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TRANSLATOR'S PREFACE.

e

TuE rapidly increasing recognition of the importance of Embryology
in all morphological studies makes it desirable that the most valuable
text-books upon the subject, in whatever language, be made available
for those who are beginning its study. Although the English-reading
student already has at command a number of text-books upon this
subject, it is evident toany one familiar with Herrwic's Lelirbuch der
Entwicklungsgeschichte des Menschen und der Wirbelthiere that this
work covers the field of Vertebrate Embryology in a more complete
and satisfactory way than any book heretofore published in English.

Two important objects to be accomplished in a text-book are:
first, a clear and methodical exposition of the well-established facts
of the science; and, secondly, such a presentation of unsettled
questions as shall stimulate the reader to further inquiry and re-
search. I believe it is far too common for the second of these aims
to be overlooked. The present work fulfils both requirements in an
eminent degree, and in its historical surveys exhibits an exceptional
fairness of treatment, notwithstanding the author has been one of
the foremost contestants in several of the fields reviewed. The
summaries which follow the discussions of the several topies serve a
useful purpose in directing attention to the more important conclu-
sions drawn from each subject.

I have aimed to give a clear and accurate reproduction of the
author’s ideas; while I have endeavored—not always successfully—
to avoid awkward renderings and German idioms, I have preferred
to err on the side of a too literal rather than a too liberal translation.
There are a few points that demand a brief explanation. The German
word Anlage has hervetofore been variously rendered into English
by rudiment, origin, beginning, basis, foundation, ete., while some
writers, recognising the inadequacy of any of these words to express
the idea, have incorporated the German word itself in their English.

The Anlage of a structure is its beginning or its undifferentiated
state—the object in a simple condition which is destined to be
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followed by a more complicated one. The use of rudiment in this
sense is undesirable, because, in the interest of scientific accuracy, it
18 important to restrict its meaning, as in German, to a structure
which is not destined to become more complicated, but which may have
been, either ontogenetically or phylogenetically, even more highly
developed than it now is. Origin and beginning are abstract terms,
whereas Anlage is more frequently used in the concrete ; basis and
foundation (Grundlage) convey a wrong impression—that of the sub-
stratum wpon which the structure is erected. The need of a new
word, which shall be used in the sense of Anlage, is evident, 1
suggest the adoption of an already existing word,~—fundament,—used
at present only in a sense with which the proposed unsage will not
produce confusion. This word has been uniformly employed in the
present translation, and the reader will see how readily and naturally
it lends itself to this use. Fundament would thus bear the same
relation to foundation that Anlage does to Grundiage.

I have also departed from authorised usage by sometimes employ-
ing for DBindegewebe and Stiitzgewebe the term sustentative (in a
mechanical sense) tissue, instead of connective tissue. My reason
for this is the narrower meaning of connective as compared with
sustentative.

In deference to a custom still followed in Human Anatomy, the
author, in describing the relative positions of parts, has very generally
used anterior and posterior for dorsal and ventral, etc. Instead of
converting these expressions into terms which are independent of the
temporary position of the organism, as I should have preferred, it
has seemed better to indicate the direction by a bracketed word in
those cases where a misunderstanding was most likely to occur. It
has of course not been necessary to repeat this after each term of
direction, but only after the first one of a series, the reader’s atten-
tion being thus sufficiently directed to the matter to prevent any
misconception. :

The rapid advances in Embryology make it impossible for a book
two years old to be a faithful reflection of the science of to-day in all
its branches ; there are some topies in which even radical changes
must be recognised. I have thought best, however, to reproduce the
book as it left the hands of its author, and to content myself with
calling the reader’s attention to some of the topies in which the most
important advances have been made, such as the metamerism of the
head, and the plan and metamorphoses of the vessels of the visceral

arches.
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I am under very great obligations to my colleague, Dr. C. B.
Davenport, for kind assistance and valuable criticism, but for which
many defects of the translation would have been overlooked. I am
also indebted to Drs. T. G. Lee, H. B. Ward, and W. MceM. Wood-

worth for aid in reading portions of the proof.
E, L. MARE.

CAMBRIDGE, MASS,



AMFTHO RS PR E R A(GIE
TO THE FIRST EDITION.

* Die Entwickelungsgeschichte ist der wahre Lichttriiger fiir Untersuchungen
iber organische Kirper.”—C. E. v. BAER, * Ueber Entwickelungsgeschichte
der Thiere " (Bd. L., 8. 231).

Tue Embryology of Animals, although one of the youngest shoots
of morphological research, has, nevertheless, grown up in the course
of sixty years, along with the cell-doctrine and that of the-tissues, to
a vigorous and stately tree. The comprehension of the structure of
organisms has been extended in a high degree by numerous develop-
mental investigations. The study of the human body has also derived
great advantage from the same. In the newer anatomical text-
books (GEGENBAUR, Scuwarsr) Embryology is receiving more and
more attention in the description of the separate systems of organs,
To what extent many things may be more clearly and attractively
described in this manner is best shown by a comparison of the des.
ceriptions of brain, eye, heart, ete., in the older and the more recent
anatomical text-books.

Although it is generally recognised that Embryology constitutes ©a
foundation-stone of our comprehension of organic forms,” neverthe-
less the attention which its importance warrants is not yet given to
it ; it is especially true that it has not become as extensively as it
should be a component of well-rounded medical and natural-history
instruction, to which it is indispensable. The cause of this is
perhaps in part to be sought in the fact that in student-circles the
study of Embryology is often held to be especially difficult and a
comprehension of it to be laborious. And thus many do not venture
into this apparently obseure realm.,

But ought the development of an organism to be veally more
difficult to comprehend than the complicated finished structure ?

To a certain extent this was the case at a time when the most
divergent and contradictory opinions prevailed concerning many of
the most important processes of development, such as the formation
of the germ-layers, the protovertebre, ete., which the lecturer had to
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take into account, and when many processes were not yet understood
in their essence and their significance. But, thanks to the results of
Comparative Embryology, the number of the unintelligible processes
has been every year diminished, and in the same ratio the study of
Embryology even for the beginner has been rendered easier.

At least, it is not in any way an essential feature of the process
of development that it should be more difficult to understand than
the structure of the completed form. For every development begins
with a very simple condition, from which the more complicated is
gradually derived and by which it is explained.

Inasmuch as I have for twelve years pursued the study of Embry-
ology with especial interest, both in annually recurring academic
lectures and in a series of scientific investigations, the desire has
been awakened in me to acquire for Embryology a broader and more
secure foundation in education, and to procure for it admission into
larger circles of medical men and well-educated naturalists. As the
result of this there has come into existence the book which is before
us, in which the especial problem has been to make the complicated
structure of the human body more intelligible through the knowledge
of itz development.

For the solution of this problem I have in the present text-book
placed the comparative method of investigation in the foreground. I
do not thereby find myself in any way in opposition to another
direction of embryological research, which places the objective point
in the physiological or mechanical explanation of the form of the
animal body. Such a direction I hold to be fully warranted, and I
believe that, instead of being opposed to a comparative-morphological
direction, it can be of the most permanent value to it in the solution
of its problems. One will find that I have here given full attention
to the mechanico-physiological explanation of forms. Compare the
sections on cell-division and Chapter IV., * General Discussion of the
Principles of Development,” in which the laws of unlike growth and
the processes of the formation of folds and evaginations are treated.

In the presentation of the separate processes of development, in
the main the important things only have been selected, the sub-
sidiary left out, in order thus to make the introduction into
embryological study easier. In the case of fundamental theories
I have gone into their history extensively, because it is of great
interest, and under certain circumstances operates as a stimulus,
for one to see in what way the state of a scientific question for the
time being has been attained. In pending controversial questions
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ACITNEROR S PR EE A C R
TO THE SECOND EDITION.

Tae friendly reception which the * Text-book of the Embryology
of Man and Mammals” has found, is an indication of the increased
interest which this branch of Morphology now meets with.

Even more than a year ago, after the first part of the text-book
appeared and while the second part was in the press, the necessity of
preparing a second edition became evident,.

In this edition fundamental changes have not been undertaken ;
the text has, however, undergone an expansion in some places, owing
to the attention given to several works which have recently appeared.
This has been the case with the section on the first developmental
processes of the egg (WEIsMANY, BrocHmANY) ; that on the origin of
the vascular system (RaBr, Rickerr); that on the development of
the feetal membranes (Duvar, Ossorx); and that on the human
placenta (Kasrscuenio, WALDEYER, RUGE).

As the second part of the text-book has just appeared, it has been
possible to incorporate it in the second edition without alteration.

Tt has, furthermore, seemed to me expedient in the second edition
to distribute at the ends of the several chapters the synopses of the
literature, which in the first edition were bronght together at the close
of the whole work. Finally, there has been added an index of
subjects, by which a more rapid orientation concerning the separate
topies will be facilitated ; this will increase the usefulness of the
work.

May the book in this form make for itself new friends, not only
among students of medicine and the natural sciences, but also with
all those who have a fondness for and a comprehension of studies
in natural science.

DSCAR HERTWIG.
JENA, February 1888,



AUITEOR’S PRI AGE
TO THE THIRD EDITION.

In the two years which have elapsed since the appearance of the
second edition of this text-book, our knowledge of the embryology of
Vertebrates has experienced many important enrichments, thanks to
the numerous investigations which are annually published. There-
fore, as the problem of preparing a third edition of the text-book
confronted me, I was compelled fo make extensive changes in
many places. Thus the second and third chapters, concerning the
processes of fertilisation and cleavage of the egg, have undergone
expansion, owing to the presentation of the important discoveries
which have been made on the the egg of Ascaris megalocephala. I
have given an entirely new wording to the ninth chapter on the
development of econnective substance and blood, also to the
sections on the origin of the urinary organs and the development of
the peripheral nervous system, and, finally, to the account of the
development of the heart and the venous system. Also at other
places one will often recognise the hand of improvement.

The third edition has been essentially improved by the addition of
thirty new figures, which I have taken from the investigations of
vaN Bexvepexn, Boveri, Duvarn, Fremvixe, Hermasy, His, Borw,
(GEGENBAUR, NAGEL, VAN WwaE, Grar SpEg, BoxNer, and KEIBEL.
Through the friendliness of Professor vaxy BExepes I was also put
in a position to employ for my text-book three figures out of his
hitherto unpublished extensive work on the development of the
germinal layers of the Rabbit. By means of the increase in the
number of figures I hope that T have been able to render still easier
the comprehension of many of the processes of development,

And so I close the preface to the third edition by expressing
my thanks to all those who have rendered me friendly aid, and
especially to the publisher, who in the further equipment of the
text-book has met my wishes with the greatest willingness,

0OSCAR HERTWIG.
BERL1IE, March 1890,
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INTRODUCTION.

Tue history of the development of the individual, or Ontogeny
(Embryology), is the seience of the growth of an organism; it de-
seribes the morphological changes which an organism passes through
from its origin in the ovum up to its complete maturity, and presents
these in their natural connection. We can regard the fertilisation
of the egg-cell as the beginning of the process of development for
Vertebrates, as it also is for all the rest of the higher animals.

In giving an account of the changes of the egg-cell, which begin
with fertilisation, one may choose between two different methods.

According to one method a particular organism is made the basis
of the account, and one describes the changes which its germ under-
goes from the moment of fertilisation onward, from hour to hour,
and from day to day. It is in this way that the embryology of the
Chick has been worked out by C. E. vox BAER in his classical paper,
and by Foster AND Barrour in their “ Elements of Embryology.”
This method has the advantage that the reader acquires a view of
the total condition of an organism in the separate stages of its
development.

A book of that kind is especially suitable for such persons as

desire to acquaint themselves, by their own observation, with the

embryology of a single animal, as, for example, the Chick, by
repeating the investigations of others. It is, on the contrary, less
adapted to those who wish to acquire a connected view of the
development of the separate organs, as the eye, the heart, the brain,
etc. For the formation of these will of course be treated of at different
places in describing younger and older embryos. In order to procure
a general survey of the course of development of an organ, the
reader must consult various places in the text-book, and collect for
himself what relates to the subject.

For beginners, and for the needs of theoretical instruction in
Embryology, the second method commends itself, in which the separate
organs are considered in succession, each for itself, and the changes
which a single organ has to pass through during development are

1
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set forth connectedly from beginning to end. It is in this way that
Kornuiger's “ Embryology of Man and the Higher Animals” is written,

The second method is, moreover, the only one applicable when the
problem is to investigate in a comparative way the development of
several organisms, and to fill up the gaps which exist in our know-
ledge of one by that which we know concerning nearly related
animals. But it is precisely in this position that we find ourselves,
when we wish to acquire a survey of the development of the human
body. An account which should limit itself to that which we know
about Man would exhibit numerous and extensive gaps. For up to
the present the eye of man has not seen how the human ovum is
fertilised, how it divides, how the germ-layers are formed, or how
the establishment of the most important organs is effected. Tt is
especially the period of the first three weeks, during which the
greatest variety of fundamental processes of development take place,
concerning which we know next to nothing; there is also little
prospect that a change will soon occur in this regard. The time
will therefore perhaps never come when a complete embryology of
Man in the strict sense of the word will be possible,

However, the existing gaps can be filled out in another manner,
and one which is entirvely satisfactory. The study of the most widely
differing Vertebrates teaches us that they are developed according
to a common plan, that the first processes of development agree
in all rveally important points, and that the differences which we
encounter here and there are produced by causes of a subordi-
nate kind, as, e.g., by the egg's possessing a greater or less amount
of yolk,

When we see that the establishment of the central nervous system,
of the eye, of the spinal column, of the viscera, etc., takes place in
Mammals on the whole just as it does in Amphibia, Birds, and
Reptiles, the conclusion is near at hand, and justified, that Man
also in his development is no exeeption to this general phenomenon.
Thus in the study of Embryology we are naturally led to the com-
parative method. What, owing to the nature of the difficulties, we
cannot learn directly about the development of Man, we seek to
deduce by the investigation of other Vertebrates,

In earlier decennia the Hen's egg was the favorite object, and it
is upon this that we possess the most numerous and most complete
series of observations. During the last twenty years research has
also been directed to Mammals,—in the investigation of which the
areatest difliculties have to be surmounted,—as well as to Reptiles,
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Amphibia, Fishes, ete. Only through the observation of such various
objects has insight been acquired info many processes, which in their
essence remained unintelligible to us from the study of the Chick
alone. For it was thus that one first learned to distinguish the
important from the accessory and unimportant, and to understand
the laws of development in their generality.

In this text-book, therefore, I shall not confine myself to a single
object, such as the egg of the Hen or the Rabbit, but from more
general comparative standpoints shall endeavour to present what,
through extensive series of investigations, we have thus far recognised
as the rule in regard to the real nature of the processes of fertilisa-
tion and cleavage, the formation of the germ layers, ete.

However, let no one expect a text-book of comparative Embryo-
logy. The purpose and the problem is first of all to learn to com-
prehend the development and the structure of the human body.
What we know about that has been plaeed before everything else,
and the embryclogy of the remaining Vertebrates has been cited, and,
s it were, fully utilised, only in so far as was necessary for the
purpose indicated.

In the division of the embryological material proposed by us, ac-
cording to the separate systems of organs, there is a long series of
processes, with which the development begins, which do not permit
of an arrangement, becanse at the beginning the fundaments of
definite, afterwards differentiated organs, are not recognisable in the
germ. Before there is any formation of organs, the egg is divided
into numerous cells, and these then arrange themselves into a few
larger complexes, which have been called the germ-layers, or the
primitive organs of the embryo. Further, in the higher Verte-
brates there are formed certain organs, which are useful only during
embryonie life, and are subsequently lost—namely, the fetal mem-
branes and fetal appendages. All of the processes of that nature
we shall treat of conmectedly, and by themselves. In accordance
with this, we can divide our theme info two main sections, the first
of which will deal with the initial processes of development and the
embryonic membranes, the second with the origin of the separate
systems of organs. In order to facilitate for the advanced a more
thorough study, and a penetration into embryological literature, a
survey of the more important original works is given at the close of
the separate chapters. On the other hand, text-books of Embryo-
logy may be mentioned in this place. [Compare also the larger
monographic works cited at the end of the hook.]
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CHAPTER 1.

DESORIPTION OF THE SEXUAL PRODUCTS.
EGG-CELL AND SEMEN-CELL.

Ix most animals, and without exception in all Vertebrates, the
development of a new being can take place only when reproductive
elements, produced by two sexually different individuals,—the egg
by the female, and the seminal corpuscle or seminal filament by the
male,—are at the proper time brought into union as the result of
the procreative act.

The egq and the seminal filament are simple elementary parts or cells,
which are produced in special glandular organs, the egg-cells in the
ovary of the female, and the semen-cells in the testis of the male.
After the beginning of sexual maturity at definite periods, they
detach themselves within the sexual organs from their union with
the remaining cells of the body, and form, under suitable conditions
of development, among which the union of the two sexual cells is
the most important, the starfing-point for a new organism.

First of all, therefore, we have to acquaint ourselves with the
peculiarities of the two kinds of sexual produets.

1. The Egg-cell.

The egg is by far the largest cell of the animal body. At a time
when nothing was known of its cell-nature, its separate components
were given special names, which remain in use even at the present
time. The contents were called egg- }rolk or vitellus ; the cell-nucleus
was called vesicula germinativa, or germinative vesicle, discovered by
the physiologist PURKINGE ; the nuclear corpuscles, or nucleoli, were
called germinative spots, or macule germinative (WAGNER); and,
finally, the cellmembrane was called the yolk-membrane, or mem-
brana vitellina.  All these parts vary in not unimportant ways from
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the ordinary condition of the protoplasm and nucleus of most animal

cells.

The vitellus (figs. 1 and 3 5.d) rarely appears homogeneous, mucila-
ginous, and translucent, like the protoplasm of most cells; it is
ordinarily opaque and coarsely granular. This results from the
fact that the egg-cell, during its development in the ovary, stores
up in itself nutritive materials, or reserve sfuffs. These consist of
fat, of albuminous substances, and of mixtures of the two, and
are described, according to their form, as larger and smaller yolk-
spherules, yolk-plates, ete. Later, when the process of development
is in progress, they are gradually used up in the growth and for
the increase of the embryonic cells. The fundamental substance

of the egg, in which the reserve stuffs
Just now rveferred to are imbedded, is
protoplasm, physiologically the most in-
teresting and important of substances,
because in it take place, as we infer
from many phenomena, the essential
life-processes.

+  We must therefore distinguish in
the yolk, in accordance with the sug-
_ L gestion of vaN BENEDEN, (1) the egy-

Fig, 1,—Immature egg from the ovary

of an Echinoderm, The large ger. PTOtoplasm, and (2) the yolk-substance,
minative vesicle showsagerminative  or deutoplasm, which is of a chemi-

:1':]"“:;;13.1:0 [ll:?lﬁ ;e::,)f_:ﬁfk o cally different nature, and is stored
up in the former.

When the deposition of reserve materials takes place to a great
degree, the really essential substance, the egg-protoplasm, may
become almost entirely obscured by it (figs. 3, 4). The protoplasm
then fills up the small interstices between the closely packed yolk-
globules, yolk-cakes, or lamelle, as mortar does those between the
stones in masonry, and appears in sections only as a delicate net-
work, in the smaller and larger meshes of which lie the yolk-elements.
Only at the surface of the egg is the egg-plasm constantly present
as a thicker or thinner continuous cortical layer,

The germinative vesicle usually oceupies the middle of the egg.
It is the largest nuclear structure in the animal body, and its
diameter generally increases with the size of the egg.

The germinative vesicle (figs. 1, 2) is separated from the yolk by
a firm membrane, which may often be distinctly demonstrated, and
which surrounds various included components : nuclear liguid (Kern-
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saft), nuclear network, and nueleoli. The nuclear liguid is more
fluid than the yolk, in the fresh condition usually as clear as water,
and when coagulated by the addition of reagents, absorbs only
a little or no coloring matter. It is traversed by a network
of delicate filaments (kn), which attach themselves to the nuclear
membrane. In this network are enclosed nucleoli, or germinative
spots (kf), small, for the most part spherical, homogeneous, lustrous
structures, which consist of a substance akin'to protoplasm—nuclear
substance or nuclein, Nuclein is distinguishable from protoplasm—
in addition to certain other chemieal reactions—especially by the
fact that it absorbs with great
avidity pigments such as car-
mine, hematoxylin, aniline,
ete., on account of which it has
also received from FLEMMING
the name chromatis.

The nuwmber of the nucleoli
in the germinative vesicles of
different animals is highly
variable, but it is tolerably
constant for each species;
sometimes there is only a o ;

. Fig. 2, —Germinative vesicle of a Frog's egg that
single nucleclus  present i i small and immaturs, It shows very
{]‘]'1-3+ 1), sometimes there are numerous mestly peripheral germinative spots

(&), in a fine nuclear network (kn), m, Nu-
geveral or even VETY lnany of glear membrane,

them (fig. 2%f). Accordingly
one may with AveErBacH distinguish uninucleolar, plurinucleolar,
and multinueleolar germinative vesicles.

At their surfaces eggs are surrounded by protective envelopes, the
number and condition of which are exceedingly variable throughout
the animal kingdom as well as among Vertebrates. It is best to
divide them, as Lupwic has done, according to their method of
origin, into two groups, inte the primary and the secondary egy-
membranes. Primary egg-membranes are such as have been pro-
duced either by the egg itself or by the follicular cells within the ovary
and the egg-follicle. Those produced by the yolk of the egg are
called witelline membrane ; those formed by the follicular epithelinm,
chorion. All which take their origin outside of the ovary, as a
result of secretions on the part of the wall of the oviduct, are to be
designated as secondary egg-membranes.

In their details the eggs of the various species of animals differ
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from each other in a high degree, so that they must really be con-
sidered as the most characteristic for the species of all the kinds
of animal cells. Their size, which is due to a greater or less ac-
cumulation of deutoplasm, varies so extensively that in some species
the egg-cells can be only barely recognised as minute dots, whereas
in others they attain the considerable dimensions of a Hen's egg, or
even of an Ostrich’s egg, The form is usually globular, more rarely
oval or cylindrical. Other variations arise from the method in
which protoplasm and deutoplasm are constituted and distributed
within the limits of the egg ; there ave in addition the differences of
the finer structure of the germinative vesicle and the great variability
of the egg-membranes.

Some of these conditions are of great significance from their in-
fluence on the manner of subsequent development. They have been
employed as a basis for a classification of the various kinds of eggs.

It is most expedient to divide eggs into two chief groups,—into
stmple and into compound eggs,—the first of which is divisible into
several sub-groups.

A, Simple Eqggs.

Simple eggs are such as are developed in an ovary out of a single
germinal cell, The eggs of all the Vertebrates and most of the
Invertebrates belong to this group.

In this chief group there occur, according to the manner in whick
protoplasm and deutoplasm are distributed within the egg, three
modifications, which are of very great importance tn the determination
of the first processes of development.

In the simplest case the deutoplasm, which ordinarily is present
only to a limited amount in the correspondingly small egg, is more
or less uniformly distributed in the protoplasm (fig. 1). In other
cases there has arisen out of this original condition, in conjunction
with an increase in the bulk of the yolk-material, an inequality in
the distribution of the two egg-substances previously distinguished.
The eqg-plasma has accumulated in greater abundance at cer_.'.'ain
regions of the egg-territory, and the deutoplasma at other rvegions. -
Consequently, a contrast has arisen between portions of the egg-cell
which are richer, and those which are poorer, in protoplasm. A
further accentuation of this contrast exercises an extraordinarily
broad and profound influence on the first processes of development,
which take place in the egg after fertilisation. That is to say,
the changes, which further on are embraced under the process of
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cleavage, make their appearance only at the region of the egg
which is richer in protoplasm, whereas the region which is more
voluminous and richer in deutoplasm remains apparently quite
unaltered, and is not divided up into cells, By this means the
contrast, which was already present in the unsegmented egg,
becomes during development disproportionately greater and more
obvious. The one part undergoes changes, is divided into cells, and
out of these produces the individual organs; the other part remains
more or less unaltered, and is gradually employed as nutritive
material. Following the example of Reicmerm, the part of the
yolk which is richer in protoplasm, and to which the developmen-
tal processes remain confined, '
has been designated jformative
yolk, and the other nuiritive
yolk.

The unequal distribution of
formative yolk (vitellus forma-
tivus) and of nutritive yolk
(witellus mutritivus) within the
egg is accomplished in two dif-
ferent ways.

In the one case (fig. 3) the : .
formative yolk is accumulated VP

at one pole of the egg as a flat  Fig. 5.—Diagram of an egg with the nutritive

; yolk in a polar position. The formative
gmu.-cﬂtsc H:‘.S‘Cﬂ} Inasmuch as yolk constitutes at the animal pole (4.F°)a

its specific gravity is less than germ-dise (k.sch), in which the germinative
that of the nutritive yolk (m.d)  77¢ s
collected at the opposite pole, it vegetative pole (V.7).
is always directed upward, and
it spreads itself out on the yolk just like a drop of oil on water. In
this case, therefore, the egg has undergone a polar differentiation ;
when at rest it must always assume a definite position, owing to the
unequal weight of the two poles. The dissimilar poles are distin-
guished : the wpper, lighter pole, with the germ-disc, as the aninal
(A.P); the under, heavier and richer in yolk, as the vegetative pole
(V.P). The polar differentiation of eggs is often encountered in
Vertebrates, and is especially prominent in the classes of Bony
Fishes, Reptiles, and Birds.

In the second case (fig. 4) the formative yolk (b.d) is accumulated
over the whole surface of the egg, and smrrounds the centrally placed
nutritive yolk (m.d) as a uniformly thick, finely granular cortical
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layer. The egg exhibits central differentiation, and therefore does
not assume & constant position when at rest. As in the former case
the yolk was polar in position, so here it is central. Such a condition
15 never encountered in Verte-
brates, but it is characteristic of
Arthropods.

In order to distinguish the three
modifications, Barrour has made
use of the expressions alecithal,
telolecithal, and centrolecithal. He
calls those eggs alecithal in which
the deutoplasm, in small amount,
S is uniformly distributed through
Fig. 4,—Dingram of egg with the nutri. UD€ protoplasm ; telolecithal, those

tive .jnlkiin the centre, The [;.;em:innti?e in which it is accumulated at the
vesicle (£.0) oceupies the middle of the . -
nutritive yolk (n.d), which s envaloped vagel;abwe leE 3 Eentrﬂlemt'hali

in a mantle of formative yolk (.d). those in which the accumulation of

deutoplasm has taken place at the

centre. In what follows, we shall speak of (1) eggs with wuniformly

dustributed yolk, (2) eggs with polar deutoplasm, and (3) eggs with
central deutoplasm,

It is now expedient to illustrate what has just been said by typical
examples, and for this purpose the eggs of Mammals, Amphibia,
Birds, and Arthropods have been selected. We shall also frequently
recur to these in the presentation of the subsequent phases of develop-
ment.

The egg of Mammals and of Man is exceedingly small, since it mea-
sures on the average only 0'2 mm, in diameter. It is for this reason
that it was not discovered until the present century—in 1827, by CARwL
ERNst voN Baer.  Previously the much larger Grasriax follicle
of the ovary, in which the smaller true egg is enclosed, had been
erroneously taken for the latter. The Mammalian egg (fig. 5) con-
sists principally of a finely granular protoplasmie substance, which
contains dark, fat-like spherules and granules (deutoplasm), and
which is turbid and opaque in proportion to the amount of these.
The germinative vesicle (£.5) contains a large germinative dot (k.f),
located, together with a few smaller accessory dots, in a nuclear
network (kn). The egg-membrane is called zona pellucida (2.p),
because it surrounds the yolk as a relatively thick and elear layer. It
is a primary membrane, for it is formed within the Graarian follicle,
by the follicular cells. Under high magnification the zona pellucida
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Fig. 5,—Egg from a Rabbit's follicle which was 2 mm. in diameter, after Waroeven. 1t is
surronnded by the zona pellucida (=.p), on which there rest at one place follicular cells ( f.2).
The yolk containg dentoplasmic granules (d). In the germinative vesicle (&24) the nuelear
network (k.n) is especially marked, and contains a large germinative dot (&.7).

(#.p) appears radially striate, since it is traversed by numerous pore-
canals, into which, as long as the egg remains in the GraarrAx follicle,
very fine projections of the follicular cells (f.z) penetrate. These
fuse with the egg-plasm, and are probably concerned in the nutrition
and growth of the contents of the egg. (RErzivs.)

The Auwman ovum is wonderfully like the egg of Mammals in size,
in the condition of its contents, and the nature of its membranes.
However, it always can be distinguished by means of special, though
trifling, characteristics, as the careful investigations of NacEL have
shown. Whereas in the Rabbit lustrous, fat-like spherules render
the yolk cloudy, the human ovum retains its transparency during
all stages of development, so that one may recognise most ac-
curately all its structural details, even on the living object. The
yolk is divided into two layers. The énner layer contains principally
deutoplasm, which produces in this case, contrary to most of the
Mammals, only a slight cloudiness; it consists in part of feebly
lustrous, in part of highly refractive fragments, some coarser, some
finer ; but it is not possible to recognise the mutual boundaries of
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the individual components, as is the case in other Mammals and
lower animals, where one distinguishes with great ease granules
and distinet drops. The outer layer or peripheral zone of the yolk is
more finely granular and still more transparent than the central
part, and contains the germinative vesicle with a large germinative
dot, in which NaceEL was able to observe amweboid motions. The
zona pellueida is remarkably broad; it is striate, and is separated
from the yolk by a narrow (perivitelline) space. There are two or
three layers of follicular cells attached to the periphery of the egg
when it is set free from the Grasrian follicle. The long diameters
of these cells are arranged in a radial direction around the egg, as
is general in Mammals, and it is due to this circumstance that they
have received the name corona radiata, introduced by BiscHOFF,
The human egg without the follicular epithelium measures, on the
average, 0°17 mm. in diameter.

The eggs of many Worms, Molluscs, Echinoderms, and Cwelenterates
agree with the Mammalian egg in their size, and in the method in
which protoplasm and deutoplasm are uniformly distributed through
the egg.

The eggs of Amphibia, which were cited as the second example,
form a transition from simple eggs, with uniform distribution of
yolk-material, to eggs with distinetly expressed and externally
recognisable polar differentiation. Already these have deposited in
themselves a large amount of deutoplasm, and have thereby acquired
a very considerable size. The Frog's egg, for example, is stuffed
full of closely compacted, fatty-looking yolk-lumps (Dotterschollen)
and yolk-plates. The egg protoplasm is in part distributed as a
network between the little yolk-plates; in part it forms a thin
cortical layer at the surface of the egg. Upon closer examination,
however, the beginning of a polar differentiation is most distinectly
‘recognisable even here. It manifests itself in this way: at one
pole, which at the same time appears black on account of a deposit
of superficial pigment, the yolk-plates are smaller and enveloped in
more abundant egg-plasm ; and also, nrobably as a consequence of
this, slight differences in specific gravity are distinguishable between
the pigmented and the unpigmented, or the animal and the vegetative,
halves of the egg.

The germinative vesicle (fig. 2) lies in the middle of the immature
egg, is exceedingly large, even visible to the naked eye, and multi-
nueleolar, inasmuch as there are a hundred or more large germinative
dots (kf) distributed immediately under the nuclear membrane.
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The envelopes exhibit, in comparison with the Mammalian egg, an
increase in number, for to the zona pellucida (zona radiata), which
is produced in the follicle, there is subsequently added still another,
a secondary envelope. This is a thick, viscid, gelatinous layer,
which is secreted by the wall of the oviduct, and which becomes
swollen in water.

The polar differentiation, taken, as it were, in the very process
of developing in the case of the Amphibia, is found sharply expressed
in our third example, the Bird s egg.

Tn order to form a correct picture of the condition of the egg-cell
in the case of the Hen, or of any Ib d.sch
other bird, we must seek it while.
still in the ovary, at the moment
when it has finished its growth,
and is ready to be set free from the
follicle. It is then ascertained that
only the spheroidal yolk, the so-
called yellow of the egg, which in
itself is an enormously large cell S
(fig. 6a), is developed in the botryoidal =~ Fif: S"BeEeel (elk) of o Hen
ovary. 1t is enclosed in a thin but tive dise; I.b, genuinative vesicle;
tolerably. firm pellicle (d.k), the i WAS JOLi ¢ ellow yolk
vitelline membrane, the rupture of
which is followed by an extrusion of the soft pulpy contents. By
careful examination one will discover upon the latter a small white
spot, the germinative disc¥Wk.sch), or discus proligerus, also called secar
or cicairicule., It has a diameter of about 3 or 4 mm., and consists
of formative yolk,—a finely granular protoplasm with small yolk-
spherules,—which alone is involved in the process of cleavage. In
the flattened germinative disc is also found the germinative vesicle,
fig, 6a (%.0) and fig. 6b (x), which is likewise somewhat flattened and
lenticular,

The remaining chief mass of the egg-cell is nutritive yolk, which
is composed of numberless yolk-spherules united by slight traces of
egg-plasm, as though by a cement. Information concerning its finer
structure is to be gained from thin sections through the hardened
egg, which should be cut perpendicularly to the germinative dise.
Aceording to differences in staining and in elementary composition,
there are now to be distinguished the white and the yellow nutritive
yolk: (fig. Ga).

The white yolk (w.d) is present in the egg-cell only in a small
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quantity ; it forms a thin layer over the whole surface, the white
yolk-rind ; secondly, it is accumulated in somewhat greater quantity
under the germinative vesicle, for which it at the same time forms a
bed or cushion (Paxper’s nucleus) ; and, thirdly, from this region it

Fig, 6b,—Bection of the germ-disc of a mature ovarian Hen's egg still enclosed in the capsuls,
after Barronn,

a, Connective-tissue capsule of the egg ; b, epithelinm of the capsule, on the inside of which lies
the vitelline membrane reposing npon the egg; ¢, granular substance of the germinative
dise ; 10,3, white yolk, which passes imperceptibly into the fingly granular substance of the
dise; =, germinative vesicle enclosed in a distinet membrane, but shrivelled up; ¥, space
originally oceupied by the germinative vesicle, but made empty by its shrivelling up.

penetrates in the form of a mortar-pestle into the very centre of the
yellow yolk, where it terminates in a knob-like swelling (latebra,
Purkivie). Upon boiling the egg, it is less coagulated, and remains
softer than #he wellow yoll. In the coagulated condition the latter
discloses upon sections a lamellated condition, in that it consists of
smaller and larger spherical shells, which envelope the latebra.

The two kinds of yolk also differ from each other in respect to
the condition of their elementary particles. The yellow yolk
consists of soft plastic spherules (fig. 7 A) from 25 to 100 p in
diameter, which acquire a punctate appearance from the presence
of numerous exceedingly minute granules. The elements of the
white yolk are for the most part smaller (fig. 7 1), and likewise
spherical, but contain one or several large highly refractive granules.

Fig. 7.—Yolk-elements from the Fowl's egg, after Barrour. &, Yellow yolk; B, white yoli.

At the boundary between the two kinds of yolk there are present
spherules which effect a transition between them.

The freshly laid Hen's egg (fig. 8) has a different appearance
from that of such an ovarian egg. This results from the fact that
there is deposited around the yolk, when it detaches itself from
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the ovary and is taken up by the oviduct, several secondary en-
velopes derived fronr the wall of the oviduct, viz., the white of the
egg, or the albumen, the shell-membrane, and the calcareous shell.
Each of these partsis formed in a special region of the Hen's oviduet.
The latter is divided into four regions: (1) A narrow ciliated
initial part, into which the liberated egg is received, and where it
is fertilised by the spermatozoa already accumulated there; (2)a

Fig. 8. —Diagrammatic longitudinal section of an unincubated Hen's egg, after Ariex TuoMmson.
(Somewhat altered.)

B[, Gorm-dise ; 10.y. white yolk, which consiste of a central flask-shaped mass and a numbar of
concentric layers snrrounding the yellow yolk (y.g.); w.t, vitelline membrane ; & asomewhat
fluid albuminons layer, which immediately envelopes the yolk ; w. albumen composed of
alternating layers of more and leas finid portions; cf.l. chalazee ; a.ch. air chamber at the
blunt end of the egr—simply a space between the two layers of the shell-membrane § 8.0k
inner, &m. onter layer of the shell-membrane ; 5. shell,

glandular region, covered with longitudinal furrows, from which

the albumen is seereted and spread around the yolk in a thick layer ;

(3) a somewhat enlarged part, covered with small villi, the cells

of which secrete caleareous salts, and thus cause the formation of

the shell; (4) a short narrower region, through which the egg
passes rapidly, and without undergoing any further change, when
being deposited.

The envelopes furnished in succession by the oviduet have the
following composition :—

The white of the egg, or albumen (w), is a mixture of several
materials : according to chemical analyses, it contains 127 albumen,

(1)
=4
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1:5% fat and other extractive materials, 0-57 salts (potassic chloride,
sodic chloride, sulphates, and phosphates), and 86% water. 1t
surrounds the yolk in several layers of varying consistency. There
is a layer quite closely investing the latter, which is firmer and
especially moteworthy because it is prolonged into two peculiar
spivally twisted cords, the chalaze (ch.l), which consist of a, very
compact albuminous substance, and which make their way through
the albumen to the blunt and to the pointed poles of the egg.

The albumen is enclosed by the thin but firm shell-membrane (s.m)
(membrana teste), which is composed of felted fibres. It may be
separated into two lamellz—an outer, which is thicker and firmer,
and an inner, which is thinner and smooth. Soon after the cgg is
laid the two layers separate from each other at the blunt pole, and
enclose between them a space filled with air (a.ck),—the so-called
air-chamber, which continues to increase in size during incubation,
and is of importance for the respiration of the developing Chick.

Finally, the shell, or testa (), is in close contact with the shell-
membrane ; it consists of an organic matrix (27.), in which 987 cal-
careous salts arve deposited. It is porous, being traversed by small
canals, throngh which the atmospheric air may gain entrance to the
egg. The porosity of the calcareous shell is an absolute necessity for
the normal development of the egg, since the vital processes in the
protoplasm can take place only when there is a constant supply of
oxygen. 1f the porosity of the shell be destroyed, either by soaking
it in oil or closing its pores with varnish, the death of the ineubated
egg ensues in a very short time.

B. Compound Eggs.

Compound eggs are found only in a few subdivisions of the
invertebrated animals, as in the Cestodes, Trematodes, ete.; they
are noteworthy in this respect, that they are produced by the
union of numerous cells, which are formed in two different glands
of the sexual apparatus of the female,—in the germarium and in
the vitellarium. In the germarium is developed the egg-cell in the
restricted sense. 'This is always very small, and consists almost
exclusively of egg-plasm. When this cell at its maturity is set free
from its surroundings and comes into the sexual outlets, it is obliged
to pass the opening of the vitellarium ; here there are associated
with it a number of yolk-cells, which, owing to deposition of reserve
material in the protoplasm, appear turbid and coarsely granular,
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and which constitute the dower that is given by the maternal
organism to the developing germ on its way. Thereupon the whole
is enclosed in one or several secondary egg-membranes, and now
constitutes the compound egg, in which, however, the developmental
processes manifest themselves exclusively on the simple germ cell ;
it is that alone which is fertilised and segments, while the yolk-cells
gradually degenerate and are employed as nutritive material. Thus
in this case also, upon closer examination, the general law, that the
descendent organism takesits origin from a single cell of the maternal
body, suffers no exception.

2, The Seminal Filaments.

Tn contrast with eggs, which are the largest cells of the animal
body, the sperm-cells or sperm-filaments (spermatozoa) ave the
smallest elementary parts; they are accumulated in great multitudes
in the seminal fluid of the male, but can be recog-
nised in it only by the aid of high magnification,
being, for the most part, slender motile filaments. =1
Inasmuch as every cell consists of at least two =
parts, namely, nucleus and protoplasm, we must
look for these parts in this case also. We shall o
take for description the spermatozoa of Man.

Tn Man the seminal filaments (fig. 9) are about
0-05 mm. long. One may distinguish as head (%)

a short but thick region, which marks the anterior .
end, as tail a long thread-like appendage (s), and Fig;i;ﬁ‘?fmg’:::
between the two a so-called middle piece (m). seen in two dif-

The head (%) has the form of an oval plate, forent oRvoRS

Each consists of o

A B

which is slightly excavated on both surfaces, — hed (9, a mid
: . : ale i
and is somewhat thinner toward the anterior end. i E:;““ G, A

Seen from the side (B) it presents a certain re-

semblance to a flattened pear. Chemically considered, it consists of
nuclear substance (nuclein or chromatin), as microchemical reactions
show. To the head is united, by means of a short part called the
middle piece (m), the long thread-like appendage (s), which is com-
posed of protoplasm, and is best compared to a flagellum, because,
like the latter, it executes peculiar serpentine motions in virtue of
its contractile properties, By means of these motions the sper-
matozosn moves forwards in the seminal fluid with considerable
velocity.
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The spermatozoa have often been designated—and it seems
to us with entire justice—as ciliate, or still better as flagellate,
cells,

The spermatozoa of the remaining Vertebrates have a similar
structure to that of Man ; on the whole, the diversity of form which
is encountered in the comparative study of the egg-cell in the animal
kingdom is wanting here. ;

That spermatozoa are in reality metamorphosed cells cannot be
more clearly demonstrated than by their development. According
to the extended observations of LA Varerre and others, each
spermatozotn is formed from a single seminal cell or spermatid, and,
to be more precise, the head is formed from the nucleus, the contractile
filament from the protoplasimn.

The metamorphoses which take place in the development have
been investigated with the greatest detail by Fremmine and
HerMANN in the case of Salamandra maculata, the spermatozoa of
which are characterised by their very great size. The individual
spermatozotn here consists of : (1) a very long head, which has the
form of a finely pointed skewer, and takes up stains with avidity;
(2) a short eylindrical middle piece, which differs from the first part
in chemical properties also; (3) the motile caudal filament, which in
the Salamander exhibits the additional peculiarity that it is provided
with a contractile undulating membrane. Of these three regions -
the skewer-like head, and probably also the middle piece, arise from
the nucleus of the spermatid, whereas the contractile filament is
differentiated out of the protoplasm. In the development of the
head the nucleus of the seminal cell is seen to become more and
more elongated (fig. 10 4, B); at first it takes the form of a pear
(fig. 10 4 k) ; then it grows out into an elongated cone (fig. 10 B k),
the base of which serves as the point of attachment for the middle
piece (mst). The cone becomes elongated and narrowed into a rod
(fig. 11 4, B), which is finally converted into the characteristic form
of a skewer. With this elongation of the nucleus the chromatic
network becomes more and more dense, and at last assumes a quite
compact and homogeneous condition, as in the mature spermatozoon.
The fundament (Anlage) of the middle piece (figs. 10, 11, 4, B, mast)
makes its appearance early—iwhen the nucleus begins to elongate—
at that end of the nucleus which was called its base, in the form of
a small oval body, which at first takes up stains like the head, but
afterwards loses this property. Its first appearance demands still
further elucidation.
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Why arve the male sexual cells so small and thread-like, and so
differently constituted from the eggs?

The dissimilarity between the male and the female sexual cells is
explained by the fact that a division of labor has arisen between the
two, inasmuch as they have ndapt{:d themselves to different missions,

Fig.10 A and B,—Initial stages of the metamorphosis

of the seminal cell into the seminal fAlament, Fig.11 A and B.—Twoterminal
aftar HERMANN, stages in the matamorphosis
A, Beminal cell with pear-shaped nucleus ; B, seminal of the seminal cell into
cell with cone-shaped nusleus ; sz, saminal cell ; &, the seminal filament, after
nnelens with chromatin network, and nucleali (a) ; FLEMMING,
miad, body ont of which the middle piece is developed k, Nuclous, which has become
v, ring-like structure, which is in contact with th elongated to form the head
middle picee, and is claimed to have ralation to the of the spermatozoon; ok,
formation of tha spiral membrane of the fAlament ; ita middle pieca; f, ita
f, candal appendage of the seminal filament, caudnl filament.

The female cell has assumed the funetion of supplying the substances
which are necessary for that nutrition and growth of the cell proto-
plasm which a rapid accomplishment of the process of development
demands. It has therefore, while in the ovary, stored up in itself
yolk-substance, reserve material, for the future ; and consequently
has become large and incapable of motion. But inasmuch as it
18 necessary for the accomplishment of a process of development
that union with a second cell from another individual should take
place, and since non-motile bodies eannot unite, therefore the male
element has been suitably modified to meet this second requirement,
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For the purpose of locomotion and in order to make possible the
union with the non-motile egg-cell, it has become metamorphosed
into a contractile filament, and has rid itself completely of all
substances, as, for example, yolk-material, which would interfere
with this principal requirement. At the same fime it has assumed
the form best adapted for passing through the envelopes with
which, as a means of protection, the egg is surrounded, and for
penetrating the yolk.

The conditions especially in the vegetable kingdom confirm the
accuracy of this interpretation. There are plants of the lowest
forms in which the two copulating sexual eells are entively alike,
both being small and motile; and there are other related species in
which a gradual differentiation is brought about by the fact that
one of the cells becomes richer in yolk and incapable of motion,
while the other becomes smaller and more active. From this it is
evident that the stationary egg must now be sought out by the

migratory cell.

A few physiological statements may be in place in this connection.
In comparison with other cells of the animal body, and especially
in comparison with the eggs, the seminal filaments are characterised
by greater duration of life and power of resistance, a fact which is
frequently of importance for the sucecess of fertilisation. The mature
spermatozoa, after they are set free from their connection with
other cells, remain for months in the testes and wvasa deferentia
without losing their fertilising power. They also appear to remain
active for a long time after having been introduced into the sexual
passages of the female, perhaps for several weeks in the case of Man.
For some animals this is demonstrable to a certainty. Forexample, it
:s known that the semen of Bats remains alive in the uterus of the
female during the whole winter ; and in the case of the Fowl it is
~ known that fertilised eggs can be laid up to the eighteenth day after

the removal of the Cock.

In the presence of external influences semen ghows itself to be
much more resistent than the egg-cell, which is easily injured or
killed. For example, when semen is frozen and then thawed out,
the motion of the seminal filaments comes back again. Many salts,
if they are employed not too strong, have no deleterious influence.
Narcotics in strong concentration, and when employed for a long time,’
make the filaments motionless, without immediately killing them,
because after removal of the injurious substance they can be revived.
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¢ Very weak alkaline golutions stimulate the motions of seminal
filaments; on the contrary, acids, even when they are very dilute,
produce death. Accordingly the motion becomes more lively in all
animal fluids of alkaline reaction, whereas in acid solutions it soon

dies out.

History. —The discovery that ege and seminal filament are simple cells is
of far-reaching import for the comprehension of the whole process of develop-
ment, In order to appreciate this to its full extent, it will be necessary to
make a digression into the historical field. Such a digression will asquaint us
with some fundamental transformations, which have affected our conception of
the essentials of developmental processes.

In the last century, and even in the beginning of the present, ideas about the
nature of the sexnal products were very indistinet. The most distinguished
anatomists and physiologists were of opinion that eggs agreed in their structure
in every particular with the grown-up organism, and therefore that they
possessed from the beginning the same organs in the same position and con-
nection as the latter, only in an extraordinarily diminutive condition. But in-
asmuch as it was not possible, with the microscopes of the time, actually to see
and demonstrate in the eggs at the beginning of their development the assumed
organs, recourse was had to the hypothesis that the separate parts, such as
nervous system, glands, bones, ete., must be present, not only in a very diminu-
tive, but also in a transparent condition.

In order to make the process more intelligible, the origin of the blossoms of
plants from their buds was cited as an illustrative example. Just as already
in a small bud all the parts of the flower, snch as stamens and eoloured petals,
are enveloped by the green and still unopened sepals,—just as the parts grow
in concealment and then suddenly expand into a blossom, so also in the de-
velopment of animals it was thought that the already present buk small and
transparent parts grow, gradually expand, and become discernible. The doctrine
which has just been outlined was consequently called the Theory of wnfolding,
or evolution, However, a more appropriate designation for it is the one intro-
duced during recent decennia—preformation theory. For the characteristic
feature of this doctrine is, that at no instant of development is there anything
new formed, but rather that every part is present from the beginning, or is
preformed, and consequently that the very essence of development—the be-
coming—is denied. “There is no such thing as becoming!" is the way it is
expressed in the “ Blements of Physiology " by HALLER. *No part inthe animal
body was formed before another ; all were created at the same time.”

As the necessary consequence of a rigid adherence to the preformation theory,
it follows, and indeed was formulated by LEiBN1TZ, HALLER, and others, that
in any germ the germs of all subsequent offspring must be established or
included, since the animal species are developed from one another in un-
interrupled sequence. In the extension of this box-within-box doctrine
(Binschachtelungslelre) its expounders went so far as to compute how many
human germs at the least were concentrated in the ovary of mother Eve, and
thereby arrived at the number 200,000 millions. -

The evolution theory offered a point of attack for a scientific feud, inasmuch
as every individnal among the higher organisms is developed by means of the
coiperation of two separate sexes, When, therefore, the seminal filament fs
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well as the animal egg became known, there soon arose the actively discnssed
question, mhether the egg or the seminal filament was the preformed germ.
Decennium after decennium the antagonistic camps of the evists and of the
animalewlists stood opposed to each other. Those who followed the latter
thought they saw, with the aid of the magnifying glasses of the times, the
spermatozoa of man actually provided with a head, arms, and legs. The
animalenlists recognised in the egg only a suitable nutritive soil, as it were,
which was necessary to the growth of the spermatozoiin.

In the face of such doctrines there dawned a new period for Embryology,
when in 1769 CasPAR FrRIEDRICH WoLPF in his doctor's dissertation opposed
the dogma of the evolution theory, and, casting aside preformation, laid down
the scientific principle that what one could not recognise by means of his
senses was certainly not present preformed in the germ. AZ ke beginning, so he
maintained, the germ iz nothing clse than an unorganised material eliminated
Jrom the seaval organs of the parent, which gradually becomes organised, but
only during the process of development, in consequence of fertilisation. Ae-
cording to WoLFF, the separate organs of the body differentiate themselves
one after another out of the hitherto undifferentiated germinal material. In
individual cases he endeavoured, even at this time, to determine more exactly,
by means of observations, the nature of the process. Thus C. F, WoLFr was
the founder of the doetrine of epigenesis, which, through the discoveries of the
present century, has proved to be the right one.*®

WoLFF'S doctrine of wnorganised germinal matter has been compelled since
then to give way to more profound knowledge, thanks to the improved optical
aids of recent times, and to the establishment of the cell-theory by SCHLEIDEN
and SCHWANN, A better insight into the elementary composition of animals
and plants was now acquired, and especially into the finer strncture of the
sexual products, the egg-cell and the seminal filament,

So far as regards the egg-cell, a series of important works began with
PURKINJE'S investigation of the Hen's egg in 1825, in which the germinative
vesicle was deseribed for the first time. This was soon (1827) followed by
(. E, v. BAER'S celebrated discovery of the Mammalian egg, which had been
hunted for, but always without success. Extensiveand comparative investiga-
tions into the structure of the egg in the animal kingdom were published in
1836 by R. WAGNER, who also discovered at the same time in the germinative
vesicle the germinative dot (macula germinativa). ,

With the establishment of the cell-theory there naturally arose the question
as to how far the egg was in its structure to be regarded as a cell,—a question
which was for years answered in widely different ways, and which even now
from time to time is brought up for discussion in an altered form. HEvenat that
time SCHWANN, albeit with a certain reservation, expressed it as his opinion that
the egg was a cell, and the germinative vesicle its nucleus; but others, his co-
temporaries (BISCHOFF and others), regarded the germinative vesicle as a cell,

* Historical presentations of the theory of evolution and the theory of
epigenesis, which are worth the reading, have been given by A. KIRCHHOFF
in his interesting paper, * CASPAR FriEpricH WOLFF. Sein Leben und seine
Bedeutung fiir die Lehre von der organischen Entwicklung.” Jenaisohe Zeit-
sehrift fiir Medicin und Naturwissenschaft, Bd. IV., Leipzig, 1868 ; and by W.
His, * Die Theorien der geschlechtlichen Zeugung." Arehiv fiir Anthropologie,
Bd. IV. u. V,
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and the yolk as a mass of enveloping substance. A unanimity of views in this
matter was brought about only after the general conception of “cell ™ had
received in Histology a more precise definition. This was due especially to
more accurate knowledge of the processes of cell-formation gained through
the works of NAGELI, KOLLIKER, REMAK, Luynia, and others.

The interpretation of eggs with separate formative and nutritive yolk, and
with partial cleavage, occasioned especial difficulty. Two antagonistic views
in this matter have existed for a long time. According to one view, eggs with
polar nutritive yolk (the eggs of Reptiles, Birds, ete.) are compound structures,
which cannot be designated as simple cells. Only the formative yolk, together
with the germinative vesicle, 1s comparable with the Mammalian egg; the
nutritive yolk, on the contrary, is something new, superposed upon the cell
from without, a product of the follicular epithelinm. The spherules of the
white yolk are explained as nninuclear and multinnclear yolk-cells. The
formative and nutritive yolk together are comparable with the entire contents
of the GRAAFIAN vesicle of Mammals, H. MECKEL, ALLEN THOMSON,
ECKER, STRICKER, H1s, and others, have expressed themselves in favour of this
view with slight modifications in the details.

According to the opposite view of LEUCKART, KEGLLIKER, GEGENBAUR,
HAECKEL, VAN BENEDEN, BALFOUR, and others, the Bird's egg is just as truly
a simple cell as the egg of a Mammal, and the comparison with a GRAAFIAN
follicle is to be rejected, The yolk never contains enclosed cells, but only
nutritive components. As KOLLIEER, especially in opposition to His, has
shown, the white-yolk spherules contain no structures comparable with genuine
cell-nuclei ; and therefore cannot be interpreted as cells. As GEGENBAUR
already in 1861 sharply formulated it: “The eggs of Vertebrates with partial
cleavage are on that account essentially no more compound structures than
those of the remaining Vertebrates; they are nothing else than enormous
cells peculiarly modified for special purposes, but which never surrender this
their real character.” There would be no change in this interpretation, even
if it should prove to be that the yolk was formed in part from the follicular
epithelium, and was set free from the latter as a sort of secretion. In that
event we should have to do with a special method of nutrition of the egg, the
cell-nature of which cannot on that account be called in question.

Various components of the yolk have received special names. REICHERT
first distinguished as formative yolk the finely granular mass, which, in the
Bird's eger, contains the germinative vesicle, and forms the germ-disc, because
it alone undergoes the process of cleavage, and produces the embryo. The
other chief mass of the egg he called nutritive yolk, because it does mnot
break up into cells, and becanse subsequently, enclosed in a yolk-sac, it is
consumed as nutritive material. Afterwards His introduced for these the
names chief germ and accessory germ (Haupt- und Nebenlkeim).

Whereas the nomenclature of REICHERT and His is applicable only to eggs
with polar arrangement of nutritive yolk, vAx BENEDEN (1870) has undertaken
the division of the substance of the egg from a more general standpoint. He
distinguishes between the protoplasmic matrix of the egg, in which, as in
every cell in general, the vital processes take place, and the reserve and
nutritive materials, which are stored up in the protoplasm in the form of
granules, plates, and balls, and which he designates as dentoplasm. Every
egg possesses both components, only in different proportions, in varied forms
and distribution. BALroun has selected this latter condition as a basis for
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division ; and has consequently made the three groups of alecithal, telolecithal,
and centrolecithal eggs, for which I have selected the designation eggs with
Little or uniformly distributed yolk, eggs with polar, and eggs with central
yolk.

In recent times investigation has been directed to the finer strueture of the
germinative vedicle, in which KLEINENBERG (1872) was the first to observe a
special protoplasmic nuclear trestle (Kerageriist) or nuclear network, which since
then has been shown by numerous researches to be a constant structure. In
the case of the germinative dot I have myself designated two chemically and
morphologically distinguishable substances as nuclein and paranuclein, the
investigations concerning the importance and the rile of which in the develop-
ment of the egg are not yet concluded.

The history of the spermatozoa begins with the year 1677. A student in
Leyden, HAuMM, in the microscopic examination of semen, saw the briskly
moving bodies, and communieated his observation to his teacher, the celebrated
microscopist LEEUWENHOECK, who instituted more accurate investigations,
and published them in several papers, which soon attracted general attention,
The sensation caused was all the greater because LEEUWENHOECK declared the
seminal filaments to be the preéxisting germs of animals, and maintained that
at fertilisation they penetrated into the egg-cell and grew up in it. Thus
arose the school of animaleunlists.

After the refutation of the preformation theory, it was thought that no
importance was to be ascribed to the seminal flaments in fertilisation, it
being held that it was the seminal fluid that fertilised. Ewven during the first
four decennia of the present century, the seminal filaments were almost
universally held to be independent parasitic creatures (spermatozoa) com-
parable with the Infusoria. Even in Jon. MULLER'S “ Physiology  (1833-40)
oceurs this statement : * Whether the semen-animalenles are parasitic animals,
or animated elements of the animals in which they occur, cannot for the
present be answered with certainty.”

The settlement of the question was accomplished by comparative histological
investigations of the semen in the animal kingdom, and by physiological
experiment. F '

In two essays—* Beitriige zur Kenntniss der (Geschlechtsverhiiltnisse und
der Samenfliissigkeit wirbelloser Thiere,” and * Bildung der Samenfiiden in
Bliischen "—KOLLIKER showed that in many animals, ¢.4., in the Polyps, the
semen consists of filaments only, the fluid being entirely absent; and that in
addition the filaments are developed in cells, and consequently are themselves
elementary parts of animals. REICHERT discovered the same to be true in
Nematodes. By means of physiological experiment it was recognised that
geminal fluid with immature and motionless filaments, and likewise matore but
filtered semen, did not fertilise. This was decisive for the view that the
seminal filaments are the active part in fertilisation, and that the fluid, which
is added thereto in the case of the higher animals under complicated sexual
conditions, “can be regarded only as a menstruum for the seminal bodies
~which is of suberdinate physiological significance.”

Since then our knowledge (1) of the finer structure, and (2) of the develop-
ment of the seminal filaments, has made further advances. 5o far as regards
the first point, we have learned, especially throngh the works of LA VALETTE
and SCHWEIGGER-SEIDEL, to distinguish between head, middle piece, and




DESCRIPTION OF THE SEXUAL PRODUCTS, a7

tail, and to know their different chemical and physical properties. The view
expressed by KOLLIKER, that ordinarily the seminal filaments were the
metamorphosed and elongated nuclei of the seminal cells, underwent a modifi-
cation, According to the researches of LA VALETTE, only the head of the
spminal filament arises from the nucleus, the tail, on the contrary, from the
protoplasm of the spermatid. Finally FLEMMING brought forward convincing
proof that it is only the chromatin of the nuecleus that is metamorphosed into
the head of the seminal filament. Important investigations concerning the
development of the seminal filaments in various animals have recently been
made by VAX BENEDEN ET JULIN, PLATNER, HERMANN, and others.

SUMMARY.

The most important results of this chapter may be briefly sum-
marised as follows :—

1. Male and female sexual products are simple cells.

9 The seminal filaments are comparable to flagellate cells. They
are usually composed of three portions, head, middle piece, and
contractile filament.

3. The seminal filament is developed out of a single cell, the
spermatid; the head, and probably also the middle piece, from the
nucleus ; the contractile filament from the protoplasm.

4. The ega-cell consists of egg-plasm and yolk-particles, which are
reserve material (deutoplasm), imbedded in it.

5. The quantity and distribution of the deutoplasm in the egg-cell
is subject to great variation, and exercises the greatest influence on
the conrse of the first processes of development.

(¢) The deutoplasm is small in amount, and uniformly dis-
tributed in the egg-plasm.

(b) The deutoplasm is present in greater quantity, and, in
consequence of unequal distribution, is more densely
accumulated either at one pole of the egg or inits middle.
(Polar and central deutoplasm.)

(c) In eggs with polar deutoplasm (eggs with polar differentia-
tion) the pole with more abundant deutoplasmic contents
is designated as the vegetative, the opposite one as the
animal pole.

(d) In the case of eggs with polar differentiation, the more
abundant protoplasm of the animal pole may be sharply
differentiated as germ-dise (formative yolk) from the
portion which is richer in deutoplasm (nutritive yolk).
The developmental processes take place only 1n the
formative yolk, while the nutritive yolk remains on the
whole passive,




28 EMBRYOLOGY,
6. Eggs may be divided into several groups and sub-groups ac-
cording to their development from cells of the ovary 'nlmm, or from
cells of the ovarium and vitellarium, as well as according to the
distribution of the deutoplasm, as exhibited in
scheme :—
I. Simple eggs.  (Development from cells of the ovary. )
A. Bggs with little deutoplasm uniformly distributed through
the egg (alecithal*). (Amphioxus, Mammals, Man.)

B. Eggs with abundant and unequally distributed deutoplasm.

(1) Eggs with polar differentiation (telolecithal), with deuto-
plasm having a polar position, with animal and
vegetative poles. (Cyclostomes, Amphibia.)

(2) Eggs with polar differentiation, which are distinguished
from the preceding sub-group by the fact that with
them there has been effected a still sharper segregation
mto formative yolk (germ-dise) and nutritive yolk—
into a part which is active during development and a
part that is passive. (Bggs having polar differentia-
tion with a germ-dise. Fishes, Reptiles, Birds.)

(3) Eggs having eentral differentiation with central deuto-
plasm (centrolecithal) and superficially distributed
formative yolk (blastema, Keimhaut). (Arthropods.)

I1. Compound eggs. (Double origin from cells of the ovarium
and vitellarium.)

the following
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CHAPTER II.

THE PHENOMENA OF THE MATURATION OF THE EGG AND
THE PROCESS OF FERTILISATION.

1, The Phenomena of Maturation.

Beas, such as have been deseribed in the previous chapter, are
not yet capable of development, even if they have acquired the
normal size. Upon the addition of mature semen they remain
unfertilised. In order that they may be fertilised they must first
pass through a series of changes, which 1 shall group together as
the phenomena of maturation.

The maturation-phenomena begin with changes of the germinative
vesicle, which have been followed out the most carefully on the
small transparent eggs of invertebrated animals, such as the
Echinoderms and Nematodes (the maw-worm of the horse). The
germinative vesicle gradually moves from the middle of the egg—
the egg of an Hchinoderm may serve as the basis of the description
—towards its surface, shrivels a little (fig. 12 4), in that {luid escapes
from it into the surrounding yolk, its nuclear membrane disappears,
and the germinative dot becomes indistinet and breaks up into small
fragments (fig. 12 B &f). During this degeneration of the germinative
vesicle a nuclear spindle (fig. 12 B sp) is formed, as can be recognised
only after appropriate treatment with reagents; there arises out of
parts of the germinative dot, or out of a part of the nuclear substance
of the germinative vesicle, & nuclear spindle (fig. 12 B sp),—a form
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of the nucleus which one encounters in the animal and vegetable
kingdoms in stages preparatory to cell-division.

The nuclear spindle, the more precise structure of which will be
described later, in discussing the process of cleavage, pursues still
further.the direction already taken by the germinative vesicle, unti
it touches with its apex the surface of the yolk, where it assumes a
position with its long axis in the direction of a radius (fig. 13 I sp).
A genuine process of cell-division soon takes place here, which is to
be distinguished from the ordinary cell-division only by this, that
the two products of the division are of very unequal size. To be

Fig. 12.—Portions of eggs of Asterias glacialis, They show the degeneration of the germinative
veaicle.

In figure A it begins to shrivel, in that a protuberance of protoplasm (), with a radial structure
inside of it, penetrates into its interior, and dissolves the membrane at that point. The
germinative dot (k) is gtill visible, but peparated into two substances, nuclein (na) and
parnninolein (p).

In figure B the germinative vesicle (ib) is entirely shrivelled, its membrane is dissolved, and
only small fragments of the germinative dot (k7)) remain. In the region of the protoplasmic
protuberance of fignre A there is a nuclear gpindle (sp) in process of formation.

more exact, therefore, we have to do here with & coll-budding. At
the place where the nuclear spindle touches the surface with one of
its extremities the yolk arches up into a small knob, into which
half of the spindle itself advances (fig. 13 7/ ). The knob thereupon
becomes constricted at its base, and with the half of the spindle—
from which subsequently a vesicular nucleus is again formed—is
detached from the yolk as a very small cell (fig. 13 11T vk'). Here-
upon exactly the same process is repeated, after the half of the
spindle which remains in the egg, without having previously entered
into the vesicular quiescent stage of the nucleus, has restored itself
to a complete spindle (fig. 13 71).

There now lie close together on the surface of the yolk two
spherules, which consist of protoplasm and nueleus, and therefore
have the value of small cells (fig. 13 ¥ #&!, vA?), and which aro
often to be identified in an unaltered condition, even after the
ege has been divided into a number of cells. They were already
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known in earlier times under the name of direction bodies, or
polar cells. They have acquired the latter name beeause, in the case
of eggs I which an animal pole is to be distinguished, they always
avise at that pole. After the conclusion of the second process of
budding, one half of the spindle, the other half of which wasemployed
in the formation of the second polar cell, is left in the cortical layer

Fig, 18.—Formation of the polar cells in Asterias glacialis,

In figure I, the polar spindle (i) has advanced to the surface of the egg.  In figurve JT. there has
been formed a small elevation (pl'), which receives a half of the spindle. In fignre f75 the
elevation is constricted off, forming a polar cell (rk'). Out of the remaining half of the
previons spindle a second complete spindle (sp) has arisen.  In figure I¥. there bulges forth
beneath the first polar cell a second elevation, which in figure ¥, has become constricted off
w5 the second polar cell (#£%). Out of the remainder of the spindle is developed (figure FIL)

the egg-nuclens (ek),

of the yolk (fig. 13 V and F/ ek). From this arises a new, small,
vesicular nucleus, which consists of a homogeneous, tolerably fluid
substance without distinctly segregated nueleoli, and attains a
diameter of about 13 . From the place of its formation it usually
migrates slowly back again toward the middle of the egg (fig. 14 ek).

The nucleus of the mature egg (fig. 14 ek) has been designated by
me as Egg-nucleus, by vAN BENEDEN as female pronucleus. It isnot
to be confounded with the germinative vesicle of the unfertilised egg.
Compare the figures of the immature egg (fig. 15) and the mature
egg (fig. 14) of an Echinoderm, both of which are drawn with the
same magnification. The germinative vesicle is of very considerable
size, .the egg-nucleus remarkably small: in the case of the former
one distinguishes a clearly developed nuclear membrane, 4 nuclear
network, and a nucleolus; the latter is almost homogeneous, without
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nucleolus, and not separated from the protoplasm by any fixed
membrane. Similar distinetions in the condition of the germinative
vesicle and the egg-nucleus recur throughout the animal kingdom.
The formation of polar cells, and the accompanying metamorphosis
of the germinative vesicle info such an extraordinarily reduced egg-
nucleus, is a phenomenon of very wide, probably, indeed, of general
occurrence. Polar cells have been observed throughout the Ceelen-
terates, Echinoderms, Worms, and Molluses. In the ripening of the
eggs of Arthropods, according to the earlier observations, they
appeared never to be present; but recently they have been found in

el

Fig. 14, Hig. 15
Fig. 14.—Mature egg of an Echinoderm. [t encloses in the yolk the very small homogeneous

egp-nualens (ek).
Fig, 15.—Immature egg from the ovary of an Echingderm,

numerous species by a number of observers, especially by BLOCHMANN
and WemsMaNy. Among Vertebrates polar cells ave always en-
countered in Cyclostomes and Mammals, whereas in Fishes and
Amphibia they have been identified only in some cases, and in Reptiles
and Birds not at all as yet. They arise either some time before or
else during fertilisation.

In the case of Mammals (Rabbit and Mouse) the process has been
very carefully investigated by vax BENEDEN, and recently by TAFANT.
Soveral weeks before the rupture of the Graariax follicle the ger-
minative vesicle ascends to the surface of the egg; some days before
that epoch it there disappears, and at the place where it disappeared
there are formed the egg-nucleus and, under the zona pellueida, one
or two (Taraxt) polar cells. The egg after it has escaped from the
ovary always exhibits egg-nucleus and polar cells.

Also in the case of Fishes, Amphibia, Reptiles, and Birds, whose

3
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eggs ave of considerable size and with few exceptions opaque, the
germinative vesicle, distinguished by its numerous nucleoli, undergoes
a regressive metamorphosis. As has been followed step by step in
Teleosts by OeLLACHER, and in Amphibia by the author, it always
ascends from the middle of the yolk to its surface, and in
fact without exception to its animal pole: in the case of the
Frog (fig. 16 kb) this occurs many weeks before the beginning
of maturation, Here immediately under the vitelline membrane,
it becomes flattened to a disc-like body, being at the same time
somewhat shrunken. Further changes, which it is very difficult
to follow in detail, take place in a comparatively short time ;
these occur in the case of the Amphibia at the time when the

Fig. 16.—Frog's egg in process of ripening,
The germinative vesiole (bb), with numerons germinative dots (Lf), lies quite at the surface of
the animal pole ag a fattened lonticular body.

eggs are detached from the ovary. For if one examines eggs which
have already escaped into the abdominal eavity, or have entered the
oviduct, it is uniformly found that the germinative vesicle with its
dots has disappeared. In this case, too, there are subsequently
formed from a part of the chromatic substance of the germinative
vesicle two polar cells and an egg-nucleuns, as has been proved by the
fine investigations of Horrmaxy for some species of Teleosts, of
0. Scaurrze for several Amphibia (Siredon, Triton), and of Kast-
scHENEO for certain Selachians.

Weisuaxy and Brocuuaxy have discovered a very interesting fact
in the Arthropeds. In eggs, namely, which develop parthenogenetic-
ally (in summer eggs of Polyphemus, Bythotrephes, Moina, Leptodora,
_and Daphnia, as well as in Aphide) enly a single polar cell is elimin-
ated, whereas in eggs which require fertilisation for their further
development there are always two formed. At present, however,
this contrast cannot be established as a general law. For PLatyer
found that in the case of Liparis dispar there are formed in
parthenogenetic eggs, as well as in those which are fertilised, two
polar cells, the first of which again divides. BrocHMANN arrived at
the same result from the investigation of unfertilised eggs of bees,
from which drones ave developed.
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Although the researches on the phenomena of -maturation of
| the egg in animals still present numerous gaps, nevertheless it
. can be regarded as already well-established, that eggs with a germi-
native vesicle are never capable of fertilisation, that the germinative
 gesicle is without exception dissolved, and that there is formed out of
 components of it (as regards the details there ave still many processes
| to be mare carefully studied) a very small egg-nucleus. During the
 metamorphosis there arise, probably without exception, polar cells.

The polar differentiation of many eggs rich in yolk, which was
| pointed out in the first chapter, may be brought into causal connection
with the phenomena of maturation. Without exception the animal
| pole is the part of the egg-sphere to which the germinative vesicle
: ascends, and where the polar cells are subsequently formed. That
| the protoplasm is accumulated here in greater quantity is in part
- referable to the fact that it comes to the surface of the egg along
- with the nucleus, which most certainly furnishes a centre of attrac-
' tion for the protoplasm.

The insight into the phenomena of the maturation of the egg, as they have been
. connectedly presented in the preceding pages, has been acquired only by many
. roundabout ways and after the removal of many misconceptions. As early as
' the year 1825 PURKINJE, the discoverer of the germinative vesicle in the Hen's
- &-'gg, found that in eggs which were taken from the oviduct this vesicle had
. disappeared, and from this concluded that it was ruptured by the contractions
. of the oviduct, and that its contents (a lympha generatrix) were mingled with
the germ. Whence the name vesicula germinativa. Similar observations were
made on this and other objects by C. E. v. BAER, OELLACHER, GOETTE,
ELEINENBERG, KOWALEVSKY, REICHERT, and others. But on the other hand
the positive statements were made for many eggs (by JoH. MULLER for
Entoconcha mirabilis; by LEYDIG, GEGENBAUR, and VAN BENEDEN for
Rotifers, Medusw, etc.) that the germinative vesicle did not disappear, but
remained and gave rise by direct division at the time of segmentation to the
daughter-nuclei.

There were therefore in previous decennia two opposing parties: the one
asserted the continuance of the germinative vesicle and its division during the
process of cleavage ; the other maintained that the egg-cell in its development
passed through a condition without nuelens, and again acquired a nucleus in
consequence of fertilisation,

The controversial points were cleared up by investigations which BUTSCHLI
and the author had undertaken at the same time.

I showed in my first * Beitriige zur Kenntniss der Bildung, Befruchtung
und Theilung des thierischen Eies,” that in all the older writings there
had been no distinction made between the nucleus of the immature, the
mature, and the fertilised egg, but that these nuclei had been often confounded
and held to be identical, and I first established the differences between germi-
native vesicle, egg-nucleus, and cleavage-nucleus, the latter being the names
which were introduced by me. In addition T showed that the disappearance
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of the germinative vesicle and the origin of the egg-nucleus preceded fertilisa-
tion, and thus I distinguished between the phenomena of maturation and
fertilisation of the egg-cell, which generally had been interchanged and con-
founded. I also endeavoured to make it probable that the egg-nucleus
descended from the germinative vesicle, and in fact from a nucleolus of the
vesicle, and defended the thesis that the egg during its maturation did not
pass through a non-nuclear condition. In this I fell into an error : I overlooked,
. like all previous observers, the connection between the formation of the polar
cells and the disappearance of the germinative vesicle,—a process which it was
the more difficult to establish in the object which I studied because it takes
place in the ovary,

The excellent investigations of BtirsonL1, which brought the changes of the
germinative vesicle into connection with the formation of the polar cells, now
made their appearance, supplementing my results. The polar cells were
discovered in the year 1848 by Fr. MULLER and LovEx, and were named by
the former directive vesicles (Richtungsblischen), because they always lie at
the place where subsequently the first cleavage-furrow makes its appearance,
Their wide distribution in the animal kingdom had also been established by
many investigators; BUTscHLI was the first, however, to direct attention to
the peculiar processes which take place in the yolk, in the interpretation of
which he, nevertheless, committed several errors. He maintained that the
whole germinative vesicle is converted into a spindle.shaped nucleus, which
moves to the surface, and, while becoming constricted in the middle, is thrust
outside by the contractions of the yolk in the form of two directive bodies.
By this process the egg became non-nuclear, and again acquired a nucleus
only in consequence of fertilisation.

In two further articles on the Formation, Fertilisation, and Cleavage of the
Animal-Egg, T modified the teachings of BUTscHLI, and brought them into
unison with my previons investigations, inasmuch as I pointed out that
the germinative vesicle is not as such directly converted into the nuclear
spindle, but in part is dissolved; that the spindle takes its origin from the
nuclear substance in a manner which it is very difficult to investigate; that
the polar cells are formed, not by the elimination of the spindle, but by a
genuine process of division or budding ; that in consequence of this the egg is
not destitute of a nucleus even after the constricting off of the second polar
cell, but that the egg-nuclens arises from the half of the divided polar spindle
which remains in the yolk, and therefore, in its ultimate derivation, from
components of the germinative vesicle of the immature egg.

Soon afterwards BUTSCHLI also interpreted the development of the directive
bodies as cell-budding, likewise GIARD and also For, who has produced a
very extensive and thorongh investigation on the phenomena of the maturation
of the egg in animals. Recently VAN BENEDEN, supported by researches on
Nematodes, has combatted the interpretation of the process as cell-budding;
however, BoveERT and O. ZACHARIAS, who have established a complete agreement
between the formation of directive bodies and the process of cell-division in
the case of the Nematodes also, are unable to subscribe to his coneclusion in
this matter. '

As o new advance is to be recorded the discovery by WEISMAXNN and by
BLoCHMANN, that in eggs which are developed parthenogenetically only a
single polar cell arises.

If the original obseurity on the morphological side, in which the phenomena
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of the maturation of the egg were enveloped, has been in general cleared up,
the same is not the case if we inquire after its physiological meaning. That
the germinative vesicle undergoes a regressive metamorphosis into component
parts is easily comprehensible, for a firm membrane and a rich accumulation
of nucleoplasm certainly cannot be necessary to the interaction of protoplasm
and active nuclear substance in the processes of division, Its dissolution is,
as it were, the preliminary requirement for the renewed activity of the nuclear
contents. But what function shall one ascribe to the polar cells?

Concerning this several hypotheses have been proposed.

BALFOUR, SEDGWICE MINOT, VAN BENEDEN, and others, are of opinion
that the immature egg, like every other cell, is originally hermaphroditic, and
that by the development of polar cells it rids itself of the male constituents of
its nuelens, which afterwards are replaced by fertilisation. BArLrFoURr thinks
that, if no polar cells were formed, parthenogenesis must normally oceur.

WEISMANN, supported by his discovery in the case of eggs developing
parthenogenetically (p. 34), ascribes a different function to the first and the
second polar cells, He distinguishes in the germinative vesicle two different
kinds of plasma, which he designates ovogenetic and germinal plasma.
He maintains that by the formation of the first polar cell the ovogenetic
plasma, is eliminated from the ovum; by that of the second polar cell, half
of the germinal plasma. In the latter case the ejected germinal plasma must
be replaced by fertilisation.

These hypotheses appear to me upon closer examination to present many
vulnerable points. To me appears more promising an interpretation of
BiiTscHLI, who compares the egg, as had already often been done, to the
mother-cell of spermatozoa. Just as the latter gives rise to many spermatozoa,
s0 also the egg must have once possessed the capability of dividing itself into
many eggs. In the formation of the polar cells, which are eggs that have
become rudimentary, as it were, there has been preserved a trace of these
origival conditions. Also BovERI regards the polar cells as abortive eggs.
I have likewise always conceived of the conditions in this manner.

2. The Process of Fertilisation.

The union of egg-cell and spermatic cell is designated as the process
of fertilisation. This process is to be observed, sometimes with great
difficulty, sometimes with considerable ease, according to the choice of
the animal for experimentation. The investigator ordinarily en-
counters great difficulties in cases where the ripe eggs are not laid, but
where a part, if not the whole, of their development is effected within
the sexual ducts of the maternal organism. In such cases the fertili-
sation also must evidently take place in the ducts of the female sexual
apparatus, into which the semen is introduced in the act of
copulation. ‘

An internal fertilisation takes place in nearly all Vertebrates
except the greater part of the Fishes and many Amphibia. Usually the
egg and the spermatozoa meet,"in the case of Man and Mammals, in
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the beginning of the oviduet ; likewise in the case of Birds they meet
in the first of the four regions previously (p. 17) distinguished, and
at a time when the yolk is not yet surrounded with its albuminous
envelope and caleareous shell,

In contrast to internal fertilisation stands ewternal fertilisation,
which is the simpler and more primitive method, and which oceurs in
the case of many Invertebrates that live in the water, as well as
ordinarily in Fishes and Amphibia. In this method, while male and
female keep near together, both kinds of sexual products, which are
for the most part produced in great number, are evacuated directly
into the water, where fertilisation takes place outside of the maternal

Fig. 17 A, B, 0.—Bmall portions of eggs of Asterias glacialis, after For.

The spermatozoa have already penetrated into the gelatinous envelops which covers the egga. In
4 there begins to be raised up a protuberance toward the most advanced spermatozotn. In
B the protuberance and spermatozoin have met. In ¢ the spermatozoin has penetrated
into the egg, A vitelline membrane, with a crater-like orifice, has now been distinctly

formed.

organism, The whole procedure is therefore much more easily observ-
able. The experimenter has it within his power to effect fertilisation
artificially, and thus to determine precisely the point of time at which
_egg and semen are to meet. He needs only to collect in a watch-glass
containing water ripe eggs from a female, likewise in a second watch-
glass ripe semen from a male, and then to mingle the two in a
suitable manner. In this way artificial fertilisation is extensively
practised in fish-breeding. For the purpose of scientific investigation
the selection of the particular species of animal is of the greatest
importance. It is manifest that animals with large opaque eggs do
not commend themselves, whereas those species are especially suit-
able whose eggs are so small and transparent that one can observe
them under the microscope with the highest powers, and at the same
time pass in review every least speck. Many species of Echinoderms
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are in this respect most excellent objects for investigation. Conse-
quently it was by means of them that an accurate insight into the
processes of fertilisation was first secured. They may therefore serve
in the following account as the foundation of our description.

If ripe eges with eggnucleus are removed from the ovary into a
watch-glass containing sea-water, and a small quantity of seminal
fluid is added, a very uniform result is obtained, since in the course
of five minutes every one of many hundreds or thousands of eggsis
normally fertilised, as can be accurately observed by means of high
magnification.

Although spermatozoa attach themselves to the gelatinous envelope

Fig. 18.—Fertilised egg of a Sea-urchin,

The head of the spermatozoén which penetrated has been converted into a sperm-nuclens (sk)
surrennded by a protoplasmie radiation, and has approached the egg-nucleus (ek).
Fig. 19.—Fertilised egg of a Sea-urchin.

The sperm-nuclens (sk) and the egg-nuclens (el) have come close to each otlier, and both are
gurronmded by a protoplasmic radiation,

of an egg in great numbers,—many thousands of them when con-
centrated seminal fluid is employed,—still only a single one of them
is concerned in fertilisation, and that is the one which by the lash-
like motion of its filament first approached the eggz. Where it strikes
the surface of the egg with the point of its head the clear superficial
expanse of the egg-protoplasm is at once elevated into a small knob
that is often drawn out to a fine point, the so-called receptive promin-
ence (Empfingnisshiigel), or cone of attraction. At this place the
seminal filament, with pendulons motions of its caudal appendage,
bores its way into the egg (fig. 17 4, B). At the same time a fine
membrane (fig. 71 ¢') detaches itself from the yolk over the whole
surface, beginning at the cone, and becomes separated from it by
an ever-increasing space. The space probably arises because, in
consequence of fertilisation, the egg-plasma confracts and presses
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out fluid (probably the nuclear fluid which was diffused after the
disappearance of the germinative vesicle),

The formation of a vitelline membrane is in so far of great signi-
ficance for the fertilisation, as it makes the penetration of another
male element impossible.  No one of the other spermatozoa swing-
ing to and fro in the gelatinous envelope is able after that to get
into the fertilised egg.

The one which has penetrated thereupon undergoes a series of
changes. The contractile filament ceases to vibrate, and soon dis-
appears ; but out of the head—which, as was previously stated, is
derived from the nucleus of a sperm-cell (spermatid), and consists of
nuclein—there is soon developed a very small spheroidal or oval
corpuscle, which afterwards becomes
somewhat larger, the semen- or
sperm-nucleus (fig. 18 sk). This
slowly moves deeper into the yolk,
whereupon it exerts an influence
upon the surrounding protoplasm.
For the latter is arranged radially
around the sperm-nucleus (sk), so
that there is formed a radiate
ficure, which is at first small, but

Fig. 20.—Egg of a Sea.urchin immediately afterwards becomes more and more

after the olose of fertilisation, Egg-nuclens B
and sperm-nuolens are fused to form the shar P]'F EIPI‘ESEE& and more ex-

cleavage-nuclens (&), which ocoupies the tended.

e A e e e Now an interesting phenomenon
begins to hold the attention of the observer (figs. 18, 19, 20). Egg-
nucleus and sperm-nuclens mutually attract each other, as it were,
and migrate through the yolk toward each other with inereasing
velocity. The sperm-nucleus (sk), enveloped in its protoplasmic radia-
tion, changes place more rapidly than the egg-nucleus (ek). Soon the
two meet, either in, or at least near, the middle of the egg (fig. 19);
become surrounded by a common radiation, which now extends
through the whole yolk-substance; are firmly juxtaposed, and then
mutually flattened at the surface of contact; and finally fuse with
each other (fig. 20 f%). The product of their fusion is the first
cleavage-nuclens ( fk), which undergoes the further alterations leading
to cell-division.

This whole interesting process of fertilisation has consumed in the
present object of investigation the short time of about ten minutes only.
The phenomena of fertilisation discovered in the Echinoderms were
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soon observed, either completely or at least partially, in numerous other
animals also—in Celenterates and Worms (NusssAuM, vAN BENEDEN,
CARNOY, ZACHARIAS, BoveRr, PLATNER), and in Molluses and Verte-
brates. As regards the last, it has been possible to follow aceurately
in the case of Petromyzon the penetration of a single spermafozoin
into the egg through a special preformed micropyle in the vitelline
membrane (CALBERLA, KUPFFER, Bexecke, and Béam). Likewise in
the Amphihia, proof has been brought forward that after fertilisation
a sperm-nucleus is formed at the animal pole, and that, surrounded by
a pigmented area, derived from the cortex of the yolk, it moves to-
ward another more deeply imbedded nucleus (egg-nucleus), and fuses
with it (0. Herrwic, BamBekg, Borx), In Mammals the fertilisa-
tion takes place in the beginning of the oviduct. Evidence has also
been produced in their case that after the liberation of the polar
cells two nuclei are temporarily to be seen in the egg-cells, and that
these unite in the centre of the egg to form the cleavage-nucleus
(vAx BENEDEN, TAFANT).

This is the proper place in which to mention briefly the so-called
micropyle. In many animals (Arthropods, Fishes, ete.) the eggs are
enclosed before they are fertilised in a thick firm envelope, which
is impenetrable for spermatozoa. Now, in order to make fertilisation
possible, there are found in these cases at a definite place on the egg-
membrane sometimes one, sometimes several, small openings (miecro-
pyles), at which the spermatozoa accumulate in order to glide into
the interior of the egg.

The egg of Nematodes has for several years rightly played an
important rile in the literature of the process of fertilisation. But
this is especially true for the egg of the Maw-worm of the Horse
(Ascaris megalocephala), which vAx BeNEDEN has made the subject
of a celebrated monograph. It is an excellent object, in so far
as it not only can be had for study everywhere and at all seasons of
the year, but also allows one to follow step by step, in the most
accurate manner, the penetration and subsequent fate of the sper-
matozoitn. Since, moreover, the process of fertilisation in Ascaris
megalocephala presents many peculiarities in its details, an extended
presentation of them is both warranted and desirable.

In the case of this Worm,in which the sexes are separate individuals,
there is a copulation, and the fertilisation of the egg takes place within
the sexual passages of the female. In one region, which is expanded
into a kind of uterus, mature spermatic bodies are met with in great
numbers. The appearance of these differs greatly from that which
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the male seminal elements ordinarily present in the animal kingdom :
for they are apparently motionless ; are comparable in form to a cone,
a conical ball, or a thimble (fig. 21); and consist in part of a
granular substance (5), in part of a homogeneous lustrous substance
(f), and of a small spherical body of nuclear substance (&), which is
imbedded in the granular substance at the base of the cone.

When the small naked eggs enter into the region designated as
uterus, fertilisation takes place at once. One spermatic body, which
can execute feeble ameboid motions with its basal end (ScHNEIDER),
attaches itself to the surface of the yolk (fig. 22 sk). Where contact
with the egg first takes place, there is formed, exactly as in the
Echinoderms, a special cone of attraction, Here the spermatie
body, withont essential change of form, gradually
glides deeper into the yolk, until it is completely
enclosed therein (fig. 23).

While the two sexual produets are thus externally
fused, the egg itself is not yet ripe, because it still

Fig. 21.—Bpermatic
body of Ascaris
megnlocephala,
after vax BEXE-
DEK,

&, Nucleus; b, base
of the come, by
which the attach
ment to the eggr
takes place;
Instrons substanca
resembling fat,

possesses the germinative vesicle (fig. 22 kb), but
it now promptly begins to enter upon the matura-
tion stage by preparing to form the polar cells.
The germinative vesicle, which is of small size in
the case of the Maw-worm of the Horse, loses its
sharp delimitation from the yolk, moves toward
that surface of the egg which is opposite to the
cone of attraction (figs. 23, 24), and is gradually

converted into a nuclear spindle (sp), the origin
of which may be traced upon this object with considerable precision.
The most important part of the process consists in the formation,
out of the chromatic substance, of numerous short, rod-like pieces
(figs. 23, 24, ch), which form directly the chromatic elements of
the spindle, the chromosomes (WALDEYER). As in the case of the
Echinoderms, there then arise at the surface of the yolk two small
polar cells (fiz. 25 pz); as in that case, a vesicular egg-nucleus
(fig. 25 ei) arises from the half of the second polar spindle which
remains in the peripheral portion of the yolk.

Meanwhile the spermatic body has moved farther and farther
from the place of its entrance into the egg (figs. 22, 23, sk), and
finally comes to lie in the middle of the yolk (fig. 24 sk), approxi-
mately in the position occupied by the germinative vesicle before its
migration to the surface. During this period the spermatic body
has gradually lost its original form and its sharp delimitation ; out
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of its nuclear substance, which was deseribed as a small, deeply
stainable spherule, there arises a vesicular nucleus (fig. 25 sk), which
acquires the same size and condition as the egg-nucleus.

ele

kel 0
&l
i &l

Fig. 28.

Fig. 22.— An egg of Ascaris megalocephala just fartilised, aftar vax BENEDEN,

sk, Spermatic body, with nucleus, which has entered the egg; [, fat-like substance of the
spermatic body ; kb, germinative vesicle,

Fig. 23,—A stage of a fertilised egg of Ascaris megalocephala, somewhat older than that of
fig. 22, after vAN BENEDEN.

sk, Spermatic body, which has penetrated deeper into the cortex of the yolk; &p, polar spindle,
which has arisen from the germinative vesicle ; ¢h, chromosomes of the spindle,

After the rapid and continuous accomplishment of these processes,
the egg of the Worm usually enters on a longer or shorter period of

Fig, 24, Fig. 25,

Fig. 24.—A still older stage of development, following that of fig. 23, of the egg of Asocaris
megalocephala, after BOVERL,

sp, Polar spindle, which has ascended to the surface of the yolk; ch, 2 x 4 chromosomes ;
sk, epermatic nueleus, which has migrated into the middle of the egr.

Fig, 25, —Egg of Ascaris megalocephaly in preparation for the process of cleavage, after
E: vAx BENEDEN,

p=, Two polar cells which have arisen from the polar spindle (sp) of fiz. 24 by a repetition
of the process of budding ; &, egg-nuclens ; &b, spermatic nuclens alrendy preparing to
divide ; ¢h, nuslear loops or chromosomes,

rest. It now presents (compare fig. 25, which represents a stage
already further developed) at its surface within the vitelline mem-
brane two polar cells (pz), and in its interior two large vesicular
nuclei, the spermatic nucleus (sk) and the eggmucleus (et), the
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latter of which has come close up to the former, without, however,
fusing with it. A union of the male and female nuclear substances
into a common nuclear figure takes place in the case of the Maw-
worm, when the process of egg-cleavage is beginning.

The processes of fertilisation just described can be designated as
typical for the animal kingdom. But they appear to recur in exactly
the same manner throughout the vegetable kingdom also, as has
been shown by the thorough investigations of StrasurGER. We
are therefore in a better position now than formerly to advance a
theory of fertilisation based upon an important array of facts :—

In fertilisation clearly demonstrable morphological processes take
place,  Of these the important and essential one is the union of two
cell-nuclei which have arisen from different sexual cells, a female eqq-
nucleus and a male spermatic nuclews. These contain the fructifying
nuclear substance, which s an organised body and comes into activity
as such in fertilisation.

Recently the attempt has been made to expand the fertilisation
theory into a theory of transmission. Important reasons may be urged,
as appearing to indicate that the fruetifying substance is at the
same time the bearer of the transmissible peculiarities. The female
nuclear substance transmits the peculiarities of the mother, the male
nuclear substance the peculiarities of the father, to the nascent creature.
Perhaps there is in this theory a morphological basis for the fact
that offspring resemble both progenitors, andin general inherit from
both equally numerous peculiarities.

If we accept these two theories, the nucleus, which, despite its
constant presence, previously had to be described as a problematic
structure of unknown significance, acquires an important réle in the
life of the cell, [t seems to be the cell’s especial organ of fertilisation
and transmission, inasmuch as there is stored within it a substance
(idioplasma of NicEL1) which is less subject to cell metastasis.

Tn connection with the consideration of the process of fertilisation
may be permitted a slight digression to the realm of pathologieal
phenomena.

As follows from numerous observations in both the animal and
vegetable kingdoms, in the sormal cowrse of fecundation only a single
spermatic filament penetrates into an egg, when the encountering
soxual cells are entirely healthy. But with an impaired condition of
the eqq-cell, superfetation by means of two or more seminal filaments
{pnlyspermia) takes place. . _

Emperfatation may be produced artificially, if by way of experiment
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one injures the egg-cell. This may be accomplished either by
exposing 1t temporarily to a lower or a higher temperature, and
thus producing cold-rigor or heat-rigor, or by affecting it with
chemiecal 1~au,genta,-.—chlnmfm1ming it, or treating it with morphine,
strychnine, nicotine, quinine, etc.,—or by doing violence to it in a
mechanical way, such as shaking it. It is interesting to observe how,
with all of these means, the degree of superfetation is, to a certain
extent, proportional to the degree of the injury ; how, for example, a
small number of spermatozoa penetrate into eggs which have been
slightly affected with chloral, whereas a greater number penetrate
those which have been more strongly narcotised.

In all unfertilised eggs the whole course of development becomes
abnormal. But whether, as claimed in For's hypothesis, the origin
of double and of multiple organisms is referable respectively to the
penetration of two and many spermatozoa, must still be regarded as
doubtful. Certainly the question suggested richly deserves to be still
more thoroughly tested experimentally.

HisTory.—The facts here given concerning the theory of fecundation are
acquisitions of very recent times. To omit the older hypotheses, it was
generally assumed up to the year 1875 that the spermatozoa penetrate in great
numbers into the substance of the egg, but that they there lose their activity
and become dissolved in the yolk.

I succeeded in my study of the eggs of Toxopneustes lividus in finding
an object in which all the internal phenomena of fertilisation may be
determined with ease and certainty, and in establishing (1) that in consequence
of fertilisation the head of a spermatic filament surrounded by a stellate figure
makes its appearance in the cortex of the yolk, and is metamorphosed into a
small corpuscle, which I called spermatic nucleus : (2) that within ten minutes
egg-nucleus and spermatic nucleus copulate ; (3) that normally fertilisation is
accomplished by only a single spermatic filament, whereas in pathologically
altered eggs several spermatozoa may penetrate. I was therefore able at that
time to announce the proposition, that fertilisation depends upon the fusion of
two sexnally differentiated cell-nuclei.

A few months later, vAN BENEDEN announced that in the case of Mammals
the segmentation-nuclens arises from the fusion of two nuclei,—as had
previonsly been observed by AUERBACH and BUTSCHLI in the case of numerous
other objects,—and expressed the conjecture that one of them, which has at
first a peripheral position, might in part result from the substance of the
spermatozoa, which, in great numbers, as he maintained, fuse and become
commingled with the cortical portion of the yolk. An advance was soon after
this made by FoL, who investigated with the greatest detail the eggs of
Echinoderms at the very moment of the penetration of a spermatic filament
into the egg, and discovered the formation of a cone of attraction. Since
then it has been established by means of numerous researches (those of
SELENKA, FoL, HERTWIG, CALBERLA, KUPFFER, NUSSBAUM, VAN BENEDEN,
EBERTH, FLEMMING, ZACHARIAS, BOVERI, I'LATNER, TAraNI, Boma, and
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others) that in other objects also, and in other branches of the animal kingdom,
the processes of fertilisation take place in essentially the same manner. At
the same time the comprehension of the processes of fertilisation was
essentially advanced, especially by the works of vAx BENEDEN on the egg
of Ascaris megalocephala, to which have been added the important investiga-
tions of BovEnr and others on the same object. STRASBURGER has established
in a series of excellent researches the identity of the processes of fertilisation
in the animal and vegetable kingdoms,

Finally, the phenomena of fertilisation were utilised simultanecusly by
STRABBURGER and myself for the foundation of a theory of heredity, in our
endeavor to prove—what others (KEBER, HAECKEL, HAS8E) had previously
expressed as a conjecture—that the male and the female nuclear substances
are the bearers of the peculiarities which are transmitted from parent to
offspring. KOLLIKER, RoUX, BANBEKE, WEISMANN, VAN BENEDEN, BOVERI,
and others have since expressed themselves in a similar manner.

SUMMARY.

1. At maturation the germinative vesicle gradually rises to the
animal pole of the egg, and thereby undergoes a regressive meta-
morphosis (degeneration of the nuclear membrane and the fibrous
network, mingling of the nuclear fluid—Kernsaft—with the proto-
plasm).

2. A nuclear spindle (polar spindle or direction-spindle) is de-
veloped out of remnants of the germinative vesicle, principally,
indeed, out of the substance of the germinative dot, which breaks
up into chromosomes,

3. At the place where the spindle encounters the surface of the
yolk with one of its ends, there are formed two polar cells or direction-
bodies (Richtungskirper) by means of a process of budding, which is
repeated.

4. At the second budding, half of the nuclear spindle remains in
the cortex of the yolk, and is metamorphosed into the egg-nucleus
The egg is then ripe.

5. In the case of eggs which develop parthenogenetically (Arthro-
poda), ordinavily only one polar cell is formed.

6. At fertilisation only a single spermatozotn penetrates a sound
egg (formation of a cone d'attraction, detachment of a vitelline mem-
brane).

7. The head of the spermatozoin is converted into the spermatic
nucleus, avound which the neighbouring protoplasmic particles are
radially arranged. :

8. Egg-nucleus and spermatic nucleus migrate toward each other,
and in most instances immediately fuse to form the segmentation-
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nucleus; in many objects they remain for a considerable time near
each other, but not united, and only later are together metamorphosed
into the segmentation-spindle.

9. In some animals fertilisation of the egg takes place only after
completion of its maturation, but in others it is inaugurated at the
very beginning of maturation, so that the two phenomena overlap
each other.

10. Fertilisation theory. Fertilisation depends on the copulation
of two cell-nuelei, which are derived from a male cell and a female
cell.

11. Theory of heredity. The male and female nuclear substances
contained in the spermatic nucleus and the egg-nucleus are the
bearers of the peculiarities which are transmissible from parents to
their offspring.
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CHAFPTER III.
THE PROCESS OF CLEAVAGE,

FERTILISATION 1s in most instances immediately followed by further
development, which begins with the division of the egg-cell—the
simple elementary organism—into an ever-increasing number of
small cells—the process of cleavage. We shall begin the study of
cleavage with a very simple case, and here also choose as a foundation
for the presentation of the subject the egg of an Echinoderm and
the egg of the common Ascaris of the Horse.

In the living egg of the Echinoderm the cleavage-nucleus (fig. 26
Sk), which arose from the fusion of egg-nucleus and spermatic
nucleus, is at first spheroidal, and lies exactly in the middle of the
egg, where it forms the centre of a radiation which affects the
whole yolk-mass; but it soon begins to be slightly elongated, and
at the same time to become less and less distinet, so that with the
living object one might be misled into assuming that it had been
completely dissolved. Before this, very regular changes in the dis-
tribution and arrangement of the protoplasm around the nuclens
have taken place. The monocentric radiation resulting from fer-
tilisation is divided. The two newly formed radiations thereupon
move to the poles of the elongated nuclens. At first small and in-
significant, they rapidly extend, and finally each occupies a half of
the egg (fig. 27), and the rays of the two systems meet at a sharp
angle in the median plane of the egg.

Just in proportion as the two radiations become more distinet,
there arises, within the granular yolk, as the starting-point and
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centre of the radiations, a figure, which may be appropriately com-
pared (fig. 27) with a Jumb-bell. - Tt arises by the accumulation of a
large amount of homogeneous protoplasm around the poles of the
elongating nucleus, forming the two ends of the dumb-bell; the
poles may be regarded as if they were two centres of attraction.
The non-granular streak, representing the handle of the dumb-bell,
is the nucleus, which has meanwhile undergone a peculiar metamor-
phosis and has become indistinct.

A more accurate knowledge of the nuclear metamorphosis may be
got by employing snitable reagents and dyes. By means of inter-
mediate stages, which may be disregarded here, there arises out of

Fig. 21,

Fig. 26.—Egg of & Bea-urchin immediately after the conclusion of fertilisation. jk, Cleavage-
nueclens.

Fig. 27.—Egg of a Sea-urchin in preparation for division, The nucleus is no longer to be seen ;
there has avisen in its place a dumb-bell figura,
Both figures are drawn from the living object.

the vesicular mucleus the nuclear spindle (ig- 31 B), which is a
typical structure for cell-division throughout the organic world.
This (sp) consists of two substances, both of which, in my opinion,
are derived from the gquiescent condition of the nuclens—namely,
(1) of a non-chromatic substance, which does not show affinity for any
dyes, and (2) of the stainable nuelein or chromatin. The non-chromatic
cubstunce forms extraordinarily fine, and therefore at times scarcely
discernible, * spindle-fibres,” which are united into a bundle, and
give rise to & spindle by the convergence of their ends to points. The
chromatin, on the contrary, has assumed the form of small individual
granules or chromosomes, which correspond in number with the
spindle-fibres, and are so arranged that each granule adjoins a
spindle-fibre at its middle point. In its totality, therefore, it con-
stitutes at the middle of the spindle a plate composed of individual
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granules— the nuclear plate of StrassURGER. That which in the case
of the Sea-urchin ordinarily appears as a chromatic granule is found,
upon the employment of the highest magnifying powers,—but
especially in the study of objects (fig. 28 A) more suitable for this
purpose,—to be a small V-shaped loop. The number of the loops or
chromosomes appears to be very definite, and subject to law for each
species of animal.

At the tips of the spindle there may be demonstrated, in addi-
tion, two special and exceedingly minute bodies, one of which
occupies the exact centre of each of the two previously mentioned
systems of rays; they are, in fact, to be regarded as the cause of the

Fig, 28. —Dingram of nuclear division, after Hasr.

In figure 4 one sees the spindle, composed of delicate non-chromatic fibres, with the protoplasmic
madiations at its tips and the chromatic loops at its middle. The splitting of the filaments
of the latter has already taken place. In figure B the daughter-loops resulting from the
fission have moved apart in opposite directions, Infigure ¢ they begin to arrange themsel ves
in a regular manner into two groups of loops. In figure 0 the groups of daughter-loops lis
near the two poles of the spindle,

latter. Inasmuch as during the elongation of the nucleus they are
to be found at each of itstwo poles, they may be especially designated
as polar corpuscles [or centrosomes]. During the whole process of the
division of nucleus and cell-body, it appears as though a directing
influence belongs to the two polar corpuscles.

Important changes in the nuclear loops of the spindle take place
during later stages of the process of division. Each loop is split
lengthwise into two daughter-loops (fig. 28 4), as discovered by
FreyyinG and as confirmed since then by numerous other investi-
gators (STRAspURGER, HEUsER, VAN BENEDEN, RaBL, and others).
These daughter-loops soon move apart toward the opposite ends of
the spindle (figs. 28 B, ('; see also the explanation of the figures), and
approach very closely to the polar corpuscles at their tips (fig. 28 D),

Thus by a complicated process a division of the stainable nuciear
substance into similar halves is brought about. As the immediate



04 EMBRYOLOGY,

consequence of this the protoplasmic parts of the cell also begin al
this time to be divided into halves by means of the process of cleavage,
which is already recognisable externally, There is formed at the
surface of the egg (fig. 29 4), in a plane passing between the two
groups of loops through the middle of the spindle perpendicular
to its long axis, a cireular furrow, which rapidly cuts deeper and
deeper into the substance of the egg, and in a short time divides
it into two equal parts. Hach of these contains half of the spindle

Fig. 20 A.—Egg of a ea-urchin at the moment of division.
A ciroular furrow cuts into the yolk and halves it in a plune which is perpendicular to the
middle of the nuclear axis and to the long axis of the dumb-bell,

B.—Egg of a Sea-urchin after its division into two cells.

In each resultant of the division a vesioular daughter-nucleus has arisen, The radial arrange
ment of the protoplasm begins to become indistinct.

Both figures are drawn from the living object.

with ‘half of the loops, half of the dumb-bell, and a protoplasmic
radiation.

The resulting halves of the egg, still surrounded in common by the
vitelline membrane, then closely apply to each other the surfaces
resulting from the division, and become 50 flattened that each one of
them forms approximately a hemisphere (fig. 29 B). Internally,
however, nucleus and protoplasm enter upon a brief transitory resting
stage. There is developed out of the half of the nuclear spindle
with its daughter-loops a vesicular homogeneous daughter-nucleus
like the first, but in the protoplasm the radial arrangement becomes
less and less distinet and at last entirely disappears.

The egg of the common Maw-worm of the Horse is also a very
instructive object for the study of the process of cleavage, as it was
for the study of fertilisation, for it allows a still deeper insight into
this process. As has already been stated, the egg-nucleus and the
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spermatic nucleus remain for a time separate, even after they have
approached each other, After a brief period of rest both of them
begin to exhibit simultaneously the changes which precede the for-
mation of the nuelear spindle. In each the chromatic substance is
metamorphosed into a fine thread, which is arranged within the
nuclear membrane in numerous windings. Each filament is there-
upon divided into two equally large coiled loops, the chromosomes
(fig. 25 ck). Now the two vesicular nuclei lose their delimitation
from the surrounding yolk, in which there arise at a little distance
from each other two polar corpuscles [centrosomes], surrounded by a
system of rays, which is at first faint, but subsequently becomes
more distinct. Between the two centrosomes, the method of whose
development no one has as yet succeeded in observing, there are
formed spindle-fibres, and the four loops (chromosomes), set free by
the dissolution of the two nuclear membranes, so arrange themselves
that they lie upon the outside of the spindle at its equator.

In the case of the egg of the Maw-worm, therefore, the union of the
two sexual nuclei, which terminates the act of fertilisation, takes
place only at the time of the metamorphosis to form the cleavage-
spindle, in which metamorphosis they take an equal share. In conse-
quence of this remarkable deviation from the ordinary course of the
process of fertilisation, voy BENEDEN has been able to establish the
interesting and important fact that half of the ehromosomes of the
first cleavage-spindle are derived from the egg-nucleus, and half from
the spermatic nucleus, and that consequently they may be distin-
guished as female and male chromosomes. Sinee in this instance, just
as in nuclear division ordinarily, the four loops are split lengthwise
and then move apart toward the two polar corpuscles (centrosomes),
there are formed two groups of four daughter-loops each, of which
two are of male origin and two of female. Kach group is then meta-
morphosed into the quiescent nucleus of the daughter-cell. This
furnishes incontestable proof, that to each daughter-nucleus in each
half of the egy, which arises as the vesult of the first cleavage, there is
transmitted exactly the same amount of chromatic substance from the
egg-nucleus as from the spermatic nucleus.

The first division is followed after a brief period of rest by thes
second, this by the third, the fourth, ete., during which are repeated
the same series of changes in nucleus and protoplasm that have just
been described. Thus in quick succession the 2 first daughter-cells
are divided into 4, these into 8, 16, 32, 64, ete. (fig. 30), until
there has resulted a large spheroidal mass, which has received the
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name morula or mulberry-sphere, because the cells protrude as small
elevations at its surface.

During the second and thivd stages of cleavage there is easily
recognisable a rigidly observed order in the direction which the planes
of cleavage sustain to each other. The second plane of cleavage always
halves the first and cuts it perpendicularly ; the third plane, again, is
perpendicular to the first two, and passes through the middle of the
axi_a formed by their intersection. If one regards the ends of this
axis as the poles of the egg, the first two planes of division may be
designated as meridional, the third as equatorial.

This uniformity is caused by the mutual relation which subsists
between nucleus and protoplasm, in which connection the two follow-
ing laws are to be noted : (1) Z%e plane of division always cuts the
awis of the spindle perpendicularly at its centre. (2) The position of

Fig. 30.—Various stages of the process of cleavage, after GEGENBAUE.

the axis of the nuclear spindle in turn depends on the form and differ-
endiation of the protoplasmic body which envelops i, and in such @
nanner that the two poles of the nucleus take the direction of the greatest
protoplasmic masses. Thus, for example, in a sphere in which the
protoplasm is uniformly distributed, the centrally situated spindle
may come to lie in any radius ; but in an ovoid protoplasmic body,
only in the longest diameter. In a circular protoplasmic disc the
nuclear axis lies parallel to its surface in any diameter whatever of
the circle, but in an oval disc, as before, in the longest diameter
only.

Tet us return now, after these general remarks, to the ease under
consideration. Each daughter-cell forms at the close of the first seg-
mentation a hemisphere. According to the rule, the daughter-spindle
cannot assume a position perpendicular to the flat surface of the
hemisphere, but must lie parallel to it, so that a division into two
quadrants must result. At the next segmentation the axis of the
spindle must coincide with the long axis of the quadrant, whereby
this becomes divided into two octants.
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There arve some important deviations from the process of division
just deseribed, which affect the form of the cleavage products, although
leaving unaltered the finer processes relating to the nucleus. The
deviations are induced, as we shall show more in detail in the in-
dividual cases, by the variation in the amount of deutoplasm contained
in the eggs, and by the previously described variability in its distribu-
tion. One may appropriately separate the various forms of the
process of cleavage into two classes, and each class into two sub-
classes, although the forms merge into one another by means of
transitional conditions.

To the first class we assign such eggs as are completely divided
into segments by the process of cleavage. The cleavage itself we
designate as fotal ; and according as the segments are of equal or un-
equal size, we distinguish as subdivisions equal cleavage and unequal
cleavage.

With total is contrasted partial cleavage. This occurs in the
case of eggs which arve provided with very abundant deutoplasm,
and are consequently of considerable size, and in which, at the same
time, the previously described separation into formative yolk and
nutritive yolk has been distinctly established. In this case the for-
mative yolk alone undergoes a process of cleavage, whereas the chief
mass of the egg, the nutritive yolk, remains undivided, and in general
unaffected, by the processes of embryonic development ; hence the
name partial cleavage. This, in turn, is resolvable into the two sub-
types of discoidal and superficial cleavage, according as the forma-
tive yolk rests as a disc upon the nutritive yolk, or envelops the
latter as a thick cortical layer. REmMAK has designated eggs with
total segmentation as holoblastic, those with partial segmentation as
meroblastic.

We may therefore present the following scheme of cleavage :—

I. TYPE—

Total cleavage:

(2) Equal cleavage } Holoblastic eggs.
(&) Uneqgual cleavage
II. TYPE—
Partial cleavage:

(@) Discoidal cleavage } Merohlastic eggs.
(#) Buperficial cleavage
Is. Equal Cleavage.

In the general consideration of the process of cleavage we have
already become acquainted with the phenomena of equal segmenta-
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tion. It remains to be added to what has been previously said, that
this type is most frequent in the case of Invertebrates, and is to be
encountered among Vertebrates only in the cases of Amphioxus and
Mammals, With the latter, however, there early appears a slight
difference in the size of the segments; this has induced many
investigators to designate the cleavage of Amphioxus and Mammals
as unequal also. If I have not followed this suggestion, it is
because the differences are of a trivial nature, because the nucleus
in the egg-cell and also in its segments still occupies a central
position, and because the different methods of cleavage are in
general not sharply definable, but connected by transitional con-
ditions. N

Concerning Amphioxus, HatscHEK states that at the eight-cell stage
four smaller and four larger cells are to be distinguished, and that
from that time forward in all the subsequent stages there is to be
observed a difference in size, and that the process of cleavage takes
place in a manner similar to that which will be subsequently
described for the Frog's egg. The egg of the Rabbit, concerning
which we have the painstaking investigations of vAN BENEDEN,
divides at the very outset into two segments of slightly different
size ; moreover, from the third stage of division onward there occurs
a difference in the rapidity with which the divisions follow each
other in the different segments. After the four cleavage-spheres
have been divided into eight, there is a stage with twelve spheres;
this is followed by another with sixteen, and afterwards another with
twenty-four.

I*. Unequal Cleavage.

As a basis for the description of unequal cleavage we may employ
the Amphibian egg, the structure of which has already been con-
sidered. As soon as the egg of the Frog or Triton is deposited in
the water and is fertilised, and while the gelatinous envelope is
swelling up, its black pigmented hemisphere or animal half becomes
directed upward, because it contains more protoplasm and small
yolk-spherules, and is specifically lighter. The want of uniformity
in the distribution of the various components of the yolk also induces
an altered position of the segmentation-nucleus. Whereas the latter
assumes a central position in all cases in which the deutoplasm is
uniformly distributed, it invariably alters ifs location whenever
one half of the egg is richer in deutoplasm and the other richer in
protoplasm ; it then migrates into the more protoplasmic territory.
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In the case of the Frog's egg, consequently, we find it in the black
pigmented hemisphere, which is turned upward.

When in this case the nucleus prepares to divide, its axis can no
longer assume the position of any and every radius of the egg. In
consequence of the want of uniformity in the distribution of the
protoplasm, the nucleus comes under the influence of the more
protoplasmic pigmented part, which rests on the more deutoplasmic
portion like an inverted cup, and, on account of its less specific
gravity, floats at the surface, and is spread out horizontally. But
in a horizontal protoplasmic dise the nuclear spindle comes to occupy
a horizontal position (fig. 31 4 sp). Consequently the plane of
division must be formed in a wertical direction. A small furrow now

Fig. 31.—Diagram of the division of the Frog's egg.

4, Stage of thefirst division. B, Stage of the third division. he four segments of the second
stage of division are beginning to be divided by an equatorial furrow into eight segments.
P, pigmented surface of the egg at the animal pole ; pr, the part of the egg which is richer
in protoplasm ; d, the part which is richer in deutoplasm ; sj, nuclear spindle.

begins to show itself—at the animal pole first, because the latter is
more under the influence of the nuclear spindle, which lies nearer
to it, and because it contains more protoplasm, from which proceed
the phenomena of motion during division. The furrow gradually
deepens downward, and cuts through to the vegetative pole.

By the first act of division we get two hemispheres (fig. 32%), each
of which is composed of a quadrant richer in protoplasm and directed
upward, and another poorer in protoplasm and directed downward.
By this means both the position of the nucleus and the direction of
its axis are again determined, when it prepares for the gecond
division. According to the rule previously laid down, the nucleus is
to be sought in the quadrant which contains the more protoplasm ;
the axis of the spindle must take a position parallel to the long
axis of tle quadrant, and must therefore come to lie Lorizontally
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The second plane of division is consequently, like the first, vertical,
and cuts the latter at right angles.

After the conclusion of the second segmentation the Amphibian
egg consists of four quadrants (fig. 324), which are separated from
one another by vertical planes of division and possess two dissimilar
poles,—one richer in protoplasm, lighter, and directed upwards; the
other richer in yolk, heavier, and directed downwards, In the case of
equal segmentation we saw that at the stage of the third segmentation
the axis of the nuclear spindle becomes parallel to the long axis of
the quadvant. The same thing oceurs here also, although in a some-
what modified manner. On account of the greater accumulation of
protoplasm in the upper half of the quadrant, the spindle cannot, as

)

Fig. 32, —0Oleavage of Rana temporaria, after ECKER.
The numbers placed above the figures indicate the number of segments present in the corre-
sponding stage.

in the case of equal segmentation, lie in the middle of it, but must
lie nearer to the animal pole of the egg (fig. 31 B sp). Moreover, it
is exactly vertical, because the four quadrants of the Amphibian egg
are definitely oriented in space on account of the difference in specific
gravity of their halves. In consequence of this the third plane
of division must be horizontal, and must also lie above the equator of
the egg-sphere more or less toward its animal pole (fig. 32°%). The
seqments are very unlike both in size and composition ; and this is
the reason why this form of segmentation has been called unequal.
The four upper segments are smaller and contain less yolk, the four
lower ones are much larger and richer in yolk. They are also
distinguished from each other as animal cells and vegetative cells,
according to the poles near which they lie.

Tn the course of further development, the distinetion between
animal and vegetative cells constantly inereases, for the richer the
cells ave in protoplasm the more quickly and the more frequently
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do they divide. At the fourth stage the 4 upper segments are first
divided by vertical furrows into 8, and then after an interval the
4 lower ones are divided in the same manner, so that the egg is now
composed of eight smaller and eight larger cells (fig. 3219). After
a short resting stage the eight upper segments are again divided, this
time by a horizontal furrow, and somewhat later a similar furrow
divides the eight lower segments also (fig. 32%). In the same
manner the 32 segments arve divided into 64 (fig. 32%). In the
stages which follow this, the divisions in the animal half of the egg
are still more accelerated relatively to those of the vegetative half.
While the 32 animal cells are divided into 128 segments by two
divisions which follow each other in quick succession, there are
still found in the lower half only 32 cells which are preparing
for cleavage. It thus comes to pass that, as the final result of the
process of cleavage, there exists a spheroidal mass of cells with entirely
dissimilar halves,—an upper, animal half with small, pigmented
cells, and a vegetative half with larger, clear cells, containing more
abundant yolk.

From the nature of the progress of unequal cleavage, as well as
from a series of other phenomena, one may lay down a general law,
first formulated by Bavrour, that the rapidity of cleavage is pro-
portional to the concentration of protoplasm in the segment. Cells
which are rich in protoplasm divide more rapidly than those in which
protoplasm is more scanty and deutoplasm more abundant.

As we have seen, the Frog's egg, by reason of the difference in
specific gravity between its animal and vegetative halves, by reason
of the heterogeneous pigmentation of its surface, by reason of the
unequal distribution of protoplasm and deutoplasm, and by reason of
the eccentric position of its nucleus, allows us to pass fixed and easily
determinable axes through its spherical body. On this account it is
an especially favourable object upon which to determine the guestion
whether the egg allows one to recognise in the position of its parts,
even before fertilisation, immediately after the same, and during the
process of cleavage, fixed relations to the organsof the fully developed
organism. This question has been tested by means of ingenious
experiments, especially by Prrureer and Roux, by the latter in his
“ Beitrige zur Entwicklungsmechanik des Embryo.”

These have resulted in determining that the first cleavage plane of
the egg corresponds to the median plane of the embryo, so that it
separates the material of the right half of the body from that of the
left. Secondly, according to Roux, the position of the head- and tail-
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ends of the embryo may be determined in the fertilised egg. That
half of the egg, namely, through which the spermatic nucleus
migrates to reach the egg-nucleus, becomes the tail-end of the
embryo ; the opposite half becomes the head-end. Every egg,
however, can be fertilised in any meridian whatever, as was demon-
strable experimentally, and thereby the tail-end of the embryo may
be located at any chosen position in the egg. Thirdly, the plane
in which the two sexual nuclei meet each other (copulation-plane)
corresponds with the first plane of segmentation.

II* Partial Discoidal Cleavage.

The Hen's egg serves us as the classical example for the description
of discoidal segmentation, In this instance the whole process of

Fig. 33, —Burface view of the first stages of cleavage in the Hen's egg, after CosTE,
a, Border of the germ-dise ; b, vertical furrow ; e, small central segment ; o, large peripheral
gegment,

cleavage takes place while the egg is still in the oviduct, during the
period in which the yolk is being surrounded by the albuminous
envelope and the caleareous shell. It results simply in a cleavage of
the germ-dise of formative yolk, whereas the greater part of the
egg, which contains the nutritive yolk, remains unsegmented, and
becomes subsequently enclosed in an appendage to the embryo,—the
so-called yoll-sac,—and is gradually consumed as nufritive material.
Just as in the case of the pigmented, animal half of the Frog's egg,
co also in the case of the Hen’s egg, turn it in whatever direction
one will, the germ-dise floats on top, because it is the lighter. part.
As in the Frog’s egg the first plane of cleavage is vertical and begins
at the animal pole, so in the case of the Hen's egg (fiz. 33 4)
a small furrow (b) makes its appearance in the middle of the dise,
and advances from above downward in a vertical direction. But
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whereas in the case of the Frog's egg the first plane of cleavage cuts
through to the opposite pole, in the case of the Hen's egg it divides
only the germ-disc into two similar segments, which like two buds
rest upon the undivided yolk-mass with a broad base, by means of
which they still have a physical connection with each other. Soon after
this, there is formed a second vertical furrow, which crosses the first
at right angles, and likewise remains limited to the germ-dise, which
is now divided into four segments (fig. 33 5).

Hach of the four segments is again divided into halves by a radial
furrow. The segments thus formed correspond to sectors, which
meet in the centre of the germ-disc with pointed ends, and have
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Fig. 34.—Bection through the germ-djsc of the Hen's egg during the later stages of gegmentation
after BALFOUR,
The section, which represents rather more than half the breadth of the blastoderm (the middle

line is at ¢), shows that the segments of the surface and of the centre of the disc are smaller

than those below and toward the periphery, At the border they are still very large, One of
the latter is indicated at e,

@, Large peripheral cell ; b, larger cells of the lower layers ; ¢, middle line of the blastoderm
¢, boundary between the blastoderm and the white yolk, 1o,

their broad ends turned toward the periphery. The apex of each of
the segments is then cut off by a cross furrow, é.e., by one which is
parallel to the equator of the egg (fig. 33 ('), in consequence of which
there are formed smaller central () and larger peripheral (d) seg-
ments, Sinee from this time forward radial furrows and those thaf
ave parallel tothe equator make theirappearance alternately, the germ-
dise is subdivided into more and more numerous segments, which are
so arranged that the smaller lie at the centre of the disc,—therefore
immediately around the animal pole,—the larger toward its periphery.
With the advancing cleavage the smaller segments are entirely con-
stricted off from the underlying yolk, whereas the larger peripheral
ones still remain at first in continuity with it (fig. 34). In this way
we finally get a disc of small embryonic cells, which, toward the
middle, are arranged in several superposed layers,
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The layer of yolk which immediately adjoins the periphery of the
cellular dise, and which is very finely granular and especially rich in
protoplasm, still merits particular consideration, for in it lie isolated
nuclei (fig. 35 na'), the much-discussed yolk-nuclei or parablast-nuclei
(the © merocytes” of Ruckent). In the case of the Chick they are
less striking than in Teleosts and Selachians, in which they have
been accurately investigated by Barrour, Horrmaxy, RUckEert,
and Kastscneyko., Formerly these were held to arise spontaneously
(free formation of nuelei) in the yolk, an assumption which in itself
is very improbable, since, according to our present knowledge, the
free formation of nuclei does not appear to occur anywhere in

Fig, 35.—Bection through the germ-disc of a Fristinrus fembryo during ‘segmentation, after
BALFOUR.

n, Nuclens ; ne, modified nucleus prior to division; ne’, modified nuclens injthe yolk; 7
furrows which appear in the yolk adjacent to the germ-disc.

either animal or vegetable kingdom. Consequently the yolk-nuclei
are now rightly held to be derived from the cleavage-nuclei. They
are probably produced even at an early period, when the first-formed
segments, which remain, as we have seen, for a long time in connection
with the yolk, begin to be constricted off from the latter. This
probably takes place in the following manner: there arise in_the
segments nuclear spindles, the halves of which go into the completely
isolated embryonic cells at the time of their separation from the
yolk, while the remaining halves go into the underlying yolk-layer,
and are there converted into vesicular yolk-nuclei.

Their number subsequently increases by means of indirect division,
as is established by the fact that in sections nuclear spindles have
been observed in the yolk-layer (fig. 356 na').

While, on the one hand, there is an increase tn the number of the
yolk-nuclei, so, on the other hand, there is also a diminution in their
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nwmber, as is asserted by several authors (WaLpEYER, RUCKERT,
Bavrour, ete.). This takes place by the constricting off of nuclei
and surrounding protoplasm, which go to enlarge the cellular disc-
We may, with WALDEYER, designate these as secondary cleavage-cells,
and regard the whole process as a kind of supplementary segmentation,

By means of this a part of the voluminous yolk-material continues
to be gradually individualised into cells. These annex themselves to
the border of the germ-dise, which with their aid increases in extent
and grows over a continually increasing territory of the unsegmented
yolk-sphere. In still later stages of development, long after the
cellular germ-disc has been differentiated into the germ-layers, the
supplementary segmentation continues to go on at the margin of the
disc in the neighbouring yolk-mass, and to furnish new cell-material.
Therefore the layer which encloses the yolk-nuclei forms an important
connecting link between the segmented germ and the unsegmented
nutritive yolk ; 1 shall come back to this subject later.

The appearance of merocytes and the supplementary cleavage
which proceeds from them are phenomena which are induced by the
vast accumulation of yolk-material, and which allow the latter to be
divided up into cells, even though the process is a slow one.

The eggs of Selachians (Kastscuexnko, Rtckerr) deviate a little
from the usual method of partial cleavage in meroblastic eggs,
and in a manner which recalls to a certain extent the processes
of superficial cleavage, which are to be treated of later. The
cleavage-nucleus, namely, is divided into two nueclei, these again
into four and even a greater number, without an accompanying
division of the germ-disc into a eorresponding number of segments.
In this case, therefore, there arises at first a multinuclear proto-
plasmic mass,—a plasmodium,—in which the nuclei are distributed at
regular intervals. Subsequently furrows appear, generally in great
numbers and all at once, by means of which the germ-disc becomes
divided into cells from the centre to the periphery. Some of the
nuclei always remain in the periphery outside the territory of
cleavage, here undergo further division, migrate out of the germ-
disc into the surrounding nutritive yolk, and constitute the yolk-
nuclei or merocytes. These cause and maintain in the yolk for
a long time the process of supplementary cleavage.

When we institute a comparison between partial and unequal
cleavage,—for the descriptions of which we have made use of the eggs
of the Hen and the Frog,—it is not difficult to derive the former
from the latter, and to find a cause for the origin of the former,

]
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Tt is the same as that which produced .unequﬂl cleavage from
equal cleavage; it is the great accumulation of nutritive yolk,
the inequality in the distribution of the egg-substances which
goes hand in hand with it, and the alteration in the position
of the cleavage-nucleus. The process of differentiation, which
is still in a stage of transition in the case of the Frog's egg, 1s
carried to an extreme in the case of the Hen's egg. TProtoplasmic
substance was already abundantly accumulated at the animal pole in
the former case, but in the latter it is still more concentrated, and
at the same time has become differentiated from the nutritive yolk
as a dise enclosing the segmentation-nucleus. The yolk, accumulated
to an enormous extent at the opposite pole, is, in consequence of this
separation, relatively poor in protoplasmic substance, which only
scantily fills the interstices between the large yolk-spheres.
Inasmuch as the phenomena of motion during the process of
division emanate from the protoplasm and nucleus, whereas the
deutoplasm remains passive, the active substance in the case of mero-
blastic eggs can mo longer master the passive substamce and cause it to
participate in the cleavage. Tven in the case of the Frog's egg a
preponderance of the animal pole during cleavage is observable;
within its territory the nucleus lies, the radial ficures of the proto-
plasm appear, and the first and second planes of division begin to
avise, whereas they cut through at the vegetative pole last of all;
moreover the process of division during the later stages takes place
there with greater rapidity, so that a distinction arises between the
smaller animal cells and the larger vegetative ones. In the case of
the Hen's egg, the preponderance of the animal pole is still further
increased, and the contrast with the vegetative pole is most sharply
expressed. The cleavage-furrows not only begin there, but they
remain restricted to the territory immediately surrounding it. Thus
we get on the one hand a dise composed of small animal cells, on the
other an immense undivided yolk-mass, which corresponds to the
larger vegetative cells of the Frog’s egg. The golk-nuclei enclosed in
the periphery of the germ-disc are equivalent to the nuclei of the

wegetative cells of the Frog's egy.

IIb Partial Superficial Cleavage.

The second sub-type of partial cleavage is prevalent in the phylum
of Arthropods, and occurs in centrolecithal eggs, where a central
yolk-mass 1s enclosed in a cortical layer of formative yolk. Manifold
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variations are possible here, as well as transitions to equal and un-
equal cleavage. When the course pursued is quite typical, the
segmentation-nucleus, surrounded by a mantle of protoplasm, lies in
the middle of the egg in the nutritive yolk ; here it is divided into
two daughter-nuclei, without the oceurrence of a corresponding division
of the egg-cell. The daughter-nuclei, in turn, undergo division into
4, these into 8, 16, 32 nuclei, ete., while the egg as a whole still
remains unsegmented. Subsequently the nuclei move apart, the
greater number gradually migrate to the surface, and penetrate into
the protoplasmic cortical layer, where they arrange themselves at
uniform distances from each other. It is only at this stage that
the process of egg-segmentation takes place, for now the cortical layer
is divided into as many cells as there are nuclei in it, while the central
yolk remains undivided. The latter is therefore suddenly enclosed in
a sac formed of small cells—a blastoderm (Keimhaut). Instead of
a polar (telolecithal) yolk, we have a central (centrolecithal) yolk.
Ordinarily yolk-nuclei or meroeytes remain behind in the yolk, as in
the meroblastic eggs of Vertebrates,

Now that we have become acquainted with the various forms of the
process of segmentation, it will be expedient to dwell for a moment
on its results. According as the process of cleavage takes place
by one or the other of the four methods described, there arises
a mass of cells with corresponding characteristics. From equal
segmentation there arises a spherical germ with cells approximately
uniform in size (Amphioxus, Mammals) (fig. 30, p. 56) ; from un-
equal segmentation, as well as from discoidal, there is produced a
form of the germ with polar differentiation. This manifests itself in
the first case (Cyclostomes, Amphibia) in the production of small
cells at the animal pole and large yolk-laden elements at the opposite,
vegetative pole (fig. 32%, p. 60). In the other case (fig. 35, p. 64)
the vegetative pole is occupied by an unsegmented yolk-mass, in
which at definite regions nuclei are found (Fishes, Reptiles, and
Birds). Finally there is developed from superficial cleavage a germ
composed of a mantle of cells, which envelops an unsegmented yolk-
mass in which also there are nuclei (Arthropods).

The multicellular germ undergoes further changes, sometimes in
the earlier stages of the cleavage-process, sometimes only in the later
stages, in that a small, fluid-filled cleavage-cavity is developed in its
centre, by the separation of the ambr}'uniﬂ cells, At first small, this
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cavity increases more and more in size, so that the surface
of the whole germ is augmented, and the cells which were at
first central come to the
surface,

Different names have been
given to the solid and to the
hollow mass of cells, - A
morula or mudberry-sphere
is spoken of as long as the
segmentation-cavity is either
wanting or only slightly de-
veloped. But when a larger
cavity has been formed, as
is almost always the case
toward the end of the
cleavage-process, the germ
is called a blastula or blas-
tosphere (Keimblase). The latter in turn exhibits a four-fold
variation of form, according to the abundance of yolk in the
original egg and the method of the antecedent segmentation.

Tn the simplest case (fig. 36) the wall of the blastula 1s only one
layer thick ; the cells ave of uniform size and cylindrical, and are
closely united to one another

&, Begmentation-cavity ; asz, animal cells ; ds, cells
with abundant yolk.

to form an epithelium (many SN

of the lower animals, Am- -‘F'.’-H" g 5 *""i
phioxus). In the case of n!‘;. e
lower, aquatic animals the (S T, ™
blastule at this stage aban- [F58m  ~= T R

don the egg-envelopes, and, S ::~3-'~“, et S
gince their eylindrical cells \== 73 *{ﬁ,ﬂ, PRCATS
develop cilia at the surface, 51 B ﬁ ‘H.

swim about with rotating i e < N
motion in the water as ciliate e pl:}“’*n E"‘i EJ"

spheres or blastospheres.

Tu eggs with unequal seg-
mentation the blastula is
ordinarily formed of several

Fig. 87.—Blastula of Triton tmniatus,
1, Segmentation-cavity ; 72, marginal zone ; ds, cells

with abundant yolk.

layers of cells, as in the case of the Frog and Triton, and ab
the same time it exhibits in different regions different thicknesses

(fig. 37). At the animal pole the wall is thin; at the vegetative
pole, on the contrary; it is so much thickened that an elevation,
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composed of large yolk-cells, protrudes from this side far into the
cleavage-cavity, thus considerably diminishing it.

The eggs with partial discoidal segmentation (fig. 38) are modified
most of all, and are therefore scarcely to be recognised as blastulew.
In consequence of the immense accumulation of yolk on the ventral
(vegetative) side, the cleavage-cavity (B)is extraordinarily constricted,
and is still preserved only as a narrow fissure filled with albuminous
fluid. Dorsally its wall consists of the small embryonic cells (£z) result-
ing from the process of cleavage, which are accumulated in several
superposed layers; at the surface they join each other closely,
deeper they lie more loosely associated. The floor of the cleavage-
cavity is formed of a yolk-mass, scattered through which are
to be found the
yolk-nuelei or
merocytes  (dk),
which likewise
result from the

dk k= dl:

cleavage-process,

It is to be seen

that they are espe- :

cially numerous at EREH O R

¥ .L,.';:L:_?:D “'b;;f o

the place of tran-
gsition from the Fig. 38.—Median section through a germ-disc of Pristiurus in the

_diso blastuln stage, after Rilckert, .
garm to the B, Cavity of the blastula ; Lz, sepmented germ ; dk, finely grannlar
yolk-mass, yolk with yolk-nuclei.

This nucleated
yolk-mass very evidently corresponds to the large vegetative cells
which constitute the floor of the cleavage-cavity in the case of the
Amphibian egg (fig. 37). '

In the case of superficial cleavage there is formed, strictly speaking,
no blastula, since the place where the segmentation-cavity should be
developed is filled with nutritive yolk. The latter either remains
unsegmented or is subsequently divided, as in the Insects, into in-
dividual yolk-cells,

HisTorY OF THE PROCESS OF CLEAVAGE.

The investigation and right comprehension of the process of cleavage have
been attended with manifold difficulties. A voluminous literature has arisen
on this subject. We limit ourselves to pointing out the most important dis-
coveries and the chief questions which have been discussed.

The first observations on the process of segmentation were made on the
Frog's egg. Aside from short statements by SWAMMERDAM and hOSEL VON
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ROSENHOF, it was PREVOST BT DUMAS who were the first to describe, in 1824,
the manner in which regular furrows arise on the Frog's egg, and how by
means of these the whole surface is divided into smaller and smaller areas,
According to the French investigators, the furrows were restricted to the sur-
face of the egg, However, only a few years later, RuscoN (1826) and C. E,
v, BAER recognised that the furrows visible at the surface correspond to
fissnres which extend through the whole mass of the yolk, and divide it into
separate parts, Even in his time VON BAER rightly characterised the whole
process of segmentation, in which he discerned the first impulse of life, as an
automatic division of the egg-cell, but subsequently he abandoned this, the
right path, since he sought for the meaning of division in the dictum : that
“gall yolk-masses are subject to the influence of the fluid and volatile
components of the fertilising material.®

In the next decennary there followed numerous discoveries of the process of
segmentation in other animals. During this period acquaintance was also
gained with partial segmentation. After Ruscont and VooT had seen it in
the case of fish eggs, KULLIKER gave, in the year 1844, the first detailed
description of it as seen in the eggs of Cephalopods, and four years later
C'osTE described it in the Hen's egg. -

The question of the significance of the cleavage-process has engaged the
earnest attention of investigators, and has given rise to many controversies,
The discussion first took a definite turn upon the establishment of the gell-
theory., The question was, to determine whether and in what manner cleav-
age was a process of cell-formation. Although there were already many
observations on the division of eggs, SCHWANN himself took no definite posi-
tion on this question. The views of other investigators were at variance for
years. There was a difference of opinion as to whether the egg or the ger-
minative vesicle was a cell, whether the segments resulting from cleavage
possessed a membrane or not, and whether these segments were to be regarded
as cells or not. In the earlier literature the germinative vesicle and the
nuclei of the cleavage-spheres were often designated as embryonic cells, and
the surrounding yolk-mass as an enveloping sphere. The difficulty of com-
prehending the process of segmentation was also aggravated by the false
doctrine of free cell-formation from an organic matrix—the cytoblastema—
founded by ScHWANN, It remained for a long time a controverted point
whether the tissue-cells of the adult organism were the direct descendants of
the segmentation-spheres, or whether they arose at a later period by means
of free cell-formation from cytoblastema. After NAgELI on the botanical
side had adopted the right course, it was the service of KULLIKER, REICHERT,
REMAK, and LEYDIG to have paved the way to a comprehension of cleavage,
and to have shown that free cell-formation does not take place, but that all
cellular elements arise in uninterrupted sequence from the egg-cell.

As far as regards the different kinds of cleavage, KULLIKER designated
them as total and partial. VAN BENEDEN has given in his *“ Recherches sur
1a composition et la signification de l'cenf” a more exhaustive review of the
subject, and has also expounded in a clear way the signification of the
dentoplasm for the different kinds of cleavage. Subsequently HAECKEL mate-
rially simplified the categories of segmentation recognised by VAN BENEDES,
and proposed in his Anthropogenie " and in his paper “ Die Gastrula und die
Eifurchung " the classification of the methods of cleavage on which is based
the scheme previously given, and according to which total cleavage is divided
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into equal and unequal, and partial into discoidal and superficial. At the
same time HAECKEL endeavoured to derive the different methods of cleavage
from one another, and apropos of this directed attention to the important role
of the nutritive yolk.

The processes which take place within the yolk have eluded observation
and a correct interpretation even more than the external phenomena of cleav-
age, so that it is only in the most recent times that we have acquired a satis-
factory insight into them, It is true that the problem, as to what part the
nucleus plays in segmentation, has had the uninterrupted attention of investi-
gators, but without any solution having been found. For years there were in
the literature two opposing views: sometimes one of them, sometimes the
other, attained temporarily greater currency. According to one view—which
was almost universally adopted by the botanists, and was defended on the
zoiilogical side principally by REICHERT, and even recently by AUERBACH—
the nueleus disappears before every division, and is dissolved, to be afterwards
formed anew in each danghter-segment; according to the other view the
nucleus, on the contrary, is not dissolved, but is constricted, becomes
dumb-bell-shaped, and is divided into halves, and thereby induces cell-division.
This view was taught especially by such zoGlogists and anatomists as C. K.
v. BAER, JoH. MULLER, KULLIKER, LEYDIG, GHGENBAUR, HAECKEL, VAN
BeNEDEN, and others, who were supported by the observations which they
had made on transparent eges of the lower animals.

Light was first thrown on the disputed question at the moment when snit
able objects were studied with the aid of higher magnifications, and especiall
with the employment of modern methods of preparation (fixing and staining
reagents).

The works of For, FLEMMING, SCHNEIDER, and AUERBACH on the cleavage
of the eggs of various animals mark a noteworthy advance, They still main-
tained, it is true, that the nucleus is dissolved at the time of cleavage, but they
gave a detailed and accurate description of the striking radiation which arises
in the yolk upon the disappearance of the nucleus, and which during the
constriction of the egg soon becomes visible in the region of the danghter-
nuclei.* HScHNEIDER observed parts of the spindle-stage.

Soon after this a more exact insight into the complicated and peculiar
nuclear changes was obtained by means of three investigations, which were
carried out independently and simultaneously on different objects, and were
published in rapid succession by BUTSCHLI, STRASBURGER, and the author.
Tt was definitely established by these observations that there is no dissolution
of the nucleus at the time of division, but a metamorphosis, such as has been
described in the preceding pages. At the same time I likewise proved that the
egg-nucleus is not a new formation, but is derived from parts of the germinative
vesicle. From this resulted the important doctrine that, just as all cells, 5o also
all nuelei of the animal organism are derivatives in an uninterrupted sequence,
the one from the eqg-cell and the other from its nucleus. (Omnis cellula e cellula,
omnis nuclens e nucleo.) Through these researches there was furnished for the

* Hadiating structures had already been observed in the yolk before this,
but in an incomplete manner, by different authors—by GRUBE in the Hirn-
dinea, by DERBES and MBISSNER in the Sea-urchin, by GEGEINBAUR in Sagitta,
by Krows, KowALEVSKY, and KUPFFER in Ascidians, by LEUCKART in Nema-
todes, by BALBIANI in Spiders, and by OBLLACHER in the Trout.
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first time a scheme of nuclear division and cell-division, which has since
proved to be correct in all essentials, even though it has undergone important
improvements and additions at the hands of For, FLEMMING, VAN BENEDEN,
and RABL,

For published an extended monographic investigation of the process of
cleavage, which he had observed in many invertebrated animals. FLEMMING,
starting with nuclear division in tissue-cells, distingunished with great acumen
the non-chromatic and the chromatic parts of the nuclear figure, the non-
stainable nueclear spindle-fibres, and the stainable nuelear filaments and loops,
which are located upon the surface of the former. He made the interesting
discovery concerning the latter, that they become split lengthwise. Light
was soon thrown upon this pecnliar phenomenon, when HEUSER, VAN BENEDEN,
and RABL, independently of each other, discovered that the halves of the split
filaments moved apart toward the poles of the nucleus, and furnished the
fondament for the daughter-nuclei, vAN BENEDEN at the same time made
the additional and important observation on the egg of Ascaris megalocephala,
that of the four chromatic loops, which are constantly to be observed in the
case of the cleavage-nucleus, two are derived from the chromatic substance
of the spermatic nucleuns, the other two from the chromatic substance of the
egg-nucleus; and that, in consequence of the longitudinal splitting, each
daunghter-nucleus receives at the time of division two male and two female
nuclear loops. In addition there have appeared many other recent works
of value on the process of cleavage by NUSSBAUM, RABL, CARNOY, BOVERI,
PLATNER, and others.

Within the last few years PFLUGER has endeavored to prove by interesting
experiments that gravitation exercises a determining influence on the position
of the planes of cleavage. Bory, RoUX, and the author, on the contrary,
thought they were able to explain division from the organisation of the egg-
cell itself. In the authors article, “ Welchen Einfluss iibt die Schwerkraft
auf die Theilung der Zellen 1" he recognised the causes which determine the
various directions of the planes of division, (1) in the distribution of the
lighter ecg-plasm and the heavier deuntoplasm, and (2) in the influence which
the spatial arrangement of the egg-plasm exercises on the position of the
nuclear spindle, and that which the position of the latter exercises upon the
direction of the plane of cleavage.

SUMMARY.

1, In the process of cleavage the internal and the external pheno-
mena of segmentation are to be distinguished from each other,

2. The internal phenomena of cleavage find expression in changes
(a) of the nucleus, (b) of the protoplasm.

3. The nucleus while in the process of division consists of a non-
chromatic and a chromatie nuclear figure. The non-chromatie figure
is a spindle composed of numerous fibres. The chromatic figure is
formed of bent, V-shaped nuclear filaments (chromosomes), which lie
upon the surface of the middle of the spindle. At the two ends of
the Epindlla there is found a apmial Polnr corpuscle [centrusume].




THE PROCESS OF CLEAVAGE. 73

4. The division of the nueleus takes place in the following manner :
the nuclear filaments split lengthwise, and their halves move apart
in opposite directions toward the ends of the spindle, and are there
converted into vesicular danghter-nuclei,

. The protoplasm arranges itself around the ends of the spindle
in filuments having the form of a stellate figure (an aster), so that
_ a double radiation or an amphiaster arises in the egg.

. The external phenomena of cleavage consist in the division of
the egg-contents into individual parts, the number of which corre-
sponds to that of the daughter-nuclei. They exhibit various modifica-
tions, which are dependent on the arrangement and distribution of
the egg-plasm and the deutoplasm, asis to be seen from the fol-
lowing scheme of segmentation.

Seheme of the Various Modifications of the Process
of Cleavage.
I. Total Cleavage. (Holoblastic eggs.)

The eggs, which for the most part are small, contain a small or
moderate amount of deutoplasm, and are completely divided into
daughter-cells,

1. Egqual Cleavage.

This takes place in eggs with meagre and uniformly distributed
deutoplasm (alecithal). By the process of cleavage there are formed
segments which, in general, are of uniform size. (Amphioxus, Mam-
malia.) '

2. Unequal Cleavage.

This ocenrs in eggs in which a more abundant deutoplasm is un-
equally distributed, being concentrated toward the vegetative pole,
and in which the cleavage-nucleus is located nearer the animal and
more protoplasmic pole. Usually the segments become unequal in
size only with and after the third act of division. (Cyclostomes,
Amphibia.)

II. Partial Cleavage. (Meroblastic eggs.)

The eggs, which are often very large, ordinarily contain con-
siderable quantities of deutoplasm. In consequence of the unequal
distribution of this, the egg-contents are separated into a formative
yolk, in which alone the process of cleavage is manifested, and a
nutritive yolk, which remains undivided, and is used up during
embryonic development for the growth of the organs,
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1. Discoidal Cleavage.

This takes place in eggs with nutritive yolk in a polar position
The process of cleavage remains confined to the formative yolk
accumulated at the animal pole, which has the form of a dise and
contains only a small amount of deutoplasm. There is formed, eon-
sequently, a cellular dise.  (Fishes, Reptiles, Birds.)

2. Superficial Cleavage.

This occurs in the case of eggs with central yolk. In typical
cnses the nucleus alone, which occupies the middle of the egg, under-
goes repeated division. The numerous danghter-nuclei which arise
in this manner migrate into the layer of protoplasm which invests
the central nutritive yolk, and the protoplasm is thereupon divided
into as many segments as there arve nuclei lying in it. There is
formed a germ-membrane (Keimhaut), (Arthropods.)

7. Bggs with total cleavage are designated as holoblastie, eggs
with partial cleavage as meroblastic,

8. The direction and position of the first cleavage-plane are strietly
conformable to laws which are founded in the orgamisation of the
cell ; they are determined by the following three factors :—

First factor. The cleavage-plane always divides the axis of the
nuclens which is preparing for division perpendicularly at its middle.

Second factor. The "position of the axis of the nuclens during
division is dependent upon the form and differentiation of the en-
veloping protoplasm.

In a protoplasmic sphere the axis of the nuelear spindle, ocenpying
the centre of the sphere, can lie in the direction of any radius what-
ever; but in an oval protoplasmic body, only in the longest diameter.
Tn a cireular disc the nuclear axis lies parallel to its surface in
any diameter of the circle, but in an oval dise only in the longest
diameter.

Third factor. In the case of eggs of unequal segmentation, which,
in consequence of their unequally distributed, polar deutoplasm,
arve geocentric, and therefore assume when in equilibriom a parti-
cular position, the first two planes of cleavage must be vertical, and
the third must be horizontal and placed above the equator of the
sphere,
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CHAPTER IV.

GENERAL DISCUSSION OF THE PRINCIPLES OF DE VELOP-
MENT,

A simrprt principle has exclusively controlled the embryonic pro-
cesses hitherto considered. By means of the cleavage of the egg-
substance, or cell-division, alone the originally simple elementary
organism has been converted into a cell-colony. This presents the
simplest conceivable form, inasmuch as it is a hollow sphere, the
wall of which is composed of one or several layers of epithelial cells.
But the principle of cell-division is not adequate for the production,
out of this simple organism, of more complicated forms with dissimilar
organs, such as the adult animals ave; further progress in develop-
ment can be brought about from this time forward only by the
supervention of two other principles, which are likewise simple ;
namely, the principle of unequal growth in a cell-membrane, and
the principle of the division of labour, together with the histological
differentiation connected with it.

TLet us consider first the prineiple of unequal growth, When in a
cell-membrane the individual elements continue to divide uniformly,
the result will be either a thickening or an increase in the surface of
the membrane. The former takes place when the plane of division
has the same direction as the surface of the membrane, the latter
when it is perpendicular to the surface. With the increase in the
extent of surface the cells which were at first present are uniformly
and gradually crowded apart by the introduction of the new daughter-
cells, inasmuch as they are soft and plastic, and are joined together
only by means of a soft cementing substance. Were we to assume
that only such a growth took place in the case of the blastula during
its further development, nothing else could come of it except an ever
larger and thicker-walled hollow sphere of cells,
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The operation of an unequal growth of the surface produces quite
another result. When in the middle of a membrane the cells of a
single group within a short time repeatedly undergo © division ” by
vertical planes, they will be suddenly compelled to elaim for themselves
much greater surface, and they will consequently exert a vigorous
pressure, due to growth, upon the cells in their vicinity, and will
tend to push them apart. But in this case a separation of contiguous
cells, such as takes place with gradual and uniformly distributed
interstitial growth, will be impossible; for the surrounding cells,
remaining in a passive condition, will constitute, as it were, a rigid
frame, as His has expressed it, around the extending part, which, in
consequence of accelerated growth, demands an increased area, It
must therefore secure room for itself in another manner, and increase
its surface by abandoning the level of the passive part through
the formation of a fold in either one direction or the other. The
fold will be still further inereased, and forced farther from the
original level, if the increased activity of the process of cell-division
in it continues. Thus by means of unequal growth there has now
arisen out of the originally uniform membrane a new recognisable
part, or a special organ.

When the folding membrane encloses a cavity, as is the case with
the blastula, there are two cases conceivable in the formation of folds.
In the first place, the membrane may be folded into the interior of
the body, a process which in embryology is called invagination or
involution. Secondly, there may arise by evagination a fold, which
projects free beyond the surface of the body.

In the first case numerous variations in the details are possible, so
that the most various organs, as, é.g., the glands of the animal body,
parts of the sensory organs, the central nervous system, etec., are
formed.

In the origin of glands a small circumseribed circular part of a
cellular membrane is infolded as a hollow eylinder (fig. 39 ! and 9),
towards the interior of the body, into the underlying tissue, and by
continuous growth may attain considerable length. The invagina-
tion develops into either the tubular or the alveolar form of gland
(FLemming). If the glandular sac possesses from its mouth fo its
blind end nearly uniform dimensions, we have the simple tubular
gland (fig. 39 1),—the sweat glands of the skin, Ligserktny's glands
of the intestine. The alveolar form of gland differs from this in that
the invaginated sac does not simply increase in length, but expands
somewhat at its end (fig. 39 5 db), while the other part remains
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narrow and tube-like and serves as its duect (a). More complicated
forms of glands arise, when the same processes to which the simple
glandular sac owes its origin are repeated on the wall of the sac—
s’ 4 i A ; when on a small
tract of it a more

¢ vigorous growth
2._ a again takes place,
and a part begins

.db to grows out from
the main tube as a
lateral branch (fig.

39 % and 9. By
numerous repetitions

_a» of such evaginations,

¥
‘Wb

SMLL Ok gl WG CE o R e the originally simple
tubular gland may
1, Himple tubular gland; 2, branched tubular glind ; 8, ﬂ(}(ll]il‘ﬂ the form of

Fig. 39,—Diagram of the formation of glands.

branched L.uhu]m- gland with .'LIIEL-Ht-U]IlUE'!ILh' }JI.'!I.I.]I'l.I.II.&:L; a much - branched
4 and 5, simple alveolar glands ; o, duct ; db, vesicular :
enlargement ; O, branching alveolar gland, tnl’Eﬁ‘, upon which we

distinguish the part
formed first as trunk, and the parts which have arisen hy outgrowths
from it as chief branches and branchlets of first, second, third, and
fourth order, according to their ages and correlated sizes. According
as the lateral outgrowths remain tubular or become enlarged at their
tips, there arise either the compound tubular
glands (fig. 39 %) (kidney, testis, liver), or the
compound alveolar glands (fig. 39 °) (sebaceous
glands of the skin, lungs, etec.).
Again, the invaginating part of an originally
flat membrane assumes other forms in the pro-

Fig, 40.—Diagram of the
duction of sense organs and the central nervous  formation of the audi-

; tory wesicle.
system. For example, the part of th? organ of e s B
hearing which bears the nerve terminations— tory vesicle, which mz
- s - arisen by a process o
the membranous labyrinth—is developed out of "0 0 = = "l 4 sl

o small tract of the surface of the body, which |1]|1.11:1||.ihz: .;Tm:::»d_ ::i::
becomes depressed into a small pit (fig. 40) in R
consequence of its acquiring an uxt.mmwli_‘mu}' of epithelium.
vigor in growth. The edges of the H.u[lle‘_‘f‘ ,

pit then grow toward one another, so that this is gradually con-
verted into a little sac, which still opens out at the surface of the

body by means of & narrow orifice only (fig. 40 «). Finally, the

e
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narrow orifice closes. Out of the auditory pit there has arisen a
closed auditory sac (b), which then detaches itself completely from its
parent tissue, the epithelium of the surface of the body, Afterwards,
simply by means of the unequal growth of its different regions, by
means of constrictions and various evaginations, it acquires such an
extraordinarily complicated form, that it has justly received the
name of membranous labyrinth, as will be shown in detail in another
chapter.

The development of the central nervous system may serve as
the last example of invagination. Spinal cord and brain take their
origin at an early epoch from the layer of epithelial cells which limits
the outer surface of the body of the embryo. A narrow band of this
epitheliua lying along the axis of the back becomes thickened, and is
distinguished from the thinner part of the epithelium, which produces
the epidermis, as the medullary plate (fig. 41 4 mp). Inasmuch as
the plate grows more rapidly than its surroundings, it becomes in-
folded into a gutter which is at first shallow, the medullary groove.
This becomes deeper as a result of further increase of substance. At
the same time the edges (fig. 41 B mf), which form the transition
from the curved medullary plate to the thinner part of the cellular
membrane, become slightly elevated above the surrounding parts, and
constitute the so-called medullary folds. Subsequently these grow
toward each other, and become so apposed that the furrow becomes
a tube, which still remains temporarily open to the outside by means
of a narrow longitudinal fissure. Finally, this fissure also disappears
(fig. 41 ') ; the edges of the folds grow together ; the closed medullary
tube (), like the auditory vesicle, then detaches itself completely
along the line of fusion (suture) of the cell-membranes of which it
was originally a component part and becomes an entirely independent
organ (n).

Let us now examine somewhat more closely the mechanism of the
fusion and detachment of the neural tube.

The two medullary folds are each composed of two layers, which
are continuous with each other at the edge of the fold,—the thicker
medullary plate (mp), which lines the furrow or tube, and the thin-
ner epidermis (ep), which has either a more lateral or a more super-
ficial position. When, now, the folds come into contact, they fuse,
not only along a narrow edge, but over so extensive a tract that
epidermis is joined to epidermis, and that the edges of the medullary
plate are joined to each other. The medullary tube thus formed,
and the continuous sheet of epidermis that stretches across it, are by
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means of an intermediary cell-mass still in continuity along the suture
produced by the concrescence. But a separation soon takes place

1

[t ph.:..ir-' .‘EE:-\. 7 S v i

Fig. 41—Cross sections through the dorsal halves of three Triton larva,

A, Cross gection through an egg in which the medullary folds (i) begin to appeir,

B, Cross section through an egz whose mednllary furrow is nearly closed, o4

€, Oross section through an egg with closed neural tube and well-developed primitive sepuctts,

nf, Medullary folds; g, medullary plate; @, neuml tube Espin_nl oord) ; r:h,, chordn ;
ep, epidermis, or corneal layer; aik, middle germ-layer; mk', p:nr:et.n!, wik?, visceral snl-
division of the middle germ-luyer ; i, inner germ-layer ; ash, cavity of primitive segment,

along this line, inasmuch as the intermediary band of substance
becomes narrower and narrower, and one part of it unites with the
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epidermis, while the other part is annexed to the medullary tube. Thus
in the formation of the suture processes of fusion and of separation
ocenr almost simultaneously, a condition which often recurs in the
case of other invaginations, as in the constricting off of the auditory
vesicle, the vesicle of the lens, ete.

The neural tube having once become independent is subsequently
segmented in manifold ways by the formation of foldings, in conse-
quence of inequalities in the rate of surface growth, especially in its
anterior enlarged portion, which becomes the brain. There are
formed out of this by means of four constrictions five brain-vesicles,
which lie in succession one after
another ; and of these the most an-
terior, which becomes the cerebrum
with its complicated furrows and con-
volutions of first, second, and third
order, serves as a classical example
when one desires to show how a
highly differentiated organ with com-
plicated morphological eonditions may
originate by the simple process of
folding.

In addition to invagination the second
method in the formation of folds, Fig 42— Diagram of the formation of
which depends upon a process of eva.  Papille and villi, \

5 5 K a, Simple papilla ; &, hranched papilla
gwnation, plays a no less important  or tufted villus; <, simple papilla,
p&rt in the determination of the the conpective-tisaue core of which

- £ EL ; runs out into three points,

form of animal bodies, giving rise to

protuberances of the surface of the body, which may likewise
assume various forms (fig. 42). As a result of exuberant growths
of small circular territories of a cell-membrane there arise rod-
like elevations, resembling the papille on the mucous membrane
of the tongue (c), or the fine villi (a)in the small intestine (villi
intestinales), which are so closely set that they give a velvety ap-
pearance to the surface of the mucous membrane of the intestine.
Just as the tubular glands may be abundantly branched, so tufted
villi are here and there developed out of simple villi, since local
accelerations of growth cause the budding-out of lateral branches of
a second, third, and fourth order (fig. 42 6). We recall the external
tufted gills of various larve of Fishes and Amphibia, which project
ont from the neck-region free into the water, or the villi of the
chorion in Mammals, which ave characterised by still more numerous

6
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branchings. The formation of the limbs is also referable to such
a process of external budding.

When the growth of the membrane takes place along a line, the
free edges form ridges or folds directed outward, such as the valves
of Kerkrine folds of the small intestine or the gill-plates on the
aill-arches of Fishes,

From the examples cited it is clearly to be seen how the greatest
variety of forms may be attained by the simple means of invagina-
tion and evagination alone. At the same time, the forms may be
modified by two processes of subordinate importance, by separations
and by fusions which affect the cell-layers. Vesicular and sac-like
cavities acquire openings by the thinning out of the wall at a place
where the vesicle or sac lies near the surface of the hody, until there
is a breaking through of the separating partition. Thus in the
originally closed intestinal tube of Vertebrates there ave formed the
mouth-opening and the anal opening, as well as the gill-clefts in
the neck-region. |

The opposite process—fusion—is still more frequently to be
observed, It allows of a greater number of variations. We have
already seen how the edges of an invagination may come in
contact and fuse, as in the development of the auditory vesicle,
the intestinal canal, and the neural tube. But concrescence may
also take place over a greater extent of surface, when the facing sur-
faces of an invaginated membrane come more or less completely into
contact, and so unite with each other as to form a single cell-mem-
brane. Such a result ensues, for example, in the closure of the
embryonic gill-clefts, in the formation of the three semicirenlar
canals of the membranous labyrinth of the ear, or, as a pathological
process, in the concrescence of the surfaces of contact of serous
cavities. Moreover fusions may take place between sacs which come
in contact with their blind ends, as very often occurs in the com-
pound tubular glands (fig. 39°%). Of the numerous lateral branches
which sprout out from the tubule of a gland, some come in contact
at their ends with neighboring branches, fuse with them, and
establish an open communication with them by the giving way
of the cells at the place of contact. It is by this means that
branched forms of tubular glands pass into the net-like forms to
which the testis and the liver of Man belong.

In addition to the formation of folds in epithelial layers, which
under a great variety of modifications determine in general the
organisation of the animal body, there were mentioned, as a second
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developmental principle of fundamental significance, division of labor

‘and the histological differentiation associated with it. In ovder to
understand fully the significance of this principle in development,
we must proceed from the thesis that the life of all organic bodies
expresses itself in a series of various duties or functions. Organisms
take to themselves substances from without ; they incorporate in their
bodies that which is serviceable, and eliminate that which is not
(function of nutrition and metastasis); they can alter the form of
their bodies by contraction and extension (function of motion); they
are capable of reacting upon external stimuli (function of sensibility) ;
they possess the ability to bring forth new organisms of their own
kind (function of reproduction). In the lowest multicellular organisms
each of the individual parts discharges in the same manner as the
others the enumerated functions necessary for organie life; but the
more highly an organism is developed, the more do we see that its
individual cells differentiate themselves for the duties of life,—that
some assume the function of nutrition, others that of motion, others
that of sensibility, and still others that of reproduction,—and that with
this division of labor is likewise joined a greater degree of com-
pleteness in the execution of the individual functions. The
development of a specialised duty likewise leads invariably to an
altered appearance of the cell: with the physiological division of
labor there always goes hand-in-hand a morphological or histological
differentiation.

Elementary parts which are especially concerned in the duties of
nutrition are distinguished as gland-cells ; again others, which have
developed the power of contractility to a greater extent, have
become muscle-cells, others nerve-cells, others sexual eells, ete. The
cells which are conecerned in one and the same duty are for the most
part associated in groups, and constitute a special tissue.

Thus the study of the embryology of an organism embraces chiefly
two elements: one is the study of the development of form, the
second the study of histological differentiation. We may at the
same time add that in the case of the higher organisms the morpho-
logical changes are accomplished principally in the earlier stages of
development, and that the histological differentiation takes place in
the final stages.

A knowledge of these leading principles will materially facilitate
the comprehension of the further processes of development,

——z zmT——
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CHAPTER V.

DEVELOPMENT OF THE TW0O PRIMARY GERM-LAYERS,
(GASTRAA-THEORY.)

TrE advances which are brought about during the next stages in
the development of the blastula depend primarily upon processes of
folding. By these means there arise larval forms, which are at first
composed of two, and afterwards of four epithelial membranes, or
gern-layers.

The larval form which is composed of two germ-layers is called the
gastrula. It possesses an important developmental signification,
beeanse, as Haecken has shown in his celebrated Gastrea-Theory,
it is to be found in each of the six chief branches of the animal
kingdom, and thus furnishes a common starting-point from which
along diverging lines the separate animal forms may be derived.
As with blastule, so in the case of the gastrula four different
kinds can be distinguished, according to the abundance and the
method of distribution of the yolk., Starting from a simple funda-
mental form, three further modifications have arisen, all of which,
with the exception
of a single one which
is characteristic of
many  Arthropods,
are to be encoun-
tered within the
phylom of Verte-
brates.

The simplest and
most primitive form,
with the considera-
tion of which we
have to begin, s

P :
Fig. 43,~ Blastula of Amphioxus lanceolatus, after HATSCHER, Jound only in the
Fk, Cleavage-cavity ; az, animal cells; vz, vegetative cells; dwgfﬂpmeng gf Am-

AP, animal pole ; ¥FFP, vegetative pola. G
i phioaus lanceolatus.

* As has been previously shown, its blastula is composed of eylin-
drical cells, which are closely joined into a single-layered epithelinm
(fig. 43). At one place, which may be designated as the vegetative pole
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(VP), the cells (vz) are somewhat larger and more turbid, owing to
the yolk-granules lodged in them. The process of the formation of
the gastrula commences at this place. The vegetative surface begins
at first to be flattened, and
then to be pushed in toward
the middle of the sphere.

By the advance of the ak
invagination the depression ik
grows deeper and deeper, i

while the cleavage-cavity be-
comes to the same degree
diminished in size. Finally,
the invaginated portion (fig.
44 ik) comes in contact with

R mm L

the inner surface of the un- Fig. 44.—Gastrula of Amphioxus lanceclatus, after

invaginated portion (ak) of HATSCHEK, ik
ik, Onter germ-layer; ik, inner germ-layer ; i,
t'he blilﬁt-lll&: t'il:ld Gﬂﬂlplﬁt&l}r blastopore, or month of archenteron (i),

obliterates the cleavage-

cavity. As a result there has been formed out of the hollow
sphere with a single wall a cup-shaped germ with double walls—
the gastrula.

The cavity of the gastrula, which results from the invagination and
is not to be confounded with the cleavage-cavity which it has sup-
planted, is the primitive intestine (archenteron) (ud), or the intestino-
body cavity (coelenteron). This opens to the outside through the
primitive mouth (mouth of the archenteron, blastopore) (u).

Inasmuch as the names primitive intestine and primitive mouth
might easily give rise to erroneous conceptions, let it be remarked, in
order to preclude from the start such an event, that the cavity and
its external opening which arise by this first invagination are not
equivalent to the intestine and mouth of the adult animal. The
archenteron of the germ, it is true, furnishes the fundament for the
intestinal tube, but there are also formed out of it a number of other
organs, the chief of which are the subsequently formed thoracic and
body cavities, The future destination of the cavity will therefore be
better expressed by the term * celenteron.” Finally, the primitive
mouth is only an evanescent structure among vertebrated animals;
later it is closed and disappears without leaving a trace, while the
permanent or secondary mouth is an entirvely new structure.

The two cell-layers of the cup, which are continuous with each
other at the edge of the blastopore, are called the two primary
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germ-layers, and ave distinguished aecording to their positions as the
outer (ak) and the inner (¢k). Whereasin the blastula the individual
cells differ only a little from one another, with the process of gastru-
lation a division ot labor begins to assert itself, a fact which may
be recognised in the case of the freeswimming larvee of Inver-
tebrates. The outer germ-layer (ak) (also called ectoblast or ectoderm)
serves as a covering for the body, is at the same time the organ of
sensation, and effects locomotion when cilia are developed from the
cells, as is the case with Amphioxus. The dnner germ-layer (ik)
(entoblast ov entoderm) lines the cwelenteron and provides for nutri-
tion. The cell-layers thus stand in contrast to each other both as
regards position and funetion, since each has assumed a special duty.
In view of this fact they have been designated by C. E. vox BAER
as the two primitive organs of the animal body. They present us
with a very instructive, because very simple, illustration of the
manner in which two organs originate from a single fundament.
By invagination the undifferentiated cells of the surface of the
blastula are brought into different relations to the outer world, and
have consequently been compelled to follow different courses in their
development, and to adapt themselves to special duties corresponding
to the new relations,

The separation of the embryonic cell-material into the two primi-
tive organs of von Barr is of decisive significance for the whole
subsequent course of the development of the individual cells. For a
very definite portion of all the ultimate organs of the body is refer-
able to each of the two primitive organs. In order to put this im-
portant condition in the proper light at once, let it be stated that the
outer germ-layer furnishes the epithelial covering of the body, the
epidermis with the glands and hair, the fundament of the nervous
system, and that part of the sense organs which is functionally most
important. On this account the older embryologists imposed upon it
the name of dermo-sensory layer. The inner germ-layer, on the
contrary, is converted into the remaining organs of the body—into
the intestine with its glands, into the body-cavity, into the muscles,
ete. ; by far the greater mass of the body, therefore, is differentiated
out of it, and it has to pass through the most numerous and the most

trenchant metamorphoses.®

* The practice of distinguishing the outer and the inner germ-layers as a!:nimnl
and vegetative, which was formerly in vogue and is followed even now, is not
proper, and ought therefore to be given up. For the transversely St-l']pl:d- museu-
lature of the body, which belongs to its animal organs, does not arize from
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Larval forms quite like that of Amphioxus have also been observed
in the case of Invertebrates belonging to the phyla of Celenterata,
Echinodermata, Vermes, and Brachiopoda. For the most part they
quit the egg-envelope, even in the gastrula stage, to swim about in
the water by means of their cilia ; and they can now take nutritive
substances—small infusoria, alge, or remnants of larger animals—
through the primitive mouth
into the digestive cavity, and
make use of them in the fur-
ther growth of their bodies.
Likewise the substances
which are not serviceable be-
cause indigestible are ejected
from the body through the
same orifice. In the case
of the higher animals the
ingestion of food is not only
impossible at this time, but
also superfluous, because the
egg and the embryonic cells Fig. 45.—Blastula of Tritontmniatus.
m*iaing from St still contain Sk, S:r:'agu-cnﬂtf: az, yolk-cells; iz, marginal
yolk-granules, which are
gradually consumed.

Phe modifications which gastrulation undergoes in the Amphibia are
easily referable to the simpler conditions in Amphioxus. In the case
of the Water-Salamander, which is to serve as an illustration in
this description, one half of the blastula (fig. 49), which is called
the animal half, is thin-walled and composed of small cells, which
lie in two or three layers one above another, and in the case of
the Frog contain black pigment. The other, or vegetative half (dz),
exhibits a greatly thickened wall, composed of much larger, more
deutoplasmic, polygonal cells (dz), which, loosely associated in several
Jayers, cause a protuberance into the cavity (/%) of the blastula,
which is proportionally diminished in size. Where the differentiated
halves meet, a transition is effected by means of cells, forming what
GoerTe has designated marginal zone (rz). Inasmuch as the specific
gravity of the animal half is much less than that of the opposite
half, it is without exception directed upward in water. The former

the outer germ-layer, as, in consequence of false observations, was formerly
believed, but rather from the primary inner germ-layer, as has now been esta-
blished by many observations. '
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constitutes the thinner roof, the latter the highly thickened floor, of
the excentrically placed cleavage-cavity.
When the gastrula begins to be developed, the invagination
takes place on one side in the marginal zone (fig. 46 u), and is
distinguishable externally by means of
a sharp, afterwards horseshoe-shaped
furrow, which is bounded on one side
by small cells, which in the case of
% the Frog contain black pigment, on
the other side by large unpigmented
elements. At the fissure-like blasto-
L3 pore there are infolded into the interior
Fig;v:f;ﬁnmth:: :‘ﬂ“nér:fﬂ:ﬁ:: of the blastula (fig. 47 u) along its
i i dorsal lip (di) small cells, along its
w, Primitive mouth (blastopore), ventral lip (wl) the large deutoplasmic
elements of the vegetative half; the
former constitute the roof, the latter the floor, of the celenteron (ud).
The latter appears in the first stages of the invagination simply as
a narrow fissure alongside the capacious cleavage-cavity (f4); soon,
however, it causes a com-
plete obliteration of this
cavity, the fundus of the
invagination  becoming
enlarged into a broad
sac, while the entrance
always remains narrow
~and fissure-like. Since
the celenteron of the
Amphibia was first ob-
served by the Italian
investigator, Ruscoxi, 1t 1 AR
is ordinarily mentioned SN

i older writinos as  Fig. 47.—Longitudinal [sagittal] section through an egg
e y 95 S of Triton at the hagi.nni.ng of gastrulation,
Ruscoxr's igestive ek, Duter germ-layer ; ik, inner germ-layer § ©k, cleavage-

3

=

SN}

1 i blasto- cavity; wd, celenteron; w, blnstopore; oz, yolk-
mnty, -J.-'Lnd- the pells; ol and «f, dorsal and ventral lips of the
pore likewise as the coulenteron,

RuscoNIAN anus.

At the close of the process of invagination the whole yolk-mass, or
the vegetative half of the blastula, has been taken into the interior
to form the lining of the cowlenteron, being at the same time over-
grown by a layer of small cells (fig. 48). In the case of the Frog the
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whole surface of the germ, with the exception of a small place about
as large as the head of a pin, which corresponds to the blastopore,
now appears black, because the small cells are deeply pigmented. At
the place excepted a part of the unpigmented yolk-mass protrudes
through the blastopore
and closes the entrance to
it as if with a stopper (d),
by reason of which it

bears the significant name e
of vitelline plug. Ly
Of the two germ-layers &
of the gastrula the outer s i
subsequently becomes re- ) ‘?‘3%-‘. V2 47 T
duced in thickness in the m’gﬁa"ggiﬁ% ey L
case of the Water-Sala- aﬂ#’g@’%ﬂuﬁ
mander to a single layer J .ﬁg#ﬁﬁ"f’ﬁﬂ#

of regularly arranged Fig. 48.—Sagittal section through an egg of Triton after
eylindrical cells, whereas ; the end of :?Tﬁnn- ; bt

i = & ok, ik, de, dl, ® , a8 in fig, 47; o, vitelline plug;
in the case of the Frogit ~ ' i m al

wek, middle germ-layer,

is composed of two or
three layers of small, in part cubical, deeply pigmented elements.
The inner germ-layer in the roof of the celenteron likewise consists of
small (in the Frog, pigmented) cells, but in the floor it is composed
of large yolk-cells, which, heaped together in many layers, pro-
duce an elevation that projects far into the ccelenteron and partly
fills it. For this reason the gastrula in Amphibia is compelled
to adopt in water a definite position of rest, because the yolk-mass,
being the heavier part, always assumes the lowest position (fig. 48).

The germ of the Amphibia is already a bilaterally symmetrical
body. The thickened, yolk-containing wall of the gastrula becomes
the ventral side of the adult animal; the opposite wall, or roof of
the ccelenteron, becomes the dorsum. The blastopore indicates, as
the sequel shows, the posterior end, the opposite part the head-end.
There may therefore be passed through the gastrula a longitudinal,
a dorso-ventral, and a transverse axis, which correspond with the
axes of the adult animal. This bilateral symmetry, which appears
g0 early in the Amphibia, is solely attributable to the accumulation
of yolk-material, and to the piling up of it on the ventral side of the
celenteron,

The development of Amphibia furnishes us with a transitionnl
condition, which is serviceable for the comprehension of the much
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more highly altered form! which the gastrule acquires in the case of
eggs with partial cleavage in the classes of Selachii, Teleosts, Reptiles,
and Birds.

The conditions are the most readily intelligible in the case of the
Selachians. That which we have described in the blastula of the
Amphibia as the roof of the cleavage-cavity is in the blastula of

the BSelachians a
s dk iz @t #  small disc of em-
bryonic cells (fig.
49 kz), continuous
at its margin with
the extraordi-
narily voluminous
yolk - mass  (dk),
which contains
nuclei, although it

P T T T R TR . 45
Fig. 49, Modian section through a gorm-disc of Pristiurus in the 15 1O divided up
blastula stage, after R¥ckenr. The posterior end of the Into cells. This
embryo lies at the vight, &, Cleavage-cavity ; di, yolk-nnolei ] Jru]k-muss COrTe-

&z, germi-cells ; and K, front and hind margine of the germ-
dise, sponds to the

yollk-cells of the
Amphibia, and, like the latter, forms the floor of the cleavage-cavity
(B). Germ-disc and yolk thus together constitute a sac with an
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Fig. 60.—Median section through a germ-dise of Pristiurus, in which the gastrular invagination
has begun, after RiiCKERT.

ud, First rudiment of the ceelenteron ; B, cleavage-cavity ; dk; yolk-nuclei ; fil, finely granular
yolk ; gd, coarsely granular yolk ; ¥ and H, front and hind margins of the germ-disc,

almost obliterated cavity (B), and with walls differing in thickness
and in differentiation. A very small part of the wall, the germ-dise,
consists of cells. The much larger and thicker portion is yolk-mass,
which in the vicinity of the cavity contains nuclei, but is not divided

into cells.
As in the Amphibin, so here, the gastrulation begins at what
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is subsequently the hindend () of the embryo, at a vegion in the
sone of transition or margin of the germ-disc, in which the most
superficial cells have assumed the cylindrical form, and ave closely
joined together (fig. 49). The margin of the disc is folded in
(fig. 50) toward the cleavage-cavity (B), so that a small ccelen-
teron (ud), shown in the accompanying section, and a fissure-
like blastopore are distinctly recognisable. - The neighboring yolk
also participates in the invagination, since in the territory of
the zone of transition the yolk-nuclei (dk), enveloped in protoplasm,
become detached from the yolk, grow into the cleavage-cavity along
with the invaginated cells, and contribute to the formation of the
inner germ-layer in a similar manner to that in which, in the case of
the Amphibia, the vegetative cells at the lower lip of the blastopore
are carried in with the invagination into the cleavage-cavity. The
cleavage-cavity (B) is being continually encroached upon by the in-
arowth of the cells originally in its roof, which form a continuous
layer projecting from behind forward. Consequently in the Sela-
chians also the germ-disc becomes two-layered as the result of the
invagination. It lies so close upon the yolk, that the ecelenteron
appears at most as a fissure. Moreover, the invagination in the
Selachians does not remain limited to one region of the original
margin of the germ-disc, but soon stretches itself out over its whole
posterior perimeter. The blastopore then appears as a large semi-
circular or horseshoe-shaped fissure at the future posterior end of the
embryonic fundament.

The enormous thickness of the yolk causes an important difference
between the gastrulation of the Selachii and that of the Amphibia.
In the case of the latter the mass of the yolk-cells was quite rapidly
carried in with the invagination,and employed in the formation of
the ventral wall of the celenteron. In the Selachians the taking
up of the yolk into the interior of the body ensues only at a slow
rate (in a manner to be more accurately explained later), so that for
a long time only the dorsal side of the gastrula consists of two cell-
layers, whereas the ventral wall is formed by the yolk-mass.

The eggs of Teleosts are very nearly related to those of Selachians
in their whole method of development. The same cannot be said
to be true to the same extent for the eggs of Reptiles and
Birds. The latter, indeed, also belong to the meroblastic type,
since they have developed a large amount of yolk, and in eonsequence
undergo partial segmentation; but in the formation of the germ-
layers, they exhibit many peculiarities, so that they require a separate




92 EMBRYOLOGY.

treatment. In Birds and Reptiles the investigation is accompanied
with greater difficulties than in the Belachians., Particularly the
development of the germ-layers in the Chick, notwithstanding the
fact that the best investigators have given it their atiention, has
for a long time been the subject of very divergent descriptions, At
the present moment, however, the main facts in the case have been
established for the Bird’s egg also by the very recent and excellent
work of Duvar, and upon this as a basis the gastrulation in Birds is
easily to be correlated with that of the Vertebrates hitherto described.
‘Since the Bird’s ege has played such an important réle in the history
of embryology, and has even beencalled a classical object for investiga-
tion, it appears necessary to go briefly into the conditions which it
presents in the gastrula-stage, and in connection therewith to consider
some of the important results drawn from the study of the eggs of
Reptiles.

The blastula arises and the germ-layers begin to be developed out
of it while the Bird’s egg tarries in the terminal region of the
oviduet.

The blastula arises in a manner which was first correctly deseribed
by Duvar. When by the process of segmentation a small disc of
cells has been formed,
there appears in the
latter a narrow fissure,
the cleavage-cavity (fig.
51 fh), and the cell-
material is separated
into an upper layer (dw)
and a lower layer (vw),
which are continuous
with each other at the

Fig. 51.—Section through the germ-discof a freshly laid

unfertilised Hen's ¢gg, after Duvar, margin of the dise. The
fh, Cleavage-cavity ; wed, white yolk ; vw, lower cell-layer § 2
| dg, npper cell-layer of the blastula, upper layer consists of

fully isolated cleavage-
spheres, which are flattened at their surfaces of contact and arranged
into an epitheliumlike layer. They correspond to the thin-walled
half of the blastula in Triton (fig. 45), which has already been
designated as the animal half. The lower layer is composed of
larger cleavage-spheres, which are still in great part continuous
by means of their lower halves with the white yolk (wd), which
is spread out beneath the germ-disc and is known as PANDER'S
nuclens. Yolk-nuclei (merocytes) are also found here in great
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numbers, especially around the whole periphery of the germ-disc.
Since they increase in number by nuclear division, and since
some of them,enveloped in protoplasm, become detached from the
yolk, they contribute to the continuous growth of the germ-dise, a
process which has already (p. 69) been deseribed as supplementary
cleavage. The lower cell-layer, together with the whole yolk-mass
with its free nuclei, must be compared to the vegetative half of the
blastula of Triton (fig. 45 dz).

The gastrulation proceeds from the posterior margin of the germ-
dise, and begins even some time before the egg is laid, The study
of it is coupled with great difficulties, and demands, most of all,
that, in the investigation of the dise by means of sections, one should
be accurately informed concerning the position of its anterior and
posterior margins. The orientation is essentially facilitated by the
fact that, in the case of every Hen's egg, with rare exceptions, the
sde toward which the front end of the embryo is directed can be
stated accurately before opening the shell. This results from the
following rule established by Kuprrer, KOLLER, GERLACH, and DUvaAL,

When one so places an egg in front of him that the blunt pole 1s
turned to the left, the more pointed one to the right, then a line
uniting the two poles divides the germ-dise into a half on the side
toward the observer, which becomes the hind end of the embryo, and
a forward half, which is developed into the head-end. By taking
into account this rule, one can establish a difference on the germ-
dise even during the process of cleavage. In the anterior region the
cleavage takes place more slowly than in the posterior half.  Con-
sequently larger embryonic cells are found in front, smaller and
more numerous ones behind (OELLACHER, KOLLIKER, DUVAL).

The difference between anterior and posterior becomes more evident
at the beginning of gastrulation, If one now examines carefully the
thickened margin of the germ-disc (Randwulst of German writers,
bourrelet blastodermique of DuvaL), it is seen that the disc is limited
in front and on the sides by a notched and indistinct boundary,
but behind, on the contrary, by a sharper contour. The latter
is caused by the fact that the marginal ridge, in consequence of a
more vigorous growth of the cells, has become thickened and more
opaque,-and has assumed a whiter colour. It is distinetly recognisable
from its surroundings as a whitish crescentic figure (fig. 52 4 8).
Often there is also observable in the crescent a narrow furrow, the
crescentic groove (Sichelrinne, KoLLer), by means of which the germ-
dise acquires a still sharper limitation behind.
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Duvar has proved by means of sections, part of which was made in
a transverse direction, and part in the sagittal, that the Bird’s egg is
now in the gastrula stage. Hspeeially instructive are the two median

Fig. 52 A.— The unincubated germ-dise of a Hen's egg, after KOLLER.
d, Yolk ; kech, germ-disc; ¢, orescent ; ¥ and H, anterior and posterior margins of the germ-dise.

B.—The germ-disc of a Hen's egg during the first hours of incubation, after KoLLER.
i, Yolk ; ksch, germ-isc ; B4, embryonal shield ; s, orescent : ak, knob of the crescent; F and H,
anterior and posterior marging of the germ-dise.

sections, figs. 53 and 54. Asis to be seen at once in fig. 53, which re-
presents the somewhat younger stage, the crescentic groove deseribed
as occupying the posterior part of the marginal ridge (/) is continued
in the form of a narrow fissure (ud). Whereas in the blastula stage
(fig. 51) the lower cell-
layer passed over con-
tinuously into the white
yolk, it is now sharply
separated from it as far
as the fissure extends.
In fig. 53 this separation
has been completed only
in the posterior half of
the germ-disc; in the
Fig. 53,—Longitudinal section through the germ-discof an  gypterior half, on the con-

unineubated egg of the Siskin (Carduelis spinus), after =
St . trary, embryonic cells

ak, Outer, ik, inner germ-layer ; o, white yolk; &, yolk- {!ﬂ:] and }Fﬂ]]{ are still
puelei ; ad, ccelenteron ; wf, anterior lip, ki, posterior lip i
atthe place of invagination (crescentic grooveor blastopore).  continuous. However,

in the somewhat older
stage (fig. 54) the connection is terminated in this region also,
since the fissure (ud) has extended itself nearly to the anterior
margin of the disc (#r). In consequence of this process the part of
the white yolk which lies beneath the fissure has become destitute of
eells and nuelei, with the exception of the marginal territory, where,

Al vl wd ak ik 1l fi 7 ok




DEVELOPMENT OF THE TWO PRIMARY GERM-LAYERS, 95

especially behind (Al) the erescentic groove, free nuclei are constantly
to be found keeping up the supplementary cleavage.

Owing to the appearance of the new fissure (subgerminal eavity)
(fig. 53 ud), the cleavage-cavity (fig. 51 fh) is almost completely
obliterated. The two cell-layers of the
blastula-stage (fig. 51 dw, vw), described as
lying one above and one below the cleavage-
cavity, have come close together (figs. 53
and 54), being separated from each other
by only a narrow fissure. In the upper -
layer (ak) the cells have assumed a cubical,
and at a somewhat later stage a cylindrical,
form, and constitute a compact epithelial
membrane. The lower layer (ik) is composed
of larger roundish and loosely arranged cells
in several layers. The former is the primary
outer germ-layer, the latter the inner layer.
In the region of the posterior marginal
ridge (vl), where the cells are at the same
time engaged in more active proliferation,
the two layers are continuous with each
other.

The highly important processes, by means
of which are produced the conditions repre-
sented in figs. 53 and 54, present many points
of comparison with the gastrulation of the
Selachians and Amphibia. We can conceive
that the newly appearing fissure has arisen,
as in the ecase of the germ-dise of Pristiurus
(fig. 50), by an infolding, in such a way that,
as in the former case, cells grow inward from
the posterior marginal ridge; and that at
the same time, at the deep part of the in-
vagination, the cells which are originally
continuous with the yolk (fig. 53 dk) detach
themselves from the latter, and are employed for the increase of the
inner germ-layer.

Tf this explanation is correct, the fissure (ud) which now exists be-
tween the inner germ-layer and the floor of the yolk corresponds to
the ccelenteron, as Gorrre and Ravper have alveady remarked, and
as Duvar has for the first time demonstrated ; moreover, the cres-

ik

ok

el

vl
inner germ-layer ; e, cozlenteron !, anterior, &, posterior lip of the blastopore (crescentic groovel,

Al

Fig. 54.—Longitudinal section through the germ-disc of a fertilised unincubated egg of the Nightingale, after Duvar,

alk, Outer, ik,
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centic groove (fig. 52 s) corresponds to the blastopore ; the thickened
portion of the marginal ridge (fig. 53 vf) which lies in front of the
crescentic groove, within whose territory the two primary germ-
layers ave continuous with each other, is the anterior or dorsal lip of
the blastopore ; and the yolk (Al) which lies behind the ecrescentic
groove, and which at this early stage contains numerous free nuclei,
may be designated as the posterior or ventral lip of the blastopore,
The develop-
v ment of the
ceelenteron  is
the cause of
the gradual re-
duction of the
cleavage - cav-
ity, and of its
persisting only
. as 0 narrow fis-
i ., sureseparating
the primary

:;j: germ-layers,
The points of
. ctomparison
+ with the gas-
trula of Triton
(fig. 47) are
made evident
A8 s00Nn A8 We
replace the

Fig. 55.—Embryonio fundament of Lacerta agilis, after KUPFFER.
&r, Aren pellucida ; of, area opaca: u, blastopore; s, cresgent; ef, ém-
bryonic shield. F, anterior, H, posterior end. mass of }I’Q]_k.

cells with un-

segmented yolk, and imagine nuclei imbedded in the latter in the
region of the ventral lip of the blastopore.

Through the exposition given by DuvaL, it appears to me that the
contest concerning the origin of the two primary germ-layers in
Birds has been happily settled. For a long time there have existed
on this very question two irreconcilable views.

According to the older view, to which many investigators still cling,
the germ-dise which results from the process of cleavage is divided by
fisgion into an upper and a lower layer (PANDER, VON BAER, REMAE,
KoLuker, His, and others). According to the other one (HAECKEL,
Goerre, Rauner, Duvar, and others), the lower layer has arisen by
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an infolding. Only by means of the theory of infolding can be ex-
plained the different conditions of the anterior and posterior margins
of the germ-dise, the more active cell-growth in the territory of the
crescent, the existence of a crescentic groove, and the continuity
of the two primary germ-layers which is demonstrable in that
region. Only by means of this theory, finally, is the relation of
Birds to the lower classes of the Vertebrates made possible.

The discoveries which KuprrrEr UND BENECKE have made in their
investigations of Reptiles, which are so closely related to Birds, also
contribute to the elucidation of the pending controversy. Inthe case
of Lacerta agilis (fig. 55), Emys europeea, ete., there is found, as in
the case of the Hen at a corresponding stage of development, at the
boundary of the pellucid and opaque areas of the posterior end of
the germ-dise, an exuberant cell-growth in the form of a crescent (s).
In the middle plane and slightly in front of this erescent there is
to be seen a small, transversely placed, fissure-like opening (w), which
leads into a blind sac and is comparable to the crescentic groove.
Kuprrer rightly interprets the opening as the blastopore, which is
enclosed between an anterior and a posterior lip, and the cavity as
the celenteron. He also draws a comparison between the corre-
sponding structures in Birds and Reptiles.*

Let us now direct our attention to the succeeding developmental
stages of the germ-disc of the Chick. These consist, chiefly, in
a constant increase of the superficial extent of the disc.

In the freshly laid, unincubated egg (fiz. 54) the outer germ-layer
(ak) is composed of a single sheet of closely united cylindrical cells ;
the inner layer (é%), on the contrary, consists of a two-layered to
three-layered bed of somewhat flattened elements, which are only
loosely associated.

Under the influence of incubation the superficial extension of the
germ-dise makes rapid advances (fig. 56). In this process the outer
* germ-layer (ak) outstrips the inner, and terminates in a region of the

* In the interpretation of the manner in which the invagination takes place
in the case of the eggs of Reptiles and Birds, I differ from other investigators
who also maintain that a gastrnlation takes place (GOETTE, HAECKEL,
RAUBER, BALVOUR, and others). They regard the whole margin of the germ-
dise as the blastopore, at which the outer germ-layer bends over to become
continuons with the inner layer. According to my interpretation, the invagina.-
tion ocours at a small circumscribed place of the margin, The blastopore is
from the beginning surrounded by cells both on its anterior and its posterior lip.
The relation of the blastopore as well as that of the germ-layers to the yolk
will be more fally dealt with hereafter.

T
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¥, anterior, H, posterior end of the germ-disc.,

: dz, yolk-cells ; &, crescentic groove ; ud, coslenteron ;

had been incubated a few hours, after KoLrer,

al section through the germ-dise of o Hen's egg that had been incubated a few hours, after KoLLER.

h the germ-dise of a Hen's egg that

ak, Outer, ik, inner, wik, middle germ-layer ; duw, yolk-wall

=
Fig. 56 A.—Longitudin
B, Cross section throug

volk where the latter
has not yet undergone
division into entodermic
cells, In the form of
its cells it is, in every
respect, in sharp con-
trast with the inner
layer. While the ecto-
dermic cells (fig. 56 ak)
attain their greatest
height in the middle
of the germ-disc, they
gradually decrease in
height toward the mar-
gin, and undergo a
transition into cubical
and finally into flat-
tened elements (fig. 57).
The reverse is the case
with the inner germ-
layer; the latter has
now become converted in
the middle of the germ-
dise (fig. 56 k) into a
single layer of much
flattened secale-like cells,
which are closely united
into a thin membrane.
Toward the periphery
they become somewhat
larger and more poly-
gonal (fig. 57), and here,
at some distance inside
the free margin of the
outer germ-layer, they
become merged in the
white yolk (dw), which
is abundantly provided
with yolk-nuclei (k) in
the region of the transi-
tion. This region of the
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yolk is designated as the yolk-wall (vitelline rampart). It serves
for the augmentation of the inner germ-layer, in that the free
nuelei inerease in number by division, and keep up the process of
supplementary cleavage already mentioned.

During incubation the liquefaction of the yolk makes further pro-
oress (fig. 56) and leads to the formation of a depression (ud), which
continnally increases in depth and breadth, and over which the germ-
dise arches like a watch-glass. Upon examination from the surface
its middle, as far as the fluid reaches under it, appears clear and
translucent, whereas the marginal arvea, which lies upon the opaque
yolk, appears dark. Such a distinction is still more observable when
one detaches the whole
germ-disc from the yolk,
for in the region of the
fluid-filled space the thin
and transparent germ-
layers come off easily and
glean from their substra-

Fig. 57.—Bection through the margin of the germ-disg

tum, whereas at the rim, of a Hen's egg that had been inoubated for six
from the point where the hours, after DuvaL.

ak, Outer germ-layer ; dz, yolk-cells; of, yolk-muclei ;

inner germ-layer merges din, yolk-wall,

with the yolk-wall out-

ward, turbid yolk-substance remains clinging to the germ-dise. For
a long time the middle, clear, circular area has been designated
in embryology as the clear germinal area (area pellucida), and the
more cloudy, ring-like rim as the opaque germinal area (area opaca).

In the next chapter I shall treat more in extenso of the important
changes which take place—up to the time when the egg is laid
and during the first hours of ineubation—in the vicinity of the
crescentic groove and the anterior lip of the blastopore, because they
arve connected with the development of .the middle germ-layer.

It is still more diffienlt than in the case of the Chick to interpret
in its details the development of the germ-layers in Mammals, and to
refer it back to the gastrulation of the other Vertebrates. Espeeial
service has been rendered through the painstaking investigation of
these conditions : in the earlier times by BiscrorF, in later years by
HEeNsEN, LIEBERKURN, VAN BENEDEN, Kornniker, and IHeare. The
“object of investigation which has heen made use of in this work, and
which we shall employ as the basis of our deseription, has usually
been the Rabbit; besides this, the Bat and the Mole have also been
employed.
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While the Mammalian egg is gradually impelled through the
oviduet toward the uterus by the ciliary motion of the epithelinm, it
becomes converted by the cleavage process into a spherical mass of
small cells (fig. 58 4). Then there arises within it, by the secretion
of a fluid, & small fissure-like cleavage-cavity (fig. 58 B). The germ
has consequently entered upon the vesicular or blastula stage. The
wall of the blastula, or vesicula blastodermica, is composed of a
single layer of polygonal cells, arranged, as has been known since
Biscrorr's works, in mosaic, with the exception of a small region,
where the wall, as in the ease of the Amphibian blastula, is thickened
by an accumulation of somewhat more granular and darker cells,

Fig. 58.— Optical sections of & Rabhit's egg in two stages immediately following cleavage, after

Ern. v. Bexepex. Copled from BarFour's © Comparative Embryology.”

A, Solid cell-muoss resulting from cleavags,
B,’Dnvall:rpmi'rﬂt- of the blastula by the formation of n clenvage-cavity in the coll-mass. {According

" to vax BENepEN's interpretation, ep is epiblast ; Ay, hypoblast; bp, hlastopore.)
which produce a knob-like elevation that projects far into the
cleavage-cavity.

A peculiarity preéminently charactevistic of the further develop-
ment of Mammals is that here, as in no other Veriebrate, the
blastula increases enormously in size (fig. 59), by the accumulation
of fluid which contains much albumen and produces a granular
coagulum upon the addition of aleohol; it soon acguires a diameter
of 10 mm. Of course, with these processes of erowth' the zona
pellucida is altered and distended into a thin membrane. A gela-
timous layer (zp) already secreted by the oviduct envelops the
latter.

In Rabbits’ eggs which are a millimetre in diameter the wall of
the blastula has become very thin. The mosaic-like cells arranged
in a single layer have become very much flattened. Also the knob
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of cells, which projects into the eleavage-cavity, has become meta-
morphosed and has spread itself out more and more in the
form of a disclike plate, which is continuous at its attenuated

margins with the thin
wall of the blastula.
The further processes
of development take
place principally in
this plate. Its most
superficial cells are
flattened out to thin
scales, such as also
form the wall of the
blastula elsewhere ; its
remaining elements,
on the contrary, arv-
ranged in from two
to three superposed
layers, are larger and

richer in pmtoplasm. Fig. 59.—Rabbit's egg, 70-90 hours after fertilisation, after

En, v. BExEDEN, Copied from Barrour's ' Comparative

UP to this time the Embryology.”
. by, Cavity of the blastula; zp, [gelatinons layer surrounding
?I[}br}'ﬂ of the Mammal the] zona pellucida ; ep, by, a3 in Fig, 58,
is in the blastula stage.

Tt still consists everywhere of a single germ-layer. For the view
which has been advanced by many persons, that the germ-disc in this

ol -
= R = [=s]
G'-L*- '.i.'.‘l L

Fig, 60.—Cross section through the almost piroular germinal area of a Rabbit's egg 6 days and 9
hours ald (diameter 0'8 mm.), after BALFOUR.

ak, Outer, ik, inner germ-layer. The section shows the peculiar character of the npper layer with
a cortain number of flattened superficial cells, Only about half of the whole breadth of the

germinal aren is repressnted.

stage of development is already in the two-layered condition, and that
the outer layer of flat cells constitutes the outer germ-layer and the
more protoplasmic cells lying under it the inner germ-layer, is, in my
opinion, untenable. Opposed to this ave, first, the fact that the flat-
tened and the thicker cell-layers ave firmly joined together and
are not separated from each other even by the narrowest fissure,
and, secondly, the further course of the development.™

* Holding to this interpretation, I am of course also unable to agree with a
view of VAN BENEDEN'S, according to which the gastrulation takes place at the
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Two germ-layers first appear in eggs
which have already attained a diameter of
more than 1 mm. and are about five days
old. At the place where the cell-plate pre-
viously lay, one sees by inspection from the
surface a whitish spot, which is at first
round, but later becomes oval or pear-shaped.
It is generally designated at this stage as
area embryonalis, or as embryonie spot. 1t
consists of two germ-layers (fig. 60), which
ave separated by a distinet fissure, and may
be detached from each other. The inner
cgerm-layer (ik) is a single sheet of greatly
flattened cells. 'The ounter germ-layer (ak),
on the eontrary, is considerably thicker, and
shows that it is composed of two sheets of
cells : (1) a deeper layer of cubical or round-
ish, larger elements, and (2) a superficial
layer of isolated flatter cells, which were first
accurately described by RAuser, and which
have been named after him RAUBER's layer.
Toward the margins of the embryonic spot
the outer layer becomes thinner and pos-
sesses only a single layer of cells; these are
continuous with the large flattened elements
which, as we have seen, alone constitute the
greater part of the wall of the sac in the
blastula stage. The inner germ-layer is
at first developed on only a small part of
the wall of the sac—at the embryonic spot
and its immediate vieinity; it terminates
with a free notched margin, where there
are to be found loosely associated amaboid
cells, which by their increase in number and
migration probably cause the further growth

game 0'86 mm. After Bavroun. :
The fattencd cells of the outer germ-layer (ak), represented in Fig. 60, are no longer present.

Fig. 61.—Cross section through an oval blastula of a Rabbit of the seventh day. Length of the germinal area about 1'2 mm., breadth of the

By
end of the first stages of cleavage. He interprets in the originally solid
sphere of cells (fig. 58 4) the darker and larger centrally located elements
(hy) as entoderm, the layer of smaller and clearer cells (ep) surrounding the
latter as ectoderm, and a small vacuity in this investing layer as the blastopore
(bp). 1, on the contrary, believe that the gastrulation {akes place in the
manner deseribed on page 104,
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of the layer. This on older eggs slowly spreads itself from the
embryonic spot toward the opposite pole, and thereby the whole
blastodermic vesicle gradually becomes two-layered. While this is
taking place, changes also proceed at the embryonie spot, which has
become oval and somewhat larger. RaAuBer's layer disappears*
(fig. 61); the underlying cubical or spherical cells have become
eylindrical and more closely erowded together. Each of the primary
germ-layers is now composed of a single layer of cells.

The two accompanying figures, which represent in two different
positions a Rabbit's egg seven days old, will serve for the illustration
of these conditions. Jn looking down from above (fig. 62 A) one sees
the embryonic spot (ag), now become oval. It is produced exclusively
by a definitely limited thickening of the outer germ-layer, and indi-
cates the place at which the cells are eylindrical ; in that respect it
corresponds to the embryonic shield of reptilian and avian embryos,
and is not to be confounded with the cell-plate (fig. 59), which was
described as a thickening of the one-layered blastula.  n looking at
it from the side (fig. 62 B)one can distinguish on the blastula three
regions : (1) the embryonic spot (ag); (2) a region which includes the
upper half of the vesicle and reaches to the line ge, in which the wall
is still composed of two layers, but in which the cells of both the
outer and inner germ-layers are very much flattened ; and (3) a third
portion lying below the line ge, where the wall is composed exclusively
of the outer germ-layer.

There now arises the important question, in what manner the two-
layered condition in Mammals arises out of the single-layered form.
One has reason to expect that gastrulation takes place here in
the same way as with the remaining Vertebrates, by means of an
invagination or an ingression of cells which proceeds from a definite
territory of the thickened cell-plate of the blastula; in this con-
nection attention must be directed to the posterior end of the
embryonic spot.

When the embryonic spot has acquired a pear-shaped appearance
(fig. 63), there is at its posterior end a somewhat less transparent,
because thickened, place (hw), which Koruiker has designated
the terminal ridge (Endwulst). It is comparable with the opacity

* Two views are held concerning the manner in which RAUBER'S layer
disappears, According to BALFOUR and HEAPE, the flat cells become meta-
morphosed into cylindrical cells, which are interposed between the other
cylindrical cells ; according to KOLLIKER, on'the contrary, they disintegrate
and disappear.
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at the posterior margin of the germ-dise of Reptiles and Birds, when

their gastrulation begins.

Fig. 62,—Blastula of the Eabbit 7 days old without the
outer egg-membranes. Length 44 mm, After
KSLLIEER. Magnified 10 diameters.

Been in A from above, in £ from the side.

ag, Embryonic spot (area embryonalis) ; ge,

up to which the blastula is two-layered.

the line

An i]n':l;:i:m[irm ll]'rJI'I'i-t|i]L_r'_f from this

point, such as DuvaL has
established for the Chick,
is unfortunately not as
suflicient
certainty in the

of Mammals: the 1:-1'if_fj||

yet proven W ith

Lilag

of the t.u'u—l:l}'i']'l'il Alafre
stull

ol m:m'H_‘;'.

15 also inmvolved in

However, there are in
the literature some observa-
tions, which, fragmentary
as they are, appear to me
to be worthy of special
regard.

At the stage at which
the blastula

for a certain distance two-

has become
layered (fig. 62), there has
been discovered by HEAPE
in the ease of the Mole, by
SELENKA in the Opossum,
and by KEemBEL in the
Rabht,

the embryonic spot (pro-

at one lml;wu- of

bably in the region just
described as terminal ridge),
a small opening (fig. 64 ),
wfitelt 8 I,r-rJ.<:.~¢.'.'!".n-;'I.-,.' to be in-
terpreted as blastopore and
with the
creseentic qroove rrj Birds.

to be compared

Here the two primary germ-

layers are continuous will

each other, and from here, as well as from the primitive streak, the

middle germ-layer takes its origin.

I assume that, beginning at

this place, the lower germ-layer has tn o still earlier stage been
developed by an infolding of a small territory of the single-layered

blastula (fig. H9).
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One cirenmstance is especially characteristic of the gastrulation of

Mammals: that the invaginating
membrane is not a closed blind sac,
but possesses a free margin, with
which it grows along on the inner
surface of the outer germ-layer,
until it has completely lined the
blastodermic vesicle. The reader
will please compare with this the
statements on page 102. But the
absence of a ventral closure becomes
intelligible, when we imagine that
the yolk-mass, which constitutes in
meroblastic eggs or in Amphibian
eggs the floor of the ccelenteron,
has degenerated and wholly disap-
peaved. In this case cecelenteron
and ecleavage-cavity become one
and the same, as is the case with
Mammals.

Moreover we are induced to as-
sume that in the eggs of Mammals a
regressive metamorphosis of origin-

Fig. 63.—Pear-shaped embryonic spot of a
Rabbit's egg 6 days and 18 hours old,
after KOLLIKER,

p#, Short primitive streak ; fae, crescent-
ghaped terminal ridge ; ¥, anterior,
H, posterior end,

ally abundant yolk-contents must have taken place, on account of
many phenomena in their development, which would be unintelligible

Fig. 64.—Median section of the embryonio fundament of a Mole's egg through that part in
which the primitive streak hos begun to be formed, after HEAPE.
1, Blastopore ; ak, outer, ik, inner germ-layer ; ¥, anterior, H, posterior end.

without this assumption, These phenomena will be eonsidered more

at length in a subsequent chapter.
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CHAPTER VI

DEVELOPMENT OF THE TWO0 MIDDLE GERM-LAYERS.
(CWLOM-THEORY.,)*

AFrrer the completion of the gastrula stage the processes of develop-
ment become more and more complicated, so that the attention of the
observer from this time on must be directed to a series of changes
which take place at the same time and in various parts of the
embryo. For a transformation now ensues, due to the simultaneous
Jolding of both the inner and outer germ-layers, wherebhy four new
chief organs of the vertebrate body are called into existence. Out
of the inner primary germ-layer arise (1) the two middle germ-layers,
which enclose between them the body-cavity ; (2) the secondary en-
toderm or entoblast (Darmdriisenblatt), which lines the secondary

" intestine of vertebrated animals ; and (3) the fundament of the axial
ekeleton, the chorda dorsalis, or notochord. At the same time there
is developed from the outer germ-layer, as its only system of organs,
the fundament of the central nervous system. Since these four pro-
cesses in the development are in part most intimately involved in
one another, they eannot be separated in their treatment.

Here again we have to do with a problem which is one of the
most difficult in the embryology of vertebrated animals—the
history of the development of the two middle germ-layers. Not-
withstanding a voluminous literature which has grown out of this
theme, there are many conditions, especially among the higher
classes of Vertebrata, which are not yet explained in an entirely
satisfactory manner, We shall therefore enter somewhat more
minutely into this topie, which, like the guestion as to the origin of
the two primary germ-layers, possesses a fundamental significance
for the comprehension of the organisation of Vertebrates.

The presentation of what follows will be essentially facilitated, if
we allow ourselves a short digression into the history of the develop-
ment of the Invertebrata, and take under consideration a case in which
the middle germ-layers and the body-cavity are established in a
manner similar to that which obtains in the case of Vertebrata,
but which is easier to investigate and to understand. Such an

* In figs, 66-89 the individual germ-layers are represented in different depths
of shade, so as to make their relations to one another more evident. The

middle germ-layer is darkest.
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example is presented to us in the development of arrow-worms
(Sagitta) or Chetognatha, concerning which observations have been
published by KowALEVSKY, BUTSCHLI, and the anthor.

After the process of cleavage there arises a typical blastula, which
after some time is converted into a typical gastrula. While the
latter elongates, two folds of the inner germ-layer arise at the bottom
of the celenteron, and grow up parallel to each other (fig. 65).

Fig. 65, ¥

Fig. 60

Fig. 65.—A stage in the development of Sagitts, after KOWALEVSEY, from BALFOUR'S
“ Compamtive Embryology.”

Oiptieal longitudingl section through a gastrula at the beginning of the formation of the
body-cavity.

m, Mouth ; al, alimentary cavity ; pr, body-cavity ; B, blastopore,

Fig. 66, —Optical cross section through a larva of Bagitta,

The ceelenteron is separated by means of two folds, which protrude from its ventral wall (),
into the intestinal canal proper and the two lateral body-cavities (1%}, all of which are still
in communication with one another on the dorsal side ().

D, Dorsal side ; ¥, ventral side; ak, outer, ik, inmer germ-layer ; mk', parietal, k¥, visceral
middle Iayer ; Uk, body-cavity.

They grow larger and larger, and at the same time stretch over on to
the ventral wall of the larva. From here the free edges finally grow
on the one hand up to ithe dorsal wall, on the other up to the
blastopore, and thereby completely divide the ccelenteron into a
middle and two lateral spaces (fig. 66 Ih), which for a time communi-
cate with each other near the blastopore and along the subsequent
dorsum (D) of the embryo. After a short time this communication
is lost ; the blastopore becomes closed, and the edges of the folds
fuse with the adjacent surfaces of the ceclenteron, Of the three
cavities the middle becomes that of the permanent intestinal tube, the
two lateral ones (lA) become those of the two body-cavity sacs which
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separate the intestine from the wall of the body. They appropri-
ately take the name enterocel, since they are formed from the ccelen-
teron by a process of constriction, and are genetically distinguishable
from other cavities which arise in other animals between the wall of
the intestine and that of the body by simple splitting, and to which
is given the name fissiceel or schizocel.

By the process of infolding the number of the germ-layers in Sagitta
hias been increased from two to three. The primary inner germ-layer
is thereby divided into (1) a cell-layer (i%) which lines the intestinal
tube, and (2) a cell-layer which serves to enclose the two body-cavities
(mk' and mk?). The first is designated as the secondary inner germ-
layer or entoblast, the second as the middle germ-layer (mesoblast),

One part of the latter is adjacent to the
outer germ-layer, the other part to the
dar  intestinal tube; accordingly the division
is carried still further—into a parietal
::;, (mk) and a visceral layer (mk®) of the meso-
iE blast. For the sake of brevity the former
L may be called the parietal (mk'), the latter

vl the visceral (mA?) middle layer. Conse-

N ak  quently, one may now speak of two middle
ri&fﬁuﬁ?ﬁﬂ??&ﬂj germ-layers instead qf' one, the total ﬂuﬂfber
M, Dorsal, vM, ventral mesen- 0f the germ-layers being, natwrally, raised

f:_“"b;hdf‘n;‘,;:;t?ﬂfmx::ﬁ: by this from three to four.

inner germ-layer ; mk', parietal, In regard to the course of the further

mf;:izﬂ;ﬂ';;‘_‘d“ layer(mid-  qavelopment it may be stated that, while
the larva elongates into a worm-like body,
the two body-saes (fig. 67 [h) are increased to a greater extent
than the intestinal tube (a%) which they embrace. They everywhere
crowd the latter away from the wall of the body, grow around it
from above and below, where their thin walls come into direct con-
tact. By the fusion of the two body-sacs along their surfaces of
contact there are formed two delicate membranes, a dorsal (dif)
and a ventral (v}f) mesentery, by means of which the intestinal tube
is attached to the dorsal wall and to the ventral wall of the
trunk. !

Processes very similar to those of Sagitta occur in the development
of Vertebrata also, but in the latter case they are combined with
the development of the neural tube and the chorda dorsalis. In the
presentation of these we shall proceed as in the foregoing chapter,
which treated of the formation of the gastrula, and consider separately
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the processes in Amphioxus, Amphibia, Selachians, Birds, and Mam-
mals, since they differ somewhat from one another.

The history of the development of Amphioxus lamceolatis is very in-
structive. The gastrula elongates, whereby the ceelenteron is turned
a little towards the future dorsal surface, and here terminates in the
blastopore, which marks the future hind end of the worm-shaped
body. Then the dorsal surface becomes somewhat flattened ; the
cells in this region increase in height, become eylindrical, and form
the medullary or neural plate (fig. 69 mp). By a slight infolding of
the latter, there avises a medullary groove, which forces downward
the roof of the
ccelenteron  in
the form of a
vidge (ch). At
the place where
the thickened
medullary
plate joins the
small-celled
part of the
outer germ- g gg_ gptical longitudinal [sagittal] section through an embryo of
1&}'&1‘, or the Amphioxus with ﬂ?a '_n:inﬁtifa lfug-mantu. ufce:r HATSCHER,
hnrn-ln.yar{fafr}, ¥, Anterior, H, posterior end ; ik, inner, mk, middle germ-layer ; ok,

intestinal cavity ; #, neural tube; en, neurenteric canal ; us', first
an interruption primitive segment ; wah, cavity of primitive segment.

in the continu-

ity now takes place, and the epidermis grows over the curved
neural plate from both sides, until its halves meet in the middle
line and fuse. Thus there arises along the back of the embryo
(fig. T0) & canal, the lower wall of which is formed by the curved
medullary plate (mp), and the upper wall by the overgrowing epi-
dermis (ak). It is only at a later stage that the medullary plate in
Amphioxus, lying under the epidermis, is converted into a neural tube
(fig. 72 n) by the bending up of its edges and their fusion. As the
fundament of the nervous systém becomes differentiated, it extends
so far toward the posterior end of the embryo, that the blastopore,
which is located there, still falls within its territory, and with the
closure of the neural tube is included within the end of the latter.
Tn this manner it occurs that neural tube and intestinal tube, as
KoWALEVSKY first observed, are now, by means of the blastopore,
in continuity (fig. 68 en) at the posterior end of the body. The two
together constitute a canal composed of two arms, the form of which

ik b wg'wah n veh ok e
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E_ n . |r . ':,L DG ‘:-___ _.
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is comparable with a siphon. The upper arm, which is the neural
tube, continues, for a time, to open to the outside world at its
anterior end, The bent por-
tion of the siphon, or the
blastoporic region, by means
of which the neural and the
intestinal tube are united, is
called canalis neurentericus
(fig. 68 en), a structure which
we shall again encounter in
the development of the re-
maining Vertebrata.
Simultaneously with the
neural tube are developed

Fig. 69.—Cross section of an Amphioxus embryo, in .
which the first primitive segment is being formea, '@ WO middle germ-layers

aftor HATSOHEK, _ and the chorda dorsalis (figs.
e’ mp, medallazy vinte; b cherta; 09 8nd 70). At the front
*, evagination of the cwlenteron, énd of the embryo there
arise in the roof of the

ceelenteron close to each other two small evaginations, the body-saes
(mk), which grow dorsally and laterally at either side of the
ecurved medullary groove.
These are slowly enlarged,
since the process of evagina-
tion progresses from the an-
terior toward the posterior
end of the larva, and finally
reaches the blastopore. The
narrow strip of the wall of
the ceelenteron which is found
between them and separating
them (its limits marked by :
two stars * * in ﬁgs. 69 and Fig. 70.—Cross section of an Amphioxus embryo,

70), and which lies under in which the fifth primitive segment is in
o process of formation, after HATSCHER.
the middle of the medullﬂ.r}r ek, Duter, ik, inner, mk, middle germ.layer; ip,

. @ a Ffundo- medullary plate; ck, chorda; ®, evagination
ngDVE, P SEen th f of the erlenteron ; ok, intestinal cavity ; Ih,
ment of the chorda (ch). body-cavity.

The primary tnner gern-
layer therefore has now undergone division into Sour different parts:
(1) the fundament of the chordn (ch), (2) and (3) the cells (mk) which
line the two body-sacs (Ik) and vepresent the middle germ-layer, and
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(4) the remaining part, which, since it s destined to form the bounding
wall of the subsequent intestine (dh), is to be designated as permanent
entoderm (Darmdriisenblatt) (é£).

The succeeding processes of development have as their objective
point the detachment from one another, by means of constriction and
fusion, of the parts which are still in continuity, and the formation
of discrete cavities, The processes of constrietion begin at the
anterior end of the embryo, and progress thence to the blastopore
(figs. 70 and 71). At first the body-sacs become deeper (fig. 70 i2),

Fig. Tl. Fig. T2.

Fig. 71.—Cross section through an Amphioxus embryo with five well-developed primitive seg-
ments, after HATEOHER.

ak, Outer, ik, inner, nik, middle germ-layer ; mp, medullary plate; ek, chorda ; dh, intestinal
cavity ; L, body-cavity.

Fig. 72.—Cross section through the middle of the body of an Amphioxus embryo with eleven
primitive segments, after HATECHEK,
i, Nenral tube; s, primitive segment, For the meaning of the other letters see Fig. 71.

and then lose their connection with the main eavity (d/) by the close
apposition of the cells which surround the entrances to them (fig. 71).
By this process the margin of the secondary entoderm (ik) comes to
abut directly on the margin of the chordal fundament (ch). The
latter has meanwhile also undergone changes; the plate-like funda-
ment has become so curved by the elevation of its lateral margins,
that there has arisen a deep cherdal groove, which is open along its
ventral side.  Subsequently the lateral walls of the groove come into
close contact, and are thereby converted into a solid rod of cells, which
temporarily sharesin the closure of the roof of the secondary intestine,
and appears as a ridge-like thickening of the latter. Then the cell-
vod (eh) becomes detached (fig. 72) from the wall of the intestine ; the
latter now, for the first time, becomes completely closed in the form
of a tube. To effect this the margins of the entoderm, indicated in
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fig. T0 by stars ( * *), grow toward each other under the chorda and
fuse into a median raphe.

The final vesult of all these processes is shown in the cross section
fig. 72: the original ecclenteron has become divided into three cavities
—_into the ventral permanent intestine (d4), and into the two body-
cavities (Ih), which are situated dorso-laterally to it, and which con-
tinue to increase in size. Between these there has been interpolated
the chorda (ck), upon which the intestine abuts below and the neural
tube (n) above. The cells which have been cut off from the celen-
teron by constriction—and which are more deeply shaded in figs. 69
to 72, and enclose the body-cavities (Ih)—constitute the middle
germ-layer (mk). The part which lies in contact with the outer
germ-layer (fig. 72) is recognisable as the parietal middle layer
(mk'); the part which is in contact with the neural tube, chorda,
and intestine as the visceral middle layer (mk?).

Tnasmuch as the process of differentiation just described begins,
as has been already stated, at the front end of the embryo and
extends slowly step by step toward the hind end, by an examina-
tion of a series of sections one may follow the various stages of
metamorphosis on a single object.

In the description given I have presented the conditions as though
in Amphioxus there arose two simple body-sacs, one on either side
of the intestinal tube. The processes are, however, somewhat more
complicated, for in the case of the embryo of fig. 70 the body-sacs,
while increasing in size posteriorly, undergo further changes in the
anterior region, and through repeated infoldings are divided into
separate compartments, the primitive segments (us), which lie one
behind the other. I content myself with this statement, since for
didactic reasons T shall defer the treatment of the development of
the primitive segments until T come to a subsequent chapter.

While in the case of Amphioxus lanceolatus there is no doubt but
that the body-cavity and the middle germ-layer are formed by an out-
pocketing of the wall of the celenteron, opinions upon the origin of the
same parts in the case of the remaining Vertebrata ave still very
divergent. This results, in the first place, from the fact that Lht? in-
vestigation, which can be earried out only by means of serinl sections,
is coupled with greater technical difficulties, and, secondly, because the
conditions are somewhat altered, owing to the greater abundance of
yolk in the eggs, and furnish less clear andintelligible views. Where
in the gastrula of Amphioxus a great cavity is present, we see in t-}m
onse of the remaining Vertebrates a greal mass of yolk-material
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collected, and the ccelenteron more or less completely filled with it.
Consequently there are formed in these cases for the production of
the body-cavity no kollow evaginations, but solid cell-growths, in that

the parietal and the
visceral lamelle of the
middle germ-layer have
the surfaces which in Am-
phioxus bound the body-
cavity pressed together at
the beginning of the de-
velopment and sepaiated
only at a rather late
stage. In order to make
ensier the comprehen-
sion of the somewhat
dissimilar appearances
furnished by an inves-
tigation of the separate
clnsses of Vertebrates,
let us deseribe first, with
the aid of two diagram-

Fig. 73.—Diagram to show the development of the middle
germ-layers and the body-eavity in Vertebrata.

Cross section of an embryo in front of the blastopore,

mp, Medullary plate; ck, fundament of the chorda; ak,
outer, ik, inner germ.-layer ; mi', parietal, mk®, visceral
lamella of the middls germ-layoer; o, yolk-mass; «dk,
yolk-nuclei ; dk, intestinal eavity ; [k, body-cavity.

matic figures, how, according to a series of investigations which T
have undertaken, the development of the middle germ-layer and

. ey
Fig. 74.—Cross section of an Amphioxus embryo.
Bes explanation of Fig. 70,
ak, Outer, ik, inner, mk, middle germ-layer: ef,
chordn,

the body-cavity would take
place in the case of the
vertebrated animals.

One of the diagrams (fig.
T3) represents a cross section
in front of the blastopore.
It exhibits the inner germ-
layer (ik) extensively thick-
ened on the ventral side by
the deposition of yolk (d), so
that the ceelenteron is re-
duced to a small cavity (dh).
In the roof of the celenteron
there lies a single layer of
cells (ch), the fundament of

the chorda, characterised by their eylindrical form. On both sides
of it the inner germ-layer has developed evaginations, the two
body-saes (Ik), which have grown down some distance between

8



114 EMBRYOLOGY,

the yolk-mass and the outer germ-layer. Their wall (m/k! and mi?)
is composed of small cubical or polygonal elements, shaded darker
in the diagram, The celenteron is distinetly separated by means
of the two celenteric folds (* *) into a median or intestinal cavity
proper (dh), lying beneath the chordal fundament, and the two narrow
body-sacs ({4), which communicate with the former only by means
of narrow fissures (* *) at the right and left of the chordal funda-
ment, The figure is easily reducible to the preceding (p. 113) cross
section of an Amphioxus embryo (fig. T4), if we conceive the simple
epithelium on the ventral side of the latter thickened by an accumula-
tion of yolk, and the two
small body-sacs grown
down a certain distance
between yolk-mass and
outer germ-layer,

In the second dia-
grammatic cross section,
which is through the
blastopore (fig. 75), the
ceelenteron (ud)is wholly
filled up with the yolk-
mass (d). The body-sacs

(%) described in the first

Fig. 76.—Diagram to show the development of the middle s g
germ-layers and the body-cavity in Vertebrata. dm’gﬁ'“m are to be seen
Cross section through the blastopore of an embryo. here alsr:r, as ‘!:-]:lE}" erowd

u, Blastopore ; ad, coelenteron ; i, body-cavity ; o, yolk ; s :
ak, outer germ-layer; mi', parietal, w7, viscoral themselves downwards
lamella of the middle germ-layer, hetwean Fﬂlk and outer

germ-layer. Their walls
are composed of small cells, and the outer or parietal layer (mk')
merges into the outer germ-layer at the blastopore, while the inner
or visceral layer (mk?) is continuous with the volk-mass or the inner
germ-layer.

Were the conditions in Vertebrates such as the two diagrams
represent, there could no longer be any doubt in regard to them,
any more than in the case of Amphioxus, that the body-cavity is
developed out of two evaginations of the ccelenteron, and that its
walls constitute the two middle germ-layers. But there is not a
single Vertebrate which presents such elear and convincing evidence.
The distinctness is everywhere diminished, most of all by the
fact that the parts which are to be interpreted as body-sacs nmo longer
enclose cavities, because their walls are firmly pressed together, in
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consequence of the fact that the greater collection of yolk requires
the space for itself. Consequently we find, in place of the body-sacs
exhibited in the diagram, solid masses of cells, for which it remains
to be established that they corvespond to the sacs in position and
development.

In order to see what condition would result in consequence of a
disappearance of the body-cavity, we will imagine that in the two
diagrams the parietal and the visceral layers of the body-sacs are
firmly pressed together. In the first diagram (fig. 73) we should
then have a mass several cells thick, which would be everywhere dis-
tinctly separated from the two germ-layers—in between which it had
grown—with the exception of the place indicated by a star, which
marks the entrance to the body-sae; this is the important region
whence the evagination or the outgrowth of the middle germ-layer
from the inner layer has taken place. At this point the cell-mass is
continuous, on the one side with the fundament of the chorda, on
the other with the entoderm. In the second diagram (fig. 75) we
should likewise see the thick cell-mass everywhere isolated, except in
the vicinity of the blastopore, where a transition to the outer as well
as to the inner germ-layer takes place. If, in addition to this, we
should imagine that the two lips of the blastopore were here pressed
together from right to left, we should have in the middle of the
cross section a thick, many-layered cell-mass, which on both sides is
resolved into the three germ-layers, or, in other words, atf the blasto-
pore all three germ-layers by their jfusion meet together in a single
mass of cells.

By careful investigation it is, in fact, demonstrable that similar
conditions to those which we have produced by changes in the
diagrams are found in the investigation of the several classes of
Vertebrates. For this purpose we must make sections through three
different regions of the embryo: (1) through the region in front of
the blastopore, (2) through the region of the blastopore itself, and
(3) behind it. The agreement appears most prominent in the develop-
ment of the Amphibia, among which the Tritons again furnish the
most instructive objects.

When in the ease of Triton the gastrulation, with the accompany-
ing obliteration of the cleavage-cavity, is fully completed, the embryo
becomes slightly elongated; the future dorsal surface (fig. 76 D)
becomes flattened, and gives vise to a shallow furrow (r), which
stretches from the anterior to the posterior end nearly up to the
blastopore (u). The latter has now assumed the form of a longitu-
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dinal fissure. A cross section made through the middle of the
embryo in front of the blastopore (fig, 77) corresponds in every
particular to our first diagram (fig. 73), if we conceive that the
body-cavity in this ease has disappeared. The outer germ-layer (ak)
consists of a single sheet of cells, which on the back of the embryo
are cylindrical, but become shorter toward its ventral side. The
cells enclosed within the outer layer exhibit a differentiation in three
ways, and therefore are subsequently converted into three different

Fig. 76.—Egg of Triton with distinotly developed medullary groove, seen from the blastopore,
53 hours after artificial fertilisation.
D, Dorsal, F, ventral region; u, blastopore ; k, elavation between blustopore and medullary
groove (r) ; f, semicireular furrow, which encloses tha blastoporal area ; dp, yolk-plug.

Fig. 71.—Croas section of an egg of Triton with feebly expressed medullary groove.
al;, Outer, ik, inner germ-layer ; mk*, parietal, mk*, visceral lamelln of the middle germ-layer ;
ch, chorda ; df, intestinal cavity ; D, dorsal, ¥, vantral.

organs—into chorda, entoderm, and middle germ-layer. First, there
is to be found on the roof of the celenteron (dk) under the medullary
groove, even close up to the blastopore, a narrow band of long
eylindrical cells (ch); it corresponds in every respect to the funda-
ment of the chorda in our diagram (fig. 73 ¢k), and in the cross
section through Amphioxus (fig. 74 ch). Secondly, the fundament
of the chorda is flanked on either side by two bands (m#?, mk?) of
small oval cells, which extend downwards to about the middle
of the lateral region of the embryo. They do not share in bounding
the ceelenteron, since a third kind of cells (i%), large and rich in yolk,
lie along their inner surfaces. The latter begin at the margin of
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the chordal fundament as a single layer, become two layers thick
farther down, and thus merge into the more voluminous accumu-
lation of yolk-cells, which, in all Amphibian embryos, occupy the
ventral side and restrict the gastrula-cavity. They correspond, to
continue with our comparison, with the entoderm, whereas the
small-celled masses, which, starting from the fundament of the
chorda, have crowded themselves out between the entoderm and
the outer germ-layer, are comparable with the cells which in Am-
phioxus and in our diagram form the wall of the body-sacs, or the
middle germ-layer. The

conclusion is therefore jus- ¥

tified and wvery obvicus,
that in Priton the two mid-
dle germ-layers have arisen
in the anterior territory of
the embryonic body by
process of evagination at
both sides of the chordal
Jundament, just as in dm-
phioxus, except that in one
ciese the evaginated cell-mass
contains @ covity, in the
other case none.

kst
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Fig. 78.—Oross section through the blastopore of an

A eross section t]]I‘ﬂugh gk of Triton with feebly expressed medullary

. groove.
the blastopore of the Triton ak, Outer, ik, inner gorm-layer; m#', parictal, mt?,
embryo (fiz. 78) iz to be viscoral lamella of the middle germ-layer; i,
. blas re: dz, yolk-cells; o colk-plug ; dk
compared with our second et et T H D b S

intestinal cavity.

diagram (fig. 75). The
hollow body-sacs of the latter correspond to the solid cell-bands,
which are the fundament of the middle germ-layer. Near the
blastopore (u) they are split into two lamelle, Of these the outer
(mk') merges, as in our diagram, into the inner layer of the blasto-
poric lip, and becomes continuous at the edge of the blastopore with
the outer germ-layer (ak); the inner lamella (mk?), on the contrary,
is connected with the mass of yolk-cells (dz), which lies like a wall in
front of the blastopore and even projects into it as the RuscoX1ax
yolk-plug (dp).

Posteriorly to the blastopore, the middle germ-layer stretches itself
out for some distance, but here only as a single connected mass.

According to the region from which the middle germ-layer is de-
veloped, we may divide it into two portions, and call that part which
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is produced on both sides of the chorda the gastral mesoderm, and
that which arises from the blastopore the peristomal mesoderm
(RabL).

i

ks
mk?
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_,FL: *\:‘ I: E o
HSN
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Fig. 79.— Three cross sections from a series through an egg on which the medullary ridges begin
to appear. The sections illustrate the development of the chorda out of the chordal

fundament, and the constricting off of the two halves of the middle germ-layer.
‘ak, Outer, ik, inner germ-layer ; mk', parietal, mk%, viseeral lamella of the middle germ-layer ;
mp, medullary plate ; i/, medullary folds; ¢h, chorda; Ih, hody-cavity.

The further development of the fundaments of mesoderm, chorda,
and intestine, which subsequently become entirely separated from
one another at the places where they now remain in connection,
causes the agreement with the conditions found in Amphioxus to
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appear in stronger relief. The process of separation is introduced
by the curving of the chordal plate, and its conversion into the
chordal groove (fig. 79 A ch). Inasmuch as it is continuous at its
edges with the parietallamella of the middle germ-layer (mk!), there
arise in the roof of the celenteron the two small chordal folds, which
enclose between them the chordal groove. Its free margins abut
divectly upon the folded edge, where the visceral lamella of the
middle germ-layer (mk?) bends around into the entoderm (ik) to
produce the cwlenteric fold.

In the next following stage (fig. 79 B) the thickened medullary
plate, consisting of long eylindrical cells, becomes distinetly marked
off from the now still smaller cubical elements of the ectoderm.
Meanwhile the middle germ-layer begins to detach itself from its
previous connections in the vicinity of the place of evagination ; the
parietal lamella becomes separated from the fundament of the
chorda, the visceral lamella from the entoderm, and thereupon their
detached edges become fused to each other. By means of this pro-
eess the fundament of the body-sac, or of the middle germ-layer,
becomes closed on all sides, and is separated from the other
germ-layers. At the same time the entoderm (ik) and the funda-
ment of the chorda (ch) have come into contact along their free
margins, so that the chorda appears like a thickening of the ento-
derm, and for a time shaves in bounding the intestinal cavity on the
dorsal side. This is changed by a second process of detachment.

The fundament of the chorda, now converted into a solid rod,
is gradually excluded from participation in lining the intestine
(fig. 79 C), by the fact that the halves of the entoderm (ik), composed
of large yolk-cells, grow toward each other underneath it, and fuse
in a median raphe.

The closure of the permanent intestine on the dorsal side, the con-
stricting off of the two body-sacs from the inner germ-layer, and the
origin of the chorda dorsalis ave therefore in Amphibia, as in Amphi-
oaus, processes which are most intimately related with one another.
Here, too, constricting off of the parts mentioned begins at the head-end
of the embryo, and advances slowly toward the posterior end, where
there exists for a long time a zone of growth, by means of which the
increase in the length of the body is effected. Soon after this, the
moment arrives when in the embryos of Triton the body-cavity
becomes visible. For after the detachment of the organs previously
mentioned is completed, the two middle germ-layers at the head-end
of the body, and on both sides of the chorda, separate from each
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other, and thus cause to appear a right and a left body-cavity
(enteroceel), which, according to my interpretation, were not pre-
viously recognisable, simply on account of the intimate mutual
contact of their
walls.

Meanwhile the
medullary plate
has become con-
verted, by the
process of folding
already described,
into the mneural
_ tube (fig. 80 me),

Fig. 80, —Longitudinal [sagittal] section through an advanced em- which lies beneath
bryo of Bombinator, after GoErre, the epidermis.
m, Mouth ; en, anus ; I, liver ; 2, nenrenteric canal ; e, mednllary A
tube ; ck, chorda ; pn, pineal gland. Since the meural

tube subsequently
encloses the blastopore, and is thereby in communication with the
intestinal tube (as the preceding longitudinal section of an advanced
embryo of Bombinator most distinetly shows), it follows that there is
also in the Amphibia a structure (fig. 80 ne) corresponding to the
neurenterie canal of Amphioxus (compare fig. 68 cn).

More fundamental differences in the development of the middle
germ-layer are
met with in
the eggs of
Fishes, Rep-
tiles, and Birds,
which are more
abundantly
provided with

nutritive folk Fig. 81 A and B.—Two germ-discs of Hens' eggs in the first hours of

=5

o

undergo incubation, after KOLLHE.
ine : g df, Area opaca; hf, arga pellucida; s, crescent; sk, ereacent-knob ;
partml cleav- Fs, embryonie shield ; pr, primitive groove.

age, and also _ .

in the eggs of Mammals. - However, the variations appear in these

cases to be of a subsidiary nature, whereas in the chief points the

unity of the developmental processes for all vertebrated animal:-::-'has

been the more firmly established the more accurately the individual

stages have been investigated by means of improved methods, ‘
In the presentation of these difficult eonditions, we shall describe




DEVELOPMENT OF THE TWO MIDDLE GERM-LAYERS. 121

first the changes which may be recognised in viewing the germ-disc
from the surface, and to these shall add, secondly, the more im-
portant results acquired by series of cross sections.

At the posterior margin of the germ-disc of the Chick (fig. 81 4),
which consists of two layers lying on the yolk like a watch-glass, we
had distinguished—not. only a short time before incubation, but also
during the early hours of that process—the crescent (s) and the
erescentic groove, and had learned to recognise that this was the
place from which the inner germ-layer arose by a process of folding
under. '

When, during the first hours of ineubation, the germ-layers grow
out farther on the yolk, the crescentic groove (fig. 81 B) is con-
verted into the primitive groove (pr), a structure of far-reaching
significance.

The metamorphosis, according to the excellent researches of Duvar,
takes place in the following manner : In the middle of the anterior
blastoporic lip, where the outer germ-layer bends over to become
continuous with the inner, there arises a small notch, which is
directed forwards (fig. 81 4 sk); this gradually elongates into a
groove (fig. 81 B), corresponding with the future longitudinal axis of
the embryo, and by the following method: the right and the left halves
of the [anterior] blastoporie lip, together with the part which bounds
the first notch, grow toward each other, and ecome in contact with

each other in the median plane, with the same rapidity with which the
dise increases in super-

ficial extent. For a time, £ = ,ﬂ :
therefore, the blastopore Bl ; e ,_:-qh .
has the form of a short 2% G 1:' AN
longitudinal groove, il i T s 1 P
which, at its posterior g ‘*__, 1_

end, is bent around into iz, 82, Diagrams to elucidate the formation of the primi.
two short transversely tive groove, after DuvAL.

4 ’ The increasing ize of the germ-disc in the course of the
1}1&[‘:& erescentic horns development is indicated by dotted circular lines. The

(s). Finally these also heavy lines represent the crescemtic groove, and the
h . primitive groove which arises from it by the fusion of
&ve dE&PPEM'Ed : thﬂ}’f the edges of the crescent.

too, have grown toward
each other, toward the median plane, and have thus eontributed
laxgely to the posterior elongation of the primitive groove. By this
remarkable process of growth the whole blastopore is converted tfrom
a transverse fissure into a longitudinal one.

The accompanying dingrams (fig. 82) serve to illustrate this highly
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important process. The inerease which the germ-dise has undergone
during successive stages is indieated by dotted lines. The margin of
the fold, where the upper germ-layer passes over into the lower
layer, or the anterior lip of the blastopore, is denoted by a heavy
black line. In the figures 4, B, (/, one
observes how, with the increasing extent of
the germ-dise, the right and left halves of
the blastoporic lip come together in the
median plane
in ever-increas-
ing extent, and
form the primi-
tive groove.

In figs. 83
and 84 are pre-
sented instrue-
tive cross sec-
tions through
the primitive
groove in the
first stagesof its
development.
The first shows
us the two lips
of the blasto-
pore (fig. 83 ud),
separated by a
small  space,
into which
there projects
from below a
small elevation (dp) of yolk-substance,
containing a number of nuclei (merocytes),
comparable with the RuscoNiax yolk-plug
in the Amphibian larva (fig. 78 dp). At
the lips, the upper germ-layer, a single cell thick, bends around into
the lower germ-layer, composed of loosely associated cells. The
blastopore leads into the ceelenteron, which lies between yolk and
germ-dise. In fig. 84 the margins of the two folds haye come into
close contact, and have fused to form the anterior part of the primi-
tive streak, above which the primitive groove is still to be found.

el

ik el

ak

than in Fig. 83, after Dovar.
ok, Outer, ik, inner germ-layer; pv, primitive groove ; i, yolk.

Fig. 84,—Cross section through the same germ-diso, but somewhat farther forward

after DUVAL,
aly, Onter, il, inner germ-layer; wd, coelenteron ; o, lip of the blastopors ; dp, volk-plug.

Fig. 83.—A somewhat oblique cross section through the primitive groove of a Hen's egg 2-6 hours after fertilisation,
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When the last remnant of the crescentic groove has been employed
for the elongation of the primitive groove, the margin of the germ-
dise, which continues all the time to spread itself out ll'r.l.lfﬂrml?’ over
the yolk, exhibits everywhere one and the same condition ; 1t };Eas
become at all points a circuimerescence-margin, now i_::h.at the in-
vagination-margin has detached itself from it as primitive groove.

Fig. 8

Fig. §6.
Fig. 86.—Burface view of the area pellucida in the blastoderm of a Chick, scon after the
formation of the primitive groove, after Barrous.

pr, Primitive streak with primitive groove; af, amniotic fold. The darker shading surrounding
the primitive streak indicates the extent of the mesoblast.

Fig, 96, —Burface view of the area pellucida of a blastederm of 18 hours, after Bavroun,

The aren opaca is omitted ; the pear-shuped ontline marks the limit of the area pellucida. At the
ploce where the two medullary folds are continuons with each other thers is to be seen u
short corved line, which represenis the head-fold, Im fromt of it there liss o second line
concentric with it, the beginning of the amniotie fold, 4, Mednllary folds; me, medullary
farrow ; pr, primitive groove,

When subsequently the pellucid and opaque areas become more dis-
tinetly separated, the primitive groove comes to lie in the posterior
part of the pellucid area. By careful examination of a surface pre-
paration (figs. 85 and 86 pr), one sees that it is bounded, both on the
right side and on the left, by two small folds, which are derived
from the blastoporie lips, and which appear darker and more opague
because the cells are multiplying rapidly and are more closely
crowded. Sinee the two primitive folds, or the two blastoporie lips,
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hli

I&b!

mf

Fig. 87.—Blastoderm of the Chick, incubated 33 hours,
after DUVAL,

The area pellucida (A7) is swrrounded with a portion of tie
opagque area (df). The fundament of the nervous
gystem s nearly closed in front and segmoented into
the three brain-vesicles Ab', &%, hb%; behind, the
medullary furrow (mf) is still open. On either side
of the latter there are six primitive segments (us).
The posterior end of the embryonie fundament is
ocoupied by the primitive streak and the primitive

groove (),

are closely in contact
at the bottom of the
groove, and indeed are in
places completely fused,
they together produce
in the pellucid area a
dark streak of sub-
stanee, which is about a
millimetre long and 0-2
mm. broad. With the
earlier embryologists, to
whom it was already
known, we designate
this as the primitive
streak of the germ-disc.

In the vicinity of the
primitive streak there
are to be distinguished
in surface views, now
and during the following
stages of development,
some additional changes,
which are caused by the
beginnings of special or-
gans. In the first place,
there is to be seen in the
anterior region of the
area pellucida, and in
the direct continuation
of the primitive streak,
a narrow, dark streak of
cells, which has been
designated by KOLLIKER
as the head-process of
the primitive streak,
and which gradually in-
creases in length. Se-
condly, there appears an
increasing opacity (fig.
85) in the vicinity of

the primitive streak and its head-process, which afterward stretches
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out farther laterally : it is connected with the origin of the middle
germ-layer.

In a still later stage of development (fig. 86), at the beginning of
the second day of incubation, the first fundament of the central
nervous system makes its appearance in the anterior portion of the
germ-dise. Over the head-process there arise at some distance from
each other the two medullary folds (4), which are continuous with
each other at their anterior ends, and which bound the broad medul-
lary furrow (me); posteriorly they become less prominent, and they
here embrace between them the anterior end of the primitive streak
(pr). Medullary furrow (me) and primitive groove (pr) must not
be confounded with each other, as oceurred in the earlier days of
embryology ; they are two entirely distinet and dissimilar structures,
which exist at the same time, and independently of each other, as
fig. 86 shows.

Primitive streak and primitive groove are preserved for a long
time without undergoing important changes (fig. 87 pr). They
always oceupy the posterior end of the embryonie body, which is
characterised by its slightly differentiated condition even in stages
when the development of the separate organs of the body is already
in full progress. On the contrary, the embryonic territory lying in
front of it, which is so small at the time of the appearance of the
head-process, becomes greatly elongated and, at the same time,
differentinted into the separate organs of the body. This process
of differentiation begins in front, and proceeds posteriorly toward
the primitive groove, just as in Amphioxus and the Amphibia,
The margins of the medullary folds come into contact with each
other and begin to fuse, forming the neural tube (hbY, RD*, WP,
mf), the fusion progressing from the head- toward the tail-end.
There are also to be vecognised now in the interior of the body,
at either side of the neural tube, the protovertebrs or primitive
segments (us), which we shall investigate more minutely further
on. The number of these is constantly increased by the growth
which is taking place at the tail-end,

When a large number of primitive segments has arisen, the
primitive groove begins on surface-views to disappear ; for it is sur-
rounded by the medullary folds, and inasmuch as these fuse here as
well as elsewhere, it is enclosed in the terminal part of the meural
tube. A notable condition, and one of great importance for the
interpretation of the primitive groove, has been discovered at this
stage in the embryos of several species of Birds by GAssEr, Bravw,
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HorrmaNy, and others. At the front end of the primitive groove a
narrow eanal has arisen, which leads obliquely from the neural tube
under the entoderm, and unites the two in the same manner in which
the blastopore does in Amphioxus and the Amphibia. A diagram-
matie longitudinal section through the hind end of a Chick (fig. 88)
shows us this important union (n.e), which exactly corresponds to the
condition of
an Amphi-
bian embryo
presented in
fig. 80.
Such a
neurenteric
canal has
been ob-
served still
more dis-

Fig. 88, Dingrammatic longitudinal section through the posterior end of tinctly in
hia i ion of th i -

E::;Eu Chiok at the time of the formation ¢ allantois, after Solachinns

The section shows that the neural tube (Sp.¢) is continuous at its posterior  and Egptileg
end with the post-anal intestine (p..g) by means of the neurenteric
canal (.}, The latter traverses the remnant of the primitive streak
(pr), which is folded over on to the ventral side. ep, Onter germ-layer; @ a rlier
¢h, chorda; Ay, entoderm ; al, allantois; e, middle germ-layer ; an, "
the place where the anus will arise; am, amnion; so, somatoplenre; S ¢ & S @8,
ap, splanchnoplenre, whereas in

Teleosts it
does not come to development on account of special subsidiary
conditions.®

The investigation of the embryonic fundaments of a Mammal fur-
nishes us with views quite similar to those respecting the Chick. When

and at even

* Tn Selachians the blastopore is very early enclosed within the medul-
lary folds, and then assumes the condition of a long-persisting canal-like
passage to the intestinal cavity through the floor of the medullary groove,
and later throngh that of the neural canal.

In the case of Reptiles, the primitive streak is very short and triangular,
and in many species soon discloses, before other organs have been differentiated,
an opening at its anterior end which leads to the cavity under the germ-dise,
which is filled with yolk. Subsequently the opening is converted into a canal,
the wall of which is composed of cylindrical cells, and is in continuity above
with the outer germ-layer, and below with the inner germ-layer. Then the
medullary folds, which are being formed in front of the orifice, grow around
it; the orifice now becomes a genuine neurenteric canal, which in many cases
appears to become obliterated even before the closure of the medullary tube,

but in other cases persists for a long time.
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the embryonic area has assumed an oval form, the opacity at the
posterior end, or the terminal ridge (fig. 63 fuw), which was compared
with the crescent of the Bird, elongates into the primitive streak ;
the latter occupies the posterior half of the embryonic aren (fig. 89
A pr), and exhibits & distinet groove, that is ﬂ{mked by a 1-1.ght and a
left ridge-like fold. (Compare with this the Chick asshown in fig. 85.)

Fig. &9 A.—Embryonic fundament of an 8-days Rabbit, after KOLLIRER.
arg, Fundament of the embryo; pr, primitive streak.

Fig. 89 B.—Vascular area (o) and embryonic fundament (ug) of a T-days Rabbit's egg, after
0, FE::E::.; {area Dllflm}‘. g, embryonic fundament ; pr, primitive groove ; 7, medullary
furrow.

Afterwards there appears in this instanee, just as with the Chick, a
narrow opaque streak in the forward prolongation of the primitive
streak,—its head-process,—and this divides the anterior portion of
the germ into a right and a left half (fig. 90 %f). After some time
there are developed on both sides of the head-process the medullary
folds (fig. 89 B), which bound the broad medullary furrow (r/), and
which, by forming a bow at their anterior ends, become continuous
with each other; but posteriorly they diverge somewhat from each
other, and embrace the primitive groove (pr). This stage corresponds
to the condition of the Chick presented in fig. 86.
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From this time forward the anterior part of the embryonic area
grows in length much more rapidly than the hind part with its
primitive groove ; the latter remains almost unaltered in Mammals
up to late stages of development, and then diminishes in length, not
only relatively, but also absolutely.

Fig. 01,

mg,rm._ﬁm.ﬁin of an embryo Rabbit with primitive streak, after E. vay BENEDEN,
pr, Primitive streak ; &7, head-process ; ik, HEXsEN'S node ; en, canalis neurentericus,

Fig. 91.—An embryo Rabbit with a part of the area pellucida 9 days after fertilisation,
Magnified 22 diameters, After KULLIKER.

ap, Area pellucida; ao, area opaca; A, medullary plate in the region of subsequent first hrain-
vesicle ; 1", the same in the regionof the subsequent mid-brain, where the medullary furrow
() exhibits a widening; &', the same in the region of the subsequent third brain-
vesicle ; ks, fundament of the heart; sfz, trunk zone (Stammzone); p, parietal zone ; pr,
remnant of the primitive streak.

At the same time the embryonic area passes from the oval to a
pronounced guitar-shaped outline. Such an embryo is represented
in fig. 91. The primitive streak (pr)is to be seen at its posterior
end, partly embraced by the medullary folds (zf). The middle germ-
layer is already fully developed, and in the future neck-region three
pairs of primitive segments have already been differentiated at the
sides of the chorda,

Just as there has been up to this stage an agreement with Birds
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and Reptiles in other points, so there also is in the existence of a
neurenteric canal, At arather early stage there is already noticeable,
at the anterior end of the primitive streak, a small spot, at which,
in consequence of cell-proliferation, a large amount of material is
accumulated. It is known under the name of HENSEN'S node (fig 90
hk). This is important chiefly because a narrow canal, the canalis
nenrentericus (cn), passes through it, and leads from the outside into
the interior of the blastodermie vesicle. The presence of this canal
has alveady been established by several investigators—by vaw
BeNEDEX in the Rabbit and the Bat, by BoxxET in the Sheep, by
Heark in the Mole, and by GrAF SPEE in a young human embryo.
The latter exhibited a still widely open medullary furrow. At the
beginning of the primitive groove there was a wide, roundish,
trinngular orifice, which traversed the germ-dise, and was surrounded
by a ring-like elevation corresponding in position to HENSEN'S node,

I have dwelt upon the primitive streak more at length, and have
considered more in detail its first appearance and its topographic
relations to other organs, because from a developmental standpoint
it is a very important structure, and one the significance of which
is still much diseussed. For it corresponds to the blastopore of the
lower Vertebrates, and is important as the region from which the
middle germ-layer takes its origin. While I postpone an exposition
of the grounds which warrant us in designating the primitive groove
as blastopore, I shall at once consider the development of the middle
germ-layer. Information concerning this is to be got from cross
sections, which should be made, as in the Amphibians, (1) in front
of the primitive groove, (2) in the region of the groove, and (3) back
of it, both in younger and older embryos.

In embryonic fundaments which have reached the stages repre-
sented in figs. 81 B, 85, and 89, the middle germ-layer is already
begun in the immediate vicinity of the primitive groove, and causes
the opacity which appears upon both sides and in front of it. Cross
sections through the eephalic process of the primitive streak now
allow the establishment of a complete agreement in one fundamental
point between Amphioxus and the Amphibia on the one hand, and
Selachians, Reptiles, Birds, and Mammals on the other.

Along a narrow median streak, in the former groups in front of the
blastopore, in the latter in front of the primitive groove, the embryonic
funidament i3 composed of only two germ-layers, of which the lower is
destined to become the chorda. At both sides of these reqions the two-
layered condition passes abruptly in all Vertebrates into a three-layered

J
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one, the outer germ-layer being followed by the middle layer, and this
by the inner germ-layer.

T R
= “‘"_,J.ly.,ul e

e T
gl

Fig. 92 A and B.—Cross gections through the germ-disc of & Belachian, Copy after BALFOUR'S
Monograph, PL IV, Fig. 8a, and P1L IX,, Fig. la.

Only the left half of section A is reprosented. :

ak, Outar, ik, inner, nik, middle germ-layer ; oh, chorda ; i, mednllary plate ; o, yolk.

The conditions in detail assume in Selachians, Birds, and Mammals
the forms indicated by the accompanying figures (92-95).

Tn the Selachians the medullary fold is well marked in cross
sections (fig. 92 4 mp). Beneath it there lies, as in Amphioxus and
Triton, only a single layer of tall cylindrical cells (¢h), the funda-
ment of the chorda; laterally this merges into a many-layered mass
of small cells, which is soon divided by means of a fissure into two
distinctly separated lamelle—into the middle layer (mk), composed
of small polygonal cells, and into the inner layer (i), which here
consists of a single layer of tall columnar cells, At the point in-
dicated by a star, the fundament of the chorda and the middle
and inner germ-layers

R sy ..' - .

¢ T, are continuous with one

nik - another. At a later
4 o stage (fig. 92 B) a se-
3

paration of the three

un ents takes pl
Fig. 93.—Cross section through the blastoderm of a Chick : %ﬂm t& )
i which the first traces of the chorda and the medullary &5 111 Triton, and we
furrow are to be seen, after BALFOUR AND DEIGHTON.
The section passes through the fundament of the chorda then have “} = I‘ﬂl]+]1[l
in front of the primitive streak, The part of the chordal rod (ek), which

saction at the right of the fundament of the chiorda is . .
not fignred. has b&ﬁﬂ formed h}r n-
ak, Otter, ik, middle, ik, inner germ-layer ; ck, fundament folding in the manner

Ofse et previously deseribed ; (2)
at either side of it the small-celled mass of the middle germ-layer
(mk), divided into halves by the chorda; (3) the inner germ-layer
(ik), the halves of which, separated in the previous stage, are
now growing under the chorda, and are about to fuse into a single
layer.
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A similar view is furnished by a cross section through the cephalic
process of the germ of the Chick (fig. 93). Under the outer germ-
layer there is found in the median plane, in front of the primitive
groove, only the fundament of the chorda (¢k) ; at the point indicated
by a star it is continued laterally into the small-celled middle germ-
layer, and into the entoderm, which is composed of a single layer of
very much flattened cells.

The same is true for cross sections of Mammals (fig. 94) in corre-
sponding stages of development. Thus, for example, the funda-
ment of the chorda (¢h) in the cross seetion through the embryo of a
Mole figured by HEAPE is a single layer of cylindrical eells; it has
already become curved into a chordal groove, such as has been repre-
sented in fig. 79 4 for Triton. Laterally it is continuous with a
mass of small cells, which is resolved into two layers at the point

l‘.':ri-

Fig. 94.—Cross section through the embryonio area of a Mole which is in about the stage of the
Eabbit represented in Fig, 89 B After HEArE,

The section passes through the chordal groove (ch) somewhat farther forward than the section
represented in Fig, 07, which has encountersd o region that s to be interpreted s the
blastopare,

ak, Outer, sk, middle, ik, inner germ.layer; ch, fundament of the chorda.

indicated by a star: (1) into the middle germ-layer (mk), composed
of several layers of small cells; and (2) into the inner germ-layer,
which, as before, appears as a single layer of flattened cells (ik).

In a still more convineing manner vA¥ BENEDEN has shown, in his
investigations upon the development of Mammals, that conditions
exist in the formation of the middle germ-layer and of the body-
cavity in this class which agree with those in Amphibia. The cross
section (fig. 95) through the germ-dise of the Rabbit, taken from
his work, is especially convineing. It shows the fundament of the
chorda (ch) as a single layer of cylindrical cells, flanked on the right
and left by the middle and inner germ-layers. The middle germ-
layer consists of a parietal (mk') and a visceral (mk?) lamella of flat
cells, the former of which is continuous with the fundament of the
chorda, while the latter bends around at the point indicated by a
star to become continuous with the single-layered epithelium of the
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inner germ-layer (ik). The place where the bend occurs even pro-
trudes distinetly as a lip into the ccelenteron, as in the case of the
Amphibia., Except for these unions at the sides of the chordal

mk mk® el

TG
mﬁgiﬁﬁﬁw

D BT At
oo )
e

ol

Tk
ik
Fig. 06.—Cross gection through the germ-disc of an embryo Rabbit, after E. vax BENEDEN,

ak, Duter, ik, inner, wmk, midille germ-luyer ; nik', parietal, mk, visgcoral lamelln of the middle
germ-layer ; o, chordo,

fundament, the middle germ-layer is everywhere sharply separated
by a fissure from the other two germ-layers.®

Further agreement with the conditions which the investigation
of Triton has furnished is afforded by a series of cross sections
through the primitive streak—the obliterated blastopore. In the case of
all Vertebrates, this is the only place in the whole embryonic area where
all three germ-layers, although for only @ short distance, are fused with
one another, and cannot be distinguished as separale layers, whereas at
the sides of this region they wre separated by distinct fissures.

i ik o i ik ak

ik

Fig. 96.—Cross section through the middle of the primitive streak of & Chick's germ-diso, which
is in the stage of development represented in Fig. 81 B, After KoLLER.

At some digtance from the primitive groove is to be seen upon the left side of the figure in cross
gection the marginal groove of HiIs. Upon the right side it is as yet little developed.

ak, Outer, ik, inner, mk, middle germ-layer; pr, primitive groove; ps, primitive streak ;
ar, marginal groove.

Figure 96 represents a cross section through the embryonic aren
of a Chick in which the primitive groove is distinetly developed,
* Tn the development of Mammals there has been observed at certain stages
ander the fundament of the chorda a peculiar structure, the so-called chordal
canal, which is not found in the other classes of Vertebrates. I mention it

here only incidentally, becanse the publication of VAN BEXEDENS investiga-
tions will doubtless furnish the desired explanation of its origin and signi-

ficance.
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but in which no traces of the medullary folds are to be ohserved.
The outer germ-layer (ak) is composed of a single layer of tall
eylindrical cells, the inner germ-layer (ik) of a single sheet of
greatly flattened elements. In the space between the two there
penetrates at both sides of the primitive groove a mass of small cells
in many superposed layers, the middle germ-layer (mk). In the
region of the primitive groove (pr) this goes over continuously into
the outer germ-layer, the cells of which are here found in prolifera-
tion, whereas its lateral wings are separated from the outer layer by
a fissure. The lower germ-layer is drawn by Konuer— from whose
work the accompanying figure is taken—as being everywhere a

-

Fig. 07, —Cross section through the embryonic area of a Mole, which is in & stage corresponding
approximately with that of the Rabbit represented in Fig. 83 B. After Heape,

The section passes through the primitive groove, somewhat behind the one represented in Fig. 04,

ak, Outer, ik, inner, nik, middle germ-layer ; «, primitive groove,

separate sheet of flattened cells. Tt is clear, however, from other
drawings and deseriptions by Duvan, Rasr, and others, as well as
from the accounts in regard to the similar development of Reptiles,
that for a certain distance underneath the primitive groove the
middle germ-layer is as little to be distinguished as a separate
structure from the lower as it is from the upper germ-layer,

Cross sections through the primitive groove of mammalian
embryos are very instructive (fig. 97), According to HeAPE's inves-
tigations on the Mole, the groove (u) cuts deeply into a mass of
small cells, At this place all three layers are fused together ; and
it is only laterally to this that they are separated by means of
o distinet fissure, and that each is distinguishable by its character-
istic kind of cells—the outer (ak) by its tall, the inner (ik) by its
much-flattened, and the middle (mk) by its small, more spherical
or polygonal cells,

The conditions of the germ-disc of the Rabbit found by vax
BENEDEN arve especially distinet (fig. 98). At the deep incision
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of the primitive groove (pr) all three germ-layers ave joined to
one another for a certain distance by means of a common cells

wik® ks i aul

ik

mk

{15

Fig. 98.—Crose section through the primitive groove (blastopore) of & Rabbit's germ-dise, after
Ep. vax BEXEDEN,

al;, Outer, ik, inner, nk, middle germ-layer ; nik', parietal, mk?, visceral lamella of the middle
germ-layer ; ul, lateral lip of the blastopore ; pry primitive groove,

mass. At the same time one may observe, with tolerable dis-
tinctness, how the outer germ-layer (ak) bends around into the
parietal middle layer (mk') at the primitive fold (wl), while the
visceral lamella (mk?) is continuous with the entoderm (¢%), which
is only one cell thick. Indeed, in embryos of Rabbits and Bats, VAN
BENEDEN in some cases observed between the primitive folds, or

nikt aul pi-

mk'

mk? - s e,
ik 5 A

Fig 99.—Cross section through a human germ-dise, with open medullary groove, in the
wieinity of the neurenteric ganal (), after GRAF SPEE.

ak, Outer, ik, inner germ-layer; mk', parietal, wik?, visceral lamella of the middle germ.layer;
ul, lateral lip of the blastopove ; pr, primitive groove.

blastoporic lips, a structure corresponding to the yolk-plug of
Amphibia.

Tt is certainly of great general inferest that the investigation of
an extraordinarily young human germ-disc at the hands of GRAF
Sppe has furnished a cross section (fig. 99) which is near enough
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like the one of the Rabbit here figured to be mistaken for it. In
the case of the human embryo, one sees u deep-cutting primitive
groove, and at the easily recognisable blastoporic lip (2!) the bend-
ing over of the outer germ-layer (ak) into the pavietal lamella (mk&!).
The visceral lamella (mk?®) is well separated from the latter for some
distance ; under the primitive groove it is merged with the inner
germ-layer, the edges of the potential folds of the two sides being
fused into a mass of cells, which forms the floor of the primitive
groove,

Finally an agreement with the development of the Amphibia is
not wanting in sections which are made through the embryonic
aveas of Birds, Reptiles, and Mammals behind the primitive groove.
The middle germ-layer begins to spread itselt out backward also,
not, however, as in the anterior part of the embryonic area, in
the form of paired fundaments, but rather as a single continuous
cell-mass. This outgrowth too is united to the two primary
germ-layers only in the region of the posterior end of the primi-
tive streak, being elsewhere distinctly separated from both of
them.

For the completion of the previous account, some statements
about the further growth of the middle germ-layer may now be
added, concerning which cross sections through embryos of various
ages afford evidence. The middle germ-layer spreads itself out
on all sides between the two primary germ-layers, farther and
farther from the place of its first formation—the vicinity of the
primitive groove. At first it is limited to the fundament of the
embryo itself, then it makes it¢ way into the area pellucida, and,
finally, it is encountered in the opaque area. Everywhere and
constantly in its extension it appears as an entirely independent
layer, at least two cells thick, which is separated from its surround-
ings by fissures. Tt is found to be united for a short distance with
the inner and outer germ-layers, but only at the primitive groove,
which persists for a long time,—in older embryos even,—as we have
alveady learned from surface-views. Even in the stage when the
neurenteric canal traverses the primitive streak, and puts the
ceelenterie cavity (under the entoderm, fig. 100 hy) in communication
with the neural tube, we see the cellular lining of the canal and the
middle germ-layer fused, so that in this region a connection still
exists between all three germinal layers. Compare the accompany-
ing cross sections through embryos of Lacerta muralis.

After the statement of the actual conditions, the questions remain
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to be answered : (1) What is the meaning of the primitive groove?
(2) How is the middle germ-layer developed ?

Tn the interpretation of the primitive groove I place myself, as is
to be seen from what precedes, wholly on the side of those investi-
gators who, like BALFOUR, Harscaek, Kuprrer, HOFFMANN, VAN
BeNepEN, L. Gervach, RUckERT, and others, recognise in it a structure

equivalent to, but somewhat modi-

I, Tg fied from, the blastopore of lower
5 | ey, 2ep Vertebrates, and who compare the

: b primitive folds to lateral blasto-

. poric lips closely pressed together.
In my description of a previous
stage I have already designated
as blastopore the crescentic
groove of Birds (fig. 52 B s)
and the prostoma (fig. 85 w)
of Reptiles, because that is the

Fig. 100.—Cross sections through the posterior place where the lower germu]u}'m'

end of o young embryo of Lacerta muralis, | e
after BALFOUR. is infolded. In my opinion both

Ln figure 4 the nearenteric canal is sutlongth- — gpgoveg are identical structures,
wise: in figure B only an evagination of ; : S
it, which is directed backward. Sincsthe which, by changes in position and

sections probably liave not cut the chief ]
axis of the embryo perpendicularly, the fﬂrm? have been so EFULvEd’ the

middle germ-layer is fused with the wall one from the other, that the
of the canal only on the right side in figure . ,

A, wherens in figure B the connection is ﬁsam"ﬂ, which was at ﬁ’ 86 trans
present on both sides. verse, has become converted into a

s I:;Tﬁ:t::l:umr;ﬂ;ﬁ:m outer, mapy widdle 3 gitudinal one. For Reptiles

‘KuprrFER has established this to
a certainty. According to his figures in Emys Huropza, e.g. the
transverse depression () represented in fig. 101 4 is converted at
a later stage into the form shown in the adjacent figure (101 B w).
For the Birds the investigations of Duvar previously recounted
(p. 121, fig. 82) are convincing. There is also to be taken into
account ihe additional fact, that even as early as in the
Amphioia an exactly corresponding metamorphosis of the blasto-
pore takes place. As the accompanying cuts (fig. 101 € and D)
show, the blastopore of the Amphibian is, at its first appearance,
a transverse fissure (fig. 101 ¢ w). Then it becomes circular, and
embraces with its lips a protruding portion of the otherwise
enclosed yolk-mass,—the yolk-plug,—becomes narrower, and 1s
continued forward into a longitudinal groove. Finally it appears
(ig. 101 D wu) as a deep groove, situated at the end of the
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medullary furrow, with its small cireular opening filled up with a
yolk-plug.

Tn addition there are three important considerations which may
be urged in support of the interpretation of the primitive groove as
blastopore.

First, the primitive streak, even when an open canal is wanting,
is the only place in the whole germ-disc where a connection between

Fig. 101, A and B —A portion of a younger and of an older embryonic fundament of Emys
Eurcpma, with the prostoma. or blastopore (1), after Kurrres,
acl, Lip of the blastopore,

C and D.—Two eggs of Triton twniatus seen from the blastopore, one 30 hours, the other 53 hours
after artificial fertilisation.

t, Blastopore ; &, elevation between blastopore and dorsal groove ; f, semieirenlar furrow, which
encloses the blastoporie area ; dp, yolk-plug.

all the germ-layers is constantly present, as at the Amphibian
blastopore.

Secondly, the chief organs of the body, such as the chorda, the
neural tube, and the primitive segments, are developed in front of
the primitive streak in the case of the higher Vertebrates, just as
they arise in front of the blastopore in Amphioxus and the Amphibia.
Both blastopore and primitive streak oceupy the posterior end of the
body. The so-called cephalic process of the primitive streak is
nothing else than the first rudiment of the chorda.

Thirdly, one may still recognise in the openings—canales neu-
renterici—which have been pointed out in the primitive streak at an
earlier or later stage in its development, in the case of Birds, Reptiles,
and Mammals, an indication that an open communication has
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existed here from the beginning between the inner and the outer
germ-layers ; further, that this communication has disappeared
through the fusion of the blastoporic lips, but that it can be in part
reéstablished in consequence of more favorable processes of growth.
At the same time the neurenteric canal, in cases where it reappears
in the primitive streak, effects a very characteristic union between
the posterior ends of the neural and intestinal tubes, in exactly the
same manner in which the blastopore of Amphioxus, the Amphibia,
and the Selachii does (compare fig. 80 with fig. 88 n.e).

In the interpretation of the primitive groove as blastopore I am
compelled to oppose a somewhat different view. Certain investi-
gators (Baurour, RAUBER, and others) recognise in the primitive
groove and the crescentic groove of meroblastic eggs only a small
part of the blastopore ; they interpret as the major part of it the
region which is encircled by the whole rim of the germ-disc and is
occupied by the yolk-mass, and to which they give the name yolk-
blastopore.* According to their conception, as also according to
the original assumption of HarckeL, the two-layered germ-disc is a
flattened-out gastrula,—its blastoporic rim lying upon the yolk-
sphere,—which gradually grows around the yolk, and finally takes
the latter wholly inside itself, just as if it were a ball of food. The
primitive groove is a small detached part of the blastopore, which is
connected with the development of the middle germ-layer. The two
parts become completely separated from each other, and are closed
at different times, each for itself, the yolk-blastopore often late, at
the pole of the yolk-sac which is opposite to the embryo.

Such an assumption of a double blastopore appears to me to be
untenable, 1 propose that only that place of the germ be designated as
blastopore at which, as in the gastrulation of Amphioxus and the
Amphibia, there actually occurs an invagination of cells, by means of
which the cleavage-cavity is obliterated. Such a process takes place
in the Selachii only at the crescentic hinder part of the margin of
the germ-dise, in the Reptiles and Birdsat the small place designated
as crescentic groove. It is also from this place alone that subse-
quently the development of the middle germ-layer proceeds.

The anterior margin of the germ-disc in Selachians, and, after the
conversion of the crescentic groove into the primitive groove, the whole

* RAUBER has suggested for the various regions which he assumes for the
hlastopore the designations prostoma suleatum longitudinale (primitive gmc_we].
prostoma sulcatum faloiforme (crescentic groove), and prostoma marginale
{volk-blastopore).
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margin of the germ-disc in Birds and Reptiles, have an entirely dif-
ferent signification. This margin exhibits a very different relationship
from that of the primitive streak or blastopore ; it is a peculiarity of
meroblastic eggs, which is most intimately associated with the origin
of partial cleavage. It indicates the place at which the segmented
portion of the germ meets the unsegmented portion—the place at
which there lie in the yolk free nuclei, by means of which a supple-
mentary cleavage is kept up until late stages in the process of
development, until, in fact, the time when the two primary germ-
layers have been formed Dby means of the invagination which
occurs at the blastopore. At the expense of the cell-material, which
is constantly being augmented by supplementary cleavage, the germ-
layers increase in extent at their place of transition into the yolk,
and thus gradually grow over the unsegmented part. Whereas at
the blastopore an invagination of cells already present takes place, there
ensues at the margin of the germ-dise a formation of new cells, and
thereby an increase of the marginal part and an overgrowth of the
yolk. I therefore propose for it the name circumerescence-margin
of the yolk-sphere. There can be no such thing as a separate opening
or a yolk-blastopore, because the yolk is an organic part of the germ,
and is in continuity
with the segmented
part of it by means
of the layer which
contains the yolk-
nuclei.

If we would insti-
tute a comparison be-
tween animals with
meroblastic eggs and
the Amphibiaatastage
when gastrulation is
not yet completed, then

the blastopore of the

Fig. 102 —Longitudinal section through a gastrula of Triton ibi i 1
ke, Outer, ik, inner germ-layer ; fh, cleavage-cavity ; wi, col- T‘*Ll]'!phlblﬁ.-, Wh‘lﬂh =
enteron ; 1, blastopore; dz, yolk-cells; of, dorsal, ul, indicated by the letter

ventral lip of the colenteron, a in t]lﬂ ﬂ.[:t:ﬂlnp&ﬂfing
section through the

g@truln of a Triton (fig: 102), corresponds to the prostoma of Rep-
tiles, and to the crescentic and primitive grooves of Birds; the still
exposed mass of yolk-cells corresponds to the yolk-material which i
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not yet overgrown by germ-layers; the place marked by a star, at
which in the Amphibia the transition from the small-celled layer
to the mass of yolk-cells ocenrs, or the marginal zone of Gogrrg, is
comparable to the margin of circumerescence in meroblastic eggs.

In the second place, the question arvises: How is the middle germ-
layer of Vertebrates developed? The answer is: By a process of
folding similar to that in the case of Amphioxus lanceolatus. This
answer is substantiated by the fact that the individual processes in
the development of the middle germ-layer may be correlated with
corresponding processes in Amphioxus.

In view of the fundamental importance of the matter, I formulate
in a synoptic and precise manner in gix paragraphs the points in
reference to which it has been possible to establish an agreement in
all Vertebrates.

1. Before the chorda is formed, the germ in all Vertebrates is
composed of two layers in the region of a median streak which lies
in front of the blastopore and primitive groove. It is here composed
of the medullary plate and the fundament of the chorda, which then
shares in bounding the intestinal cavity.

2. At both sides of this median streak the germ is three-layered,
if we regard the middle germ-layer as a single one ; it is four-layered,
if we allow that the latter consists of a parietal and a visceral cell-
layer, which are originally pressed firmly together, and only later
actually separated by the appearance of the body-cavity.

3. In no Vertebrate do the middle germ-layers arise by fission,
gither from the outer or the inner germ-layers, because they are
everywhere, except in a very limited region of the germ, sharply
separated from both by means of a fissure.

4. A connection of the middle germ-layers with the neighbouring
cell-layers takes place only : («) at the blastopore or primitive groove,
where all four (or three) germ-layers are joined together, and (b) at
both sides of the fundament of the chorda.

5, One observes the first fundament of the middle germ-layers at
the region of the germ just mentioned, and sees it spread itself out
from here—i.e., from the periphery of the blastopore or the primitive
groove, and from both sides of the fundament of the chorda
— forward, backward, and ventrad or laterad. In front of the
blastopore it appears in the form of paired fundaments separated by
the fundament of the chorda ; behind the blastopore, on the contrary,
as a continuous structure.

6. While the chorda is being developed, the two paired fundaments
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of the middle germ-layers detach themselves from the adjacent cell-
layers at the sides where their ingrowth took place, and at the same
time the halves of the permanent entoderm grow together, whereby
the dorsal closure of the intestine is effected.

In view of these facts there is only one explanation at which we
can arrive, Tf it is certain that the middle germ-layers do not
arise by a fission @n loco from either of the primary germ-layers,
then their gradual spreading out from a definite region of the germ
ean result only from an ingrowth of cells, which occurs from those
places where a connection with other cell-layers has been demon-
strated. The middle germ-layers draw the principal material for
their growth from cells which, at the blastopore or at the primitive
groove, migrate between the two primary germ-layers,

But this immigration of cells may be interpreted as a process of
infolding of the primary germ-layers, as in the case of Amphioxus.
In the method of the infolding there exists, it is true, one very
striking and apparently important difference between Amphioxus
and the remaining Vertebrates. In Amphioxus the middle germ-
layer arises as a hollow sac, by means of the folding of the inner
germ-layer—in the remaining Vertebrates as a solid mass of cells.
This undeniable difference is, however, easily explained in the
following mamnner: In the solid fundaments of the middle germ-
layer a cavity is wanting, becanse the cellular walls of the sac are
from the beginning firmly pressed together, in consequence of the
yolk-mass which fills the celenteron. In addition to other striking
agreements with the conditions in Amphioxus lanceolatus, there are
three points of viewwhich in particular commend this interpretation :—

(1) In all vertebrated animals there early arises in the middle
germ-layer a fissure, which is surrounded by cells, often cubical or
cylindrical, having an epithelial arrangement. The parietal and
visceral layers then take the form of epithelial lamelle, as 1s to be
seen in an especially striking manner in the case of the Selachii at
a very early stage of development, (2) From these epithelial layers
there arise in the adult genuine epithelial membranes, like the
ciliated peritoneal epithelium of many Vertebrates, and, in addition,
glands that in many respects resemble the glands derived from
epithelial membranes [of the other germ-layers] (kidney, testis,
ovary). (3) The objection that the middle germ-layer of Verte-
brates arises as a single cell-mass, and therefore canmot be equi-
valent to two layers of epithelium, loses its weight with every one
who knows the numerous analogous phenomena of development
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oceurring elsewhere, in which organs that should be hollow are at
first developed as solid masses of cells. We shall hereafter cite as
such the solid fundament of the neural tube in Bony Fishes, many
sensory organs and the most of the glandular sacs, which latter
arise as solid buds of epithelial lamelle, and only later, when they
become functionally active, acquire a cavity by the separation of
their cells.

SUMMARY.
A, The blastula.

1. Out of the mass of cleavage-cells (morula) there is developed
in all Vertebrates a sac-like germ (blastula) with cleavage-cavity,

2. There are four different kinds of blastule in Vertebrates,
according to the amount and distribution of yolk.

(@) In Amphioxus the cleavage-cavity is very large, and its
wall consists of a single layer of eylindrical cells of
nearly uniform size.

(b) In Cyclostomes and Amphibia the cleavage-cavity is small :
one half of the wall of the blastula is thin, and composed
of one or several layers of small cells ; the other half is
considerably thickened, and formed of large yolk-cells
arranged in many superposed layers.

(¢) In Fishes, Reptiles, and Birds (meroblastic eggs) the
cleavage-cavity is small and fissure-like or wanting.
Only its roof or dorsal wall consists of cells (germ-disc) ;
its floor or ventral wall, on the contrary, consists of the
yolk-mass which has not been divided into cells, but
which contains yolk-nuclei in the vicinity of the margin
of the germ-dise.

(d) Tn Mammals the cleavage-cavity is very spacious, and filled
with an albuminous fluid ; its wall is composed of a single
layer of greatly flattened hexagonal cells, with the
exception of a small thickened place, where larger cells
in several superposed layers cause an elevation which
projects into the cavity. -

B. The cup-shaped larva or gastrula with two germ-layers.

1. There is formed out of the blastula, by the invagination of
a portion of its surface, a two-layered form, the beaker-larva or

gastrula.
9. The two layers of the double beaker are the outer and the
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inner germ-]ayﬂr (ectoblast, entoblast) ; the fissure separating the

two layers

is the obliterated cleavage-cavity; the cavity resulting

from the invagination is the ccelenteron, its external opening the
primitive mouth (blastopore, prostoma, crescentic groove, primitive

groove).

3. The four kinds of gastrule correspond to the four kinds of

blastulss.

(a) In Amphioxus the ccelenteron is wide, and each germ-

(6) In

(¢) In

(d) In

layer is made up of a single sheet of eylindrical cells.
Cyclostomes and Amphibia the mass of yolk-cells is
accumulated on the ventral wall of the celenteron in
the inner germ-layer, and causes a protuberance, by
means of which the ceelenteron is reduced to a fissure.
Fishes, Reptiles, and Birds the process of invagination
remains confined to the germ-dise, since the unsegmented
yolk, on account of its considerable volume, cannot be
made to share in the invagination. The germ-dise
becomes two-layered by means of an ingrowth of cells
at the crescentic groove (blastopore). The yolk acquires
a cellular boundary very slowly and at a late period;
it is overgrown by the margin of the germ-disc,
when the supplementary cleavage (yolk-nuclei) takes
place.

The outer germ-layer spreads itself out and envelops

the yolk most rapidly ; then follows the inner, and finally
the middle layer.
Mammals the inner germ-layer is developed from the
thickened region of the blastula, probably by means of
an invagination, because at a later stage an orifice of
invagination, comparable with the primitive groove of
Birds, or a blastopore, can be demonstrated. At the
beginning of its development the inner germ-layer
terminates below in a free margin, so that the celen-
teron is for a time closed in on the ventral side by the
outer germ-layer only, a peculiarity which is comparable
with the conditions in Reptiles and Birds, if we conceive
the yolk-material to have disappeared in this instance
before it is completely surrounded by the inner germ-
layer.

4, In Vertebrates the gastrula presents a sharply expressed
bilateral symmetry, so that one can easily distinguish the future
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head- and tail-ends, the future dorsal and ventral sides of the body.
The blastopore (crescentic groove, primitive groove) marks the
posterior end. The ventral side is characterised by being the place
where the segmented or unsegmented yolk-material comes to lie,

C. The embryo with four germ-layers and a body-cavity.

1. In all Vertebrates there are formed from the roof of the
eelenteron two lateral evaginations of the inner germ-layer, by
means of which the celenteron is divided into a median cavity, the
secondary intestine, and two lateral cavities, the two body-sacs.

2. The primary inner germ-layer is resolved in consequence of
this process of evagination into three parts :—

First, the epithelial lining of the intestinal tube (secondary
inner germ-layer—Darmdriisenblatt).

Secondly, the epithelial lining of the body-cavity, or the middle
germ-layer, in which a parietal and a visceral layer are
distinguishable.

Thirdly, the chorda, which takes its origin from the portion of
the primary inner germ-layer which lies between the
lateral evaginations from the roof of the cwlenteron.

3. Two modifications of the process of evagination can be recog-
nised in the case of Vertebrates.

(a) In Amphioxus the evaginations are small, numerous, and
segmentally arranged; provided from the first with a
cavity ; and, beginning in the fundus of the celenteron,
developed toward the blastopore.

(b) In the remaining Vertebrates, instead of hollow sacs, there
grow out from the inner germ-layer two solid masses of
cells :—

(1) In the vicinity of the blastopore (primitive groove,
peristomal mesoblast).

(2) From here forward along the roof of the ccelenteron,
at a slight distance from the median plane, at both
sides of the fundament of the chorda (gastral
mesoblast). :

The paired fundaments spread themselves out fro
their place of origin between the two primary germ-
layers farther forward and ventralward.

4, The three organs derived from the primary inner germ-layer
(middle germ-layer, fundament of the chorda, secondary inner germ-
layer) are separated from one another by constrictions,
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First, the body-sacs are detached from the fundament of the
chorda and the entoblast, whereupon the edges of the
parietal and visceral lamellm, thus set free, fuse with
each other,

Secondly, the fundament of the chorda is bent into a chordal
groove, and this is converted into a solid rod, which is
completely isolated from the entoblast.

Thirdly, the entoblast closes together into a tube with a dorsal
raphe.

9. The development of the three fundaments, as also that of

various other organs, begins at the head-end of the embryo, and
advances from here toward the blastopore, where for a long time a
continual formation of new parts and an increase in the longitudinal
growth of the body take place.
- 6. During the development of the middle germ-layer, the blasto-
pore of the Amphibians, Fishes, Reptiles, Birds, and Mammals has
been metamorphosed into a groove occupying the longitudinal axis
of the embryo (primitive groove of the higher Vertebrates).

7. The blastopore and the primitive groove in later stages of
development undergo degeneration, and are not converted into any
organ of the adult. (For the details of this, see Part I1.)

8. Before their disappearance the blastopore and primitive groove
are surrounded by the medullary folds and taken into the terminal
part of the neural tube, whereby a direct communication between
‘neural tube and intestinal tube—the neurenteric canal—is effected.
The two organs, which communicate with each other for a long time,
are later separated by its closure,

CHAPTER VII.
HISTORY OF THE GERM-LAYER THEORY.

 Tue fundamental facts of the sheet-like structure of the vertebrate
body, which have been treated of in the two preceding chapters, are
\epitomised as the doctrine of the germ-layers, or the germ-layer
| theory. Since this theory is of the most far-reaching significance
| for the comprehension of the evolution of form in animals, and ecan
' be placed side by side with the cell-theory as coéqual with the latter,
I devote a separate chapter to its history.
10
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The very earliest establishment of the germ-layer theory is asso-
ciated with the most celebrated names in the field of embryology :
(aspan Frieprice WorLrr, PaxpER, and CArrL ERNsT VON BAER.

(aspar Frigpricn WoLrr, the discoverer of the metamorphosis of
plants, who, even before Gorrre, had clearly and distinctly stated
that the various organs of the plant, as, for example, the separate
parts of the flower, have been developed by various modifications of
leaf-like fundaments, also established the metamorphosis of animals,
for which he endeavoured to found a similar law of development.

He showed in his important work on the formation of the
intestinal canal of the Chick, that it originally appeared in the egg
as a leaflike structure, and that this afterwards became folded into
a groove, and finally converted into a tube.

He conjectured that the remaining systems of organs might arise
in a similar way, and appended to the account of the development of
the intestinal canal the significant assertion : * It appears as though
at different periods, and many times in succession, various systems
might become formed after one and the same type, and as if they
might be on that account similar to one another, even though they
are in veality different, The system which is first produced, which
is first to take on a specific form, is the nervous system. ‘When
this is concluded, then the fleshy mass, which really makes up the
embryo, is formed after the same type; then appears a third, the
vascular system, which certainly . . . is not so unlike the first ones
{hat the form described as common to all systems could not be easily
recognised init. After this follows the fourth, the intestinal canal,
which, again, is formed after the same type, and appears as a com-
pleted independent whole, similar to the first three.”

WoLFE's article, written in Latin, made no impression on his
contemporaries ; it had to be rescued from oblivion by MECKEL,
_who published a German translation of it in 1812. It was probably
by means of this translation that the attention of PANDER was
divected to WorLrr. PANDER, under the stimulus and direction of
his celebrated teacher, DOLLINGER, further developed the doctrine,
the germ of which was contained in WOLFF's paper.

In his publication, * Beitrige zur Entwicklung des Hiihnehens
im Fi” issued in the year 1817, PANDER distinguished in the blasto-
derm, as early as the twelfth hour of incubation, two thin separable
lamellee as the serous layer and the mucous layer, and main-
tained that subsequently a third, the vascular layer, was developed
between them. * Whatever noteworthy may subsequently occur,”
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he remarks, it is never to be regarded as anything else than a
metamorphosis of the blastoderm and its layers, endowed as they arve
with an inexhaustible store of formative energy.” A few years
later the germ-layer theory reached at the hands of CArn ErNsT voN
BAEr a preliminary completion, which served for some time. voN
Bagr, likewise a pupil of DoLLINGER, had observed in Wiirzburg the
beginning of the investigations of his young friend, PaxpEr. In
laborious studies pursued for many years, Bagr followed with
wonderful accuracy the origin of the germ-layers and their meta-
morphosis into the individual organs of the adult body, principally in
the case of the Chick, but also in the case of some other Vertebrates,
and recorded his investigations in his elassical work, ¢ Ueber Entwick-
lungsgeschichte der Thiere, Beobachtung und Reflexion,” which is
unsurpassable both in observations and in its general standpoints.

Baer differs from PANDER in maintaining that each of the
two primary germ-layers, which he distinguishes as animal and
vegetative, subsequently divides into two sheets. The animal
germ-layer divides itself into dermal lamella and sarcous lamella
(Hautschicht, Fleischschicht), the vegetative into mucous lamella
and vascular lamella, so that now four secondary germ-layers have
arisen. The individual organs are developed out of the germ-layers
by morphological and histological differentiation.

A fturther advance beyond that of Baer could not be attained
until, with the establishment of the cell-theory, entirely new points
of view were introduced into merphology and, with improved con-
struction in inicroscopes, methods of investigation were refined.
It is chiefly Remak and Konuiker who have promoted the germ-
layer theory in this direction.

Rexax took in hand suceessfully in his noted investigations on
the development of Vertebrates the very important question, how
the originally similar cells of the germ-layers are related to the
tissues of the completed organs. He showed that out of the lowest
of the four germ-layers there proceed only the epithelial and glan-
dular cells of the intestinal tube and its appendages, that from the
uppermost layer the epithelial cells of the epidermis, the sensory
organs, and the nervous tissue arise, whereas the two middle layeis
furnish the mechanically sustentative substances and the blood, the
muscular tissue, and the urinary and sexual organs,

In regard to the manner in which the four secondary germ-layers
arise, REmak differs from Baer. Out of the two primary germ-
layers he first makes a third one, the middle germ-layer, arvise, and

e e N S . e i . S
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indeed he derives it exclusively from the lower germ-ayer by a
process of fission, He designates the three layers as the upper or
sensorial, the middle or motor-germinative, and the lower or trophic.
The four secondary germ-layers of von Bakr come into existence
subsequently by a repetition of the fission, whereby the middle germ-
layer is split, at least in its lateral portions (lateral plates), into the
dermo-fibrous layer and the intestino-fibrous layer (Hautfaser- und
Darmfaserblatt), between which arise the thoracic and body-cavities.

Remax in his account approximates the true state of affairs, as
detailed in the preceding chapters, more nearly than voN BAER;
however, both made the same mistake of interpreting the formation
of the germ-layers as always a process of disassociation or fission,
That is also the rock on which were wrecked the researches of numer-
ous other investigators, who in the decennary succeeding REMAK
dealt with the important question of the origin of the germ-layers.
Tt was difficult to decide this question for the higher Vertebrates,
which have been most frequently investigated ; so that very contra-
dictory opinions were expressed relative to the development of the
middle layer—whether it was exclusively from the lower (REMAK),
exclusively from the upper, or from both layers. :

This question could be clearly understood only upon the establish-
ment of new general standpoints. These could be acquired only by
the comparative method, and by the study of lower Vertebrates and,
the Invertebrates.

Two fundamental processes needed to be better comprehended :—

(1) How are the two primary germ-layers developed

(2) How are the two middle germ-layers developed ?

By means of the comparative developmental method, one question
has been brought nearver to a solution in the gastrea-theory, the ather
in the coelom-theory.

TIn the study of the first problem, which was the earlier solved,
Huxtey and KowarevskY, Haecken and Ray LANKESTER, have
shown especial merit. They demonstrated, partly through anato-
mical, partly through embryological studies, that, with the exception
of the Protozoa, the body of every invertebrated animal is constructed
of layers, which may be compaved with the primary germ-layers of
Vertebrates.

The highly gifted English zotlogist Huxuey distinguished as early
as the year 1849 two membranes in the Medusse, an outer and an
inner layer, out of which alone their bodies are constructed ; and at
the same time expressed the happy idea that physiclogically they
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were equivalent to the serous and the mucous layers of Bakr.
Soon after this (1853) Aruman introduced for the layers of the
Cicelenterates the names, which are now so much employed, ectoderm
and entoderm ; subsequently use was also made of these for designat-
ing the embryonic layers.

The germ-layer theory was promoted to a still greater degree by
the Russian zoologist KowaLevsky, who made us acquainted in
numerous excellent detailed investigations with a profusion of
important facts concerning the embryology of Worms, Celenterates,
Molluses, Brachiopods, Tunicates, and Arthropods. He produced
evidence that in all the Invertebrates which he investigated two
germ-layers are formed at the beginning of development, and that
in almost all cases, when the process of cleavage is at an end, a
eellular sac arises, and that this, by the infolding of a part of the
wall, becomes converted into a double cup, the cavity of which,
enclosed by two germ-layers, communicates with the outside by
means of an opening. He suceeeded in establishing the existence
of this very important cup-shaped larva (gastrula)in many branches
of the animal kingdom,

In this connection should be mentioned the services of several
other embryologists, who at a still earlier period had observed in
isolated cases the eup-shaped larva and dts origin by means of
invagination. RuscoNt and REmA had described the cup-shaped
larva of Amphibia, GEGENBAUR that of the Sagittee or arrow-worms,
Max Scrvrrze that of Petromyzon.

Whereas KowarEvsiy by his series of investigations enrviched our
knowledge of material facts, Harcken first sought to utilise the
same for a general theory, since by the process of morphological
comparison he bronght into association hitherto disconnected obser-
vations, Starting from the development and the anatomy of the
Sponges, he compared the layer-like structure of the embryos of all
animals with the layer-like structure of the Ceelenterates, and pro-
duced as the fruit of this study the celebrated gastrea-theory, which,
attacked on many sides at the time of its publication, has now
found in its essential substance general acceptance, and has given
the impetus to numerous investigations. Haroxgn showed that in
the development of the various classes of animals from the Sponges up
to Man a single form of the germ makes its appearance, the gastrula,
which consists of two cell-layers, and that the two cell-layers of
the various embryonic forms are comparable to one another or
homologous. The gastrula in its simplest condition presents, as
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he endeavored to establish, the form of a double cup with a
celenteric cavity and a primitive mouth, but may be greatly
altered, as in the most of the Vertebrates, by the deposition of
yolk-material in the egg, so that the original fundamental form is
scarcely recognisable, Consequently he distinguished, according to
the kind of modification, different forms of the gastrula, as bell-
shaped, cap-shaped, disc-shaped, and vesicular gastrule. He made
the various forms arise by a process of invagination from a still
simpler fundamental form, the blastule, which is the final result of
the cleavage process.* :

HaeckEeL published his excellent gastrea-theory in two articles in
the Jenaische Zeitschrift: (1) “ Die Gastrmatheorie, die phylogenetische
Classification des Thierreichs, und die Homologie der Keimblitter,”
(2) “ Nachtriige zur Gastreatheorie.”

At the same time with HAgckEeL, RAy LANKESTER in England was
led to a similar theory, which he had worked out in a paper full of
new ideas : “ On the Primitive Cell-layers of the Embryo as the Basis
of Genealogical Classification of Animals.”

Both Harckern and LaxkesTer failed to point out how the forma-
tion of the gastrula takes place in some of the divisions of Verte-
brates—in Fishes, Reptiles, Birds, and Mammals. Essential service
in the establishment and explanation of numerous questions of detail,
which remained unsettled in the gastrea-theory, has been rendered
by BALFOUR, VAN BENEDEN, GERLACH, GOEITE, HorruaNN, KoLLER,
RavBer, RUuckenrt, SELENEA, DuvArn, and others.

Thus through HarckEL's gastrea-theory the following points were
gradually cleared up : (1) The two primary germ-layers, which form
the foundation for the development of both Invertebrates and

* Tt should be here stated that even OKEN and C. ERNsT v. BAER had
set forth, althongh in a very indefinite manner, the importance of the vesicular
form for the development of the animal body. OKEN was an opponent of the
germ-layer theory of WoLFF. In a criticism of PANDER'S investigations he
exclaimed with emphasis and a certain justice: * The facts cannot be so. The
body arises out of vesicles and never out of layers,” and he added the very
pertinent remark : * It appears to me as if it had been entirely forgotten that
the yolk and the yolk-membrane, which is a vesicle, belong essentially to the
Body of the germ; that the embryo does not swim upon it like a fish in the
water, nor lie upon it like a funnel on a cask.”

In a similar manner BAER remarks, but without further expounding the
relation to the germ-layers : * Since the germ is the undeveloped animal itself,
one can affirm, not without reason, that the simple vesicular form is the
common fundamental form, out of which all animals are developed, not only

ideally, but historically.”
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Vertebrates, arise, not through disassociation or fission, but through
infolding of an originally simple cell-layer.® (2) These are com-
parable with one another or homologous, because they are developed
according to the same process, and because the two fundamental
organs of the body, the layer which limits the body externally
(the ectoderm) and the layer which lines the digestive cavity (the
entoderm), arise from them. (3) The intestinal canal of all animals
arises by invagination,

In the question as to the development of the middle germ-layer
HArckEeL remained at the traditional standpoint, and inelined most
to C. B. vox Barr's view that the parietal lamella arose by fission
from the outer primary layer, and the visceral lamella from the
inner germ-layer, Most embryologists, who worked on the develop-
ment of Vertebrates, entertained, on the contrary, REMAK'S view,
and made the whole middle germ-layer arise from the inner
by fission.

They regarded the body-cavity as a fissure in the middle germ-
layer, and compared it with other lymphatic spaces, such as occur in
the connective tissue at various places in the body.

The correction of this view was undertaken by various persons
in the same manner as in the case of the primary germ-layers. By
detailed study of the formation of the germ-layers in the Chick
and Mammals, Koruiker found that the middle germ-layer did not
simply split itself off from the inner, but thatit avose from a limited
region of the blastoderm, namely, from the primitive groove, where
the two primary germ-layers arve continuouns. He maintained that
from this region it grew out between the two primary germ-layers
as a solid cell-mass, and that subsequently the body-cavity appeared
in it by means of its fission into two layers. This was an essential
advance in the representation of the actual state of affairs.

But a deeper insight into these embryonie processes in Vertebrates
was first acquired in this case also through the study of Invertebrates,
especially through the important discoveries of METSCHNIKOFF and
KoWALEVSKY concerning the formation of the body-cavity in Echino-
derms, Balanoglossus, Chmtognathi, Brachiopods, and Amphioxus.
The former found that in the larve of Echinoderms and in Tornaria,
the larva of Balanoglossus, the walls of the body-cavity are formed
from evaginations of the intestinal canal. But a still greater sensation

* It is still affirmed by several anthors for certain Invertebrates that the
inner germ-layer develops, not by infolding, but by a splitting off or delamina-
tion from the outer germ-layer,
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was created when Kowarevsky in 1871 published his ¢ Embryology of
magitta,” and showed how the cclenteron of the gastrula was divided
by two folds into three cavities,—into the secondary intestinal eavity
and into the body-cavities : this discovery was afterwards fully con-
firmed by the investigations of Bimscurr and the author. After a
short: interval, KowALEVSKY'S account of the development of Bagitta
was followed by his work on Brachiopods, in which he again enriched
science with the new and important fact, that in this class also the
body-cavity was formed in the same way as in the case of the
Chetognaths. This was followed by his fundamental work on
Amphioxus.

Through the important discoveries made on Invertebrates, HuxLEy,
LaxkEsTER, BALFOUR, my brother and I were stimulated to
theoretical speculations concerning the origin of the body-cavity
and the middle germ-layer in the animal kingdom.

Huxrey distinguished three kinds of body-cavity aceording to their
origin: (1) an enferoowl, which arises as in Sagitta, ete., from evagi-
nations of the cwmlenteron ; (2) a sehizocwl, which is developed by
means of fission in a mesodermal connective substance lying between.
the integument and the intestine ; (3) an epicel, which is formed by
an invagination of the surface of the body like the perithoracic
space of the Tunicates. The last kind, Huxtey thinks, may perhaps
correspond to the pleuroperitoneal cavities of the Vertebrates.

LaNkesTER makes Huxury's paper his starting-point. He gives
preference to the hypothesis of the common origin of the body-
cavity in all animals until decisive proof of diverse origins is
produced ; and, in fact, he makes the schizocwl arise out of the
enteroccel in the following manner. Evaginations of the ceelenteron
have lost their lumen, and therefore are begun as solid cell-masses,
which only subsequently acquire a cavity., While LANKESTER in
this, as well as in a second publication, overlooks existing differences
in his effort to reduce everything to a single scheme, BarLrour in
various essays takes more fully into account in his speculations the
actual condition of affairs; he also limits himself chiefly to the
explanation of the conditions in Vertebrates. In investigating the
development of Selachians, he made the important discovery that
the middle germ-layer arises from the lateral margins of the primi-
tive mouth, and at first consists of two separate masses of cells,
which grow out forwards and laterally into the space between the
two primary germ-layers. Since in each cell-mass a separate cavity
spon makes its appearance, he designates the hnd;,r—mvity as from the
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beginning a paired structure, and compares it to the body-sacs
which are developed in Invertebrates by evagination from the
cwlenteron. Barnrour justly alleges that the originally solid con-
dition of the two fundaments can have no weight against his inter-
pretation, since in numerous instances organs which ought properly
to contain cavities are developed solid, and subsequently become
hollow, as, for example, in many Echinoderms one encounters solid
cell-masses in place of hollow evaginations of the celenteron.

Led by theoretical considerations similar to those of the English
morphologists, my brother and I, by a thorough comparison of de-
velopmental and anatomical conditions, and with due regard to the
morphological and histological struecture of organisms, then en-
deavored to bring to a solution this question of the day,—the question
of the development of the body-cavity and the middle germ-layers,—
by systematic investigations (published in “ Studien zur Bliitter-
theorie ”), which extended over Invertebrates and Vertebrates,
The results of these series of investigations were published in two
articles: (1) in the * Ceelomtheorie, Versuch einer Erklirung des
mittleren Keimblattes,” and (2) in the “ Entwicklung des mittleren
Keimblattes der Wirbelthiere,”

In the first paper, in order to prepare the way, we were compelled to
give the term germ-layer a more precise definition. We designated
as such a layer of embryonic cells which are arranged like an
epithelivin and serve for the limitation of the surfaces of the body.
At the close of segmentation there is only one germ-layer present ;
namely, the epithelium of the blastuln.. The remaining germ-layers
arise from it by the processes of invagination and evagination. The
inner germ-layer is formed by means of gastrulation, the two middle
germ-layers by the formation of the body-cavities, in that two body-sacs
are evaginated from the celenteron, and grow out between and separate
the two primary germ-layers. There are, in the first place, animals
which are formed of two germ-layers, and possess in their bodies only
one cavity, a celenteron, produced by invagination (Ceelenterata
and ' Pseudoceelia), and, secondly, animals with four germJayers, a
secondary intestine,'and a body-cavity derived from the colenteron—
an enteroceel. To the two-layered animals belong the Ce:lenterates
and the Pseudocels, but all four-layered animals are Enterocels.

From this standpoint we endeavored to prove that hitherto there
had been confused under the conception “middle germ-layer” two

thil}gﬁ which are genetically, morphologically, and histologically
entu-ﬁl_y different,
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Besides the cell-layers which arose by invagination there had been
assigned to the middle germ-layer cells which detach themselves
individually from the primary germ-layers, and give rise between
the epithelial layers of the body to the sustentative substances, and
also to the blood, when such exists, Embryonie cells of that kind,
which are formed by emigration into the space surrounded by
the germ-layers, we named the mesenchymatic germ, and the tissue
produced from them mesenchyme. This occurs as well in two-
layered as in four-layered animals, In our opinion a sharp distinction
must be made between the formation of germ-layers, which is
correlated with the morphological differentiation of the body, and
the formation of mesenchyme,—which will especially engage our
attention in one of the next chapters,—if clearness and a uniform
principle are to be introduced into the whole germ-layer theory.

In the second article it was our aim to show that in the Vertebrates
a middle germ-layer is developed by infolding. For that purpose
the development of Amphibia, Fishes, Reptiles, Birds, and Mammals
was compared with the development of Amphioxus, and thus was
acquired the foundation upon which is based the account of the
development of the middle germ-layer given in the preceding chapter.

After the publication of these two papers, there appeared numerous
articles by vay BENEDEN, Duvan, Heare, HOFFMANN, KULLIKER,
KoLLMANYN, RaBL, RUckenrr, STRAHL, WALDEYER, and others, through
which valuable facts concerning the development of the middle germ-
layer in the different classes of Vertebrates have been made known.
In some of these the chief pointsof view of the ccelom-theory were in
general recognised as correct, attempts were made to modify details,
but especially was the question of the formation of the mesenchyme
of the Vertebrates actively discussed.

The mechanieal principle of the process of development, by means of
which the germ-layers are formed, and out of these the separate organs,
is appreciated in its full significance by only a few, and in text-books

_particularly has not been adequately presented.

Among the founders of the germ-layer theory, PANDER best com-
prehended this principle. The blastoderm,” he says in one place,
« forms, exclusively through the simple process of folding, the body
and the viscera of the animal. A delicate thread attaches itself as
the spinal cord to it, and scarcely has this taken place, when the -
blastoderm sends the first folds, which themselves necessarily designate
the position of the spinal cord, as an envelope over the exquisite fila-
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ment, thus forming the first foundation of the body. Hereupon it
produces new folds, which, in contradistinetion to the first, give shape
to the abdominal and thoracic cavities, together with their contents.
And for the third time it sends out folds to envelop in suitable
membranes the fetus, which is formed out of it and by means of it.
Therefore it need not surprise any one if, in the course of our
narration, so mueh is said about folds and envelopes.” And in
order to avoid misunderstandings he adds in another place the
important statement that * wherever anything is said about the
folds of the skin, one is not to imagine a lifeless membrane, whose
mechanically produced folds would necessarily spread themselves over
the whole surface, without allowing themselves to be limited to a
definite space. The folds which cause the metamorphosis of the skin
are rather themselves of organie origin, and are produced at the
appropriate place, either through increase in the size of the spherules
already present there, or through an accession of new spherules,
without the remaining part of the blastoderm being thereby altered.”

PANDER's successors have expressed themselves concerning the
mechanism of foldings much less elearly ; the most of them, indeed,
not at all.  The whole doctrine was in fact condemned by RupoLri
WAGNER as positively erroneous. ‘It will oceur to no one,” he says
in his “Lehrbuch der Physiologie,” “to imagine the three germ-
layers to be like the leaves of a book. No one will entertain the
mechanical conception that the embryo arose by a folding process of
these three layers.”

After PANpER, Lorze was the next to be occupied with the
“ Mechanik der Gestaltbildung,” as has been pointed out by RAUBER
in a meritorious history of this topic. He designates “unequal
growth " or “unequal vegetation” as the cause of the changes of
place, which in part only appear to be shiftings, out-pocketings,
invaginations, or extensions, but in part are actually such, being
brought about in this way by mechanical traction and pressure.

In very recent times His has prosecuted the study of embryology
from the mechanico-physiological standpoint more intensely than all
his predecessors, and has also particularly emphasised the signifi-
cance of the process of folding for the formation of the body. The
two principal writings of His in this eonnection are: “ Unter-
suchungen iiber die erste Anlage des Wirbelthierleibes” (1868),
and “ Unsere Kirperform und das physiologische Problem ihrer
Entstehung " (1874). While I refer for details to the original papers,
I remark that, notwithstanding manifold agreements, I cannot
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in important points assent to His's view. When, for example,
His (1874, p. 50) seeks to reduce the mechanics of form to the
simple problem of the form-changes in an unequally stretched
elastic plate, in my opinion he overlooks the fact that a plate com-
posed of cells, even if it possess elastic properties, is, nevertheless, a
much more complicated structure, and that the processes of folding
and evagination are primarily produced by the energy of the
growth of special groups of cells, and are therefore not to be com-
pared with the bendings and stretchings of elastic plates. As
PaxpErR has already emphatically stated, one is not to imagine in
the folding processes a lifeless membrane, but rather the folds are
themselves of organic derivation, called forth at the proper place by
a cell-multiplication at that place. For this reason, too, HAECKEL
in his polemic, * Ziele und Wege der heutigen Entwicklungs-
geschichte,” has attacked this method of treating embryology,
introduced by His, :

That the morphological differentiation of the animal body primarily
rests upon a process of folding of epithelial lamellse, my brother and
T have endeavored, by means of an abundant series of observations,
to demonstrate in a still more exhaustive manner than our pre-
decessors. In our “ Studien zur Blittertheorie” we have, in the first
place, directed attention to the Celenterates as the animal organisms
in which the principle of the formation of folds is most clearly
shown throughout the whole organisation, even into details; and,
secondly, we have endeavored to establish for Vertebrates that
organs like the body-cavity, chorda, and primitive segments, which
it was claimed arose by a separating and splitting of cell-layers,
likewise come into existence through the typieal process of foldings
and constriction.

Finally we have endeavored to point out a physiological cause
for the unequal growth of a cell-membrane, and have found such in
the Cwlenterates in the unlike functional activity of its various
regions. Parts of a membrane will grow more rapidly and must
become infolded, when in consequence of their position they arve
called upon to accomplish more than neighboring regions.

Tn concluding this historical sketch attention should be called to
the fact that . E. vox BAer, in the general discussion of embryo-
logical processes, was the first to distinguish clearly between the
events of morphological differentintion, which take place in the
beginning of development, and those of physiological differentintion,
which oceur later,
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CHAPTER VIIL
DEVELOPMENT OF THE PRIMITIVE SEGMENTS.

,TaeE more one pursues the development of Vertebrates into later

stages, the more numerous become the changes which simultaneously

appear in the different regions of the embryonic body. We cannot

here undertake to describe step by step the processes which ave

simultaneously accomplished, for by that method the presentation
11
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would become fragmentary and the comprehension of the separate
processes would be made more difficult ; but it is necessary, in the
interest of a didactic method, to select from all the manifold pheno-
mena a single process of the development, and to follow it up until
it has come to a preliminary termination,

After the formation of the middle germ-layer two important
processes take place in the embryonic fundament. One process
leads to a division of the middle germ-layers into the two lateral

Fig, 108, —Amphioxus embryo with five pairs of primitive segments in optical section, after
HATSOHER.

A Seen from the side. B Seen from the dorsum,

In figure B are indicated the openings of the cavities of the primitive segments into the
intestinal cavity, which can be seen by deeper focussing. ¥, -Anterior, H, posterior end ;
ak, outer, ik, inner, mk, middle germ-layer; dh, intestinal cavity; =, nemral tube;
en, neurenteric canal; ws', first primitive segment ; ush, cavity df primitive segment;
e, coxlenteron.,

plates and into two series of cuboidal bodies, which are situated at
the right and the left of the chorda, and which, under an erroneous
interpretation, were formerly called protovertebree, but for which one
should now substitute exclusively the more accurate name primitive
segments [mesoblastic somites]. The other process, which oceurs at
about the same time, at least in the case of the higher Vertebrates,
leads to the origin of those cells from which the sustentative sub-
stances and the blood of Vertebrates ave derived. .
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In this chapter we shall take into consideration the formation of
the primitive segments first in the eggs of Amphioxus and the
Amphibians, and then in those of Fishes, Birds, and Mammals.

In Amphioxus the formation of the priu;lit.ive segments is more
nearly simultaneous with the development of the middle germ-
layer than in the remaining Vertebrates. As soon as the two
ceelomic sacs begin to grow out from the eelenteron at the front end
of the embryo, there begins a division of them into two rows of
small sacs lying one behind the other (fig. 103 4, B, us), and this
division proceeds from in front backwards. Here again we have
to do with a process of folding, which
repeats itself many times in the same
manner.

The wall of the groove-like ewlomic
evagination, composed of eylindrieal
cells, becomes, at a little distance from L A
its head-end, folded transversely to the dh _ER
longitudinal axis of the embryo; this
fold grows from above and from the
side downwards into the body-cavity ;
in the same manner a second t?zu::s— FI&;E;UE:LT;TMTpﬂﬂ:
verse fold is soon formed on either embryo with 11 primitive segments,
side of the body at a little distance  “fter H""',‘i“,'“' et
behind the first; behind the second “‘;ﬁiﬁ?ﬁlié’f“i’s’m Taaily of
a third, a fourth, and so on, at the  the middle germ.ayer; us, primi-

tive segment ; n, nenral tube; o,
same rate as that at which the em- chorda ; [k, body-cavity ; dh, intes-
bryonal body elongates and the fun-  tinalcavity.
dament of the middle germ - layer
increases by the progress of the evagination toward the blasto-
pore. -

In the embryo represented in fig, 103 five sacs may be counted on
either side of the body. The evagination is taking place at the
region marked mk ; it advances still farther toward the blastopore
and gives rise to a considerable series of primitive segments, the
number of which in a larva only twenty-four hours old has already
increased to about seventeen pairs. The primitive segments exhibit
at first an opening, by means of which their cavities (ush) are in
communication with the intestinal cavity, But these openings soon
begin to be closed in succession, by their margins growing toward
each other and then coalescing; this takes placein the same sequence
as that in which the detachment of the parts takes place, from before
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backwards, At the same time the primitive segments (fig. 104)
gradually spread out both dorsally and ventrally, while their cells
inerease in number and become altered in form. They grow upward
more and more at the side of the neural tube, which has meanwhile
detached itself completely from its matrix, the outer germ-layer.

el
ak

k!
1

k!

ik

mk®

Fig. 106—Two cross sections through a Triton embryo. )

A, Cross section through the region of the trunk in which the neural tube is not yet closed an
the primitive segmenta bogin to be constricted off from the lateral plates.

B, Cross section through the region of the tmnk in which the neural tube is closed and the
primitive segments have been formed.

myf, Medullary folds ; mp, medullary plate ; m, neural tube; ck, chorda ; al, outer, ik, inner
germ-layer ; mk', parietal, mi*, viscernl middle Inyer ; dk, intestinal cavity ; lh, body-cavity
ush, cavity of primitive segment ; dz, yolk-vells,

Toward the ventral side they insert themselves between the secondary
intestine and the outer germ-layer.

Finally, it might be further mentioned here that at a still later
stage, as is to be seen on the right side of fig. 104, the dorsal portions
of the primitive segment are constrieted off from the ventral. The
former lose their lumina and furnish the transversely striped




DEVELOPMENT OF THE PRIMITIVE SEGMENTS. 165

musculature of the body, but from the cavities of the latter originates
the real unsegmented body-cavity, since the partitions which at
first separate them become thinner, break through, and finally
disappear.

Similar processes take place in a somewhat modified manner in the
case of the remaining Vertebrates.

In the Tritons the middle germ-layer (fig. 105 4) becomes
thickened on both sides of the chorda (cA) and of the fundament of
the central nervous system (n), which is not yet closed into a tube,
and at the same time there appears a cavity (ush) in its thickened
part, caused by the separation of the visceral and parietal lamelle.
The thickening is not produced by an increase in the number
of the layers of cells, but simply by the fact that the cells
increase in height and grow out into long cylinders, which are
arranged around the cavity like an epithelinm. We distinguish
these thickened parts of the middle germ-layer, which lie on either
side of the chorda and the nervous system, as the primitive-segment
plates, from the lateral parts, or the lateral plates. In the territory
of the latter the cells are lower, and ordinarily there is no distinetly
marked cavity between visceral and parietal layer.

Whereas in Amphioxus the process of forming somites extends
itself over the whole of the middie germ-layer, in the case of the
Amphibians, and likewise all the re-
maining Vertebrates, it affects only
the part which is next to the chorda
and the neural tube, leaving the lateral
plates, on the contrary, untouched.
The segmentation begins at the head-
end, and proceeds slowly toward the
blastopore ; it is accomplished by fold-
ing and constricting off. The epithelial
lamella next to the neural tube and  Fig. 106 -Frontal section through
the chorda, being composed of cylin- Tf:i'ihﬂf“rﬂ;"&e:ih;';deﬂ;{;ﬁ'ﬂf
drical cells, is raised up into small ments, :
transverse folds, which, separated from " 1?::::1;'3:“ :;.:'J;:;h“}:i;
each other by intervals of uniform size, with their cavities (ush).
grow into the cavity of the primitive-
segment plate, and give rise to small sacs lying one behind the other
(fig. 106).

Soon afterwards each little sac is constricted off from the lateral
plates (fig. 105 4 and B). Consequently one now meets, both in
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transverse and frontal sections at the right and left of chorda
and neural tube, cubical sacs the walls of which are formed of
cylindrical cells ; these sacs are everywhere surrounded by a fissure-
like space, and they enclose a small cavity (the primitive-segment
cavity), which is a derivative of the body-cavity. From the front
layer of the fold is produced the posterior wall of the newly formed
segment, from its posterior layer the front wall of the remnant of
the primitive-segment plate, or of the sac which is next to be con-
stricted off,

Of the Vertebrates which are developed out of meroblastic eggs, the
Selachians appear to exhibit most clearly the original mode of the
formation of primitive segments. A distinct body-cavity is formed on
either side of the trunk by the separation of the parietal and visceral
lamelle of the middle germ-layer (fig. 110). The dorsal portion of
the cavity, which flanks the neural tube, acquires thickened walls
(mp), and corresponds to the part previously designated as the
primitive-segment. plate, which at the same time with the appear-
ance of the body-cavity begins to he divided into primitive segments.
In the anterior part of the body a series of transverse lines of
* sepavation become visible (fig. 195 mp'), the number of which is
continually increased toward the hind end of the body. For a
long time the cavities of the primitive segments, which are sepa-
vated from one another by these transverse furrows, remain in
communication ventrally with the commen body-cavity by means
of narrow openings. One may therefore describe this state of
affairs by saying that the body-cavity is provided toward the back
of the embryo with a series of small sac-like evaginations, which lie
close together one after the other. Afterwards the primitive seg-
ments are entirely constricted off from the body-cavity, and then
their thickened walls come into close contact, and thus cause the
disappearance of the cavities of the segments (fig. 111 mp).

Whereas in the Selachians it is still evident that the formation of
the primitive segments depends upon folding and constricting off, the
process is obseured even to obliteration in the case of Reptiles, Birds,
and Mammals; this 1s referable simply to the fact that the two
lamellee of the middle germ-layer remain for a long time firmly
pressed together, only subsequently beginning to separate, and that
they are composed of several layers of small cells. 7%e process of
‘olding and constricting off appears here as a splitting up of a solid
cell-plate into small cubical blocks.

The part of the middle germ-layer that is next to the chorda and
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neural tube appears in a Cross section of a Chick embryo (fig. 107)
as a compact mass (Pv) consisting of many superposed small cells,
which, as far as it is not divided up into separate blocks, is designated
as primitive-segment plate
or protovertebral plate. In
fig. 107 it is still connected
at the side by means of a
thin isthmus of cells with
the lateral plates, in whose
territory the middle germ-
layers ave thinner and sepa-
rated from each other by a
fissure.

In observing the blasto-
germ from the surface the
region of the primitive-seg-
ment plates, as is to be seen
in the posterior part of a
nine-days-old Rabbit embryo
(fig. 108), appears darker than
the region of thelateral plate;
so that the two are dis-

ral plate, whica
: up, body-cavity (pleurcoperitoneal
ap, aorta ; v, blood-vessel; TFd, Woltlian duet.

Jayer partially separated into the primitive segment (Pr) and the later
somntopleure ; Sp, splauclhinopleurs

Fig. 107.—Cross section through’the dorsal region of an embryjo Chick of 45 hours, after BALFOUR,

fs3 g
=
tinguished from each other ; s : gé
one is stem-zone (siz), the S
other parietal zone (pz). ] SE3
The development of the s & ? E
primitive segments is ob- RaE=s HeSy
servable in the Chick at the S 832%
beginning of the second day b/ g’; i E 2 ;::f":
of ineubation, in the Rabbit o S
at about the eighth day. 1383
Clear transverse streaks ap- E ]
pear in the stem-zone at g é EA
some distance from the primi- R
tive streak, about in the g =5

middle of the embryonic

fundament, both on the right and the left of the chorda and neural
tube (fig. 108). They correspond to transverse fissures, by means
of which the primitive-segment plates arve divided into the small
and solid cubical primitive segments (uw). In the nine-days-old
Rabbit embryo represented in fig. 108 these plates are resolved in
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front into eight pairs of primitive segments (uw), whereas in the
hind end of the embryonic area they still have the form of a con-

o o

Fig, 108. —Habbit embryo of the ninth day, seen
from the dorsal side, after KéLuiker, Magnitied
21 diamaters,

The stem-zone (siz) and the parietal zone (pz) are
to Le dietinguished. Iun the former 8 pairs of
primitive segments have beon established at the
gide of the chorda and nenral tube.

ap, Avea pellucida ; 2, medullavy groove; oh, fore
brain ; ab, eye-vesicle ; mh, mid brain ; A%, hind
brain ; e, primitive segment ; stz, stem-zone ;
pz, parietal zone; k, heart ; ph, pericardial port
of the bady-cavity ; +d, marginof the entrance to
the head-gut (vordere Darmpforte), seen through
the overlying structures; af, amniotic fold ; vo,
vena omphalomesenterica. 3

tinuous mass of cells, the
stem-zone (stz), which in sur-
face-views appears darker
than its surroundings,

In a somewhat more ad-
vanced stage the primitive
segment, which probably se-
cretes at the same time fluid,
develops in its interior, as
in the case of the Amphibia
and Selachii, a cavity, around
which the cells group them-
selves in a radial manner.
This cavity, too, is at first in
communication laterally with
the fissure of the body-cavity,
until the primitive segment
has been fully constricted
off.

In Vertebrates, besides the
trunk-region, a part of the
head-region of the embryo is
also affected by this process
of segmentation which we
have been considering. We
must therefore speak in the
one case of head-segments,
and in the other of trunk-
segments. Up to the present
time the number and condi-
tionof the head-segments have
been made out (by BALFoUR,
Mityes MarsgaLL, and VAN
Wirae) most accurately for
the Selachians. In this in-

stance there are nine pairs of hollow head-segments. Tn the higher
Vertebrates such segments, although fewer in number, have also
been described ; however, the less sharply differentiated structures
of the latter demand still further investigation,
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But, in ‘any event, the accurate study of the earliest embryonic
segmentation of the body into a large number of metameres yields
this result of the highest importance for the general morphology of
the Vertebrate body, that the head not less than the trumk represents
a segmented portion of the body and has in no wise been produced

Jrom a single primitive segment.

SUMMARY.

1. In Vertebrates the middle germ-layers immediately after
their origin are differentiated into several fundaments by processes
of folding and constricting off.

9, The process of differentiation in the middle germ-layer exhibits
two modifications.

(¢) In Amphioxus the middle germ-layers are, at the time of
their first appearance, completely separated into primitive
segments lying one behind the other.

It is only later that each primitive segment is divided into a
dorsal portion (the real primitive segment) and a ventral
portion,

The dorsal portion, or primitive segment proper, furnishes the
transversely striped museulature of the trunk.

The ventral segments form the body-cavity, which i1s at first
segmented, but afterwards with the disappearance of the
partitions becomes a single cavity.

() In all other Vertebrates the fundaments of the middle
germ-layers are divided first into a dorsal and a ventral
region—into the primitive-segment plates and the lateral
plates.

"The lateral plate remains unsegmented. The body-cavity, which
becomes visible in it by separation of the parietal and
the visceral lamellee of the middle layer, is from the
beginning on each side of the body a single space.

The primitive-segment plate alone is divided into successive
primitive segments.

3. The segmentation of the middle germ-layers also extends over
the future head-region of the embryo. One therefore distingnishes—
(&) Head-segments, the number of which amounts to nine ;

(8) Trunk-segments, the number of which is constantly being
increased during the development of the posterior trunk-
region.
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CHAPTER IX.

DEVELOPMENYTD OF CONNECUIVE SUBSTANCE AND BLOOD.
(I'HE MESENCHYME-THEORY.)
Wirs the question of the origin of connective or mechanically sus-
tentative substance and blood we enter a very difficult field, the
enltivation of which has now been taken in hand successtully by many
persons. Here also we shall acquaint ourselves with a simple case
from the development of Invertebrates, before we begin with the
conditions in Vertebrates, which are more difficult to comprehend.
In Celenterates and Echinoderms there is developed between the
germ-layers, which are composed of epithelial cells, a sustentative

tissue. It consists of a homogeneous jelly, in which are scattered a

Fig. 109.—Two stages of development of Holothuria tubulosa, in optical section (after BELENHA),
from Banyor.
A, Blast I-|-|II'J o-stage at the end of clenvage.

B, Gostrmla-st

sy, Micropyle; o, chonon; s.¢, sermentation-cavity, in which gelatinous substance is carly
secreted as o pelatinous corve; O, blastodern  ep, onter, hy, inner germ-liyer;

amoeboid cells arising from the inner germ-layer; ., coelumteron (arohenteron ).

few isolated spheroidal or stellate cells, which are capable of changing
position by virtue of their ameboid motion. It is usually developed
very early ; in the Echinoderms, for example, as early as the blastula-
stage (fig. 109).

[nto the cavity of the blastula () a homogeneous soft substance, the
jelly-core (s.c), 18 secreted by the epithelial cells. Into this jelly 11;::1'-:.
micrate from the epithelium, and indeed from the particular region
which at the time of gastrulation is infolded (fig. 109 B) as the
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inner germ-layer (Ay), numerous cells (ms), which loose their epi-
thelial character, and send out processes in the manner of lymph-
corpuscles. They soon distribute themselves as migratory cells
everywhere in the jelly.

In the gastrula-stage and subsequently, the cell-containing jelly
hetween the outer and the inner germ-layers represents a third sheet,
which is distinguished from the latter histologically, and, according
to the definition previously given, cannot be designated as a middle
germ-layer ; for by that definition we understand the term to be
limited to a sheet of embryonie cells, having an epithelial arrange-
ment and bounding a surface. The jelly-like sheet is a product of
the germ-layers, which may be distinguished from them by the name
mesenchyme or intermediate layer (Zwischenblatt).

Once formed, the mesenchyme continues to grow as an independent
tissue, in that the cells which at first migrated into the jelly at a
definite stage of development, to which one may give the name
mesenchyme-germ, continue to increase uninterruptedly by means of
cell-division, In its growth it penetrates into all the interstices
which arise when the germ-layers, as happens in many Ceelenterates,
produce the most complicated structures by the formation of folds and
evaginations ; it furnishes everywhere a support for the epithelial
layers which repose upon it. At the same time some of the mesen-
chyme-cells can alter their original histological character as simple
trophie or nutritive cells of the intermediate substance. Thus here
and there they differentiate contractile substance at their surface,
and become, as is to be seen in Ctenophores and Echinoderms, smooth
muscle-cells, the ends terminating either in one fine point, or
dividing themselves into several processes, as is more frequently the
case with Invertebrates.

In Vertebrates also, atter the two primary germ-layers have arisen,
a process similar to that which we have just considered appears to
lead to the formation of connective tissue and blood, two tissues
which correspond morphologically and physiologically to the mesen-
chyme of Invertebrates.

In the first two editions of the “ Lehrbuch” I set forth that the
whole mesenchyme-question in the Vertebrates was still in a nascent
condition, that the account therefore presented nothing final, but
bore in many respects the character of the provisional. Since that
time an essential advance has been made in this field, Thanks to
the investigations of Harscnex and Rapr, of Riokert, ZIEGLER, and
vAN WLHE, we have acquired more accurate explanations concerning
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the origin of the connective substances; the question of the origin
of the vascular endothelium and of the blood, on the contrary, is
one that is less cleared up. This determines me to treat the two
questions separately in the following account.

A, The Origin of the Connective Tissues.

Selachian embryos appear to be the most suitable objects on
which to trace the origin of the connective substances. Here the
middle germ-layer serves as the matrix for the mesenchymatic tissue.
At the time when the primitive segment is still connected below with
the lateral plates, and when the body-cavity is visible in the latter,
there appears a cell-growth at the lower border of each primitive
segment on the side which is directed toward the chorda. Tt is ordi-
narily designated as sclerotome. It contains at first a small evagi-
nation of the body-cavity (fig. 268 4 sk). At the restricted place
designated, which is marked off from its surroundings, and which
recurs on each primitive segment, cells in large numbers (fig. 110
sk) individually detach themselves from the epithelial layer, remove
by active migration from their place of origin, like the mesen-
chymatic cells of Invertebrates, and distribute themselves in the
space which is limited on the one side by the inner wall (mp)
of the primitive segment, and on the other by the chorda (ck)
and the neural tube (mr).

At the time of their appearance the amcboid cells are separated
by only a small amount of inter-celiular substance: they inecrease
vapidly in number, and thereby soon crowd chorda, neural tube, and
primitive segment farther apart (fig. 111). The segmental arrange-
ment which the growths exhibit at their first appearance (fig. 195 V)
very early ceases to exist, since by their extension they become fused
together into a continuous sheet.

The mesenchyme, which thus grows forth out of the middle germ-
layer on both sides of the chorda, furnishes the Soundation for the
whole awxial skeleton; it produces the skeletogenous tissue by the
growing toward each other and the fusion of the masses which are
formed on the right and left sides. As fig. 111 shows, the mesen-
chyme (sk) grows avound the chorda (¢£) both dorsally and ventrally,
and envelops it with a connective-tissue sheath, which is continually
becoming thicker. In the same manner it encloses the neural tube
(nr) and forms the membrana reuniens superior of the older embryo-
logists, the foundation out of which subsequently the connective-
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tissue envelopes of the neural tube and the vertebral arches with
their lignments ave differentiated.
Conditions similar to those of Selachians are also to be observed,

e 2L
—
I

Fig. 110 Fig. 111.

Figs. 110 and 111.—Diagrams of eross sections through younger and older Selachian embryos
to illustrate the development of the principal products of the middle germ-layer, After VA
Wiing, with some changes,

Fig. 110,—Cross section through the region of the promephros of an embryo, in which the
myotomes (n:p) are in process of being constrioted off.

Fig. 111.—-Cross section through a somewhat older embryo, in which the myotomes have jusg
been detached,

sr, Nenral tube; eh, chorda: o, aorta: sch, subnotochordal rod; mp, muscle-plate of the
primitive segment ; w0, zone of growth, at which the muscle-plate bends over into the cutis-
plate (ep) ; vb, portion connecting the primitive segment with the [walls of the] body-cavity,
out of which are developed, ameng other things, the mesonephric tubules wk (fig. 111);
sk, skeletogenous tissue, which arises as an outgrowth from the median wall of the con-
necting portion (vb); v, pronephros: md®, parletal, mk®, visceral middle layer, frome the
walls of which mesenchyme is developed ; th, body-eavity ; ik, entoderm ; &, cavity of the
primitive segment ; sk, mesonephiric tubule, arisen from the connecting portion vb of tho
diagram 110 ; k", place whera the mesonephric tubule has detached itself from the primitive
segment ; iy, mesonephric duct, with which the mesonephric tubule has united on the left
side ; ¢r, union of the mesonephric tubule with the body-cavity (nephridial funmel) ; ues',
mes”, mesenchyme, which has arisen from the parietal and visceral lamells of the middle
Iayer reapectively,

although less distinctly, in Reptiles, Birds, and Mammals; they
have been described by Remak, KoLLiker, and others, and have been
brought into connection with the formation of the vertebral column.
The primitive segments, which ave at first solid, soon acquire a
small cavity (fig. 116), avound which the cells are arranged into a
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continuous epithelium. Then a part of the wall of the primitive
segment lying at its lower and median angle begins to grow with
extraordinary rapidity, and to furnish a mass of embryonie connective
tissue, which spreads itself around the chorda and neural tube in the
manner previously deseribed. The dorsal and lateral parts of the
primitive segment (fig. 116 ms), which subsequently loses its cavity,
are not involved in this growth; out of them arise principally the
fundaments of the trunk-musculature. This part is consequently
now distinguished as muscle-plate (ms).

Mesenchyme arises from three other places of the middle germ-
layer besides the primitive segments—f{rom the visceral lamella, from
the parietal lamella, and finally from that wall of the primitive
segment which is turned toward the epidermis and has been given
by Rasn the name cutisplate. Here also the conditions are best
followed in Selachii.

Individual cells migrate out from the visceral lamella (Darm-
faserblatt), which in early stages is composed partly of cubical,
partly of cylindrical cells (fig. 110 mA?), and distribute themselves
upon the surface of the entodermic layer ; they are found at places
where no trace of a vessel is observable. They furnish the
mesenchyma of the intestinal wall, which is ever becoming more
abundant, and which is subsequently converted partly into connective
tissue, partly into the smooth muscle-cells of the tunica muscularis
(fig. 111 mes?).

A similar process is repeated in the parietal lamella (Haut-
faserblatt). Emigrating cells produce between the epithelium of
the body-cavity and that of the epidermis an intermediate layer of
mesenchyme-cells (fig. 110 mk!, fig. 111 mes').

An important region for the production of connective tissue is,
finally, the cutis-plate, i.e., the epithelial layer of the original primi-
tive segment, which is in contact with the epidermis (fig. 110 cp).
The process occurs here later than at the other places mentioned,
and begins with an active cell-growth, which gradually leads to a
complete disintegration of the epithelial lamella. “JThB disintegra-
tion,” as RABL remarks, * proceeds in such a manner that the cells,
which hitherto exhibited an epithelial character, separate them-
selves from one another, and thereby lose their epithelial character.”
It is probably from this part of the mesenchyme that the corium is
derived.

That the mesenchyme-cells scattered between the epithelial lam-
ellze are capable of executing extensive migrations, after the fashion
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of migratory cells, is perhaps best shown in the investigation of
transparent embryos of Bony Fishes. “Omne sees distinctly,” thus
WENKEBACH describes it, ““how the cells by means of ameboid
motions, and of sometimes extraordinarily long protoplasmic pro-
cesses, move themselves about independently in the body of the em-
bryo and upon the yolk, which is not yet clothed with hypoblast,
and creep toward definite places, as if they acted voluntarily and
ennsciéusly," By virtue of this peculiarity, the mesenchyme-cells
actively penetrate into all larger and smaller fissures which exist
between the germ-layers and the fundaments of organs which have
arisen from them. Everywhere they form a filling and connecting
mass between these structures, which afterwards acquires a still

greater importance as the bearer of blood- and lymph-courses as well
s nerves.

In comparison with the earlier editions of the * Lebrbuch,” I have here
given an essentially different presentation of the development of the mesen-
chyme. Formerly, supported by the investigations of His, WALDEYER, KoLL-
MANN, and others on meroblastic eggs, I thought it necessary to refer the
chief source of the mesenchyme to a limited territory of the germ, to the area
opaca, and made the cell-material arise by delamination from the entodermic
layer, especially from the yolk-wall. But now I assume a manifold origin from
various regions of the middle germ-layer. Thus I come back again to an in-
terpretation which I had already propounded as probable in * Die Ceelomtheorie
(p. 80) and * Die Entwickelung des mittleren Keimblattes " (p. 122),—to the
interpretation, namely, that mesenchyme-germs in Vertebrates are perhaps
formed by an emigration of cells at sevéral distinct places at the same time.
Whether this or that be the real mode, the essence of the mesenchyma-theory
is not thereby affected, for the essential part of that theory consists in this,
that it establishes in the earliest development of tissue a contrast between
the epithelial germ-layers and a packing tissue, produced by a dissolution of
the epithelial continuity, which spreads itself out between the germ-layers,
and soon appears as an independent structure.

Indeed, with this theory as a basis, it would not be surprising if fhe pro-
duction of mesenchymatic tissue should not be limited simply to the middle germ-
layer, and if the entoderm by the contribution of cell-material should participate
in its formation.

B. The Origin of the Vascular Endothelia and the Blood.

The question of the origin of the tissues represented in the above
heading is one of the most obscure in the realm of comparative
embryology. The wvery investigators who have endeavored most
recently and with the most reliable methods to elucidate this matter
do not hesitate to emphasise the uncertainty in the interpretation
of the conditions presented to them. Even the lowest Vertebrate,
which is distinguished by the greater simplicity of its structure, and
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by the greater ease with which all its processes of development are
understood, has failed us in this question, For HATSCHEK, who
knows the development of Amphioxus better than any one else, de-
signates the blood-vessels as the only system of organs concerning
. which he was unable to arrive at a clear understanding.

Consequently in the field now to be examined there are many
views and observations which in part stand in the most direct
antagonism to each other, To give a comprehensive review of them
is not possible without the greatest fulness, which would be contrary
to the plan of this Text-book ; I therefore limit myself, first, to
siving a survey of the various possibilities by which the origin of
the vessels and the blood might take place, and, secondly, to present-
ing a series of observations which have been made on Selachians,
Birds, and Mammals; still it is always to be kept in mind that
much remains doubtful here, and that coming years may bring about
many a change in our interpretations.

According to one view, the vascular cavities are developed out of
fissure-like spaces between the germ-layers which remain unoccupied at
the time the fundament of the mesenchyme is produced. These cavities
acquire a boundary in this way : the neighboring mesenchyme-cells
begin to penetrate into them, and then unite into a vascular endo-
thelium. *The system of blood-vessels and that of lymphatic vessels,”
observes ZIEGLER, ¢ are produced in their first fundaments from
remnants of the primary body-cavity (the space between the primary
germ-layers), which at the general distribution of the formative
tissue (mesenchyma) remain behind as vessels, lacunz, or interstices,
and are enclosed by that tissue and incorporated in it.” The formed
clements [corpuscles] arise at separate places in the blood-courses
by the growth and detachment of mesenchymatic cells.

According to another view, the vessels are constructed in this
manner : cells in the mesenchymatic tissue arrange themselves 1n
rows, and these cell-cords become hollowed out; thereby the more
superficial cells furnish the endothelial wall, whereas the remaining
colls become blood-corpuseles, The blood-vessels are therefore nothing
else than cavities which have been secondarily produced in the
mesenchymatic tissues by means of their own cells. Both views
agree in this, that they cause the group of sustentative substances
to be brought into genetic connection with the blood, and the latter
+o figure as a product of the metamorphosis of the mesenchyma.

Moreover, both views may present variations in the details,
according as they ascribe to the mesenchyme a different origin and
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make it arise either out of the middle germ-layer alone, or out of
the entoblast alone, or by the migration of cells out of both layers
and their union into a single fundament. Still other variations
result from the first fundament of the blood-course being some-
times referred to a limited territory of the germ, sometimes to several
places. Thus, for the meroblastic eggs of Birds, the area opaca is
designated by some observers as the place where vessels and blood
are first formed. From here they grow out as it were at first into the
embryonic body proper. The opposite is reported of Bony Fishes, in
which the first vessels, heart, aorta, candal veins, and sub-intestinal
veins, together with blood-corpuscles, arise earliest in the embryonic
body itself, whereas they appear on the yolk only subsequently.
Finally, for the Selachians a local origin of the vessels is maintained
both for the area opaca and also for the embryonic body in the
restricted sense.

In opposition to the two views hitherto presented, a third view
assumes a separate origin for the connective substances on the one
hand, and for the vascular endothelium and the blood on the other.
Whereas the former are produced by the emigration of cells from the
middle germ-layer, the vascular endothelium is maintained to arise
from cells of the entoblast. It is held that an endothelial sac is
formed (perhaps by constriction) as an independent fundament,
which by budding gives rise to the whole vascular system.

After this brief survey of the various possibilities concerning the
origin of the blood-course, I turn to a description of certain con-
ditions, concerning the signification of which it must be admitted
that the views are also often very divergent.

The arew opaca of the meroblastic eggs of Fishes, Reptiles, and
Birds has always played an important réle in the literature on the
question of the origin of the blood. Notwithstanding the frequency
with which it has been investigated, the researches concerning it
cannot be regarded as concluded. It is from this standpoint that I
beg the reader to judge what follows.

Tn the case of the Chick, on which especially we shall base our
account, the opaque area is composed of only the two primary germ-
layers at the time when the middle germ-layer begins to be formed
from the region of the blastopore by the production of folds.

The outer germ-layer, as has already been described in Chapter V.,
has in general a simple structure, since it is composed of a single
layer of small cubical cells. The inner germ-layer (fig. b6 @& and
fig. 112), on the contrary, alters its condition the more we approach

12
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the margin of the disc. In the area pellucida and in the immediately
surrounding parts it appears as a single layer of greatly flattened
cells, and is separated from the yolk-floor by a cavity filled with an
albuminous fluid ; in the opaque area it reposes directly upon the
yolk ; its cells here become higher, cubical, or polygonal, and finally
it terminates with a greatly thickened marginal zone, the previously
mentioned yolk-wall (dw). This is the important region of the germ
with which we now have especially to deal.
The yolk-wall consists in the Chick partly of embryonic cells,
which are separable from one another, partly of yolk-material
in which are enclosed
numerous large and

e {::: small nuclei enveloped
% b in protoplasm (the me-
by

rocytes), as at the final
stages of the process of
cleavage.

Such free nuclei have

el

Fig. 112.—Bection through the margin of the germinal  also been demonstrated
disc of 2 Hen's egg incubated for six hours, nfter Duwt.L. with Pﬁl‘fﬂct certs intj
ak, Outer germ-layer; ds, yolk-cells; dk, yolk-nnelei; i c .
da, yolk-wall, in the marginal terri-

tory of the yolk during
the course of the formation of the germ-layers in Selachians,
Teleosts, and Reptiles (KUPFFER, HorFMANN, RiCKERT, STRAHL,
SWAEN).

The most accurate description of the yolk-nuclei has been given by
Ricrerr for the eggs of Selachians (fig. 113). They are present in
this case at the marginal portion of the germ-disc, embedded in the
yolk in not inconsiderable numbers, and are remarkable for their
size, sometimes reaching a diameter ten-fold as great as that of an
ordinary nucleus (&, k*). From the protoplasm enveloping the
nucleus k* there proceeds a richly branched network of processes.
In the interstices of the net are lodged yolk-elements (d) in greab
numbers, from the size of the ordinary yolk-plates down to the finest
granules. The former are often in process of disintegration. One
may conclude from this, as well as from other phenomena, that a
vigorous consumption of deutoplasm is taking place at the margin of
the germ. This deutoplasm is taken up as nutritive material by the
protoplasmic net surrounding the nucleus, and employed by means of
‘ntra-cellular digestion for its growth. Consequently one also sees the
yolk-nuclei in active increase.




DEVELOPMENT OF CONNECTIVE SUBSTANCE AND BLOOD. T4

Toward the surface of the yolk small clusters of nuclei (fig. 113 %)
arise out of the large deeper-lying yolk-nuclei. From these there
are finally produced genuine cells of the germ (z), by the small nuclei
surrounded by a layer of protoplasm detaching themselves from
the yolk, as it were by an act of supplementary cleavage. * Since the
merocytes thus on
the one hand un-
interruptedly take
up nwlritive mao-
terial out of the
yolk, and on the
other continually
surrender it in the
Jorm of cells to the
germ-layers of the
nascent  embiyo,
they present an
important  link
between the latter

and  the yolk.” Fig 113.—Yolk-nuclei (merocytes) from Pristiurus, lying underneath
it the germ-cavity B, aftar RickERT.

(RUCEERT-} 7, Bmbryonic cells; &, superficial clear nuclei ; &', deeper nuclei ;

The views of &%, marginal nuclei rich in chromatin, largely freed from the

: A smronnding yolk, in order to show the processes of the proto-
IHWEtdgﬂtﬂl'S 011 plasmic mantle ; o, yolk-plates.

the significance

of the yolk-wall and of the merocytes enclosed in it ave very divergent.
Indeed there is unanimity only in this, that the yolk-wall contributes
to the increase of the lower germ-layer by single cells becoming in-
dependent and attaching themselves at the margin to the elements
which already have an epithelial arrangement, On the other
hand it appears less certain how far the yolk-wall is concerned in
the formation of the blood. According to the observations of His,
Disse, Raueer, KoLrmany, RijokERT, SWAEN, GENscH, HoFFMANY,
and others, it does share in this process during a limited period
of development in the case of Selachians, Teleosts, Reptiles, and
Birids.

In the Selachians the anterior margin of the germ-dise is the first
to be metamorphosed into a vascular zone. Rifcxerr could find
here numerous and unequivocal indications that the previously
described peculiar cell-elements of the yolk (meroeytes) provided
with large nuclei contribute to the formation of blood-islands, in
that they break up into clusters of small cells, detach themselves
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from the yolk-containing part of the lower germ-layer, and become
differentiated on the one hand into the migratory cells of the first
blood-vessels, and on the other into the blood-corpuscles. RUCKERT
further maintaing that the material destined for the production af
Blood is supplemented by means of cells freshly cleft off from the
yolk.

Swary remarks with the same positiveness, *“Les premiers ilots
sanguins se développent awua dépens des iléments de Dhypoblaste. Ces
derniers constituent & la fin de ce développement les parois de cavités
vasculaires closes et les cellules sanguines qui les remplissent.”
Likewise Gexscr makes the large cells in the yolk responsible for
the formation of the blood in the case of the Bony Fishes. HorF-
MANN also finds in Reptiles that the blood and the endothelial
wall of the vessels, as well as the spindle-shaped cells which lie
bebween the vessels, are a product of the inner germ-layer, and
that they appear at definite places of the germ-disc at a time
when the middle germ-layer has mnot yet been formed in those
regions.

Finally, it is stated concerning the germ of the Chick that at the
end of the first day of meubation the cells in the yolk-wall have
become very numerous, through the multiplication of the nuclel
enclosed in the latter, and that afterwards the abundance of the
cells diminishes. For part of the cells which have been formed
by the active proliferation now detach themselves from the yolk-
wall, get into the space between the outer and inner germ-layers,
and there produce a third independent layer, which is continually
increasing in thickness, whereas'the remaining part becomes modi-
fied into an epithelium of large eylindrical cells containing yolk-
granules, This middle layer is judged by several investigators to
be an independent fundament of the germ, and has in this sense
been described by His as parablast, by DISSE and others as vascular
layer, by RAUBER as desmohemoblast, and by KOLLMANN as marginal
germ or acroblast.

All of these accounts need still more precise confirmation, since
they have often been called in question, even up to most recent
times. Thus Koruiger has always defended the position that
not only the connective substances, but also the vessels and the
blood, are products of the middle germ-layer, and are generated by it
in its peripheral regions. K AsTsCHENKO, in his study of the Selachil,
could not convince himself that the merocytes have special import-
ance in the formation of bloocd and vessels, but was not, however,
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willing to deny it. So much the more positively do WENKEBACH
and ZIiEcLER, on the strength of their investigations on Teleosts,
express themselves against the mode of blood-formation given by
GExscH.  According to Z1EGLER, the blood-corpuscles are developed
in the blood-vessels of the embryonic body itself. The free nuclei
of the yolk, the merocytes, on the contrary, it is maintained, do not
share in the formation of embryonic tissues, but, in adaptation to
the function of resorbing the yolk, undergo peculiar modifications,
which “ canse the frequently affirmed but never proved production
of blood-corpuseles [by them] to appear improbable.”

Under this condition of affairs, T must regard the question of the
source of the cell-layer in which, in the region of the opaque area,
the formation of blood takes place as not yet ready for final
judgment. :

So far as regards the further changes, by means of which the
cell-layer under consideration is converted into connective substance
and blood, on the whole I subscribe, in this difficult field of in-
vestigation, to KOLLIKER'S representation.

At the end of the first day of incubation, the masses of cells which
lie between the inner and the outer germ-layers arrange themselves
in eylindrical or irregularly limited cords, which join themselves to-
gether into a close-meshed network; they are the first fundaments
both of the vessels and also of their contents, the blood. In the
spaces of the net arve to be found groups of indifferent cells, which
afterwards become embryonic connective tissue, and which are the
Substanzinseln (fig. 114) of anthors,

At the beginning of the second day of ineubation, the solid funda-
ments of the vessels become more distinet, in proportion as they
become bounded superficially by a special wall, and acquire
an internal cavity. The wall of the vessels is developed out of
the most superficial cells of the cords, and is composed during the
first days of incubation of a single layer of very much flattened
polygonal elements, on account of which the first vessels of the
embryo are often designated as endothelial tubes (fig. 114 and
fig. 115 gw).

The cavity of the vessel is probably formed by the penetration of
fiuid into the originally solid cord from its surroundings, thus forming
the plasma of the blood, by which the cells are pressed apart and to
the sides. The cells then constitute here and there thickenings of
the wall, and project into the fluid-filled cavities as elevations of
loosely united spherical elements (fig. 114, Blood-islands). Conse-




182 EMBRYOLOGY.

quently the vessels which ave just hecoming permeable ave very
irregular, since narrow places and wider ones, often provided

Tlood-island

Wall of blood-

vossel

Bilu;-u:lriu!nml

Blood-vessal

Wall of hlood-
viegsel

Bubatanzingeln
Blood-vessel

Fig. 114.—A portion of the vascular area of the germ-dise of an embryo
Chick, in which 12 primitive segments are developed, aftor DissE.
One sees the more darkly shaded blopd-conrses, in which lie the
tplood-islands,” the centres whence the blood-gorpnscles arise.

The clear gpaces in the vascular network, the walls of which are

formed of flat endothelinl cells, are the # glatance-islands "
(Substanzinseln}.

with evagina-
tions, alternate
(fig. 114) with
one another,
and. since
the vessels
are sometimes
wholly excava-
ted, fluid-filled,
endothelial
tubes, and
sometimes  re-
main more or
less impassable,
owing to the
variously
formed cell ag-
gregates which
project  from
the wall.

The aggrega-
tions of cells
themselves are
simply the
centres  where
the formed com-
ponents of the
blood are pro-
dweced. The
small spherical
nucleated cells,
which still en-
close dark yolk-
granules, be-
come abt first
homogeneous

by the dissolution of the latter, and then, owing to the fﬂrnitaﬁun
of the coloring matter of the blood in them, they take on a slightly
yellowish color, which gradually becomes more intense.
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Tf one at this time examines a blastoderm which has been removed
from the yolk, the zone in which the formation of blood takes place
appears flecked with more or less intensely colored blood-red spots,
<ome of which arve roundish, others elongated, and others branched.,
The spots are known as the blood-points or blood-isfands of the blasto-
derm (fig. 114). From these formative areas the superficial cells
now detach themselves and enter the blood-fluid as the isolated red
blood-corpuseles.  Here, as well as in the blood-islands, they multiply
by means of cell-division, during which the nucleus is metamorphosed
into the well-known spindle-figure.

As Remag first showed, divisions of blood-cells are to be observed
in the Chick in great numbers up to the sixth day of incubation,
whereas they later become more rare, and then wholly disappear.
Also in the case of Mammals and of Man (Fovu) the first embryonic
el

nik!
k"

it}

o

Fig, 115, —Cross section through n portion of the vaseular area, after Disse,

mk, Outer, ik, inner germ-layer ; mk’, parietal, mb", visceral lnmella of the middle germ-layer ;
th, extra-embryonic body-cavity ; g, wall of blood-vessel formed of endothelinm : &1, bleod-
cells ; g, vessals,

blood-corpuscles, which are at this time provided as in the other Verte-
brates with a genuine cell-nueleus, possess the power of division.

In proportion as blood-corpuseles still further detach themselves
from the blood-points, the latter become smaller and smaller, and
finally disappear altogether ; but the vessels without exception then
contain, instead of a clear fluid, red blood with abundant formed
elements (fig. 115 #7).

Subsequently there ocenr changes in the Substanzinseln which lead
to the formation of embryonic connective substance. The germinal
cells, at first spheroidal, separate farther from one another, at the
same time secreting a homogeneous inter-cellular substance ; they
become stellate (fig. 116 sp), and send out processes by means of
which they are united into a network, which stretches all through

the gelatinous secretion ; other cells apply themselves to the endo-
thelial tubes of the vame]s
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ted at its peviphery (fig. 117)

After the formation of vessels and blood is completed, the territory
imi

of the area opaca, in which the processes jnst described take place,

&

sharply del
as well ag in those of Mammals.
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Nevertheless, the two primary germ-layers

themselves out laterally over the yolk still farther, the

is,

*

111

E

dly than the inner, until they have grown

terminal

1

(the vena or sinus
Beyond the sinus term
blood nor blood-vesszels.

spread

"

Vel

vessels ends abruptly at its periphery in a broad, circular, marginal

outer layer more rap
entirely around it.



DEVELOPMENT OF CONNECTIVE SUBSTANCE AND BLOOD. 1856

We must therefore now distinguish in the opague avea (Plate I.,
fig. 2, page 213) two ring-like aveas, the vascular area (gh) and the
yolle-area (dk), area vaseulosa and area wvitelling.  Since, moreover,

Fig. 117.—Diagram of the vascular system of the yolk-sac at the end of the third day of
incubation, after Barrons,

The whole blastoderm has been removed from the egz and is represented as seen from below.
Therefore what is really on the left appears on the right, and vice wred. The part of the
aren opaca in which the fine vasenlar network hag been formed is sharply limited at the
periphery by the sinus terminalis, and represents the vasoular arvea; ontside of it lies the
yolk-area. The immediate vicinity of the embryo is destitute of a vascular network, and is
designated now, as at an enrlier stage, by the name area pellngida,

il Heart; AA, aortic arches ; Ao, dorsal norta ; L.Of A, left, R.0f.4, vight vitalline artery;
5. T, sinus terminalis ; L,0f, left, R.Of, right vitelline vein ; SV, sinus venosus : 0,0, ductus

Cuvieri ; §.Ca. T, superior, .Ca, inferior cardinal vein. The veins are drawn in ontling,
the arteries in solid Llack,

the area pellucida is still recognisable, being traversed by only a few
chief trunks of blood-vessels leading to the embryo, the body of the
embryo is enclosed altogether by three zones or arveas of the extra-
embryonic part of the germ-layers,

Up to the present we have pursued the formation of blood in the
opuque area. But how do the vessels in the body of the embryo
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itself arise? Here, too, the uncertainty of our present knowledge is
to be emphasised.

According to the representation of His, to which Konuiker also
adheres, and which the author himself has made the foundation of
his account in the first edition of this Text-book, blood-vessels in the
embryo are not independently formed, but take their origin from
those already existing in the opaque area. According to His, the
cerm of the blood and connective substances, originally a peripheral
fundament, makes its way from the opaque avea at first into the
pellucid area, and from there into the body of the embryo itself,
and is distributed everywhere in the spaces between the epithelial
germ-layers and the products that have arisen by constriction from
them. Into the spaces migrate first of all amaboid cells, which
send out in front of them branched processes ; on the heels of these
follow endothelial vaseular shoots,

At variance with the teachings of His are noteworthy investiga-
tions of recent date,—not only the previously mentioned accounts of
the manifold origin of the connective substances from the middle
germ-layers, but also particularly the more recent observations con-
cerning the independent origin of vessels and the endothelial sac of
the heart in the body of the embryo itself. (RtUckerr, ZIEGLER,
Maver, Raprn, KasrsoneNko, and others.)

For Selachian embryos the question, whether the repository of
the material for the blood-vessels of the embryo is to be sought
exclusively on the nutritive yolk, is, as Riickert remarks, to be
answered definitely in the negative. The vessels avise in the embryo
itself within the territory of the mesenchyme, from cells which
are sometimes loosely, sometimes compactly arranged (RUCKERT,
MAYER).

RuckErT derives the cells that form the vessels from two different
sources, partly from the inner germ-layer of the volk-wall, partly
from the adjoining mesoblast, and their double origin appears to
him a natural process of development, in so far as the two layers
which bound the first vessels also furnish the material for their walls.

To the same purport arve the accounts concerning the formation
of the endothelial sac of the heart. At first it consists of a rather
irregular mass of cells, in which there appear separate cavities, that
gradually unite to form a single cardiac space. The cell-material
of the fundament of the heart is developed in sitw (RUCKERT, ZIEGLER,
Maver, RapL, and of the earlier investigators GUTTE, BALFOUR,
Horrwaxy) from the wall of the bounding germ-layers; however,
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uncertainty prevails as to whether the inner germ-layer alone,
or the middle, or both, are concerned in the production of the
fundament.

When onee the first vessels have been formed, they grow further
independently, and continually give rise to new lateral branches by
means of a kind of budding process.

It can be observed that from the walls of vessels that are already
hollow, solid, slender sprouts go out, which are formed of spindle-
shaped cells, and by means of cross-branches join others to form a
network. The youngest and most delicate of these sprouts consist
of only a few cells arranged in a row, or indeed of only a single one,
which, reposing upon the endothelial tube like a knob, is drawn
out into a long protoplasmic filament, Into the solid sprout there
now projects from the already completed vessel a small evagination,
which gradually elongates and at the same time enlarges into a
tube, the wall of which is formed of the separated cells of the funda-
ment. The formation of blood-corpuseles no longer takes place in this
process, all the cells of the spront being employed to form the wall of
the vessel. Since out of the vessels thus produced new sprouts
are formed, and so on, the fundaments of the vessels spread them-
selves out everywhere in the spaces between the germ-layers and
the organs which have by constrictions been formed from them.

There are, moreover, two different opinions about the manner in which the
sprouting takes place. Are the solid vascular shoots formed exclusively by
growth of cells in the wall of the endothelial tube, or do neighboring con-
nective-tissue cells take part in their formation? While RABL holds to the
proposition that new vascular endothelia always take their origin from such as
are already in existence, KOLLIKER, MAYER, and RUCKERT make statements
which appear to prove that the endothelial vascular tubes both continue to
grow by themselves alone, and also to elongate through the participation of
the connective-tissue cells of the surrounding tissue.

In the preceding pages we have endeavored to show in detail
how in Vertebrates the material of the cleavage-cells is differen-
tiated into the separate fundamental or primitive organs. As such
we must designate the outer and the inner germ-layers, the two
middle germ-layers, and the mesenchyme or intermediate layer.

In order properly to estimate at once the significance and the rile
of these fundamental organs, we will glance at the final result of the
process of development—propound the question, What organs and
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tissues take their origin in the separate germ-layers and the mesen-
chyme? A definite answer to this question is possible, except on a
few points concerning which the accounts of the different observers
ave still contradictory, and which therefore will be indicated hy a
mark of interrogation.

From the outer germ-layer avise: the epidermis, the epidermoidal
organs, such as hair and nails, the epithelial cells of the dermal
glands, the whole central nervous system with the spinal ganglia,
the peripheral nervous system (1), the epithelinm of the sensory
organs (eye, ear, nose), and the lens of the eye.

The primary tnner germ-layer is differentiated into:—

1. The secondary inner germ-layer, or entoblast ;

2. The middle germ-layers ; '

3. The fundament of the chorda ;

4. The germ of the mesenchyme, which forms the intermediate
layer. -

The entoblast (Darmdriisenblatt) furnishes the epithelial lining
of the whole intestinal canal and its glandular appendages (lung,
liver, pancreas), the epithelinm of the urinary bladder, and the
taste buds.

The middle germ-layers undergo extremely various metamorphoses
after having been differentiated into primitive segments and lateral
plates.

From the primitive segments ave derived the striated, voluntary
muscles of the body and a part of the mesenchyme.

From the lateral plates avise the epithelium of the pleuroperitoneal
cavity ; the epithelium of ovary and testis (primitive ova, mother-
cells of the spermatozon); in general, the epithelial components of
the sexual glands and their ducts, as well as those of the kidney and
ureter ; and finally mesenchymatic tissue.

The fundament of the chorda becomes the chorda dorsalis, which in
the higher Vertebrates is reduced, during later stages of development,
to insignificant remnants.

The mesenchyme-germs, which produce the intermediate layer, un-
dergo manifold differentiations, for they spread themselves out in
the body between the epithelial components as the intermediate mass.
From them are derived: the multiform group of sustentative (eon-
nective) tissues (mucous tissue, fibrillar connective tissue, cartilage,
bone), vessels (¥) and blood (3), the lymphoid organs, the smooth,
involuntary muscles of the vessels, of the intestine, and of various

other organs.
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HISTORY OF THE PARABLAST- AND MESENCHYME-THEORIES.

The older investigators, as, for example, REMAK, grouped together all the
cells which are inserted between the two primary germ-layers under the
common name of the middle germ-layer, and assumed for them a common
origin. To this conception H1s opposed in the year 1868 in “ Die erste Ent-
wicklung des Hiihnchens im Ei" his “parablast-theory,” in which, influenced
principally by histogenetic considerations, he distinguished two fundaments
of different origin, an archiblastic and a parablastic.

As archiblastic fundament he designated the part of the middle germ-layer
which lies in the body of the embryo itself, the axial cord (Achsenstrang) and
the animal and vegetative muscle-plates, and he made them arise by de-
lamination from the primary germ-layers, and therefore unltimately from the
embryonic cleavage-cells.

He gave the name parablast to a peripheral fundament, lying originally outside
the embryo, which is the source of all the connective substances, the blood and
the vascular endothelinm, and which grows from the margin, or more speci-
fically from the opague area, into the body between the archiblastic tissues,

The division of the middle germ-layer into archiblast (chief germ) and
parablast (accessory germ), proposed by His and carried out in several of his
writings, found at the time no approbation, and encountered decided and
successful opposition, especially on the part of HAECKEL, because the correct
views contained in the doctrine were obscured and covered up by peculiar
conceptions about the origin of the parablast. The parablast, it was claimed,
is not derived from the egg-cell, but from the white yolk, a product of the
granulosa-cells, which, according to the earlier teachings of Hi1s, penefrate
into the primordial ovum in great numbers and become the white yolk-cells
and the yellow spherules. But the granulosa-cells in turn, it was maintained,
arise from the connective tissue (lencocytes) of the mother; consequently
after their migration into the egg they are capable of producing. again
only connective tissue and blood.

Hig thought it was necessary to assume a fundamental difference between
chief germ and accessory germ ; the former alone had experienced the inflnence
of fertilisation, since it alone was descended from cleavage-cells, whereas the
latter, singe 1t issued from the white yolk (a derivative of the maternal con-
nective tissue), was  purely a maternal dower.”

HAUBER, in a short communication, accepted the conclusions of His, in so
far as he also assumed a common origin for blood and connective tissue, a
special * h@mo-desmoblast,” but differed from him in that he derived them
from the cleavage-cells.

GOETTE (1874) is also to be mentioned in this connection, since he maintained
that the blood is developed out of yolk-cells, which break up into clusters of
smaller cells (Amphibia and Birds).

Proceeding from other standpoints, and induced by observations on In-
vertebrates, my brother and I were led in our Celom-Theory (1881) to a result
similar to that of His, namely, that two entirely different structures had been
hitherto embraced under the expression middle germ-layer, and that it was
necessary to introduce in the place of the old indefinite conception two new
and more precise ones, “ middle gerni-layer in the restricted sease” and * mesen-
chyme-germ.” But our conception, notwithstanding many points of agree-
ment, took in detail a form very different from the doctrine of His.
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All fundaments of the animal body are derived from embryonic cells, which
have been produced from the egg-cell by the process of cleavage. The dis-
tinetion between middle germ-layer and mesenchyme-germ is to be sought
in another direction than in that indicated by His, ZXhe middie germ-layers
arve sheets of embryonic cells, having an epithelial arrangement, which arise by
@ provess of folding from the inner germ-layer, just as the latter does by a fold-
ing of the blastula (compare the historical part of Chapter VIL). Ihe mesen-
chymatic germ, on the contrary, embraces vells, whick have been individually
detached from epithelial union in the inner gorm-layer, and furnish the founda-
- tion for connective substance and blood by spreading themselves out in the
system of spaces between the epithelial germ-layers.

After the appearance of the Ceelom-Theory, Hi1s entered again into an
explanation of his parablast-theory, and modified it in his paper, “ Die Lehre
vom Bindesubstanzkeim,” in so far as he no longer laid weight on the
question whether the fundament of the connective substance was derived from
the segmented or the unsegmented germ.

The theory of the double origin of the middle germ-layers, established by
His and by us in different ways, met with opposition on the part of KOLLIKER
who held to the older interpretation; but by many others it was accepted ;
attempts were made further to confirm and also to modify it by KUPFFER,
Dis8E, WALDEYER, KOLLMANK, HEAPE, and others, who defended the existence
of a special connective-tissue germ. _

KvuprrERr and his followers furnished important observations concerning
the presence of yolk-nuclei in a definite zone of the embryonic fundament, and
their relation to the formation of blood in Fishes and Reptiles.

HorFFMANK and Ruckerr showed that the yolk-nuclei do not arise by free
[spontaneous] formation of nuclei, but are descendants of the cleavage-nucleus.

DissE investigated the germ-wall of the Hen's egg.

KOLLMAXN named the cells which migrate out between the germ-layers
porents (Poreuten), and the whole fundament the acroblast.

Finally, WALDEYER endeavored to derive the connective-tissue germ from
a special .part of the cleavage-material, which he divided into an archiblast
and a parablast.

According to WALDEYER'S theory, the cleavage of the eggs of all those
animals in which there is any blood and connective substance does not take
place uniformly up to the end, but one must distinguish a primary and a
secondary cleavage. * The former divides the egg, so far as it is in any way
capable of cleavage, into a number of cells, which are ready for the produection
of tissues, These then.form the primary germ-layers. A remnant of im-
mature cleavage-cells (in the case of holoblastic eggs), or of egg-protoplasm,
which is not yet converted into the cell-form (in meroblastic eggs), 1s left
remaining. Neither the immature cells, nor the protoplasm still unconverted
into cells, enter for the present into the integrating condition of the germ-
layers. On the contrary, it is only afterwards that there is effected on this
material a further formation of cells, the secondary cleavage. The immature
cells of the holoblastic eggs, over-loaded with nutritive yolk, divide them-
selves, or, if one prefers, ‘cleave ' themselves further, or the parts which are
most richly provided with protoplasm constrict themselves off from the
eggs, whereas the remnant of the nuitritive material is mnsunm‘ﬂ-.-—thﬂ
unformed remnants of the protoplasm (germ-processes) of meroblastic eggs
become divided up into cells. The cell-material thus secondarily acquired
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migrates in between the primary germ-layers, and becomes blood and connec-

tive substance.”

According to the recent investigations of RABL, ZIEGLER, VAN WITHE,
RitckErT, and others, the mesenchyme is produced from various regions of
the middle germ-layer. A participation of the inner germ-layer in the forma-
tion of the blood-vessels is rendered probable.

SUMMARY.

1. Besides the four germ-layers, which have the form of
epithelial lamelle, special germs are developed in the higher
Vertebrates for the sustentative substances and the blood,—the
mesenchyme-germs. The latter together make up the intermediate
layer.

2. The mesenchyme-germs arise by cells detaching themselves
from epithelial union with the germ-layers, and penetrating as
migratory cells into the fissure between the four germ-layevs (the
remnant of the original cleavage-cavity) and spreading themselves out
in this space.

3. Germ-layers and mesenchyme-germ (intermediate layer) ex-
hibit a difference in the method of their origin: the former are
developed by foldings of the wall of the blastula, the latter by emi-
gration of isolated cells from definite territories of the germ-layers.

4. Mesenchyme-germs arise from the wall of the primitive segment,
from the cutis-plate, and at certain regions of the parietal and
visceral lamelle of the middle germ-layer,

9. Blood-vessels are developed both in the body of the embryo
itself, in a manner which still remains fo be accurately determined,
and also in the territory of the area opaca of meroblastic eggs.

6. The source of the cells from which the vessels and blood of
the opaque area arise is at present a matter of controversy.

7. In the formation of vessels in the opaque area the following
phenomena are to be regarded :—

(#) The embryonic cells of the intermediate layer arrange
themselves :—
First into a network of cords, and
Secondly into the substance-islands (Substanzinseln).
(b) There are developed out of the cell-cords, at the same time
with the secretion of the fluid portions of the blood, the
endothelial wall of the primitive blood-vessels and their
cellular contents, the blood-corpuscles (blood-islands).
(¢) The Substanzinseln become embryonic connective substance,
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(d) The place where blood-vessels and connective substance at
first arise in the opaque avea is sharply limited at the
periphery by a eireular vessel, the sinus terminalis.

(¢) Since the outer and the inner germ-layers further con-
tinue to spread themselves out over the yolk after the
development of the intermediate layer, the body of the
embryo becomes surrounded by three areas:—

First by the area pellucida,

Secondly by the wvascular aren ending in the sinus
terminalis,

Thirdly by the yolk-area, which is coéxtensive with
the margin of the overgrowth.

8, The red blood-corpuscles of all Vertebrates possess in the
earliest stages of development the power of increase by means
of division. The red blood-corpuscles of Mammals have at this
time a nucleus.

9. The following table gives a survey of the fundamental organs
of the embryo, and the products of their further development :—

I. Outer Germ-layer.

Epidermis, hair, nails, epithelium of dermal glands, central nervous
system, peripheral nervous system, epithelium of sensory organs, the
lens.

II. Primary Inner Germ-layer.

1. Entoblast, or secondary inner germ-layer.

Epithelium of the alimentary canal and its glands, epithelium
of urinary bladder.

2. Fundament of the chorda.

3. The middle germ-layers.

A. Primitive Segments.

Transversely striped, voluntary muscles of the body. Parts
of the mesenchyme.

B. Lateral Plates.

Epithelinm of the pleuroperitoneal cavities, the sexual cells
and epithelial components of the sexual glands and their
outlets, epithelium of kidney and ureters. Parts of the
mesenchyme.

4. Mesenchyme-geri.
Group of the connective substances, blood-vessels and blood,

lymphoid organs, smooth involuntary muscles.
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CHAPTER X.
ESTABELISHMENT OF THE EXTERNAL FORM OF THE BODY.

ArTER having investigated in the preceding chapters the fundamental
organs of the body of vertebrated animals, or the germ-layers, and
their first important differentiations into neural tube, chorda, and
primitive segments, as well as the origin of the blood and connective
tissues, it will be our next undertaking to make ourselves acquainted
with the development of the external form of the body, and with the
development of the embryonic membranes, the latter being intimately
connected with the former.

There exists an extraordinary difference in these respects between the
Jower and higher Vertebrates. When the embryo of an Amphioxus
has passed through the first processes of development, it elongates,
becomes pointed at both ends, and already possesses in the main
the worm-like or fish-like form of the adult animal. But the higher
we ascend in the series of Vertebrates, the more are the embryos,
when they attain the stage of development corresponding to the
Amphioxus embryo, unlike the adult animals: at this stage they
assume very singular and strange forms, inasmuch as they become
surrounded by peculiar envelopes and are provided with various

appendages, which subsequently disappear,
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The difference is veferable, first of all, to the more or less extensive
accumulation of nutritive yolk, the significance of which for the
nascent organism is twofold.

From a physiological point of wview, the nutritive yolk 18 a rich
source of energy which alone makes it possible for the embryological
processes to take place in uninterrupted sequence, until at length an
organism, with an already relatively high organisation, begins its
independent existence.

From a morphological point of view, on the other hand, the yolk plays
the role of ballast, which exerts a restrictive and modifying influence
on the direct and free development of those organs which are en-
trusted with the reception and elaboration of it. Even at the very
beginning of development we could see how the cleavage-process and
the formation of the germ-layers were retarded, altered, and to a certain
extent even suppressed by the presence of yolk. In what follows we
shall again have oceasion to point out the same thing,—how, owing
to the presence of yolk, the normal formation of the intestinal canal
and of the body can be attained only gradually and by a eireuitons
process.

In the second place, the great difference which the embryos of
Vertebrates present is produced by the medium in which the eges
undergo development. Eggs which, like those of water-inhabiting
Vertebrates, are deposited in the water, are developed in a more
simple and direct manner than those which, provided with a firm
shell, are laid upon the land, or than those which are enclosed in
the womb up to the time of the birth of the embryos.

In the two latter cases the growing organism attains its goal only
by very indirect ways. At the same time with the permanent organs
there are also developed others which have no significance for the
post-embryonic life, but which serve during the egg-stage of exist-
ence either for the protection of the soft, delicate, and easily injured
body, or for respiration, or for nutrition. These either undergo
regressive metamorphosis at the end of embryonic life, or are cast
oft at birth as useless and unimportant structures. But inasmuch as
they are developed out of the germ-layers, they are also properly to
be regarded as belonging immediately to the nascent organism—as
being its embryonic organs, and as such they too are to be treated in
morphological descriptions,

. The extensive material which has to be mastered in this con-
nection I shall present grouped into fwo parts.

In the first part we shall inquire how the embryo overcomes the
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obstacle which it encounters in the presence of the yolk and acquires
its ultimate form.

In the second and likewise more extensive part we must concern
ourselves more minutely with the embryonic enveloping structures
and appended organs, which subserve various purposes,

The collection of yolk-material disturbs the course of development
least in the case of the Amphibia. The latter therefore stand,
as it were, midway between Amphioxus with direct development
and the remaining Verte-
brates, and constitute a
transition between them.
In the Amphibia the yolk
shares in the process of
cleavage; after the close of
this process it is found ae-
cumulated for the most part
in the large yolk-cells which
form the floor of the blastula
(fig. 45); at the time of the
differentiation into germ-

Fig. 118, Diagrammatic longitudinal section through  layers it is taken up into the

the embryo of a Frog, after Gorrre, from BALFOUR. ﬂCBlEnt-EI'DTJ, which it almost
e, Nenral tube ; x, communication of the same with

blastopore and ealenteron (al) ; yk, yolk-cells; m,  completely fills (fig. 47); after

middle germ-layer. For the sake of simplicity the the formation of the thT'
outer germ-lager is represented as if composed of

a single layer of cells. sacs the large yolk-cells lie

in a similar manner in the

ventral wall of the intestine proper (fig. 118 yk). Here they are in

part dissolved and employed for the growth of the remaining parts

of the body, in part they share directly in the formation of the
epithelium of the ventral wall of the intestine,

Tn consequence of the presence of the great accumulation of yolk-
cells, the Amphibian embryo acquires a shapeless condition at a time
when the Amphioxus larva has alveady become elongated and fish-
like. The body, which is spherieal during gastrulation, later becomes
egg-shaped, owing to its elongation. Thereupon the head-end and
the tail-end begin to be established at the two poles as small eleva-
tions (figs. 118 and 80). The middle or trunk-part lying between
the latter becomes somewhat incurved along its dorsal region, in
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which neural tube, chorda, and primitive segments are developed, so
that the eephalic and caudal elevations become joined by means of
a coneave line. The ventral side of the trunk-region, on the con-
trary, is greatly swollen and bulges out ventrally and laterally like
a hernia, since it is filled with yolk-cells. This swelling is therefore
called the yolk-sac.

In the further progress of development the embryo continually
acquires a more fish-like shape. The anterior and the posterior
ends of the body, especially the latter, increase greatly in length,
and the middle of the trunk becomes thinner, for with the consump-
tion of the yolk-material the yolk-sac becomes smaller and finally
disappears altogether, its walls being incorporated into the ventral
wall of the intestine and that of the hody.

The interferences in the normal course of development become greater
in the same ratio as the yolk increases in amount, as it does in the
case of the meroblastic eggs of Fishes, Reptiles, and Birds. With
the latter the yolk is no longer broken up into a mass of yolk-cells,
as in the case of the Amphibia; it participates in the process of
cleavage, but only to a slight extent, inasmuch as nuclei make their
way into the layer of yolk which is adjacent to the germ, and, svr-
rounded by protoplasm, continue to inerease in number by division.
The gastrula-form is altered until it becomes unrecognisable; only
a small part of its dorsal surface consists of cells, which are
arranged into the two primary germ-layers, whereas the whole
ventral side, where in the Amphibia the yolk-cells are found, is an
unsegmented yolk-mass,

Thus we acquire in the case of the Vertebrates mentioned a
peculiar condition; the embryo, if we regard the yolk as not
belonging to the body, appears to be developed from layers that are
spread out flat instead of from a cup-like structure (Plate I, fig. 1,
page 213). Moreover we see even a greater distinction effected
between the dorsal and ventral surfaces of the egg during develop-
ment than was the case with the Amphibians, The fundaments of
all important organs, the nervous system, the chorda, the primitive
segments (Plate 1., figs. 2, 8), ave at first produced exclusively on the
former, whereas on the ventral side few and unimportant changes only
are to be observed. These consist principally in the extension of the
germ-layers, which spread out farther ventrally, grow over the yolk-
mass (Plate I, figs, 2-5), and form around it a closed sac consisting
of several layers. This eircumerescence of the unsegmented yolk by
the germ-layers is accomplished, on the whole, very slowly, the more
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voluminous the accumulated yolk-material, the more time it requires :
thus, for example, in the case of Birds it is completed at a very late
stage of development, when the embryo has already attained a high
state of perfection (Plate I., fig. 5).

In the case of meroblastic eggs, the part of the germ-layers
on which the first fundaments of the organs (neural tube, chorda,
primitive segments, etc.) appear has heen distinguished as the
embryonic area from the remaining part, or the evtra-embrijonic area.
The distinction is both fitting and necessary ; but the names might
have been more appropriate than embryonic and extra-embryonie,”
since obviously everything that arvises from the egg-cell, and con-
sequently even that
which originates in
the extra-embryonic
area, must be rec-
koned as belonging
to the embryo. The
differentiation into
two areas persists in
the course of further
development, and be-
comes expressed still
more sharply (fig.

Fig. 119.—Advanced embryo of a Shark (Pristiurus), after 119). The embryonic
BALFOUR, :
Em, Embryo ; ds, yolk-sac ; #f, stalk of the yolk-sac; av, arterin e b}r means of the

vitellina ; vy, vena vitellina. folding of its flattened

layers into tubes,

alone forms the elongated, fish-like body which all Vertebrates at

first exhibit; the extra-embryonic area, on the contrary, becomes

a sae filled with yolk (ds), which, like an enormous hernia, is united

to the embryo (£m) by means of a stalk (st) attached to its belly,
sometimes even while the embryo is still remarkably small.

We must now explain more minutely the details of the processes
of development which take place in this connection: first the
metamorphosis of the flattened embryonic aren into the fish-like
embryonal body, and secondly the formation of the yolk-sac.

In the presentation we shall adhere chiefly to the Hen's egg, but
for the time being we shall leave out of consideration the formation
of the embryonic membranes.

The body of the Chick is developed by a folding of the flattencd
layers, and by the constricting off of the tubular structures thus formed

T
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from the area pellucida. The beginning of the process of folding is
recognisable upon the surface of the blastoderm by means of
certain furrows, the marginal grooves (Grenzrinnen) of His., These
appear earlier in the anterior than in the posterior region of the
embryonic fundament, in correspondence with the law previously
enunciated, according to which
the anterior end of the body
anticipates in development the
posterior end.

At first that part of the
embryonic fundament which is
destined to become the head is
marked off by means of a cres-
centic groove (fig. 120). In the
case of the Chick this is indicated
during the first day of ineubation,
at a time when the first trace
of the nervous system becomes
visible. It lies immediately in
front of the curved anterior end
of the medullary ridges, with its
concavity directed backward.

At a later stage the embryonic
area is marked off laterally. 1In

the case of the embryo seen from Fig. 120,—Surface-view of the area pellucida of

. . : ! . i blastoderm of 18 hours, aftor Bavrour,
the surface in ﬁg' 131! in which In front of the primitive groove (pr) lies the

the neural tube 15 ﬂll‘Eﬂ.d}r Pd-lt-l:}' medullary furrow (i), with the medollacy

- ridges (A). These diverge behind and fade
closed and segmented into three ,u; on eithor side in front of the primitive

hl‘&iﬂ—‘i"f"FiﬁlER? and in which =ix groove ; anteriorly, on the contrary, they ure

= f ey continnous with each other, and fornn an arclh

pawrs o lll.'ll.l'.l.if-l"i"ﬂ B’egment's are belind & curved line, which represemts the

laid dow . . antarior marginal groove, The second curved
n, there may be re

. . line, lying in front of and concentric with thoe
(-'Ogmﬁe‘i at some distance from first, is the beginning of the amniotic fold.

these primitive segments two

dark streaks, the two lateral marginal grooves. They become
less distinct in passing from before backward, and wholly disappear
at the end of the primitive groove.

Finally, the tail-end of the embryo is marked off by the posterior
marginal groove, which like the anterior is crescentic, but has its
coneavity directed toward the head.

In this manner a small part of the germ-layers, which alone is
required for the construction of the permanent body, is separated by a
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continuous marginal furrow from the much more extensive extra-
embryonic area, which
serves for the formation

U of evanescent organs like

kf  the yolk-sae and the em-

bryonic membranes,

The marginal grooves
are formed by the infold-
ing of the outer germ-layer
we and the parietal middle
layer, which are together
called the somatopleure, and
in such a manner that the
ridge of the original small
fold is directed downward
" toward the yolk (Plate T.,
fig. 8 sf). The space en-
closed by the two folded
layers 1is the marginal
groove (gr). As we have
distinguished on the latter
several regions, which are
developed at different times,
so must we here distinguish
the corresponding folds,
and we consequently speak
of a |leadfold, a {tail-
Sold, and the two lateral
folds.

The fAeadfold appears,
. i ; first of all, even on the

R 0, T, et ot TR R S first, but more distinctly
Fig, 121.—Blastoderm of the Chick, incubated 83 howrs, on the second, day of in-
afReR LYAL: cubation. By means of

(e sees the pellucil area, 4F, surronnded by a portion
of the opague arca, o/, The fundamentof thenervons ¢ the head-end of the

system is closed anteriorly and segmented into three 4 =5
bruin-vesicles, LB, AB%, AL%; belind, the medullary ﬂlllhl'}'ﬂnll-l fundament 1s

fold wef is still open. On either side of it lie six  formed and Sﬁpﬂl‘ﬂtﬂd from
primitive segments, ws. The posterior end of the : 7 "
fundament of the embryo isoconpied by the primitive the extra- Eml}rj'ﬁmc par
streak with the primitive groove, 7. of the germ-layers. At
the moment of its origin it is turned dirvectly downward toward the
yolk; but the more it enlarges,—whereby the anterior marginal

Rl

Kb

S

g
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groove is deepened into a pit,—the more its ridge is turned back-
wards,

Two diagrammatic longitudinal sections, one of which is shown in
fig. 122, the other on Plate 1., fig. 11, may serve to illustrate this
process.

In fig. 122 there is shown, projecting above the otherwise smooth
flat surface of the germ-layers, a small protuberance, which encloses
the anterior end of the neural tube (N.C') and the simultaneously
forming intestinal tube (), and which has arisen by the formation
of the fold F.So. The upper sheet of the fold, by directing itself

N

Fig. 122, _Diagrammatic longitudinal section through the axis of an embryo Bird, after
BALFOUR.

The section represents the condition when the head-fold has begun, but the tail-fold 1s still
WANLIDE.

F. 80, Head-fold of the somatopleure ; F.8p, head-fold of the splauchnopleure, forming at Sp the
lower wall of the front end of the mesentaron ; I, cavity of the fora gut ; pp, plenroperitoneal
eavity ; A, fundament of the antarior fold of the nmuoion ; N.C, nearal tube; Ok, chonda ;
A, B, €, outer, middle, inner germ-layer, everywhere distingnished by different shading ;
Hi, heart,

backwards, furnishes the ventral wall of the cephalic elevation ; the
lower sheet forms the floor of the marginal groove.

In the second figure, in which there is represented a diagrammatic
longitudinal section through an older embryo, the head-fold (%&/) has
extended still farther- backward. The head has thereby become
longer, since its under surface has increased in consequence of the
advance in the process of folding.

Whoever desives to make this process, which is very important for
the comprehension of the construction of animal forms; clearer and
more intelligible, may do so with the help of an easily constructed
model. Tet him streteh out his left hand on a table, and spread flat
over the back of it a cloth, which is to represent the blastoderm ;
then let him fold in the cloth with his right hand by tucking it a
little way under the points of his left fingers, The artificially pro-
duced fold corresponds to the head-fold previously described. The
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points of the fingers, which by the tucking under of the cloth have
received a covering on their lower sides, and which project above
the otherwise flattened cloth, are comparable to the cephalic eleva-
tion. In addition we can represent the backward growth of the
head-fold by tucking the cloth still farther under the left fingers
toward the wrist.

The hinder end of the embrye develops in the same manner as the
front end, only somewhat later (compare fig. 11, Plate I.). Corve-
sponding to the posterior marginal groove (gr), the tail-fold is so formed
that its ridge is directed forward and that it grows toward the head-fold.

Where in surface-views of the blastoderm the lateral marginal
grooves are to be seen (fig. 121), one recognises on cross sections the
lateral folds (Plate I., fig. 8 sf). They grow at first directly from
above downwards, thus producing the lateral walls of the trunk.
Afterwards their margins bend somewhat toward the median plane
(Plate I., fig, 9 gf), thereby approaching each other, and in this way
oradually draw together to form a tube (Plate L., fig. 10). By their
infolding the trunk acquires its ventral wall.

In order to avoid misconceptions, let it be further remarked that
only at the beginning of their formation are head-, tail-, and lateral
folds somewhat separated from one another, but that when they
are more developed they are merged into one another, and thus are
only parts of a single fold, which encloses the fundament of the embryo
on all sides.

As the separate parts of this fold increase, they grow with their
bent margins from in front and from behind, from right and from
left, toward one another, and finally come near together in a small
territory, which corresponds approximately with the middle of the
surface of the embryo’s belly, and is designated on the figure of the
cross section through this region (Plate 1., fig. 10) by a ring-like line
(An). Thus a small tubular body is formed (Plate L, fig. 3), which lies
upon the extra-embryonic area of the blastoderm and is united to it
by means of a hollow stalk (An). The stalk marks the place where
the margins of the folds, growing toward one another from all sides,
have met, but a complete constricting off' of the embryonic territory
from the extra-embryonic does not take place.

We can also represent these conditions, if, in the previously men-
tioned model, we in addition fold in the cloth that covers the tips
of the fingers along the sides of the hand and the wrist, and then
carry the circular fold thus artificially formed still farther under,
even to the middle of the palm. Then the cloth forms around the
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hand a tubular sheath, which is continuous at one place by means
of a connecting cord with the flattened remaining portion of the
cloth.

A process similar to the externally visible one just described, by
which the lateral and ventral walls of the body are produced from
the sheet-like fundaments, takes place at the same time within the
embryo in the splanchnopleure. There are developed from it, as
from the somatopleure, an antervior, a posterior, and two lateral
intestinal folds.

First, at the time when the head is differentiated (fig. 122), the
part of the splanchnopleure corresponding to it (#.Sp.) is folded
together into a tube, the so-called cavity of the fore gut or head-gut (D).

The same process repeats itself on the third day of incubation at
the posterior end of the embryonal fundament, where, upon the
appearance of the caudal part (Plate I., fig. 11), there is formed
within it and out of the splanchnopleuve the eawity of the hind gut.

Both parts of the ‘intestine at first terminate with blind ends
divected toward the outer surface of the body. At the head-end
the mouth-opening is still wanting, at the posterior end the anus.
When, however, one raises the blastoderm with the nascent embryo
from the yolk, and examines it from the under side, the anterior
and posterior portions of the intestinal canal exhibit openings (wdpf
and Zdpf), through which one can look from the yolk-side into the
blind-ending cavities. One of these is called the anterior, the other
the posterior, intestinal portal or intestinal entrance (Plate I., fig. 11
vdpf and ldpf).

Between the two portals the middle region of the intestinal canal
remains for a long time as a leaf-like fundament. Then by its
becoming somewhat bent downwards (Plate I., figs. 9 and 2) there
arises under the chorda dorvsalis an intestinal groove (dr), which lies
between fore and hind gut. Owing to the further increase of the
lateral intestinal folds (df), the groove becomes deeper and deeper,
and finally, by the approximation of the edges of the folds from in
front, from behind, and from both sides, becomes closed into a tube
in the same manner as the wall of the body.

At only one small place, which is indicated by the ring-like line
dn in Plate 1., figs. 3 and 10, the folding and constricting-off' process
158 not completed, and here the intestinal tube too remains eon-
tinuous, by means of a hollow stalk, with the extra-embryonic part
of the splanchnopleure, which encloses the yolk.

The part of the germ-layers which is not employed in the formation
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of the embryo furnishes in the case of the Reptiles and Birds the
yolk-sac and certain embryonic membranes. I shall speak of the
development of these in the next chapter.

The fate of the extra-embryonie avea of the blastoderm in Fishes
is more simple, since there is formed from it only a sac for the
reception of the yolk.

Fig. 123 exhibits the embryo (£m) of a Selachian, which has

arisen by the infolding of a small area of the germ-layers in the
manner described for

the Chick. All the
remaining part of
the egg has become
a great yolk-sac (ds),
which is united with
the middle of the
belly by means of a
long stalk.

The Teleosts (Plate
I., fig. 6) show us
transitions from this
Fig. 123.— Advanced embryo of a Bhark (Pristiurus), after condition to one in

BALFOUR. h. l l’-h ]k
Em, Bmbryo ; ds, yolk-sac; st, stalk of the yolk-sac ; av, arteria which e yolk-sac,
vitellina ; v, venn vitellina, as in Amphibians,

is not separated by
a stalk from the mesenteron, but represents only a capacious
enlargement of the latter and of the belly-wall.

Let us now examine more cavefully the structure of the wyolk-sac.
As has been remarked alrveady, all four of the germ-layers spread
themselves out one after another around the unsegmented yolk-mass
of meroblastic eggs (Plate 1., figs. 6 and 7). Asin the embryonal
body the twomiddle germ-layers separate from each other and allow
the body-cavity to appear between them, so, too, at a later stage
the same process occurs in the extra-embryonic area. Throughout
the region of the middle germ-layer there is formed a narrow
fissure, for which the name *extra-embryonic body-cavity,” or
blastospheric calom (cavity of the blastoderm, Kovriker), would be
most suitable. It separates the envelope of the yolk into-two layers,
of which the inner is the immediate continuation of the intestinal
wall [ap]a,nchnapleure), the outer, on the contrary, that of the body-
wall (somatopleure). Therefore, to be exact, we have before us a
double sac formed around the yolk, which we can distinguish as
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intestinal yolk-sac and dermal yolk-sac. The former is simply a
hernia-like evagination of the intestinal canal, and, like it, is
composed of three layers :—

(1) The intestino-glandular layer (ik),—the entoblast or secondary
entoderm, which encloses the yolk ;

(2) The visceral middle layer, or the pleuroperitoneal epithelinm
(mk?) ; and

(3) The intermediate layer (Zwischenblatt), in which have been
developed the vitelline blood-vessels, which at the beginning of the
civeulation of the blood have to conduct the liquefied nutritive
material from the yolk-sac to the places of embryonic growth.

The dermal yolk-sac is, as a continuation of the body-wall, likewise
composed of three layers—the epidermis (ak), the parietal middle
layer (mk'), and the connective-tissue intermediate substance
(Zwischensubstanz). :

I't has already been stated that the constricting-off of the yolk-sac
from the embryonal body is quite variable in extent, and can go so
far that the connection between the two is kept up only by means
of a narrow stalk. A more careful examination shows that in the
latter case the stalk itself is ecomposed of two narrow tubes one
within the other (Plate I., fie. T), of which the outer unites the
dermal yolk-sac (%s) to the ventral wall of the body, and the inner
the intestinal yolk-sac to the intestinal canal. The former is called
the dermal stalk, the latter the intestinal stalk (dn) or vitelline
duet, ductus vitello-intestinalis. The place of attachment of the
dermal stalk in the middle of the ventral surface of the embryo is
called the dermal navel (An); the corresponding place of attachment
of the intestinal stalk to the wall of the intestine the intestinal
navel (dn). The embryonic body-cavity opens out between the two,
and is continuous with the fissure hetween dermal and intestinal
yolk-sac—with the *extra-embryonic body-cavity” or the blasto-
spheric ceelom (74%).

The ultimate fate of the yolk-sac in the Fishes is the same as in
the Amphibia. It is still employed, even in the extreme case of the
Selachians, for the formation of the wall of the intestine and that
of the body. The more its contents arve liquefied and absorbed,
the more the yolk-sac shrivels. When the intestinal yolk-sac has
become very small, it is drawn into the hody-cavity and finally
serves to close the intestinal navel, just as the dermal yolk-sac upon
its disappearance closes up the dermal navel. With the lower
Vertebrates a shedding of the embryonic parts has not yet come into
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existence. The next chapter will explain what becomes of the
yolk-sac in the case of Reptiles and Birds.

SUMMARY,

1. In the case of Vertebrates whose eggs contain little yolk, the
embryo after the development of the germ-layers takes on an
elongated, fish-like form.

2. In eggs with abundant yolk the body of the vertebrated animal
is produced by only a small region of the germ-layers (the embryonic
fundament) ; the far greater extra-embryonic area is employed for
the formation of a yolk-sac and of embryonic membranes (the latter
only in Reptiles and Birds).

3. The separate layers of the embryonie fundament constrict them-
selves off from the extra-embryonic territory, and at the same time
become folded into tubes—the somatopleure into the tubular body-
wall, the splanchnopleure into the intestinal tube (head-fold, tail-fold,
lateral folds, intestinal groove, intestinal fold).

4. The extra-embryonic territory of the germ-layers remains in
continuity with the two tubes by means of a stalk-like connection.

5. In Fishes the extra-embryonic territory of the germ-layers
becomes the yolk-sac, which is compased of two sacs, the intestinal
and the dermal yolk-sacs, separated from each other by a pro-
longation of the embryonal body-cavity.

6. The place where the dermal yolk-sac is attached to the belly-
wall of the embryo by a stalk-like prolongation is called the dermal
navel or umbilicus; the corresponding place of attachment of the
intestinal yolk-sac to the middle of the intestinal canal is the
intestinal navel or umbilicus.

7. In Fishes the yolk-sac after resorption of the yolk-material,
accompanied by the phenomena of shrivelling, is employed for the
closure of the intestinal and dermal navels.

8. In Reptiles and Birds the extra-embryonic region furnishes,
in addition to the yolk-sac, several other embryonic membranes,
which complicate the development.

CHAPTER XI.
PTHE FETAL MEMBRANES OF REPIILES AND BIRDS

As has already been stated, the course of development in all animals
which do not deposit. their eggs in water—in Reptiles, Birds, and
Mammals—is unusually complicated, owing to the appearance of
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special egg-envelopes (embryonic or fwtal membranes). Some of
them, according to their origin, are to be referred to the extra-
embryonic area of the germ-
layers, and indeed to that part
which in Fishes is employed for
the yolk-sac. They arise from
folds, which grow around the
embryo while it is still small,
and furnish a double envelope
for it.

The egg-envelopes (embryonic
membranes) of Reptiles and
Birds, which exhibit almost
identical conditions, and the
consideration of which we shall
take up first, are more simply
constituted than those of Mam-
mals. In the case of the former
there are associated with the
volk-sac, in the possession of
which they agree with the
Amp_hlhm and ka_ies’ three Fig, 12¢.—Burface-view of the pellucid area of
additional embryonic appen-  a blastoderm of a Ohick of 18 hours, after

dages, the amni o~ DALROUR.
2 ﬁﬂ'_’ the m In front of the primitive groove, pr, lies thgy
brana serosn {ﬂl‘ bﬂﬂﬂ}? Eeram}, medullary furrow surronnded by the medullary

and. the alla o folde, Immediately in frout of these one sees
ntois.. They are '™ line, the head-fold, and in front of

P‘&I"ﬂ.]" laid duwn at an E&I‘l}" it a second curved line running concentric
p&r‘iﬂd, at the time when the with it, the anterior fold of the amnion.
embryonic body is converted

mt-u.:r tubes by the infolding of the germ-layers and is thereby con-
stricted off from the yolk-sae.

The Chick shall again serve as a basis for our description.

1. The Amnion, the Serosa, and the Yolk-Sac.

The amnion is a structure the appearance of which is recognisable
remarkably early in the Chick. At the time when one recognises
the semicircular head-fold at the anterior end of the incipient embryo
(fig. 124), by the growth of which the head of the embryo is marked
off, there is already present, at a short distance from it, a second fold
running parallel to it. This is the anterior fold of the ammion, a
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product of the extra-embryonic part of the ectoderm and of the
parietal mesoderm united with it.
The two infoldings, which lie near to each other, have opposite

Fig. 125,—Disgrammatic longitudinal section through the axis of an embryo Bird, after
BALFOUR.

The section represents the condition when the head-fold is already formed, but the tail-fold is
gtill wanting,

F.%, Head-fold of the somatoplenre; F.8p, head-fold of the splanchnopleure, forming at Sp
the floor of the anterior part of the intestine, For the remaining references see fig. 122,
p- 201,

dirvections (fig. 126). While the head-fold (#.50) advances with its
margin toward the yolk, the anterior fold of the amnion (4sm), sepa-
rated from it by the marginal] groove, rises externally above the

e

Fig. 126.—Diagrammatic longitudinal section through the posterior end of an embryo Chick at
the time of the formation of the allanteis, after Barvoun,

ep, me, by, Outer, middle, and inner germ-luayers ; ck, chorda ; Sp.c, nenral tube § 1.6 nenrenteric
canal ; p.a.g, post-nnal gut ; pr, remains of the primitive streak folded toward the ventiral
gide: al, allantois; on, point whera the anus will be formed; p.c, perivisceral eavity;

g, amnion ; so, somatopleure ; p, splanchnopleire.

plane of the blastoderm. At the time when the head is being formed,
the amnion enlarges rather rapidly (Plate L, fig. 11vay), and grows over
and around the head in a eap-like fold, the rim of which is directed
backwards. At the end of the second day of incubation it already
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covers the anterior part of the head like a thin transparent veil, and

is therefore called the cephalic sheath.

In like manner, but at a somewhat later stage, there arise at the
tail-end and at both sides of the embryo the posterior and lateral

s

ery inconspicuous even

T'he posterior fold is still v

Jolds of the amnion.
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e when the head is covered with the veillike pellicle

- fig. 11 haf).

at the tim

(Plate I
candal sheath covers over the posterior end of the body (fig. 126 am).

It enlarges slowly, and under the name of

The lateral folds of the ammion ave elevated externally to the lateral

marginal grooves (fig. 1

tion

rec

8

and project in the opposite d

27 om),

from those lateral folds by the

bending in of which the lateral and

ventral walls of the embryo are produced. By this means the rim

14
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of the fold is carried farther and farther from the splanchnopleure
(sp), which remains spread out flat over the yolk. In this way the
extra-embryonic part of the body-cavity, or the cavity of the blasto-
derm (KGLLIKER), increases in extent in the vicinity of the embryo.
When the lateral folds of the amnion have grown up to the dorsal
surface of the embryo (Plate I, fig. 9 saf), they begin, by the bending
over of their edges medianwards, to form the so-called lateral
sheaths.

Tnasmuch as the folds of the amnion, which are called by special
names, become, when they are in full development, continuous, and are
only parts of a single ring-like fold, the embryo eventually becomes
surrounded on all sides as though by a high wall. With further
enlargement, the amniotic sheaths then bend together over the back
of the embryo from in front and behind, and from the right and
the left (Plate I., figs. 2, 3, and 10, af, vaf, haf), come together
with their edges in the median plane, and then fuse with each other
along a line, the amniotic suture, which closes from in front back-
wards (Plate 1., fig. 10), except that at one very small place near
the tail-end the closing is interrupted for a considerable time, and
a small opening is preserved.

The fusion of the amniotic folds takes place in the same manner
as the fusion of the medullary folds deseribed on page 79. Kach
fold (Plate I., figs. 3 and 10) consists of two layers, an inner and an
outer one, which are continuous at the margins of the folds, and ave
separated by a fissure, which is a portion of the extra-embryonic
body-cavity. At the amniotic suture the corresponding layers of
the folds of both sides fuse, and hand in hand with this a separa-
tion of the inner from the outer layers takes place (Plate L., fig. 4).
‘As a vesult of this there have now arisen two envelopes over the
back of the embryo, an tnuer and an outer one, the ammnion () and
the serosa (,S).

The amnion is the product of the inner layer of the folds (Plate I,
fig. 10 ). It forms a sac which immediately after its origin is
closely applied about the embryo, and which encloses a very small
amniotic cavity filled with fluid.

The serous membrane (serosa), which is derived from the outer
layer of the folds (afb, Plate 1., fig. 10}, lies as a very delicate trans-
pavent membrane closely applied to the amnion, and thus encloses
the embryo in still another envelope.

If we now glance back at the conditions described in the previous
chapter, and compare the development of Fishes with that of Reptiles
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and Birds, it is to be seen that a considerable complication has arisen
in the case of the latter. Whereas in Fishes the extra-embryonic
area of the somatopleure becomes exclusively the dermal yolk-sac, in
Reptiles and Birds two sacs have arisen out of it by a process of
folding. The influences producing this folding appear to be clear.
Since the egg is enclosed in firmly applied envelopes, the embryonic
body, when it is formed by the folding together of the germ-layers,
cannot rise from the yolk-sac ; it therefore comes to lie in a depres-
sion of the latter. There is the more reason for the occurrence of
this because the embryo at the beginning of development is exces-
sively small in comparison with the yolk, and becanse the yolk-layers
immediately underlying it become liquefied and absorbed. With
the sinking of the body into the yolk (Plate I., figs. 2 and 3), the
parts which in Fishes become the simple dermal yolk-sac (Plate I.,
figs. 6 and 7) fold in around it on all sides as amniotic folds, and
enclose it the more completely the deeper it sinks into the yolk,

" The preceding account of the development of the amnion is made some-
what schematic in a single point. That is to say, the anterior fold of the
amnion is developed so early, that the middle germ-layer has not yet been
able to spread out as far as the anterior part of the embryonic area. The in-
folding, therefore, in this region involves only the outer and inner germ-layers,
which are still closely united. This condition is changed somewhat later,
when the middle germ-layer has grown into the region of the anterior fold of
the amnion, and has there split into a visceral and a parietal layer. The process
has not yet been followed out in detail in series of longitudinal sections, But
at all events we must assume that the entoblast, which is united with the
visceral middle layer, retracts from the anterior fold of the amnion and
again spreads out flat, as is represented in diagrammatic figure 11 (Plate I.). In
this manner the anterior amniotic fold, which in the meantime has become
greatly enlarged, now consists of the onter germ-layer and the parietal middle
layer, as is the case from the beginning with the subsequently arising posterior
and lateral folds of the amnion.

We now have to enter still more particularly upon the further
relations of amnion and serosa.

Up fo the end of embryonic development the amniotic sac remains
in continuity with a small region on the ventral side of the embryo,
which is ealled the dermal umbilicus. In figs. 3, 4, 5, and 10
(Plate L.) this place is indicated by means of a eircular line (hn).
Here the primitive layers of the body-wall are continnous with the
corresponding layers of the amnion, as, for instance, the epidermis of
the body with an epithelial Jayer lining the amniotic cavity, The
dermal umbilicus of Reptiles and Birds corresponds thervefore with
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the structure of the same name in embryo Fishes (Plate L., fig. 7 /i),
for it is at this point that the dermal yolk-sacis continuous by means
of its stem-like elongation with the walls of the belly. As in the
Fishes, it surrounds an opening (Plate I., figs. 7 and 5 /n) which unites
the portion of the body-cavity lying within the embryo (/') with
the extra-embryonie part lying between the embryonic membranes
(h?). Furthermore, the stallk of the yolk-sac or vitelline duct,
which is continuous with the embryonic intestine, and which 1s
indicated in the above-mentioned figures of Plate I. by the small
circle dn, passes through the opening.

The amniotic sac affords an additional special advantage to the
embryos of Reptiles and Birds in that an albuminous saline fluid, the
liquor amnii, collects in its cavity. In it the delicate, easily injured
embryo composed of plastic cells floats, as it were, and is able to
move.

The amniotic sacis small at the beginning of its development, but
enlarges with each day of incubation, since it keeps pace with the
growth of the embryo and encloses a larger and larger amount of
amniotic fluid.

At the same time its wall becomes contractile. Certain cells in its
somatic mesoderm develop into contractile fibres, which in the Chick
give rise to thythmic movements from the fifth day of incubation
onward, One can observe these while the egg-shell remains intact,
if one holds the egg toward a source of bright light, and for this
purpose makes use of the obscope constructed by PrEYER. In this
manner it can be determined that the amnion executes about ten
contractions in a minute, which, beginning at one pole, proceed to
the opposite end, like the contractions of a worm. Thus the amniotic
fAlwid is set in motion, and the embryo oscillates or rocks regularly
from one end to the other. The rocking of the embryo, as PREYER
expresses it, becomes more and more obvious in the later days
of incubation, since the contractions of the amnion become more
energetic. .

The serosa () is a wholly transparent, easily ruptured membrane,
which is closely applied to the vitelline membrane. It consists of two
thin cell-layers, which tale their origin from the outer germ-layer
and the parietal middle layer, and like them are distinguished hy
blue and red lines in the diagram. The serous membrane is origin-
ally present as a separate structure only in the region of the amnion
and of the embryo (Plate L, fig. 4), as far as the body-cavity is formed
in the middle germ-layer. It then enlargesto the same extent as the
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yolk becomes overgrown and as the vascular area extends farther
downwards. Parietal and visceral middle layers separate more and
more from each other, until finally (in the Chick toward the end of
incubation) a separation results over the enfire periphery of the yolk-
sphere. Figs, 3, 4, and 5, Plate I,, show stages in this process. In
the last figure, which represents the condition on about the seventh
day of incubation, the extra-embryonic part of the body-cavity has
already become very considerable ; the serous envelope is, with the
exception of a small place at the vegetative pole of the yolk, every-
where formed as a separate structure.

In connection with this the wall of the yolk-sac alse becomes
changed. Whereas at the beginning of the overgrowth it embraces
for a considerable distance all the germ-layers, after the separation
of the serosa it is composed exclusively of entoderm and the visceral
middle layer.

ExprLANATION OF THE FIGURES oN Prare I.

Figs. 1-5 are diagrammatic representations of cross and longitudinal sections
throngh the Hen's ege at different stages of incubation. They are intended to
illustrate how the body of the Chick is developed out of the embryonic funda-
ment, and how the yolk-sac, the amnion, the serosa, and the allantois arise out
of the extra-embryonic area of the germ-layers.

For the sake of clearness the embryonic fundament, and later the embryo,
are represented much too large in relation to the yolk.

In order more easily to distingnish the different parts from one another
different colors have been selected for them. The yolk is represented in
yellow, the entoderm green, the outer germ-layer blue, and the middle germ-
layer, together with the mesenchyme, red. The black dots indicate the limit
to which the outer and inner germ-layers have grown over the yolk in the
different stages; the red dots mark the boundary for the time being of the

middle germ-layer, which after the development of the blood-vessels ends in
the sinus terminalis.

The veferences apply to all of the figures.

ek, Cuter gevni-layer (blne). | dg, Vitelline duet.
wtie, Medullary ridges or folds, ,al, Allantois,
N, Neural tuba, d#, Intestinnl ane,
af, Amniotic fold. i, Tnteatinal nmbilicus,
wof, hef, saf, Anterior, posterior, and lateral | sk, Middle gevm-leyer (red).
amniotic folds, ak 'y Parfetal lamella of the same or parietal
A, Amnion, middle Iayer,
ali, Amniotic eavity. mk®, Viscernl lnmella of the same or visceral
8, Berons membrane (Serosa). middle Inyer.

A, Dermal umbilicus, #f, Lateral limit of the sama, sinus terminalis,
#f, Lateral folds. kf*, &%, Head-fold ; afb, ifb, marginal vein.

outer and inner limbs of fold, din, v, Doreal and ventral mesenteries,
ik, Tnner gevm-loyer (green), ik, Body-cavity. (', Embryonio, I8, extrn-
wr, 1ts margin of overgrowth, embryonic part of the snme,
dr, Intestinnl groove,
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Fig, 1.— Clross seotion through a Hen's egg on the second day of incubation.

The germ-layers are spread out flat over the yolk; the middle one is less
extensive than the other two. The first blood-vessels have developed, and
terminate with the marginal vein (sf) at the edge of the middle germ-layer.
One now distingnishes therefore the vascular area, which extends to the red
dotted line (st), and external to it the yolk-area (d/), which terminates with
the black dotted line (wr), the edge of overgrowth of the outer and inner
germ-layers,

Fig, o (ross section throwgh a Henw's egg on the thivd day of incubation.

The outer and inner germ-layers are spread out over half of the yolk.
The yolk-area (@) terminates with the black dotted line (ur), the edge of
overgrowth, ;

The middle germ-layer, with the vascular area, which is now well developed,
has also grown over the yolk as far as the line sf (the sinus terminalis). In
the middle germ-layer the body-cavity bas become distinct in the embryonic
region (IA') and in its immediate vicinity (%), the parietal (m%') and visceral
middle layers (mk?) having separated from each other.

The embryonic fundament begins to be constricted off from the extra-
embryonic part by a process of folding and to constitute the trunk. The lateral
folds (sf) have grown downwards for a certain distance, thus giving rise to
the lateral walls of the trunk, whereas ventrally the body is still open. Corre-
sponding to these lateral folds (sf), the lateral intestinal folds (df) have
arisen on the splanchnoplenre, and bound the intestinal groove (dr).

The embryo in process of being constricted off has sunk into a depression of
the more and more liguefied yolk, and becomes partly enveloped by the somato-
pleure of the extra-embryonic area of the germ-layers, the lateral folds of
the amnion (af) having already encircled the sides of the embryonic body.

Fig. 3 shows a longitudinal section through the stage represented in cross
section in fig. 2. (Third day of incubation.)

The head-end of the body is entirely constricted off from the blastoderm.
Tt encloses the cephalic portion of the intestine (Kopfdarmhihle). The tail-
end is only slightly differentinted. The anterior fold of the amnion (vaf) has
invested the head, the posterior fold (haf) the tail (cephalic sheath, caudal
sheath). i

The middle of the trunk is still wide open ventrally. The place where
the body-wall passes over into the folds of the amnion, and which is indicated
in the diagram by the ring /m, is called the dermal nmbilicus.

The splanchnoplenre has become closed into a tube anteriorly and pos-
teriorly (the cephalic and pelvic portions of the intestinal cavity); in the
middle the tube is still open ventrally, and by means of the vitelline duct (dg)
is continuous with the yolk-sac (ds). The place of transition indicated by
the ring dn is the intestinal umbilicus. The allantois (al) grows out as a small
vesicle from the ventral wall of the pelvic portion of the intestinal cavity into

thie body-cavity of the embryo.
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Fig. 4.—Longitudinal section through a Hen's egg at the beginning of the
Jfifth day.

After the fusion of the amniotic folds, the embryo, together with the amniotic
cavity (ah), is enveloped in the amniotic sac. The serons membrane (8) has been
developed from the outer layer of the amniotic folds. By further separation
of the middle germ-layers the extra-embryonic part of the body-cavity (Ih%)
has enlarged, and the allantois (al) has grown into it.

With the exception of a third of its surface, the yolk has become overgrown
by the outer and inner germ-layers, as far as the line wr. The vascular aren
has extended to the line s£. The cephalic portion of the intestinal cavity has
opened into the amniotic cavity by means of the newly arisen mouth (m).

Fig. 5.—Longitudinal section through a Hen's eqg on the seventh day of
ineubation.

By the enlargement of the extra-embryonic body-cavity the serous membrane
(serosa) has entirely separated from the yolk-sac, with the exception of a small
area. The outer and the inner germ-layers have now grown over the yolk on all
gides; the middle germ-layer with the vascular area has extended farther
downwards. The ammiotic eavity, in which the embryo floats, has become
much extended by the increase of the amniotic fluid. The allantois has
enlarged considerably, and forms a sac, which connects with the hind gut
by means of a narrow stalk (urachus). The sac extends out into the extra-
embryonic body-cavity between amnion, yolk-sae, and serous membrane, more
- particularly on the right side of the embryo.

Fig. 6 representz a diagrammatic cross section through an embryo Fish,

The dorsal part is already far advanced in development and encloses the
neural tube (), the chorda (ek), the aorta (a0), and the primitive segments,
The ventral side is greatly distended by the considerable yolk-mass (d). The
latter lies in an enlargement of the intestinal canal, the intestinal yolk-sac ;

this is separated from the enlarged dermal yolk-sac by means of a narrow
fissure, the body-cavity (Ik).

Fig. T.—Diagrammatic longitudinal section through a Selachian embrijo.

The yolk-sac has been partly constricted off from the body of the embryo ;
it still remains united to its ventral side, but only by means of a narrow stalk (st),
which consists of two tubes, one within the other, the intestinal stalk (vitelline
duct) and the dermal stalk. The yolk-sac communicates with the embryonic
intestinal canal by means of the vitelline duct. The point of transition is
called the intestinal umbilicus (dn). The point of attachment of the dermal
stalk to the belly of the embryo is the dermal umbilicos (An). The space
between dermal and intestinal umbilicus (An and dn) serves to put the body

cavity of the embryo (I1') in communication with the body-space (74%) between
the dermal and intestinal yolk-sacs,



216 ' EMBRYOLOGY,

Figs. 8, 9, 10, 11.—Diagrammatic eross and longitudinal sections through
embriyjo Chicks of different ages.

Fig, 8.—Half of a eross section throngh an embryo Chiok of twoe days, after
KOLLIKER.

The embryonic body, in which the neural tube (&), chorda (eh), primitive
segment with its cavity (wsh), primitive aorta (ae), and the fundament of the
primitive kidney (un) are to be seen, is marked off from the extra-embryonic
region of the germ-layers by the marginal groove (g7). The body-wall begins
to be developed, owing tothe somatopleure having given rise to the lateral fold
(sf), the ridge of whichis directed toward the yolk. External to it the lateral
fold of the amnion (saf) rises in an opposite direction.

Tig. 9.—Cross section of an embryo Chick at the beginning of the third day,
after KOLLIKER.

The lateral folds (/) have grown farther downward, and have completed the
body-wall. The lateral folds of the amnion (gaf) likewise have risen up farther
toward the back of the embryo. The splanchnoplenre has folded in to
form the groove d». The dotted line /m indicates the still broad dermal
umbilicus, the line dn that of the intestinal nmbilicus.

Fig. 10.— Cross seotion through the trunk of a five-days embryo Chick in the
vegion of the wnbilicus, after REMAK,

By an approximation of the lateral folds, the body-wall has been completely
formed up to the region enclosed by the line Az, in which the body-cavity still
possesses an opening, and communicates with the extra-embryonic portion of
the body-cavity. At the line /n, the dermal umbilicus, the body-wall bends
over into the folds of the amnion (af), which have grown over the back of the
embryo, and are about to fuse along their edges. At the dermal umbilicus
(dn) the intestinal tube (d) passes over into the yolk-sac, which is not
represented.

Fig. 11.— Diagrammatic longitudinal secetion thvougl an embryo Chick.

The head is already fully differentiated from the blastoderm by the process
of folding, the tail-portion is less completely scparated ; the former encloses
the cephalic portion of the intestinal cavity (&d), which is in connection with
the yolk-sac by means of the anterior intestinal portal (v.dpf). The pelvic
portion of the intestinal cavity, which shows the first traces of the allantois
(al), communicates backwards and above with the neural tube by means of t.he
nenrenteric canal (en), and toward the yolk-sac by means of the posterior
intestinal portal (L.dpf). The head-end is already partly ensheathed by the
anterior amniotic fold (vaf), whereas at the tail-end the posterior amniotic fold
(haf) is just beginning to be elevated.
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2. The Allantois.

While the development of the ammion is still going on, there is
formed in Reptiles and Birds an embryonic organ of no less im port-
ance, the allantois, or urinary sac. It has two diffevent funections
to perform at the same time. In the first place it serves, as its
name implies, for the reception of the exerefory products which arve
furnished during embryonie life by the kidney and primitive kidney ;
and secondly, by virtue of the abundance of blood-vessels and the

Fig, 128, —Diagrammatic longitudinal section through the posterior end of an embryo Chick at
the time of the formation of the allantois, after Bavroum.

The seetion shows that the meural tubae, Sp.e, is continmons at its posterior end with the hind
gnt, jp.o.g, by means of the neurenteric canal, n.e. The latter passes through the remains of
the primitive streak, pr, which is folded over toward the ventral side. ep, Outer perm-layor ;
ch, chorda ; hy, entoderm (hypoblast) ; af, alluntois ; e, middle germ-layer: an, the point
where the anus will arise ; ain, amnion ; s0, somatoplenre ; &5, aplanchnoplene,

superficial position that it acquires, it is the most important organ of
respiration.

The allantois takes its origin from the posterior portion of the
hind gut, which is afterwards designated as the cloaca, and in the
Chick the first traces of it can be recognised even at the end of
the second day, at a time when the walls of the hind gut are still
in the process of formation. It appears in this instance as a small
ceecal evagination (al) on the anterior wall of the splanchnopleure
(hy) (fig. 128 ; Plate 1., fig. 3 al).

The evagination is lined by the entoderm, and is covered exter-
nally by a growth of the splanchnic mesoderm. It enlarges rapidly
into a vesicle, which grows out into the body-cavity (Plate L., fig. 4 al).
At the same time the blind end enlarges, whereas the proximal part,

where it passes over into the hind gut, becomes narrow and elongated
into a hollow stalk, the urinary duet or urachus.
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On the fourth day the urinary sac is so enlarged that it can
no longer find room in the embryonic part of the body-cavity, and
therefore forces itself into the extra-embryonie portion of it between
the intestinal and dermal portions of the umbilical stalk (Plate T.,
fig. 5 al). Here it comes into the space between the yolk-sae (ds) and
amnion (4); then it comes in contact with the inner surface of the
serosa (), and spreads out under it for a considerable distance over
the right side of the embryonic body.

Tn vegard to the sulsequent fate of the embryonic membranes in the
(thick, it is to be noticed that up to the middle of incubation, é.e., up
to about the eleventh day, they continue to develop in a progressive
diveetion, but that from this time onward certain regressive processes
commence, which later become more and more apparent. i

In the first period (fifth to eleventh day) the following changes
ave effected in the yolk-sac, the amnion, the allantois, ete. The -
vascular area spreads out, in the manner before described, over a
greater area in the wall of the yolk-sac, which still retains a
considerable size. On the seventh day it covers about two-thirds
(Plate I., fig. 5), and on the tenth three-fourths of the yolk-sac. At
the same time the marginal vein becomes indistinet, and the sharp
separation from the non-vaseular portion ceases.

The contents of the yolk-sac have become fluid by chemical
changes of the yolk-mass. The serosa (9) is raised from its surface
as far as the vascular area has extended, owing to the enlargement
of the extra-embryonic body-cavity. At the same time the allantois
(Plate L., fig. b al) has grown into the intermediate space. This has
enlarged so much by the tenth day that it leaves unecovered only a
small portion of the yolksac and amnion. It has lost still more
of its saclike character; for between its outer layer, which almost
everywhere is closely applied to the inner surface of the serosa, and
its inner layer, adjoining the amnion and yolk-sae, there is found only
an insignificant intermediate space filled with urine.

The allantois, moreover, has by this time become a very vascular
organ and is nourished by the umbilical vessels, which will engage
our attention in a subsequent chapter devoted to the vascular system.
The network of blood-vessels is densest in its outer layer, which
spreads out at the surface of the egg ; it serves to maintain here the

rocesses of embryonie respiration, since carbonie acid is given off from
the superficially circulating blood and oxygen is taken up. The latter
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is acquired in part divectly threugh the egg-shell and in part out of
the air chamber (fig. 8 a.ch) situated at the blunt pole of the egg,
which is in contaet with a large part of the allantois.

Finally, in addition to respiration, the allantois serves for the
vesorption of the albwmen, which becomes more and more thickened
during incubation, and compressed into a lump at the pointed pole of
the egg. It growsover the albumen and envelops it in a sac, the epi-
thelial surface of which arose from the serosa, which was evaginated
at the same time with the growing allantois. There are developed on
the inner surface of the sac highly vascular villi, which sink into the
albumen, and have been described as a placenta by Duvar, who has
called attention to these conditions.

The air chamber also has undergone modifications during incuba-
tion, and, at the same time with the acquisition of air, has inereased
in size by the separation of the two layers of the shell-membrane in
which it is enclosed (fig. 8, p. 17).

Finally, the amnton, which at the beginning of its development is
rather closely applied to the embryo, has enlarged and become a sae
(Plate I., fig. b 4) entirely filled with amniotie fluid. TIts rhythmical
contractions already described become most active and powerful on
the eighth day, and from that time forward to the end of ineubation
diminish in frequency and in force.

As a result of all these processes of growth, the embryo with its
appendages now demands a much larger space than at the beginning
of incubation. It acquires this in the following manuner. The
albumen which surrounds the yolk diminishes considerably, since it
disappears, especially its fluid portion, partly by evaporation to the
exterior, partly also by resorption on the part of the embryo. Thé
vitelline membrane has become ruptured by the enlargement.

In the second period, which we have reckoned from the eleventh
to the twenty-first day, or to the hatching of the Chick, retrogressive
metamorphoses are most prominent.

These assert themselves first of all on the yolk-sac. As the result
of the vigorous sucking up of its contents it becomes more and more
flaceid, so that its wall begins to lie in folds. It now becomes
entively separated from the serosa, since the extra-embryonic body-
cavity has extended all around it, and thereupon it is drawn closer to
the wall of the belly by the shortening of the umbilical stalk. On
the nineteenth day of incubation it begins to slip into the peritoneal
cavity through the dermal umbilicus, which has now become very
narrow, whereby it takes on an hour-glass shape during its passage
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through the ventral wall. It is here employed to Lelp in the closure
of the intestinal wall.

The amnion undergoes regression, inasmuch as the fluid diminishes .
and almost entively disappears, nntil the membrane is again closely
applied to the body of the embryo. The albumen, too, is almost
entirely consumed. The allantois alone eontinues to inerease, and
finally grows around so completely on the entire inner surface of the
serosa that its edges come together and fuse with one another into
a sac entirely enclosing the embryo and the amnion. It adheres so
firmly to the serosa that a separation is no longer possible.

The urine likewise diminishes toward the end of ineubation, and
finally, like the amniotic fluid, has entirely disappeared. As the
result of this, there are found in the allantois precipitates of urie
salts, which become more and more abundant,

Amnion and allantois finally undergo complete retrogressive meta-
morphoses. Inasmuch as the Chick, shortly before hatehing, breaks
through the surrounding membranes with its bill, it begins to take
in directly the air contained in the air chamber, which has become
larger. A result of this is that the circulation in the allantois
is retarded and finally ceases altogether. The afferent umbilical
vessels disappear. Amnion and allantois die away, dry up, and then
separate from the dermal umbilicus, which closes on the last day
before hatching, and when the Chick leaves the egg-shell they are
stripped oft with it as useless remains,

SUMMARY.

1. In Reptiles and Birds the embryo during its development sinks
into the underlying yolk, which has become liquefied, and becomes
enveloped by folds of the extra-embryonic arvea of the somatopleure,
the anterior, posterior, and lateral folds of the amnion (eephalic
sheath, candal sheath, lateral sheaths).

9. As the vesult of the folding processes two sacs arise around
the embryonic body, the amnion and the serous membrane (serosa).

3 The amnion is united at the dermal umbilicus with the belly
of the embryo.

4 The dermal umbilicus encloses an opening through which the
embryonic and extra-embryonic portions of the body-cavity are in
connection.

5 The stalk of the yolk-sac passes through the dermal umbilicus
in order to attach itself to the intestine at the intestinal umbilicus.
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6. The allantois is evaginated from the ventral wall of the
posterior tract of the hind gut (cloaca), grows as a pedunculated sac
(1) into the body-cavity, and (2) through the dermal umbilicus into
the extra-embryonic part of the same, extends out from hLere on
all sides between the amnion and serosa, and by virtue of its great
vascularity functions as an organ of respiration.

7. At the end of embryonic development the constantly diminish-
ing yolk-sac, after the consumption of the yolk, slips through the
open dermal umbilicus into the body-cavity, and is employed in the
closure of the intestinal umbilicus.

8. Amnion, serosa, and that part of the allantois which has
grown out beyond the embryonic body, are cast off as useless struc-
tures at the dermal umbilicus, which becomes closed.

e —— - —

CHAPTER XII.

THE F(ETAL MEMBRANES OF MAMMALS.

Ix their early stages of development the feetal membranes of
Mammals present an extraordinary correspondence with those of
Reptiles and Birds (fig. 129). We find a yolk-sac (V) with abun-
dant capillaries, an amnion (@m), a serous membrane or serosa (sz),
and an allantois (4L('); we find that, in the same way as before,
the embryo is developed out of a small region of the blastula, and is
constricted off in the same way from the extra-embryonic area, with
which it remains united only by means of a dermal and intestinal
yolk-stalk,

The correspondence becomes a striking one and stimulates to
further reflection, when we take into consideration that the develop-
mental processes enumerated are primarily evoked by means of the
accumulation of yolk-material in the eggs of Reptiles and Birds, and
that the eggs of most Mammals lack almost entirely the yolk, are of
very small size, undergo total segmentation, and in all these respects
resemble more the eggs of Amphioxus,

Why, then, does the mammalian germ nevertheless undergo
metamorphoses which in other cases arve only the result of the
accumulation of yolk 7 Why is there developed a yolk-sac that

contains no yolk, with a system of blood-vessels that is designed for
the resorption of yolk 1
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For the explanation of these conditions we must have recourse
to an hypothesis which can be formulated about as follows :—

The Mammalic must have descended from antmals which possessed
large eggs with abundant yolk, which were oviparous, and in which
consequently the embryonie membranes were developed in the same way
as in Reptiles and Bivds.  The loss of the yolk-contents from the eggs
of these animals must have been a supplementary event, which began
at the time when the eggs were no longer deposited outside, but were

=

e

Fig. 129.—Diagram of the fetal membranes of & Mammal, after TURNEE,
F:E Zona pellucida with villi (prochorion) ; &, £erous membrane ; &, outer germ-layer qf the
I embryo ; am, amnion; AC amniotic cavity ; M, middle germ-layer of the e_mhr_w.r 3y inner
germ-layer of the same ; UV, yolk-sac (vesich nmbilicalis); ALC, allantoic cavity ; al, allantois.
L]

developed in the uterus. For by this change there was found a new

and more productive, because unlimited, source of nourishment for the

developing germ in substances which were secreted by the walls of the
qterus from the maternal blood. There was therefore no mol'e'n:aed of
a dower of yolk. But the enveloping structures, which were originally
called into existence by the presence of yolk-contents in the eggs,
wuge they were still of use in many other relations,

were retained, bec ons,
and because, through a change of function, they became subservient

to uterine nowrishment and correspondingly underwent changes.

- ne—

w“ﬂ—u—q—ﬂhﬂ-.,
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Three facts can be cited in favour of this hypothesis.

In the first place, in the lowest classes of Mammals, as in the
Monotremes and Marsupials, the eggs are larger than in placental
animals. They are characterised by a large quantity of yolk,
which, as in Ornithorhynchus for instance, is deposited in closely
compacted spheres of varying size and fat-like lustre. In this par-
ticular they form a transition to the eggs of Reptiles and Birds.

Secondly, it has been observed that the Monotremes, the lowest
division of the Mammalia, are oviparous, like Birds and Reptiles.
Quite recently two investigators, Haaoke and CALDWELL, have made
the interesting discovery that Echidna and Ornithorhynchus, instead
of giving birth to living young, as was hitherto assumed, lay eggs
which are nearly two cgntimetres in diameter, and enveloped in a
parchment-like shell, and which they carry about with them in their
brood-pouch or mammary pocket.

Thirdly, the feetal membranes of Marsupials, w.wrluch next to the
Monotremes are to be considered as the lowest Mammals, remain
permanently in a condition which corresponds to that of Reptiles
and Birds, although the development takes place in the uterus. As
we know through Owex, the embryo, which is enclosed ina capacious
amnion, possesses a very large vascular yolk-sae, which extends out to
the serosa, and in addition a small allantois and a serosa. The latter
lies closely applied to the walls of the uterus, but without being
intimately united with it. Probably, therefore, after resorption of
the yolk, substances which have been secreted by the uterus are
taken up by the blood-capillaries of the yolk-sac. Thus a kind of
intra-uterine nutrition begins to be established in the Marsupials;
but otherwise the embryo with its envelopes lies in the cavity of the
uterus, like the Avian or Reptilian embryo with its membranes in
the firm egg-shell.

Having established the hyputhems, already expressed by various
authors, that the eggs of Mammals must originally have contained
more yolk, let us turn to a more exact description of the fetal
membranes. As regards the first stages of development, let us begin
with the Rabbit, beeause its embryology has been the most thoroughly
investigated ; t-heu in order to facilitate our understanding of the
structure of the human placenta, we shall show in a brief sketch how,
in the class of Mammalin, in various ways more intimate anatomical
and physiological relations are developed between the mucous mem-
brane of the uterus and the embryonic membranes. We shall treat
of the feetal membranes of Man in a special chapter,
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When, in the Rabbit, the ovum, which has reached the uterus,
has here become metamorphosed into the blastula already described,
it is still enveloped by the zona pellucida. This in the meanwhile
has been distended into a thin pellicle (prochorion), which is subse-
quently destroyed.

The blastula, or blastodermic vesicle, expands rapidly, and from
the fifth to the seventh day grows from 1'5 mm. to 5 mm. in diameter.
In consequence
of this increase
in size the pro-
chorion on the
seventh  and
eighth days is
go closely ap-
plied to the in-
ner surface of
the uterus that
it becomesmore
and more diffi-
cult, and finally
impossible, to
detach the eggs
without injury.
For by the rup-
turing of the
prochorion,
which adheres

to the walls of
Fig. 130. —Embryonic fundament of the ovum of a Rabbit of seven days, the l'lf-El‘lJB, the

0, V:ar:lﬁnfzﬁli:fe; opaca); ag, embryonic fundament § pr, primitive delicate blas-

streak ; f, domsal farrow, 'bl]lﬂ-, which is

- in close contact

with it, generally becomes injured and torn open, and thereupon

collapses, owing to the escape of its contents, The latter have also

suffered changes which make the investigation more difficult, having

increased in consistency until they equal in density the albumen
of the Hen's egg.

During the process of attaching itself, the embryonic fundament,
which at first is round, increases in size and takes on a more elon-
gated form. On the seventh day it becomes oval (fig. 130 ag), then
pear-shaped, and on the eighth day acquires a more and more marked




THE FETAL MEMBRANES OF MAMMALS. 295

sole-like form ; meanwhile it grows to a length of about 35 mm.

(fig. 131).

As has been already described in the previous chapter, at this
time the middle germ-layer spreads out in the embryonic fundament,
the medullary groove (figs. 130 and 131 #f), the chorda, and a

number of primitive segments are formed,
and, on the eighth day, the first trace of
the vessels and blood appears in the vas-
cular area (o). On the ninth and tenth
days the embryonic fundament is by a
process of folding converted into the body
of the embryo, and is constricted off from
the remaining part of the blastodermic
vesicle, out of which at the same time
various feetal membranes begin to be de-
veloped. The initial stages of all these
processes are the same in Mamimals as in
Birds and Reptiles, so that we can express
ourselves very briefly in describing them.
We shall connect the description with the
diagrammatic drawings which KirLriker
has made, and which have found a place
in many text-books (fig. 132, 1-5).
Diagram 1 shows a blastodermic vesicle
which in the Rabbit would correspond to
about the seventh or eighth day. Tt is
still enclosed from without by the very
much attenuated vitelline membrane (d),
which is now also called prochorion, since
in many Mammals flakes and shreds of
albumen have been precipitated on its
outer surface out of the fluid secreted by
the mucous membrane of the uterns. The
inner germ-layer (z)—which in a slightly

Fig. 131.—Embryonic fundament
of a Rabbit of nine days with
a portion of the area pellucida,
from KULLIKER.

Ap, Area pallneidn [ mo, area opaca
&, R, R, medullary plate in
the region of the first, second,
and third cerebral vesicles; sfz,
stem-zone (Stammzone); ps,
parietal zone; vf, dorsal furrow ;
r, primitive streak,

younger blastula, such as is represented in figure 62 B, reaches only
to the line ge, and still leaves uncovered a third of the inner surface
of the sphere—has now entirely grown around to the vegetative pole.
The middle germ-layer (m) is in full process of development, and
embraces about a fourth part of the surface of the sphere. A small
portion of this three-layered region contains the embryonic fundament,
which would be in about that stage of development which we have

15
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P . ..

Fig 182.—Five diagrammatic figures illustrating the development of the footal egg-membranes
of & Mammal, nfter KOLLIKER.

Tn figures 1 to 4 the embryo is represented in longitndinal section.

(1} Ovum with zona pellucida, blastula, embryonic area, and embryonic fundament.

{2) Ovam in which the yolk-sae and the amnien are beginning to develop.

(8) Ovurn in which, by the fusion of the amuiotic folds, the amniotic sac and the serous mefi-
brane are formed, and the allantois makes its appearanco.

{4) Ovum with serous membrane, which has developed villi, with a large allantois and an
embryo, in which the oral and anal openings have avisen.

(5) Disgrammatic representation of & young human ovam, in which the vascular layer of the
allantois has become applied to the serous membrane on all sides, and has grown into its
villl. The serous membrane from this time forward takes the name of chorion, The pavity
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before us in the surface-view in figure 130. It is ovate, and shows
the primitive streak (pr) in the posterior half, and in front of it a
deep dorsal furrow (if); the extra-embryonic part of the middle
germ-layer can be designated as the vascular arvea (o), since the first
traces of the formation of the vessels and the blood are noticeable
in it.

In the much further developed embryo figured in diagram 2 (ab
about the ninth day in the Rabbit) the middle germ-layer has spread
out over about the third part of the blastula, and now encloses an
easily distinguishable body-cavity, since the parietal and visceral
middle layers have separated from each other in the embryonic
as well as extra-embryonic regions. It extends as far as the place
marked s¢, where the sinus terminalis is found as the outer limit of
the now clearly defined vascular avea.

The embryonic fundament is in the act of being constricted off from
the blastodermic vesicle. The head- and tail-ends of the embryo, by
foldings of the separate layers, have been elevated from the area
pellucida in the same way as in the Chick. As there, a cephalic
and pelvic part of the intestinal tract (fore and hind gut) have
arisen, with an anterior and posterior intestinal portal, which open
toward the cavity of the blastodermie vesicle.

At the same time occurs the development of the amnion, which
was fivst recognised in the Mammalia by Baer and Biscaorr. On the
diagrammatic seetion one sees that the extra-embryonic body-cavity
has become very capacious, in that the outer germ-layer with the
closely applied parietal middle layer has risen up in the vicinity of
the embryo and formed itself into the folds s and 88. The anterior
fold of the amnion (ks) has bent over the head, and the posterior
fold (ss) over the tail. The two sheaths lie so close to the embryo
in the Mammalia, that in looking from the surface they are not
easily recognised, especially as they are extraordinarily transparent.

On the third diagram the amniotic folds have greatly enlarged, and
have grown toward each other over the back of the embryo till their

P ——

of the allantois has diminished and the yolk-sac has become very small, but the amniotic
cavity is in the act of increasing.

o, Vitelling membrane (zona pellucida) § o', villi of the same: 4, serous membrane [serosa] ;
eft, chorion ; ch.z, villi of tha cherion ; am, amnion : #&d, a8y cephalic and eaudal folde of the
amnion § o, outer germ-layer ; o', the same in the extra-embryonic region of the blastula ;
m, midille germ-layer ; n, the same in the extra-ombryonic region ; dd, inner germ-layer ;
%, the same in the extra-embryonic region i (f, vasoular ares ; st, sinus terminalis; kh, cavity
of the blastula, which later on becomes the cavity of the yolk.sag (cls); dy, stalk of the yolk-
sac (vitelline duct) ; «af, allantois ; ¢, embryo ; iy ipace between chorion and amnion, extra-

embryonic part of the body-cavity, filled with albuminous fluid ; v, ventral body-wall ;
hh, pericardial cavity,
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edges are in mutual contact. The closure of the sac takes place in
a somewhat different manner from that of the Chick. Instead of
meeting in a longitudinal suture, the edges of the amniotic folds
meet, in the Rabbit at least, approximately in the middle of the back .
in a small spot, where for a considerable time a cirenlar opening in
the sac is retained. The outer layer of the amniotic fold, which in
diagram 3 is still in connection with the ammniotic sac at the point of
fusion, but which later entirvely separates from it represents, as in
the Chick, the serosa. It fivst appears as an independent structure
in the vicinity of the embryo, whereas farther downwards it is still
firmly united with the entoblast, and together with it constitutes the
wall of the original blastula, which is here only two-layered.

In the third diagram, furthermore, we can recognise the first
trace of the allantois (al), which grows out from the anterior
wall of the hind gut in the manner already described (p. 217), and
which in the Rabbit is seen as early as the ninth day in the form of
a small, peduncul&trad, exceedingly vascular sac.

The fourth diagram shows the development of the fetal membranes
much further advanced. The prochorion has become ruptured by
the distension of the entire blastodermic vesicle, and is no longer
recognisable as a separate membrane. What we see on the outside
is the serosa, which has been changed in a striking manner. In the
first place, it has become completely detached from the ammnion ;
however, it should be remarked in this connection that in certain
Mammals, and especially in Man, a stallc uniting the two membranes
.« retained for a considerable time at the amniotic suture. Secondly,
the serosa is everywhere separated from the yollk-sac, and loosely
currounds the embryo and its remaining membranes as a thin sac.
This condition has been brought about in the following manner : the
middle germ-layer, which in diagram 3 had grown over only one half
of the original blastula, has now spread over the other half also, and
has become divided into its two layers. By this means the extra-
embryonie part of the blastula is now completely split, as in the Chick,
‘nto an outer sac, the serosa, and the yolk-sac, separated from it
only by the body-cavit;y.

Moreover, there exist in this respect differences among the
Mammalia, since in some the serosa remains to & greater or less
extent permanently united with the yolk-sac. This is the case, for
example, in the Rabbit.

In the Rabbit, in which the yolk-sac at first fills the greater part of the
plastodermic vesicle, the middle germ-layer spreads out over that half of the
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yolk-sac only which is turned toward the embryo. There is developed in it
a system of capillaries, which ends abruptly in a marginal vein. The other
half of the yolk-sac is without vessels, and is everywhere firmly united with the .
serosa,  When, after the resorption of its contents, the yolk-sac commences to
shrivel, it begins to fake on a mushroom-like form (fig. 133 ds), owing to the
folding in of the vasenlar half (fd) against the non-vascular part (ed" ), which
is fosed with the serosa (s4). It remains united with the nmbilicus of the
embryo by means of an elon-
cated intestinal stalk (or
vitelline duct), which is com-
parable to the stalk of the
mushroom.

The space (#) which is
produced in the blastodermic
vesicle by the shrinking of
the yolk-sac does not become
filled out by compensating
growths of the amnion (&)
and allantois (al), both of
which remain small. There-
fore a large amount of fluid
collects between the separate
foetal membranes. The space
filled with flnid is none other
than the extra-embryonic part
of the body-cavity, which in

the Rabbit, as in no other 1 dinal

2 al.i Fig. 133 —Diagrammatic longitudinal section through
;Ilf‘“';;"]'”_high]}'ﬂe’mlﬂpﬂd' the ovum of a Rabbit at an advanced stage of
] eaTanhms (al) hangs freely pregnancy, after BISCHOFF,

in this space as a stalked ¢, Embryo; a, amnion ; 1, urachnus ; af, allantois with

vesicle, a part of its surface blood-vessols ; &f, subzonal membrane; o, villi of the

having applied itself to that placenta ; fid, vasoular layer of the yolk-gac ; &, ento-
rtion of the serosa (sl blast of the yolk-sac ; ed”, ed”, inner and onter lamells
o ( *:’ of the entoblast which lines the flattened cavity of the

which is not united with the yolk-sno ; o3, cavity of the yolk-zno; #f, sinus termi-
yolk-sae, and which is circum- nalis; », the space between amnion, allantois, and
geribed by the sinus termi- yolk-sac that is filled with flaid.

nalis (sf). It is gradually

metamorphosed into an organ of nutrition for the embryo, the placenta ( pl),
inasmuch as it receives a rich supply of blood through the vessels of the
allantois, the umbilical vessels,

Subsequently the remaining surface of the blastodermic vesicle, over which
the nmbilical vessels do not extend, also becomes vascular, This is due to the
fact that the albuminous fluid still contained in the mushroom-like yolk-sac
becomes entirely absorbed, and that consenuently its outer non-vascular and
inner, invaginated vascular walls come to lie on each other and to fuse into
a single membrane, In this manner the blastodermic vesicle in the Rabbit
becomes provided with blood on its entire surface, but from two different
sides—the placental portion from the vessels of the allantois, and the larger
part of the surface from the degenerating vitelline vessels.

In regard to the formation of the amnion in the Rabbit, upon which VAN
BENEDEN ET JULIN have made very thorough investigations, it is to be added
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that the middle germ-layer is wanting in the region of the anterior amniotic fold
to a greater degree in this case than in the Chick. The anterior amniotic fold
therefore consists during a considerable period of only the two primitive germ-
layers, closely joined together. VAN BENEDEN has therefore given to the
cephalic sheath, as long as the inner germ-layer takes part in its formafion,
the name of proamnion. Later on, however, a separation of the amnion from
the entoblast takes place also in the head-region in the Rabbit.

Finally, in our fourth diagram, still a third change has appeared in
the serosa. By rapid growth of the epithelium large numbers of
small evaginations or villi have arisen on its outer surface. On this
account the name of chorion or villous layer has been applied to it
when these changes have heen completed. It should also be added
here that in the development of the villi uniformity among all Mammals
by no means prevails. In the lowest orders (Monotremes, Marsupials)
{he surface of the blastodermic vesicle remains almost smooth, as in
Reptiles and Birds. In them, therefore, the serosa is permanently
retained during embryonic life, whereas in other Mammalia it is
transformed into a villous membrane. By reason of these differences
Kouriger has divided Mammals into Mammalia achoria and
Mammalia choriata.

On the other embryonic membranes of fig. 132, 4, it is principally
changes in size only that have been effected. The yolk-sac (ds), over
the entire surface of which the vitelline vessels now spread, has
become considerably smaller, and is continuous with the embryonic
intestine by means of a long slender stalk, the vitelline duct (dg).
The amniotic sac (an) has already enlarged and is filled with fluid,
the liquor amnii.  Tts walls are continuous at the umbiliens with
the ventral wall of the embryo. The allantois (af) has become a
vascular pear-shaped sac, which has grown out between the dermal
stalk and umbilicus into the extra-embryonic part of the body-cavity,
and soon after reaches the serosa.

The accurate representation of an embryo Dog of twenty-five days
(fig. 134) affords us, better than the diagram (fig. 132, 4), a view of
the connection of the two vascular sacs, the allantois and yolk-sac,
with the intestinal canal.

The embryo is removed from the chorion and amnion. The
ventral belly-wall is partly removed, and thereby the dermal um-
bilicus, which about this time has become rather marrow, has been
destroyed. The intestinal canal, now to be seen in its entire length,
is alveady converted throughout into a tube (d) ; near its middle it is
continuous, by means of a short vitelline duet, with the yolk-sac (ds),
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which was cut open in the process of preparation. The allantois (af)
is attached to the very end of the intestinal canal by means of the
attennated stalk-like nrachus.

Up to this stage the correspondence in the development of the embry-
onic membranes in Mammals, Birds, and Reptiles is clear. But from
now on the course of development in the Mammalia becomes more
and more divergent, since one portion of the embryonic membranes

Fig. 134 —Embryo Dog of 25 days, extended and seen from in front. Magnified 256 diameters.
After BIRCHOFF.

d, Intestine ; ds, yolk-sac ; al, allantols, urinary sac; wn, primitive kidney ; I, the two lobes of
the |1"im'1 with the lnmen of the emphalomeszenteric vein between them ; e, ke, antevior and
posterior appendages ; &, heart ; w, month § aw, eye ; g, olfactory pit.

enters into closer relations with the mucous membrane of the wuterus,
and, is thus converted into an organ of nutrition for the embryo. In
this manner a compensation is provided for the loss of the yolk.

The interesting adaptations for intra-uterine nutrition—they have
been studied Eﬁpﬂﬂiﬂ]lj’ hy the :|ﬂngli,sh anatomizst TunxNer in a
series of profound comparative-embryological works—present very
great differences in the separate orders of Mammalia : sometimes
they are of a simple kind, at other times they are more com-
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plicated organs, which have been designated as the after-birth, or
placenta. Since a knowledge of them will facilitate our compre-
hension of the human placenta, we shall consider them somewhat at
length.

It is most expedient to distinguish thiee diflevent modifications in the
way in which the surface of the blastodermic vesicle comes wnto relation
with the mucous membrane of the wierus, and accordingly to divide the
Mammals into three groups.

In one the serosa is retained nearly in its simple primitive condition,

In the second it is transformed into a villous layer or chorion, and

I the third a placenta arises out of one or more portions of the chorion,

To the first group belong, among the Mammalia, only the Mono-
tremes and the Marsupials, whose embryonic membranes are in the
main constituted like those of Birds and Reptiles. Ordinarily in the
Marsupials the serosa retains its smooth surface. Inasmuch as it
lies in close contact with the vaseular mucous membrane of the uterus,
it can absorb nourishment from the latter and transmit it to the
deeper-lying embryonic parts.

Tn the second group of Mammals an improvement in the intra-
uterine nourishment is effected by important changes in the organisa-
tion of the serosa, which is converted into a villous layer or chorion.

In the first place, it is provided with blood-vessels by the allantois,
which grows out into contact with if, and whose connective-tissue
layer, containing the ramifications of the umbilical vessels, grows
over its entire inner surface,

Secondly, the epithelial membrane beg