blastopore in aseidians, but 1 have not been able to find evidence
of its existence, Furthermore, there is no evidence in the development of ascidians
that there is any conereseence of the auterior lip of the hlastopore; on the contrary
the anterior lip grows hackward over the archenteron as rapidly in the mid-hine as
at the sides,—a view in which practically all writers on ascidian embryology agree.
Finally. the lack of an apical plate and cerebral ganglion at the animal pole in the
ascidian constitutes a notable difference from the condition found in most inver-
tebrates.  In his great work on Sa/pa, Brooks (1893) has shown in masterly fashion
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the weakness of the anunelidan hypothesix of the origin of chordates and has adduced
much evidence i favor of the view that the great metazoie stems run back to
simple and minute pelagic ancestors whose common meeting place must he be found
in still more recent times.  The earliest differentations of the ege seem to me to
favor this view.

In conclusion, then, it seems necessary to recognize several tyvpes of cytoplas-
mic loealization.  Detween annelids and mollusks the similarities of loecalization
extend to the bases of numerous parts and organs. thus confirming the view of
the phylogenetie relationship of these two phyla based npon the resemblances in their
cleavage stages and larvie.  Between the annelid-mollusk type of localization and
the types found in the other phyla enumerated there arve general agreements in the
localization of the materials of the germinal layers, but few. iff any, resemblances
which extend to the bases of particular organs. The anuelids do not approach
the chordates nor the echinoderins in the earliest stages of localization any more
closely than m their cleavage stages or later development. In all respeets in which
loealizations difter in the eges of these animals they resemble the later differences
m their embryos.  /n short, there is no convergence toward a common type of local-
1zation as one goes back lo earlicr and carlier stages in the ontogeny.

Important resnlts flow from this conclusion, for the doctrine that - Ontogeny
is a short recapitulation of Phylogeny” assumes that there is such convergence
toward a common type of structnre in the early stages of development.  If there be
no such convergence the causes of the resemblances which exist between eertain
eggs, cleavage stages, embryos, larvae and adults must be sought in some other
direction.  Students of the cell-lineage of annelids and mollusks have maintained
that homologies of cleavage must be due to similarities in the protoplasmie strue-
ture of the cleavage cells.  The same must also be said of the organization of the
cgg before eleavage begins.  Nimilarities in the material substanee of the egg and
i the form of its localization must lie at the bottom of all later appearing simil-
aritics.  And this faet. upon which all students of cell lineage have insisted.
furnishes a possible explanation, as Morgan (1903) has recently pointed out. of
the resemblaneces between the embryos of related forms.

Speeulations ax to the origin and evolution of types of germinal organization are
likely to be more interesting than wvaluable in the present state of our knowledge.
Wilson (1892) first suggested that the localization of the materials of embryonie
parts or organs in certain cleavage cells was an illustration of the principle of “pre-
eocious segregation” first propounded by Lankester and afterward elaborated by
Hyatt, in its application to paleontology, under the title of “the law of accelera-
tion.”  Lillie (1895) maintained that it is parallel precocious segregation which
conditions eell homologies.” and he further showed (1899) that the size and rate of
division of individual cells i every case possesses prospective significance: in
short. that the cleavage forms are beauntifully adapted to prodnce a given type of
adult structure.  Recently Wilson (1903, 1904) has expressed the view that the
ecarliest differentiations and localizations of the ege. even before cleavage begins, are
examples of this same prineiple of ** precoeions segregation.”
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Although this principle 1s earefully stated so as not to directly affirm that the
organization of the egg 1s the result of the organization of the adult, or that the
adaptations of the carly development have arisen secondarily after the adult struce-
ture was estaBlished, these ideas are nevertheless plainly implied. The early
appearance of differentiations is usually explained as a “ throwing back of adult
characters upon the ege.”  The whole life cycle is viewed from the standpoint of
the adult; the embryo and germ exist /o tie purpose of producing a certain end ;
the adult 1s primary, the germ secondary. But do not all such ideas put the cart
before the horse?  What 1s the evidence that any inherited modification of an adult
structure can arise without an antecedent modification of the germ?  We know that
the adult 1s moulded upon the egg, that speeific modifications of the germ do, in
some cases, produce specific modifications of the adult, but the converse proposition
is certainly not established. ¢ Precocious segregation” represents the backward
rather than the forward look; it is a teleological rather than a causal explanation.

As there can be no transmission ol heritable qualities from one generation to
another except through the germ cells, so there can be no evolution of adult forms
except through the evolution of the germ cells.  Any inherited modification of a
species implies some modification of the germ cells of the species.  Even ““accel-
eration’” or ““ precocity” must be due to a modification of the germ in its earliest
stages,—a modification of some unknown sort whiclr hastens differentiation.

It cannot be maintained that all those animals in which differentiations and
localizations are present in the unsegmented egg are, for that reason. debarred
from any further evolution. but if thix be not true then 1t must follow that the
type of egg organization must undergo modifications during the conrse of evolution.
and granted this we have no need of the principle of ¢ parallel precocious segre-
gation” for explaining any of the homologies of the early development. 1If the
rescmblances between annehds and mollusks are not due primarily to the similari-
ties in the adults or larvie or cleavage stages. but to phylogenetic similarities in the
organization of the unsegmented egg, we have in this initial resemblance a sufficient
explanation of all later resemblances, whereas if we reverse this procedure and
hold that the similarities of the adults or larvae are the causes of the likenesses in

the ecarlier stages we must of necessity resort to some such teleological principle
as ** precocious segregation’ for an explanation.

In wiew of the fact that there are such definite types of differentiation and
localization in the eggs of many animals and that the causes which lead to the
evolution of animals must operate through modifications of this organization, the
character and manner of such modification hecome problemsof the first importance.
If the nuclear inheritance theory is true. snch modifications must in the first inst-
ance aftect the echromosomes ; but how and in what respect is wholly unknown. In
the case of the cytoplasm it is evident that such modifications may eoncern the char-
acter, or quality, of the differentiations and the place and manner of their locali-
zation.  Modification of any of these might e expected to produce modifications
m the resulting animal,
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Relatively slight modifications of this localization, however produced. may lead
to profound modifications of the resulting embryo and adult. [T have clsewhere
(1903) shown reason for believing that the cause of inverse symmetry is to be
found in the inverse organization of the egg. and that this inverse organization may
possibly be produced by the maturation of the egg at opposite poles in dextral and
sinistral forms.  This ecase shows that one of the most remarkable forms of muta-
tion with which we are acquainted may be the result of modifications in the localiza-
tion of germinal substances in the unsegmented ege.

One of the great difticulties in explaining the origin, on evolutionary princi-
ples. of ditferent phyla has been the dissimilar locations of corresponding organs or
parts.  These difliculties are well illustrated by the theories which attempt to
derive the vertebrates from annelids, or from any other invertebrate type.  Without
assuming to defend any of these theories it may here be pointed out that if evolu-
tion takes place through modifications of germinal organization, it is no more
dilficult to explain the different location of parts than their different qualities.
Changes in the relative positions of parts, which would be impossible in the adult,
may be readily accomplished in the unsegmented egg, as is shown by cases of inverse
symmetry. The question i1s here raised. whether some similar sudden alteration of
germinal organization may not lie at the basis of the origin of new types.

.

SUMMARY.
I. AsciniaNy EMBRYOLOGY.

1. The orientation of the ascidian egg and embryo adopted by Van Beneden
and Julin is correct, that of Seeliger. Samassa and Castle is wrong (pp. 26-37).

2. The cell-lineage given by Castle s correct for the early stages; from the
48-cell stage on it is wrong (pp. 56-59).

3. The ege axis corresponds very nearly with the gastrular axis; during the
closure of the blastopore this axis is shifted so that it 1s no longer dorso-ventral as
in the early stages, but is antero-ventral and postero-dorsal in direction in the larva
(pp- 75, 79=TT7).

4. The relation of the germinal layers to the cleavage planes is very different
from the account given by Van Beneden and Julin and by Castle, and is more
nearly in accord with that of Seeliger, Davidoff and Samassa. “All cells above the
equator (3d cleavage plane) are ectodermal and neural plate cells; all below are
endodermal, mesodermal and neural plate (pp. 47-48).

5. The factors of gastrulation ave (a) change of shape of the cells of the
animal and vegetal hemispheres. (b) overgrowth of the margimal cells (pp. 64-65).
Peculiarities of the gastrula are foreshadowed in the egg at a very early stage
(pp- 49. 50, HY).

7/ G. The musele and mesenchyme cells arise from a common base, the meso-
dermal crescent. which surrounds the posterior side of the egg just below the
equator (pp. 19-21); ultimately these cells surround the posterior margin of the
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blastopore (pp. 51-55); the most laterally situated of these cells hecome the large
nusele cells of the tail of the tadpole, the portion of the erescent lying nearest the
dorsal mid-line hecomes mesenchyme (pp. 61-67). 1n the overgrowth of the dorsal
lip of the blastopore the muscle cells become separated from the mesenchyme (pp.
69, S4-87).

7. The chorda arises at the anterior border of the blastopore from yolk-laden
cells which resemble endoderm (pp. 53, 61, 62, 70-72. 83, 84).

S. The necural plate arises on the anterior side of the ege from cells of both
hemispheres; 1t extends from the margin of the anterior lip of the blastopore to a
point about one-third of the way from the equator to the animal pole (pp. 52-54,
61-063, 66-68, 70, 72, T5, 82, 83).

9. The nervous and musecular systems do not arise from a common base as
claimed by Castle; there is no nerve ring aronnd the blastopore (pp. 61. 72, 73).

10. A comparizon of the early development of ascidians with that of Awp/es-
oxus and amphibians shows that there is fundamental agreement among them in
axial relations of ege and larva, in bilaterality of cleavage. in the method of elosure
of the blastopore and probably in the origin and position in the embryo of the
nearal plate, the chorda and the mesoderm (pp. 73-87).

I1.  CyroLogicar ResuLrs.

11.  The maturation spindles are peeuliar; they have no centrosomes nor
asters; they are formed entively within the nuclear area fromm nuclear linin and
chromosomes; their fibres at first radiate i all directions. and finally they form a
barrel-shaped spindle.  The chromosomes separate without any possible influence
from centrosomes or traction on the part of spindle fibres (pp. 15, 16).

12, In the first and sccond eleavages a small nueclear spindle like those pres-
ent during matnration, lies between the two large asters. and in Ciona it 1s quite
distinet from them. The separation of the daughter ehromosomes takes place here
as in the maturation divisions (pp. 40, 41).

13. The spermatozoon enters near the lower pole and rotates after eutering
the coo so that its eentrosome is directed forward ; the centrosome is derived from
the middle piece of the spermatozoon and can be followed without interruption until
it divides. at right angles to the copulation path. and gives rise to the sperm amphi-
aster and finally to the cleavage centrosomes (pp. 22-24). A netrum is formed in
the division of all centrosomes (p. 40).

111, Orcaxizatiox or THE K.

14. In the ovoeyte of Cynthia partita there is a peripheral layer of yellow
protoplasm, a central mass ol gray volk, and a large elear germinal vesiele, which is
cecentrie toward the animal pole. These same parts are present in the cggs of
other ascidians, but are differently colored (pp. 11, 12).

15, When the wall of the germinal vesicle dissolves at the heginning of the
maturation divisions a large amount of clear protoplasm, eontaining dissolved
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oxychromatin, is liberated into the cell body. This clear protoplasm is eccentrie
toward the animal pole and is distinet from the yolk and peripheral layer (pp.
1k, 07 '

16.  Immediately after the entrance of the spermatozoon the yellow and clear
protoplasm tlow rapidly to the lower pole, where the yellow protoplasm eolleets
around the point of entrance; the clear protoplasm hes at a deeper level. The
vellow protoplasm then spreads out until it covers the surface of the lower hemi-
sphere. This flowing of protoplasm to the point of entrance of the sperm is com-
parable with what takes place in many animals, thongh here much more extensive
and rapid than elsewhere (pp. 19-21, 77).

17.  The withdrawal of protoplasm from the npper pole leaves the maturation
spindles closely surrounded by volk. The polar bodies are thus formed at the
middle of a yolk-rich hemisphere, which is, however, the animal pole and not
the vegetal pole as was elaimed by Castle (pp. 19-21, 29, 30, 36, 37, 87-90).

18. The sperm nucleus moves from the point of entrance toward the equator
in a path which is apparently predetermined. This path lies in the plane of the
first cleavage and the point, just helow the equator, at which the sperm nucleus
stops in its upward movement, becomes the posterior pole of the embryo. The
median plane and the posterior pole are probably not determined by the path of the
spermatozoon, but by the strncture of the egg.  All the axes of the future animal
are now clearly established,—antero-posterior, right-left, dorso-ventral (pp. 22. 26.
90-93).

19.  As the sperm nueleus moves to the posterior pole the elear and the yellow
protoplasm move with it; the latter collects into a yellow crescent with its middle
at the posterior pole and its horns extending about half way aronnd the egg just
below the equator. This position it retains thronghout the whole development,
giving rise to the musele and mesenchyme cells mentioned m 6 (pp. 19-21, 97. 98).

20.  After the sperm and egg nuelel have met at the posterior pole they move
in toward the center of the egg and the elear protoplasm goes with them; the only
place where the latter remains in contact with the surface 1s along the upper border
of the erescent. At the close of the first eleavage the nuelel and clear protoplasm
move into the upper hemisphere, and thereafter, throughout development. this
hemisphere contains most of the clear protoplasm and gives rise to the ectoderm
(pp- 20, 21, 42, 102).

21. The yolk which before maturation was central in position is shifted
toward the animal pole when the protoplasm flows down to meet the spermatozoon ;
when the sperm nucleus and surrounding protoplasm move to the posterior pole
the yolk is moved down around the antertor side of the egg to the lower pole. and
when the clear protoplasin moves into the upper hemisphere the yolk is largely
collected in the lower hemisphere.  This yvolk rich area gives rise to the endoderm
(pp. 20. 33-385. 42, 102).

; 22, At the elose of the first cleavage the principal germ regions ol the embryo
are visible in their definite positions and proportions. zzz. : the muscle-mesenchyme
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erescent and the cctodermal and endodermal areas.  The chorda and neural plate
areas are also visibly different from surrounding areas at this stage (pp. 42, 50, 95,
97, 98, 108).

25, In many cases the cleavage planes do not follow the lines of differentia-
tion but cut aeross them.  Although cleavage is, under normal conditions, constant
in form, it is less constant and fundamental than the type of localization, and the
two are relatively independent (pp. 103, 104).

24, The ehef factor of localization is protoplasmic flowing; cell division is a
factor of subordinate value (pp. 102-104).

25, Experiments which demonstrate the totipotence of hlastomeres or regions
of the egg prove nothing with regard to the presence or absence of ditferentiation
in those parts.  Some eggs with a high degreee of differentiation have at the same
time great capaeity for regulation, e. g, those of aseidians;! others with no greater
differentiation have little regnlative eapacity. e. g.. ctenophores and mollusks.
Therefore the poteney of any part of an ege or embryo is no satistactory measure of
the degree of its dilferentiation (pp. 93-95).

26.  The organization of the ovoeyte 1s not the initial organization. The yel-
low protoplasm (mesoplasm) of the Cyputhia cgg is probably derived. at least in part,
from sphere material (archoplasm) which arose from the nucleus at the last ovo-
conic division. / The yvolk (endoplasm) isx formed by the activity of the - volk
matrix 7 (Crampton) which also is probably sphere material. The clear protoplasm
(ectoplasm) is derived from the germinal vestele at the first maturation division. Thns
many important regions of the egg come, at least in part, from the nueleus, and a
method is therehy suggested.of harmonizing the facts of eytoplasmic localization
with the nuclear inheritanee theory (pp. 99-101)./

27. There are several distinet types of germinal localization. /The annelid-
mollusk type does not approach that of chordates or eehinoderms i the carliest
stages of localization wnore closely than in the cleavage or gastrular stages.  There 1s
no convergenee toward a common type in the carliest stages (p. 104-109).

28.  Embryonic repetitions (recapitnlations), as well as many other homologies,
probably result from similarities of’ ege organization common to ecach type (p. 109).

29, Precocious segregation ” 1s not a satisfactory explanation of the origin
of germinal organization (pp. 109, 110).

30.  The evolution of animals must he accompanied by an evolution of the
type of germinal organization ; modifieations of this organization are probably the
mmmediate causes of evolution. Transformations which would be impossible in
adults are readily brought about hy modifications in the orgamization of the egg
(e. o., mverse symmetry).  Perhaps profound mutations or even the origin of dis-
tinet types may be so explained (pp. 110, 111).

! See foot-note p. 93.
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EXPLANATION OF FIGURES.

All fignres represented in the plates were drawn with the aid of the camera lucida. Plates -V
represent the living eggs of Cynthia (Styela) purtita, and the colors used are in no sense diagrammatic
but are as nearly as possible those which appear in lite; plate VI-X show fixed and stained eggs of the

same species; plates X1 and X11, fixed and stained eggs of Ciona inlestinalis. The figures of the

living eggs of Cynthia (plates I-V) were drawn at the stage level under Zeiss Apochromatic Obj. 4
mn., Oc. 4, and are therefore magnified 250 Jiameters.  With the exception of figs. 46-49 all the
details shown in these drawings were observed in living eggs without reference to fixed and stained
material ; in the figures specified certain cell outlines were added to the drawings of the living eggs
after a study o’ prepared material.  The figures of' plates VI=XTI, with the exception of figs. 61-75,
were drawn at the stage level under Zeiss Apochromatic Obj. 3 mm., Oc. 4; in the process of repro-
duction they have been reduced about one-fifth so that as they now appear they represent a magnifica-
tion of about 266 diameters. Figs. 61-75, plate VI, were drawn under Zeiss Apochromatic Obj. 1.5
mm., Oc. 4, and therefore represent a maguification, after reduction, of about 535 diameters. The
chorion and test cells, though present in most of the eggs drawn, have been omitted from all the
figures, except those of plates I, VI and VIT; the chorion, without the test cclls, is shown in plates
IT-V.

ReFErRENCE

A.—Anterior.
a.p.—Animal pole.
bp.—Blastopore.
ch.—Chorda
en.—Chorion,
e. p.—Clear protoplasm.
Cr.—Crescent of mesodermal substance (yellow
in Cynthin).
Cr. s.—Substance of crescent.
D.—Dorsal.
end.—Endoderm.
f. c. —Follicle cells (outside of chorion).
g. v.—Germinal vesicle.
kp.—Karyoplasm (achromatic substance from
nucleus).
mb.—Thick membrane which becomes chorion.
m’ch.—Mesenchyme.
ms.—Muscle cells.
n.—Nucleus.
u. p.—Neural plate.

LETTERS.

nl.—Nucleolus.
n. t.—Neural tube.
P.—Tosterior.
p. b.—Polar body.
1 p. b.—First bolar body.
2 p. bh.—Second polar body.
p. L.—Peripheral layer ot protoplasm.
P. 5.—First polar spindle.
2 P. 8.—Second polar spindle.
Sn.—Spermatozoon.
t. c.—Test cells.
V.—Ventral.
v. end.—Ventral (caudal) endoderm.
v. p.— Vegetal pole. -
y. h.—Yellow hemisphere of egg.
yk.—Yolk.
z.—Zwischenkorper (mid-body).
% n.—Sperm nuncleus.
Q@ n.—Egg nucleus.

j—

NOMENCLATURE OF CELLS.

A—Anterior halfof egg;

Db’

B—Posterior half; AB—Right half; AB—Left half; A and A—Right

and left anterior quadrants; B and B—Right and left posterior quadrants.  From the 8-cell stage
onward the cells of the endodermal hemisphere are designated by capital letters, those of the ectoder-
mal hemisphere by lower case. The first exponent indicates the cell generation, counting the unseg-
mented egg as the first; the second exponent the position of the cell relative to the animal and vegetal
poles, cells which lie nearest the vegetal pole having the lowest exponent, those farthest away (nearest

the animal pole) having the highest. See p. 37.









Prate L
Figures of the Living Eggs of Cynthic partita; Maturation and Fertilization.

Fig. 1.—Unlertilized egg before the fading of the germinal vesicle, showing central mass of gray volk,
peripheral Tayer of yellow protoplasm, test cellz and chorion.

IFig. 2.—Similar egg after the dizappearance ot” the nuclear membrane, showing the spreading of the
clear protoplasm of the germinal vesicle at the animal pole.

Fig. 3.—Another egg about five minutes after fertilization, showing the streaming of the peripheral
protoplasia to the Tower pole where the zpermatozoon enters, thus exposiug the gray yolk
of the upper hemisphere: the test cells are also carried by this streaming to the lower
hemiisphere.

IMig=. 4 and 5.—Other eggs showing suecessive stages in the collection of the yellow and elear proto-
plazm at the vegetal pole; clear protoplasm lies beneath and extends a short distance
heyond the edge of the yellow cap.

Figs. 6-10.—Snecessive stages ol the same egg drawn at intervals of about five minutes; viewed from
the vegetal pole. In fig. 6 the area of yellow protoplasm is smallest, and the sperm
nucleus is a small clear area near its center.  Figs. 7-10 show stages in the spreading of
this yellow protoplasimn until it covers nearly the whole of the lower hemisphere; at the
same time the sperm unucleus and aster move toward one side of the vellow cap and the
vellow protoplasm heginz to collect into a crescent at thix xide.

Iig. 11.—Side view of an egg af about the =ame stage as fig. 10, showing the eccentric position of the
sperm nueleus and a small area of cleat protoplasin at the upper pole where the polar
bedies are being formed.

Fig. 12.—Polyspermic (?) egg, viewed from the vegetal pole, showing four collections of vellow proto-
plasm around as many sperm (?) nuclei (see p. 24).












Prate 1L
Living Eqgs of Cynthia partita; First Cleavage.

Figs. 13 and 14.—Side views of egg, showing the formation of the crescent (er.) from the yellow hemi-
sphere; in all the figures the animal pole is above, the vegetal pole below.  Above the
yellow crescent is an area of clear protoplasm (e. p.).

. 15.—Similar stage of another egg showing the aggregation of test cells over the crescent and the
protrusion of the chorion at this place,—an unusual phenomenon,

I%ig. 16.—Egg showing crescent, viewed nearly from the vegetal pole.

Fig. 17.—Another egg showing erescent and clear protoplasm, viewed from posterior pole; the animal

Fig

pole is above, the vegetal below.

Iigs. 18, 19, 20.—Successive stages of the same egg drawn at intervals of about two minutes, showing
the approaching division of the egg.

Figs. 21, 22, 23, 24.—Succesive stages in the first cleavage of an egg, drawn at intervals of about two
or three minutes. The egg is viewed from the posterior pole and shows the complicated
forms taken by the yellow crescent during the division, also the enlargement of the area
of clear protoplasm and its extension toward the animal pole.
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Prare II
Living Eqgs of Cynthic partite; First to Fourth Cleavage.

Figs, 25 and 26:—Same egye as the one shown in figs. 21-24; final stages in the first cleavage.

Fig.

3
Fig.

Fig.

Iig.

27.—Another egg at the close of the first cleavage ; seen from the posterior pole.

28.—End view of egg of same stage as preceding, showing the lateral limits of the yellow cres-
cent, the elear protoplasm in the upper hemisphere and the yolk in the lower. The
auterior portion of the lower hemisphere is composed of light gray material ; this is the
gray erescent and gives rise to chorda and neural plate.

o. 249.— 1 our-cell stage, viewed from the animal pole.
. 30.—Similar egg seen from the vegetal pole; the crescent covers about half of the posterior

blastomeres. ’

. 31.—NEight-cell stage; the crescent iz limited entirely to the two posterior blastomeres at the vege-

tal pole : while under observation the turrow between B** and b+ shifted from the posi-
tion indieated by the faint line to that shown by the leavy line, thus giving rise to the
“eross furrow’ shown in the next figure.

32 —Eight-cell stage, viewed from the right side, showing a small amount of yellow protoplasm
around all the nuelei.

. 35.—Same stage viewed from the vegetal pole, sl)owing the yolk laden endoderm cells and the
7

crescent, /

< . > . . Ead .
@. 34.—Same stage viewed from the posterior-animal pdfe] showing the clear ectodermal cells and

the crescent.
35.—Same stage seen from the anterior-vegetal pole; yellow protoplasm around all the nuclei.
36.—Fourth eleavage of the egg seen from the vegetal pole.
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Prate 1V.
Laving Eygs of Cynthia purtita; Fourth Cleavage to Guastrula.

Fig. 37.—Sixteen-cell stage viewed from vegetal pole.

Fig. 38.—Sixteen-cell stage, from the animal pole, vellow protoplasm around the nuclei.

IMig. 39.—Twenty-two cell stage, from the vegetal pole; four mesoderm cells (yellow), ten endoderm,

chorda and neural plate cells (gray) and eight ectoderm cells (elear).

40, —Same stage viewed from the posterior pole.

41.—Egg passiug into the 32-cell stage; postero-dorsal (vegetal pole) view.

Fig. 42.—Thirty-two-cell stage, postero-dorsal view.

Fig. £3.—Forty-four-cell stage ; posterior view, showing separation of mesenchyme (m’cl) from muscle
cells (mx.).

—Same stage, dorsal view, showing subdivision of endoderm cells.

g
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Fig. 45.—Similar stage, posterior view, showing separation of another mesenchyme cell from a muscle
cell.

Fig. 46.—Seventy-four-cell stage, dorsal view, showing division of 4 chorda and 4 neural plate cells;
there are 10 mesenchyme and 6 musele cells, besides 10 endoder cells,

Fig. 47.—One hundred and sixteen cell-stage, showing the beginning of” gastrulation, also the neural
plate, chorda, muscle and mesenchyme cells.

Vig. 45 —Slightly older stage showing advancing gastrulation with inrolling of cells at edge of blastopore.
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PLATE VI. :
Sections of Eyys of Cyntlia purtda: Maturation and Fertilization.

Figs. 61=735 magnified 535 diameters; Figs. T6-87 magnified 266 diwmeters.

. 61.—Ovarian egg fully formed, howing germinal vesicle surrounded by yolk, and peripheral

layer of protoplasm containing test cells and yvellow granules (small spheres in figure).

62.—Free ege shortly after the dissolution of the nuclear membrane, showing in the middle of the
clear karyoplasm fragments of nucleolus, ehromosomes and a granular mass from which
spindle fibres arise; the peripheral protoplasm contains yellow granules.

63.—Egg similar to the preceding, but with the spindle fibres more fully formed,

64.—Similar to preeeding, spindle fibres radiate in all directions,

65.—The first polar spindle lies near the sarface of the egg and its fibres are approximately para-
tangential; the peripheral layer of protoplasm has streamed away from the animal pole
and the karyoplasm from the germinal vesicle has spread out here in a broad disk.

66.—DMetaphase of first polar spindle which is nearly paruallel with surface ; no centrosomes present.

67.— Anaphase of first polar spindle which is turning ito a radial position.

68.—Separation of first polar body.

69.—DMetaphase of second polar spindle, which is paratangential in position.

70.—Anaphase of second polar spindle.

71.—Second polar spindle approaching a radial position.

72.—Separation of second polar body.

73.—Tusion of chromosomal vesicles in ege to form egg nucleus.

74.—Vegetal pole of egg of the stage shown in figs, 63 and 79, showing the entrance of the sperm
into the ege and the collection of vellow granules around the <perm head.

70.—Later stage in the entrance of the sperin; formation of sperm aster from the middle-piece.

T6.—I'ree egg before the solution of the nuclear membrane but after the extrusion of the test
cells; the chromosomes at the periphery of the germinal vesicle.

77.—Egg after being laid but before fertilization ; ehromosomes and granular substance whieh
forms spindle fibres in the center of the karvoplasm. The egg remains in this condition
until fertilized.

. 78.—Same as preceding, save that spindle fibres are forming and karyoplasin has moved nearer to

the animal pole.

g. T9.—Egyg showing the entrance of the spermatozoon near the vegetal pole and the spreading of

the karvoplasm into a thin cap at the animal pole.

80.—Slightly more advanced stage showing development of sperm aster and collection of yellow
granules at vegetal pole, spermatozoa have entered some of the test cells.

S1.—First polar spindle as=uming a vadial position ; increase of eytoplusmic area surrounding the
sperm nuclens and aster, the latter are moving across the egg axis and hence in the
longest path toward the eqnator.

82.—Stage slightly more advanced than the preceding; sperm nucleus, aster, elear and yellow
protoplasm becoming eccentric toward the posterior side.

83.—First polar body formed ; prophase of second polar spindle.

S84 —Metaphase of second polar =pindle; yellow protoplasm collecting into crescent,

85.—Anaphase of zecond polar spindle, spermatozoa in zome of the test cells.

86.—Telophase of” second polar spindie.

§7.—Movement of sperm nucleus and aster and of surrounding protoplasm to the posterior side
of the egg; approach of the germ nuclei.
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PLATE VIL
Seetions of Egys of Cynthia partite; Fertilization and Eurly Cleavages.

Fig. 88.—Division of sperm aster; crescent substance at periphery on posterior side.

Fig. 89.—Similar to preceding hut showing egg nucleus.

Figs. 90 and 91.—Seetions at right angles to first cleavage plane but oblique to egg axis, showing the
union of pronuclei; clear and yellow protoplasm and sperm amphiaster in posterior half
of egg.

Fig. 92,—Section in the plane of the first cleavage (future median plane) showing the union of the
germ vuclei, the clear protoplasm and crescent on the posterior side of the egg, and the
polar bodies above.

INig. 93.—Larly prophase of the first cleavage, in the plane of the spindle axis.

Fig. 94 and 95.—Two dispermic eggs; the first showing two sperm nueclei on the posterior side of the
ege with a single crescent: the second, two sperm nuclei and one ege nucleus, with the
clear protoplasm and crescent about equally divided, by a tongue of yolk, between the
two sperm nuclei.

Fig. 96.—Seetion in the plane of the first cleavage and transverse to the spindle, showing a cross sec-
tion of the equatorial plate near the middle of the egg, surronnded by clear protoplasm,
also the crescent at the posterior border with some of the yellow spherules all around
the spindle.

Fig. 97.—DMetaphase of the first eleavage ; equatorial section at right angles to the preceding.

Figs. 98 and 99.—Larly and late anaphases of the first cleavage ; sections in equatorial plane.

Fig. 99.—Constriction of cell body ; chromosomal vesicles at the ends of the nuclear spindle.  In both
figures the daughter centrosomes are elongating in the equatorial plane and at right
angles to the first spindle axis.

Iig. 100.—Telophase of the first cleavage, showing the rotation of nuclei, centrosomes and cytoplasm
toward the animal pole ol the egg. o

Fig. 101.—Eguatorial section, prophase of second cleavage; crescent substance at the posterior pole.

Fig. T02.—Section at right angles to the preceding and through the axis of one of the spindles; nucleus
and eytoplasm he above the equator, yolk and crescent below.

Fig. 103.—Equ:1tori:1'l section showing precocious division of the centrosomes in one of the blastomeres.

Fig. 104.—Anaphase of second cleavage ; equatorial section; chromosomal vesicles at ends of nuclear
spindles.

IMig. 105.—Telophase of second cleavage ; equatorial section, showing the bending of the middle of the
spindle toward the center of the egg, and a large amount of clear cytoplasm and of
creseent substance in the posterior ¢uadrants.

Figs. 106 and 107.—Two sections through one and the same egg in the eight-cell stage; the first
through the anterior blastomeres; the second through the posterior. The eytoplasm is
most abundant in the cells at the animal pole, the creseent substance in the two posterior-
vegetal cells, though it is also found around all the nuclei. The polar bodies, which are
shown in =stippled outlines, are not i the plane ol either of these sections, but in the
region between them.
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PLATY VIIIL
Surfuce Views of Entire Lggs of Cynthia pavtita; Eight to Forty-four Cells.

Fig. 108.— Eight-cell stage ; left side of egg; showing spindles of" third cleavage.

Fig. 109.—Anterior view of 8-cell stage, showing eytoplasm most abundant in the animal pole cells,
and the yolk largely collected in the anterior cell of the vegetal hemisphere.

Figs. 110,111, I12.—Stages in the fourth cleavage; figs. 110 and 112 viewed from the animal pole, fig.
111 from the vegetal pole. ‘

Fig. 115.—Telophase ot tourth cleavage, vegetal pole view; caps of «deeply staining protoplasmn lie at
the hinder borders of" the small posterior cells (I357).

Figs. 114 and [[5.—Anterior and posterior views of the 16-cell-stage; fig. 115 showing caps of

deeply staining protoplasm at the posterior pole, which later go into the posterior mesen-
chyvme cells (B7¢, fies. 130, 151).

Figs. 116 and 117.—Ventral and dorsal views of a 20-cell stage, showing the cells at the vegetal pole
dividing before those at the animal pole. .

Fig. 118.—Slightly older stage with =ome of the animal pole cellx dividing.

Figs. 119-123.—Five views of one and the sume egg; fig. 119, ventral; 120, dorsal: 121, anterior;
122, posterior; 123, right side: the latter =hows in dotted outlines the great elongation
of the cells at the animal pole and the flattened shape of the cells at the vegetal pole;
all the designations of cells in fig. 123 should be underzcored; 44 cells, 16 ectoderm, 10
endoderm, 10 mesoderm, 4 chorda and 4 neural plate cells.

Figs. 124-129.—Six different views of one'and the same egg in the 44-cell stage showing the divisions
of the ectodermal cells and the second cells of the crescent (B*4); when these divisions
are completed there will be 62 cells.  Fig. 124, ventral; 125, dorsal; 126, anterior; 127,
postero-dorsal. ’
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Prare [X.
Nurface Views of Entive Egys of Cynthic partite; Forty-four to Two [Hundred and Eighteen (vlls.

Figs. 128, 120.—Same egg as shown in fige. 124-127.  Fig. 128 from the left side ; the equator of the
ege (plane of the third cleavage) is the heavy line running between A and P and
separating cells designated by lower casze from those designated by capital letters.  Fig.
129.—View from the posterior pole.

Tigs. 130 and 131.—Ventral and dorsal views respectively of one and the =ame egg: 64 cells, 52 in
each hemisphere, distributed as follows: Ventral hemisphere, 26 ectoderm, 6 neural plate
cells (a™*, a79, a”%); Dorsal hemiszphere, 10 endoderm, 4 c¢horda (A73, A77), 4 neural plate
(A7, A7%), 10 mesenchyme (B, B7s5, B77, B3, A7) and 4 muscle (B7%, B+).

Fig. 132.—Postero-dorsal view of an egg in the same stage as the preceding showing direction of
divizion of mesenchyme cell (1373).

Iigs. 153 and 134.—Ventral and dorsal views respectively of one and the same egg; 110 cells; Ven-
tral hemisphere 64 cells, 52 ectoderm, 12 neural plate (a°®, a®=, a®", a®* a
Dorsal hemisphere 46 cells. 10 endoderm, 8 chorda (A®5, A% A% A% 8 peural plate
(A®7) ASS AR A5y 12 mesenchyme (B¢, B35, B77, B?s, B*S, A7), 8 musele (B*7, B*?,
B By Gastrulation has begun.

Fig. 135.—Dorsal view of a slightly more advanced stage showing increasing gastrulation; 118 cells,
ventral hemisphere 64 eells, dorsal hemisphere 54, viz., 10 endoderm, 16 mesenchyme, 12
musele, 8 chorda, 8 neural plate; when the divisions indicated by spindles are completed
there will 4 additional endoderm and 2 additional mesenchyme cells.

Figs. 136-159.—Four views of one and the same egg; fig. 136 dorsal, 137 posterior, 138 antevior, 139
ventral; gastrulation well advanced. 124 cells; Ventral hemisphere 64 cells, 52 ecta-
derm, 12 peural plate (a®%, a®=, a*7, a®®, a®%, a®*); Dorsal hemisphere 60 cells, 14
endoderm, 8 chorda, 8 neural plate, 18 mesenchyme, 12 muscle. Spindles are already
present for divisions, which, when completed, will Tead to 178 cells, viz., 96 ectoderm, 12
neural plate of ventral hemisphere, 12 neural plate of dorsal hemisphere, 8 chorda, 20
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mesenchyme, 12 muscle, 18 endoderm.

Iigs. 140-143.—Four views of one and the same egg; 140 dorsal, 141 posterior, 142 anterior, 143
ventral. Gastrulation is here far advanced. 180 cells; Ventral hemisphere 108 eells,
96 ectoderm, 12 neural plate; Dorsal hemisphere 72 eells, 12 neural plate of dorsal hemi-
sphere, 8 chorda, 20 mesenchyme, 12 muscle, 20 endoderm ; when the divisions indicated
by spindles are completed there will be 4 additional neural plate cells.

Figs. 144 and 145.—Two views of the same egg; 144 dorsal, 145 median optical section in sagittal
plane. 1n fig. 145 the polar body 1s not visible, but its supposed position is indicated by
the dotted outline at the animal pole; the dotted outlines at the Jower pole indicate the
mesoderm cells which lie in the lateral lip of the blastopore and out of the plane of the
section ; the rolling in of the muscle cells in the lateral Tips is well shown,

Fig. 146.—Auterior view of an egg of about the same stage as the preceding, showing the division of
the 12 neural plate cells of the ventral hemisphere.

IFig. 147.—Ventral view of a similar stage with the ectoderm omitted in order to show the endoderm
and mesoderm from the ventral =ide. At this stage all the ectoderm cells have passed
into the 9th generation, all the endoderm into the 8th or 9th, all the mesoderm except
13+ into the Sth or 9th, all the ehorda and neunral plate cells into the 9th. There
are 218 cells; Ventral hemisphere 128 cells, 104 ectoderm, 24 neural plate of ventral
hemisphere ; Dorzal hemisphere Y0 cells, iz, 16 neural plate, 16 chorda, 20 mesenchyme,
12 muscle, 26 endoderm.
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Prate X.
Intire Embryos of Cynthia partita; Gustrwlu to Tadpole.

Muscle cells shaded by vertical lines, mesenchyme by transverse lines, nerve plate and tube by fine
stipples, chordu by course stipples.

Figs. 145-151.—Iour views of the same embryo; fig. 145 dorzal, 149 ventral-posterior, 150 same view
but deeper level, showing mesoderm and endoder, 151 right side.  Many of the ecto-
derm cells are piaszing into the 10th generation.

Figs. 152-154.—Three views of one embryo; fig. 152 dorsal, showing closure of the blastopore from in
front, 153 same view but deeper level, showing cells heneath the eetoderm, 134 ventral
view of mesoderm and endoderm helow ectoderm.

Figs. 155 and 156.—Two ventral views of an advanced gastrula, the first showing the superficial ceto-
derm, the latter the endoderm and mesoderm lying beneath the ectoderm.

Fig. 157.—Left side of embryo, showing, in optieal section, muscle cells, mesenchyme, chorda and nerve
plate.

Figs. 158 and 159.—Two optical scctiouz of the same embryo, the former (158) through the open blas-
topore at the posterior end of the embryo, the latter (159) through the region anterior to
the blastopore.

Figs, 160-162.—Three views of the same embryo from the ventral side but drawn at different levels;
160 surfaec view showing ectoderm ; 161 sanie view deeper level, showing mesoderm and
endoderm : 162 same view still deeper level, showing chorda, mezoderm and endoderm.

Fig. 163.—Dor=al view of embryo of same stage ax preceding showing nerve plate and tube, meszoderm
and ehorda.

Figs. 164 and 165.—Two views of same embryo from right side; fig. 164 median optical section show-
ing chorda, nerve tube and endoderm; 165 more superficial view showing musele cells
and mesenchyme.

Ilig. 166,—Older embryo from right side, showing in optieal cection nerve tube, chorda, mesodern and
endoderm.

Fig. 167.—Young tadpole from left side showing in optical section nerve tube, chorda and mesoderm.
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PLATE XL
Eggs of Ciona tntestinalis; Ovoeyle to Fourth Cleavage.

Figs. 168-179 actuul scetions; figs. 150-187 whole eygs.  Crescent substunce und elear protoplasm
stippled.  Polur bodies are actually present where drawn.

Fig. 168.—Half grown ovarian egg, showing test cells within the egg cytoplasm, which is composed of
a layer of yolk surrounding the nucleus and a pevipheral layer of elear protoplasm;
around the whole egg is a layer of small follicle cells whieh later develop into the very
large conical cells which surround the chorion.

Fig. 169.—Older ovarian egg, showing the area of the yolk increased and the test cells limited to the
peripheral layer of protoplasm, which is sharply differentiated from the yolk.

Iig. 170.—still older ovarian egg, showing the test cells arranged in groups or “nests” at the periphery
of the egg.

Fig. 171.—Ripe ovarian egg ready to eseape from the ovary, showing the extrusion of the test cells and
the formation of a thick homogeneous membrane around the egg, which ultimately
becomes the chorion.

Fig. 172.—Free hut unfertilized egg which has shrunken away from the chorion, showing the first
maturation spindle, the peripheral layer of protoplasm collected over the lower pole of
the egg and the achromatic substance of the germinal vesicle (kp) spread in a broad
layer over the upper pole and around the central yolk.

Fig. 173.—Extrusion of first polar body and entrance of spermatozoon ; the sperm nucleus lies in the
peripheral layer surrounded by clear protoplasm in which astral rays are developing.

Fig. 174.—Nearly equnatorial section of” the egg showing sperin nueleus and amphiaster at the posterior
side of the egg; at the surface is the granular protoplasm of the peripheral layer.

5. —Seetion of egg in plane of first cleavage (median plane), showing the approach of the germ
nuelet and the movement of the peripheral layer of protoplasm from the lower pole to
the posterior side to form the erescent; in the darkly staining substance of the crescent
is a clear triangular area which corresponds to the clear area surrounding the sperm
nucleus in fig. 173.

Fig. 176.—Section ol slightly older stage in plane of first cleavage, showing the union of the germ

Fig. 17

nuelei; polar body out of the plane of =ection.

IPig. 177.—Anaphase of first cleavage, showing the complete separateness of the nuclear and astral
portions of the mitotic fignre : the crescent substance shows at the ends of the spindle.

Fig. 178.—Telophase of first cleavage, showing  zwischenkdrper” (z), also the bending of spindle axis
and shifting of eytoplasm and nudlei toward the animal pole.

Fig. 179.— Anaphaze of zecond cleavage, showing separateness of nuclear and astral portions of mitotie
figure, also position of crescent on postero-dorsal side; polar body out of the plane of
section.

Fig. 150.—Entire egg of (Yona, showing formation of second polar spindle, peripheral layer of proto-
plasm, sperm nucleus and aster.

Fig. 181.—Amnaphase of first cleavage viewed from posterior pole.

Fig. 182.—Two-cell stage seen from posterior pole, evtoplasm and nueclei lie near animal pole, crescent
near vegetal,

Fig. 185.—Four-cell-stage seen from vegetal pole; the c¢rescent covers about one half the surface of the
two posterior hlastomeres,

Fig. 184.—Tiight cell-stage, left side, showing eap of deeply staining protoplasmn at posterior pole of
eells (B+), which later goes into the posterior mesenehyme cells (1379 fig. 200.)

g, 185.—Eight cells, posterior view ; spindles of the fourth cleavage present.

Fig. 186.—Fourth cleavage, vegetal pole.

Fig. 187.—Fourth cleavage, animal pole; 16 cells.
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PLATE XII.

Whole Eqgs of Ciona intestinalis; Sixteen Cells to Gastrula,

v

Chreseent substunce stippled in all the figures; elear protoplusm also stippled in fiys, 185-191.
Polar bodies are actually present where drawn.

I'ig. 188 —Sixteen cell stage, anterior pole.

Fig. 189.—Sixteen cells seen from vegetal pole; all hut two of the cells are passing from the 5th to the
fith generation.

Fig. 190.—Similar stage viewed from animal pole.

Fig. 191.—Animal pole view, 5th to the Gth generation: 20 cells; when the divisions are completed,
which are here indicated by spindles; there will be 32 cells.

Figs. 192-195.—One and the same egg in the 32-cell-stage.  Fig. 192.—From animal pole. Fig. 193.—
I'rom vegetal pole, spindles present in many of the cells, which are about to pass into the
Tth generation. Fig. 194.—Irom posterior pole; all nuclei at the animal pole in a
resting condition, Fig. 195.—.Autero-vegetal view.

Figs. 196 and 197.—One and the same egg seen from the animal (ventral) and from the vegetal (dor-
sal) poles; most of the cells at the vegetal pole have just paszed into the Tth generation ;
spindles are present in all the cells at the animal pole preparatory to their division into
the Tth generation ; 44 cells, 20 of the 6th and 24 of the Tth generation.

Figs. 198-204, —With the exception of fig. 199, all these figures represent views of one and the same
egg.  Fig. 198, —View from animal pole showing all the ectoderm cells in process of
division.  Fig. 199, — Another egg of the same stage as the preceding, but seen from u
nore anterior point of view. Fig. 200.—Vegetal pole showing all the cells at this pole
in a resting condition,  Iig. 201.—Same egg seen from a more anterior point of view.
Tlig. 202.—Same egg viewed from the anterior pole.  Iig. 203,—Viewed from the right
side showing in dotted outline the great elongation of the cells of the vegetal pole and a
corresponding flattening of' the cells at the animal pole.  Fig. 204.—Viewed from the
posterior pole. 76 cells, viz.. 32 ectoderm, 10 endoderm, 18 mesoderm, S chorda, 8 neural
plate; when the divisions indicated in the ectoderm cells are completed there will he 64
ectoderm cells and 108 cells in all.

Iig. 205.—Gastrula corresponding in stage to fig. 140 of the Cynthia egg; 178 cells, viz., 105 ectoderm
and neuaral plate (ventral), 20 endoderm, 18 mesenchyme, 12 muscle, 8 ehorda, 12 neural
plate (dorsal).

Ifig. 206 and 207.—Older gastrula with blastopore much restricted by the growth of' the anterior lip,
[lig. 206.—View of superficial ectoderm and mesoderm. Fig. 207.—Deeper view of
same embryo showing endoderm and mesoderm.
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