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INTRODUCTION.

In the comprehensive collections of embryological material, brought
togcther b) the late Prof. Dr. A. A. W. HuBrecHT in the end of
the last and the beginning of this century, a great number of pregnant
uteri and embryos of Manis javanica Desm. are to be found. These
Manis-specimens, not yet being investigated, (HusrecuT himself
published only some short communications on Manis) Dr. Dan. bk
Lance Jr., Director of the HUBRECH'I‘—Labomtory at Utrecht, put a
part of the collection of Manzs-embryos at my disposal in order to
examine the carly developmental stages.

There are very few publications on the early ontogenetic processes
in Manis. Some contributions to the knowledge of placentation have
been published. Only a few communications of Husrecur, treating
carly developmental stages, are known to me. A concise description
of the placenta was that of Suarpry (1864) in Huxrey’s ,Elements
of comparative Anatomy”’, which was elaborated by T'URNER by means
of investigations on the same object. In 1878 follows the not quite
correct description of the placenta by ANDERSON.

The development of certain organs (scales, mammary gland, hand-
skeleton) and the placentation of Manzs javanica and Manis tricuspis,
were described in detail by M. Weser (1891). The youngest embryo
of Manis javanica having a length of 8.25 mm., no observations could
be made on the first developmental stages.

REsINK (1903) too mentions something about the placentation after
an examination of the preparations of WEBER.

First Husrecut gave a short communication on Manss Javanica
in his ,Spolia nemoris” (1894), in which were reproduced (figs. 42—45)
two older embryos with foetal membranes.

In HusrECHT’s paper entitled ,, Early ontogenetic phenomena in Mam-
mals etc.” (19o8) we also find some observations on Maxuzs. In the first

Verhand. Kon. Akad. v. Wetensch, (ze Sectte). DI; XXI. CE1



2 EARLY DEVELOPMENTAL STAGES

place a reproduction of an embryonic knob with hypoblast is given
(plate C, fig. 18, erroneously attributed to Gafeopithecus) and later on
HusrecuT mentions (pp. 32 and 34) that the ,protochordal plate’’
and the ,annular zone of proliferation” are also well developed in
Manis. On p. 114 a few notes on the placentation follow.

In 1910 the above-mentioned, misnamed figure is reproduced and

8 P
also some sketch.cs arc gi\fm‘l of young scgmcntal stages (hgs 5, §0
and 6) to explain his opinion, at that time, on the origin of the
trophoblast. This view is repeated in his posthumous work on the
early developmental stages and placentation of Galegpithecus (1919)
From the above it follows that the early development and the placen-
Y I I

tation of the only genus known of the Pholidota have been insuf-
ficiently investigated.

Material and methods.

One hundred and eighty uteri of Manis javanica, which HusrECHT
received between 1891 and 1goz from different regions of the Malayan
Archipelago, are to be found in the Hurrecur-Laboratory.

They were collected by different persons. Not all uteri are pregnant.
Of about 106 this could be ascertained, most of the others being
Vli'gnnl or PUC!PC!’!] The uteri, with ovary and oviduct, were fixed
in toto in picro-sulphuric acid (KL EINENBERG'S mixture)!) immediately
after death.

After having been transferred into alcohol go°/ , the uteri were
forwarded to tht, Zoovlogical Laboratory of the Umversﬂy of Utrecht
and examined here.

In the year 1go7 (and earlier) those oviducts and uteri were sectioned,
which, judging from the state of the corpus luteum, probably contained
very early developmental stages. After staining and embedding in
paraffin, the whole oviduct and the uterus were ‘sCLtl()llﬁd and examined
till the ovum was found. Also some older embryos, visible macrosco-
pically, were sectioned.

In the beginning of this investigation (September 1918), only a few

') In the catalogue this is not always mentioned, but in HuprECHT's ,Spolia nemoris™ (18p4) it
is stated (p. 8z2).
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embryos (N°. 64 and 68) and carly developmental stages (N°, 151,
and 164) needed to be stained and sectioned.

A number of other oviducts and uteri were examined, but nothing
was found in them. All sections of the Manzs-embryos have a thickness
of 10 . The figures reproduced are drawn at a relatively high magni-
fication (the reconstructions excepted) with the aid of the camera lucida
or of the large projection-apparatus of Zgriss, which is to be found
in the Anatomical Laboratory of the University of Utrecht !). Most of
the drawings are greatly reduced in reproduction.

As is known, Manis brings forth only one young at a time. Manzs
has an uterus bicornis with a relatively short uterus-body. The ovaries
are lying free. Sometimes both horns of the pregnant uterus are swollen.
It then seems, as if we have to do with a case of twins, but this is
not so, the foetal membranes of the embryo extending in both horns
(to compare M. Wesrr 1891, fig. 49).

As is mentioned the Hu BRECHT-Laboratory (in which all the collections
of the late Prof. HusrecHT are to be found) possesses about 106 pregnant
Manis-uteri. Three uteri, however, contain no embryo, though there
are rests of the blastocyst. For this reason the collection of Manis-
embryos is, so far as I can ascertain, composed of 103 specimens.
A relatively small part of them consists of early stages (to compare
- table 1). '

It was to be expected a priori that this series would not be complete.
A few cleavage-stages are present. The formation of the hypoblast
can be traced in two specimens. Two embryonic areas are in the
primitive streak-stage. Embryos, in which a relatively small number
of somites is formed, are well represented.

It is not my intention to describe these different ova one after the
other, according to age. On the contrary, after description of the
carly segmentation-stages, the origin of the hypoblast will be treated
in the above-mentioned ova. After a concise description of the surface-
views of the embryonic areas, a chapter will follow, in which the
formation of the mesoblast will be traced, and finally the origin and
dcvelopment of the notochord will be described in detail,

e ————

I wish to express my thanks to Prot. A. J. P. van pEN Brork, whose kindness enabled me to
use this apparatus,
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Then a theoretical part will follow, in which the so-called process
of gastrulation in Mammals (and in Vertebrates in general) will be treated
and after this a comparative part, in which the literature will be
discussed, so far as necessary in connection with the descriptive part.

I wish to express my sincere thanks to Prof. Dr. H. F. NIERSTRASZ
for his many critical remarks in reading the manuscript and to
Dr. Dan. peE Lance Jr., Director of the Husrecur-Laboratory, not
only for his kindness in putting the Manzs-embryos at my disposal, but
also for his usefull help and valuable advice during this investigation.

Terminology.

Before describing the different developmental stages, T will first give
a survey of the terms to be used in this investigation. In the literature
dealing with the carly ontogenetic phenomena in Mammals, so many
different names are used, especially in connection with the formation
of the germinal layers and the so-called process of gastrulation, that
it is certainly recommendable to begin with inserting a list, arranged
in such a way that the reader will know at once, what standpoint
1s taken by the author with regard to the different questions. In the
following list 1 will use the detailed survey of , Termini technici”
given by C. Rast in his paper on ,EpouarD van BENEDEN" (1915),
especially there, where synonyms are mentioned. Terms generally used
or self-evident will be omitted in order to be concise.

Gastrula, gastruflation. Strictly speaking, Haecker’s definition (,,Gas-
tracatheorie” 1874) 18 not applicable to Mammals, because 1 think
that in the didermic blastocyst of Mammals (consisting of epiblast
and hypoblast) no primitive mouth in HagckeL’s sense is formed. In
the other Vertebrates too, except in Amphioxus, no gastrulation can be
distinguished, because in the didermic embryonic stages no aperture,
the blastopore, communicates with the exterior. The formation of the
gut has not come to an end after the formation of the hypoblast in
Vertebrates. The alimentary tract consists of archenteron, formed during
protogenesis and of metenteron, formed during deuterogenesis (As-
SHETON 1905, 1G0Q).

Epiblast, the outer layer of the didermic blastocyst, not yet differ-
entiated. An embryonic and extra-embryonic epiblast (= trophoblast)
can be distinguished. Epiblast — ectoderm.
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Hypoblast, the inner layer of the didermic blastocyst, generally formed
by delamination (immigration in Marsupials, HiLL 1910, Harrman
1919,) out of the embryonic knob. It forms the lining of the arch-
enteron. Synonyms: ., Dotterentoblast” (BonNET €. g. 1920), lecitho-
phore (Van BeNEDEN), paraderm (von Kuprrer 1882), caenogenetisches
entoderm (WENCKEBACH 1 891), subgerminal layer. An extra-embryonic
hypoblast also occurs.

Mesoblast, the tissue lying between epiblast and hypoblast - and
formed in several places of the germdisc.

Epi-, meso- and hypoblast are topographical conceptions.

Blastocyst, the generally bladder-shaped stage, consisting of trophoblast
and embryonic knob, in Mammals, excepting Monotremata. Synony-
mous with blastodermic vesicle.

Trophoblast (Husrecnr 1888), the part of the “blastocyst, not par-
ticipating in the formation of the embryo. Except for the part lying
on the embryonic knob, (the so-called R auBer-layer (RauBer 1875))
it 18 an organ, which takes part in the nutrition of the embryo.
Therefore Duvar calls it ectoplacenta. Trophoblast — couche enve-
loppante (Van Benepen 189gé).

Embryonic  knob (Embryonalknoten), HuprECHT 1890, the inner
mass of cells in the wall of the blastocyst. The germdisc will derive
from it. It is generally covered by a part of the trophoblast, which
disappears later on and is called Ravser-layer (RauBer 1875), when
distinguishable from the rest of the trophoblast, _

Germdisc, embryonic shield, embryonic area, the part of the blastocyst,
derived from the embryonic knob, when the latter stretches, comes
to lie superficially and consequently is not entyped. After anlage of
the medullary groove and somites the embryo proper is formed.

The blastocyst-cavity (blastocoel (Huxrey), subgerminal cavity) ori-
ginates from the compact ‘morula by absorption of fluid from the
uterus-lumen. After formation of the hypoblast it becomes entirely
or partly the umbilical vesicle or yolksac, from which the archenteron
derives.

Archenteron, the anterior part of the gut of the Vertebrates, formed
during protogenesis, its lining being formed by the hypoblast (= Dot-
terentoblast Bonnet). It is called »Erginzungshshle” by Bonner (1920).

Metenteron, the posterior part of the gut, connecting itself in all
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Vertebrates with the archenteron, and formed by overgrowth and
ingrowth of cells at the dorsal deuteroporic lip (= blastoporic lip of
carlier authors) during deuterogenesis. It is the lumen in the head-
process of the Amniotes.

A blastopore occurs, in the sense, which HagckeL attached to it
(,Urmund” in ,Gastracatheorie” 1874), only in Amphioxus amongst
Vertebrates. It is not developed in Craniota (= ,blastopore virtuel”,
BracueT 1902), because here the metenteron, not the archenteron,
communicates with the exterior by the deuferopore or somatopore,
the latter being still often called blastopore.

Protogenesis (ASSHETON 1905, 19og) the first developmental process
of the embryo in which, among others, the archenteron is formed
(»the production of a radial symmetry, due to growth from one centre
involving gastrulation”, ASSHETON 190Q, p. 240). The cephalogenesis
of HusrecuT and BRACHET’S acrogenesis and cephalogenesis (1914)
taken together express about the same. '

Deuterogenesis (AssueToN 190§, 1909), the following second develop-
mental phase of the embryo, in which, among others, the metenteron
is formed by overgrowth and ingrowth (invagination) of cells (=
notogenesis HusrecHT and cormogenesis BRACHET (1914)). ,Deutero-
genesis 1s growth in length, bringing about bilateral symmetry”,
(ASSHETON 190Q, P. 240).

Headprocess of the primitive streak (KoELLIKER 1879) = Kopflortsatz
of the German authors (also called chorda-anlage), the name used
in the descriptive part of this investigation for the homologue of the
wall of the metenteron in Mammals (Birds and Reptiles). It is a
prolongation of the primitive streak in the direction of the future
head—region of the embryo. The part of it, formed in later stages
in the region of the primitive streak and from it, I call, for simpli-
city’s sake, headprocess too. Synonyms: Urdarmstrang (BoNNET 1920),
Mesodermsickchen (0. Hrrrwic 1903), wall of the archenteron,
Urdarm, etc.

Lickerkithn-canal. (LiepergUnn 1882) the name used in the des-
criptive part of this investigation for the metenteron (= canal archen-
térique v. Benepen 1912, Urdarmlumen, also chordal canal (the latter
not used by me in this sense), sometimes called neurenteric canal,
which is not correct, because this canal in Anamnia is found in
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older stages, then ﬁ)rming the connection between medullary tube and
posterior part of the gut, and lying behind the anal plate.

Hensen-knob (Hexsen 1876) = Gastrulaknoten or Primitivknoten
(BonzeT 1880), protochordal wedge (Husrrcnr 189o, 1902), the
thickened part of the headprocess, where it originates from the primi-’
tive streak.

Primitive streak (Panper 1817, von Bagr 1837), the term used in
the descriptive part for the proliferation of cells, lying in the median
line in the posterior region of the embryonic shield. The greater part
of the mesoblast originates from it; the hypoblast sometimes fuses
secondarily with it. From the primitive streak, during the growth in
length of the embryo, the organs are formed from before backwards.
It is the homologue of the changed deuteroporic lips of the Anammia
(blastoporic lips in the old sense) and is called by His »Achsenstrang”,
by Boxner ,,Urmundleiste” or ,Gastrulaleiste”.

Primitive groove, the longitudinal groove in the middle of the
primitive streak (= »Gastrulagrube” BoxneT).

Chordal plate, the stage of the chorda-anlage, which develops out
of the headprocess after incorporation of the latter in the hypoblast,
and which occupies the roof of the primitive gut as a broad, flat plate.
After separation from the hypoblast, the definite notochord is formed.

Prochordal plate (= protochordal plate, Husrrchr 1890 and later,
Ergidnzungsplatte, BonNgT 1901, 1920, Endodermale Zwischenplatte,
v. Daviporr 1899), the thickened plate of the hypoblast, lying in
front of the anterior end of the headprocess, which fuses later on
with it. The cephalic mesoblast originates from it. According to
BonneT the anterior part of the notochord, the hypoblastic layer of
the primary pharyngeal membrane and the cephalic mesoblast are
derived from it. According to Husrecut and Heare (1883) only
cephalic mesoblast and the anterior part of the notochord are derived
from it. .

Annular zone of proliferation (HusrecHT 1890), the peripherally
situated, ring-shaped part of the hypoblast, from which the peripheral
mesoblast originates. It is called by BonNET ,,Mesoblasthof™ (sheep
1884), by KoLLmann 1884 : ,Randkeim” or ,Akroblast”.

Cephalic mesoblast and peripheral mesoblast are two of the four parts
composing the mesoblast, both originating from the hypoblast, respec-
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tively from the prochordal plate and the annular zone of proliferation.
Both are protogenetic and are called by ScHLATER primary meso-
blast (1go7).

Peristomal and  gastrar mesoblast, the two other, deuterogenetic
mesoblast-parts, respectively formed out of the deuteroporic lips (=
blastoporic lips in the old sense, primitive streak of the Amniotes)
and metenteron-wall (= headprocess). They are also called axial
mesoblast, and by ScuHraTER (1907) secondary mesoblast.

Chordal canal, the canal situated in the part of the headprocess,
which is formed from the primitive streak, when the embryonic shield
becomes longer (the ,Primitiefstreifenteil des Chordas” of the German
authors). It moves caudalward during the growth in length of the
embryo. It is probably to be homologized with the neurenteric canal
of the Anamnia.

Archamnion-cavity, the cavity occurring in some Mammals, from which
the amnion-cavity is derived directly. This is called by BonNET a
wochizamnion”, contrary to ,Faltenamnion”, formed by means of

folding.



DESCRIPTIVE PART.

I. Early segmentation-stages.

In the collection of Manis-embryos there are, besides the cleavage
stages, two unfertilized or umemnented eggs, indicated in the catalogue
by N° 51 and N° 164, both situated in the oviduct.

The one N°. 51 (fig. 1, plate I) occupies the centre of the right
oviduct. It has a diameter of + 70 p, and is surrounded by a great
number of dark-stained nuclei. These nuclei are also to be ‘seen on
the egg-membrane. I have not been able to find the nucleus of the
ovum. The large nucleus (#') in the centre of the egg cannot be
considered the nucleus of this cell, but is, like all the other nuclei
reproduced in fig. 1, one of the follicle-cells, which pass into the
oviduct with the ovum, when the follicle bursts. In describing the
cleavage stages, I will speak at greater length about the signification
of this Povenng It is not at all remarkable that the nudt:us of the
egg-cell 1s not visible. In most of the early stages of Mammals the
nucleus is scantily provided with chromatin, due to the chromatin-
emission ; gladmlly the nuclei of the h]a%tomcru become richer in
chromatin and owing to this, can be stained more dLep y. The nuclei of
the follicle-epithelium are well stained. Only a few of them lie against
the egg-membrane, most of them at some distance of the ovum.

The ovum N°. 164 being fixed badly, I omit a further description.

The cleavage stage is represented by two specimens. The younger
of the two is reproduced in fig. 2, plate I. This ovum, lving in the
left oviduct, is probably a three-cell stage: in the successive sections
only three nuclei are visibie. The lower part of the ovum shows one
nucleus in each of the two sections, at a distance of about 30 v, from
_each other, which points to two cells. Between both nuclei a cell-
membrane is not to be found, probably owing to the membrane running
parallel with the sectional plane,
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The third nucleus is present in the upper part of the ovum. This
one is not oval in shape like the other nuclei, but oblong and contains
two dark-stained bodies. The suppositon is obvious that this cell will
soon divide, and that this ovum is passing from the three- to the four-cell
stage. The nuclei of the corona radiata, lying close round the ovum,
are not very deeply stained. Fig. 2 shows about 13 of these nuclei.
The small nucleus, apparently lying in the upper part of the ovum,
also belongs to the corona radiata as the surface of the cell has
been cut. The largest diameter of this ovum is about 72 p. measured
without the corona radiata.

Besides the ovum and the covering enveloping it, fig. 2 also shows
a fold of the oviduct-wall to indicate that the egg is lying close
against this wall in a state of preservation. Naturally this does not
imply that the ovum lies here in living condition too.

The four-cell stage is represented in the collection by one specimen
(N°. 44), of which two sections are reproduced (figs. 3 and 4). All
four blastomeres are visible in both figures, but of the four nuclei
only three are to be found in the different sections. However, the
cell-membranes of these four cells are so clearly visible that it is certain
that we have to do with a four-cell stage. In- contradiction to the
preceding ovum, this is preserved and stained much better.

The nuclei of the corona radiata, surrounding the egg in great
humbers, are clearly visible. From the figures it is obvious that the
ovum is not spherical, which is most probably the case in living
state. This egg too lies in the left oviduct, close to the wall. The
oviduct-epithelium of this Manis-embryo N°. 44 is as distinctly ciliated
as in the embryo first described. Whether this ciliated epithelium
moves the ovum in the direction of the uterus or whether this is caused
by a fluid-mass, propelled by the peristalsis of the oviduct-wall
(SoBoTTa 1914), cannot be traced.

The largest diameter of this ovum is somewhat more than that
of the preceding one and is + go p.

The sections, reproduced in figs. 2, 3 and 4, are the same
Hugrecur (1910) sketched. He intended to prove that the nuclei,
to be found at the periphery of the ovum, belong to the egg-cell it-
self. They were supposed to represent the nuclei of the future tropho-
blastic covering, which in Manss and also in Galeopithecus was
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supposed to originate very prematurely out of the nuclei of the ovum.
As pE Lance remarks in a note in the posthumous publication of
HusrecaT (1919) the number of trophoblastic nuclei decreases very
considerably in the successive developmental stages. This could not
be the case if they were future trophoblastic nuclei, as the number
would then increase.

I have re-examined these Galeopithecus-preparations in the Husrecu-
Laboratory and quite agree with this opinion. Moreover the great
difference in the structure of the nuclei of the circumference and
centre points to the fact that these bodies cannot be of the same
origin. In Manis too, the same was supposed to be the case.

Next to the ovum, represented in fig. 1, there is a great number
of nuclei, which cannot have originated out of the nucleus of the
egg-cell, the latter not having divided as yet. They cannot belong to
the ovum and are undoubtedly discus-nuclei, which have been expelled
from the ovary together with the ovum and which have both passed
into the oviduct. Thc greater part of these nuclei probably belongs
to the discus proligerus; a small part is situated against the circum-
ference of the ovum and must be considered the corona radiata.

In the three-cell stage (fig. 2) the number of nuclei of the corona
radiata in each section has been reduced to twelve or thirteen,
whilst the discus-cells have disappeared here. In the four-cell stage
(hgs. 3 and 4) the nuclei of the corona radiata or cumulus p1ohgu'uh,
form a distinct layer around the egg-cell in the same manner. Their
number is greater here and amounts to about 40 a 5o in each section,

From the following considerations it is evident that I am entitled
to the opinion that these nuclei really belong to the follicle-
epithelium.

In the first place, I have measured the different sizes of the nuclei
of the ovum, and of the covering of the ovum in the oviduct of
Manzs and Galeopithecus and compared them with the sizes of the
nuclei of the follicle-epithelium in the ovary of both species (table 243

From this list, in which average numbers are indicated, it follows
that the nuclei of the follicle-epithelium of the ovary are about as
large as the nuclei of the covering around the ova, situated in the
oviduct. This is the case in Manzs as well as in Galeopithecus. In
both species the nuclei of the cleavage cells having, as indicated, a
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diameter three times as large as that of the nuclei of the follicle-
epithelium, are of about the same size.

In the second place, there is a distinct limit between outer layer
and ovum, from which it follows that these are different thmgs
Moreover there is a marked difference in staining and appearance
of both nuclei. The nuclei of the covering are well provided with
chromatin and consequently much darker than the nuclei of the
blastomeres, which are larger, more inflated and less stained. The
follicle being composed principally of a discus and much liquor fol-
liculi, it is easy to understand that at the moment of the bursting
of the follicle, both ovum and a part of the discus are expelled from
the ovary and pass into the oviduct. Here these cells are probably
used for the nutrition of the developing ovum. The smaller number
of the nuclei in the younger egg (N° 171), compared with that in
the shghtlv older four-cell stage (N°. 44), need not be a proof of
Husrecut’s supposition, as the consumption of the follicle-cells naturally
shows individual differences in different ova.

Finally T must point to the fact that, if HusrecuT’s supposition
were true, it would not be easy to explain what follows. In early
stages the nuclei, which HusrecnT supposed to be future trophoblastic
nuclei, are much smaller, than those of the ova. Later on, however,
when the tr ophoblast has been formed as a distinct layer and represents
the wall of the blastocyst, the nuclei of the embryonic knob and
trophoblast are of about the same size. In the above list the sizes
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of the trophoblastic nuclei and of the nuclei of the embryonic knob of
Manis N°. 87 have been indicated. The difference is apparent and
wants an explanation, I cannot give.

We can conclude by saying that the nuclei, which HusrecuT
supposed to be future trophoblastic nuclei in Manzs and Galegpithecus,
are nuclei of the follicle-epithelium, which, in the stadia above des-
cribed, still remain around the ova. What led Husrecut to this
opinion on the origin of the trophoblast is not easy to understand,
especially as he has described and reproduced under this name in
18gs and 1912 young ova with a follicle-epithelium.

The material lacking in the collection, I cannot trace the origin
of the trophoblast.

On comparing the figures in HUBRECHT 1910 and the above sections
(figs. 2, 3 and 4) one will observe that the ovum, reproduced by
me in figs. 3 and 4, is considered a two-cell stage by HuBrecuT
(HuerecHT 1910, figs. 54 and 54) and that the ovum, sketched in
fig. 2 (HusrrcnT 1910, fig. 6, p. 593), is taken to be a four-cell
stage by him. On comparing carefully the successive sections of both
ova, I concluded from the above-mentioned data that the former
represents a four-cell and the latter a three-cell stage.

1. Origin of the hypoblast.

The origin of the trophoblast, the layer forming the outer covering
of the blastocyst and taking an important part in the nutrition of the
embryo later on, cannot be traced, the material lacking in the collection.

Both ova, succeeding those described in the preceding chapter in
age, possess a well-developed embryonic knob. Moreover the formation
of the hypoblast is distinctly visible in these eggs. (N° 87 and 113).

Figs. 5 and 6, plate I represent sections of the younger stage (N°. 87).
The blastocyst, lying free in the uterine lumen, is strongly compressed
in preservation. Both embryonic knob and trophoblast are clearly distin-
guishable. The trophoblast, forming a rather thick layer, covers the
embryonic knob. The nuclei of the trophoblast are more deeply
stained and more compactly arranged. Hence it is easy to distinguish
this inner -mass of cells and its covering. The same was observed by
BoxneT (1897) in the dog and Baumgister (1913) in Erinaceus.
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Fig. 5 gives a section through the centre of the embryonic knob.
In this section nc hypoblast is visible but in the next one (having
1o p thickness) this is the case. Here the embryonic knob is divided
(hg. 6) distinctly into two layers and has become the embryonic
epiblast and formed a very thin lower layer, the hypoblast, by
delamination. Between epiblast and hypoblast a distinct slit is visible.
The thickness of these two layers taken together is about the same,
as that of the embryonic knob. From this it follows that the delami-
nation has begun on one side of the embryonic knob and is not
quite finished as yet. In this stage, the hypobhst as such covers
only a part of the embryonic knob and is visible as a very much
flattened layer. The lcnﬂrth of the embryonic anlage is 4+ 75 u, the
thickness (w1thout the tr ophob]astm covering) -+ 28 .

In the blastocyst, reproduced in the figs. 7 and 8, plate I, the
hypoblast has grown round the inside of the trophoblast and formed
a completely closed sac, its lining consisting of flattened epithelium-
cells. The hypoblast, lying against the embryonic knob, consists of
much taller tells. Fig. 7 shows a schema of this stage, the situation
in the uterine lumen also being indicated. In fig. 8 1s reproduced the
middle part of fig. 7, much more enlarged and more accurately drawn.

The large blastocyst with its wide lumen is lying free in the
uterus. It has been compressed in preservation, but not as strongly
as the preceding one. In one place it has burst, probably during
fixation. The outer layer of the blastocyst is formed by the tropho-
blast, which also covers the embryonic knob. The trophoblast has
about the same thickness as that in N° 87; some small differences
can be distinguished: around the embryonic disc it 1s shightly thinner.
The hypoblast, which lacks nowhere and is very thin in the extra-
embryonic part of the vesicle, becomes much thicker with tall and
cubical cells beneath the embryonic knob!). The epiblast is found in
the embryonic disc between tlophoblast and hypoblast. The nuclei
in this hyc,r are more numerous than in the other parts of the blastocyst,

the protoplasm showing a somewhat vacuolized structure. The nuclei
of the trophoblast and hypoblast, which are more clearly visible, are
More numerous.

'Y This BoxneT also observed in the dog (1897).
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A ,schizamnion”-cavity cannot be distinguished in either of these
blastocy%tb Neither are there any indications of this blastocyst having
been in contact with the uterine wall. Manzs possesses a ln’lklonlph’lh(,
blastocyst as can be seen in fig. 7 and fig. 20, and it is believed
that in this stage contact with the uterine epithelium is out of the
question as yet, the blastocyst on the contrary still floating free in
the uterine lumen.

The largest diameter of the embryonic disc of N° 113 1s =4 125 o,
the thickness (without the trophoblast) == 7o p. The blastocyst des-
cribed is the same of which HusrecHT 1908, plate C, fig. 18 reproduced
the embryonic part. In the plate-description the name Ga/eop;'f/n’c‘m'
was erroneously attributed to this stage, and this was corrected in a
following communication (HUBRECHT 1910, p. 592). '

In both blastocysts described the trophoblast covers the embryonic
knob. In the germdisc, succeeding in age, a primitive streak has been
formed. Then the embryonic epiblast passes penphel ally into the tropho-
blast, which conbequently no longer covers it. How the trophoblast
disappears from the embryonic disc, I cannot trace, the stages lacking.
This is a pity as opinions difter on this point.

In the primitive streak-stages, to be described in subsequent pages,
the hypoblast lies as an uninterrupted layer under the primitive streak.
Secondarily in older embryos, possessing 8—18 pairs of somites epi-,
meso- and hypoblast are intimately fused in the cranial part of the
primitive streak, in the mid-axis of the embryo.

Heare has figured this as early as 1883. The description of the
development of the notochord, however, must be compared to see this.

Here we must still mention that the thickness of the hypoblast,
extending as a continuous l"tycr along the inside of the primitiv e streak-
stages, can be very different in the same embryo. This is apparent in
the description of N°. 180 (p. 22).

Beneath the posterior part of the primitive streak (to compare fig. 29
plate III) the hypoblast forms a distinct epithelium, composed of Llrer
cubical cells. Gradually it decreases in thickness and becomes a very Hdt
layer beneath the headprocess. HuBer also figured this in his recent paper
on the development of the notochord in Cavia (1918, fig. 4). Before
the anterior end of the headprocess the hypoblast suddenly becomes
a thickened plate, composed of two or three strata of cells. This plate,
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the prochordal plate, will be discussed more fully later on. To sum-
marize, we have seen that in Manss the hypoblast is derived from
the embryonic knob by delamination. This is in agreement with the
observations in almost all other Mammals. Only in Marsupials it was
observed lately by HiL (1910) and Hartman (1919) that the anlage
of the hypoblast is formed by immigration of some few ,entoderm-
mothercells” out of the embryonic knob.

After delamination the hypoblast grows round the inside of the
whole blastocyst and here forms against the trophoblast a closed sac,
the umbilical vesicle, out of a part of which the archenteron is formed.,

L. Description of surface-views o of the embryonic shields.

Fig. 9, plate II (embryo N°. 180) represents the ventral side of one
of the two primitive streak-stages. From the sections (to compare next
chapter) it follows that this embryonic area is slightly older than
rN“. 151, which strongly resembles it in shalpc.(ﬁg. 21, plate III).
Fhe shield is pear-shaped; the white spot indicated, is the place,
where the headprocess originates from the primitive streak. The
dorsal side of this embryo could not be reproduced, for it is covered by
the uterine wall, with which the trophoblast has fused in some places.

Embryo N°. 83 is shown in fig. 10, plate II. It is a sole-shaped
¢mbryonic shield, possessing 4 pairs of somites with a 5t pair forming.
The anterior pair of somites is not sharply outlined in front, as it is in
connection with the mesoblast here, which appears from sagittal sec-
tions through the embryo. The medullary groove is still quite open.
Neither the brain nor the pleuro-pericardial space is to be seen. The
gastral mesoblast (to compare the chapter on mesoblast-formation),
from which the somites are formed, is traceable cranialward, where
it fuses with the so-called cephalic mesoblast; this is visible in the
sections only. Around the anlage of the embryo proper a well-deve-
loped area vasculosa is to be seen. :

Figs. 11 and 12, plate I represent a sole-shaped embryonic shield
(cmbryo N° 64), possessing eight pairs of somites with a gth pair
forming. The anlage of the brain is visible. The pleuro-pericardial
Space 1§ to be seen in sections only. The medullary groove is still
Open. A pro-amnion is not formed. (Fig. 11 dorsal, fig. 12 ventral view).

Verhand, Kon. Akad. v. Wetensch, (ze Sectie), DI XXI. Gz
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Fig. 13, plate II (embryo N°. 32) shows an embryonic area with
10 pairs of somites and an 11t forming. The pro-amnion 1is clearly
visible, the pleu1‘0-pericurdiul space 1s not to be seen. The brain-
anlage and a beginning of the head-bend are distinct. The medullary
groove 1s partly closed.

Embryo N°. 89 possesses 13 pairs of somites and is reproduced 1n
fig. 14, plate II. The plcum—pericm'dial space and the brain-anlage are
clearly visible. The medullary groove is closed for the greater part.

About the same can be observed in the slightly older embryo N 31,
in which a 14% pair of somites is forming (fig. 15, plate I1). In
neither of the embryos a pro-amnion is visible (figs. 14 and 15), but
this is the case in the younger embryo N° 32 and is also to be seen
in the transverse sections of N°. 31. The sketches having been drawn
before 19o7, I cannot ascertain whether the pro-amnion is pushed
aside by the artist, in order to set oft the embryo.

Fig. 10, plate 11 (embryo N”. 108) shows a distinct head-bend. The
embryo, in which 13 pairs of somites have been formed, is sketched
from the ventral side.

imbryo N°. 68 possesses a well-developed head (fig. 18, plate I).
The heart and the brain are clearly visible in fig. 17 (dorsal view)
and fig. 18 (ventral view); 106 pairs of somites have been formed.
The medullary tube is still open  posteriorly. A pro-amnion 5
distinctly perceptible.

Embryo N°. 53 with 18 pairs of somites (fig. 19, plate IT) shows a
distinct brain. Pro-amnion and head-bend are easily distinguishable.

IV. Development o f the mesoblast.

The origin and development of the mesoblast can be well traced
in two Manis-embryos, both in the primitive streak-stage. The one
(N° 151) is almost cross-, the other (N°. 180) sagitally sectioned. The
former is slightly younger than the latter. A schema of this younger
Manis-stage presents fig. 21, plate III. This reconstruction has been
made in such way that, at a magnification of 100, the breadths of
different organs of each section of the germdisc were set out on
millimetre-paper. The thickness of the sections being 10 1, every
millimetre agrees with one section. As a fixed point the middle of each
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section of the embryonic area was taken. To obtain a survey of the
different organs and of the germdisc itself in situ, this schema suffices.
The sections, which will be discussed in subsequent pages, are
indicated.

The length of this embryonic shield is about 720 p (72 sections
of 10 1 each), the largest breadth - 8oo u. As is shown in the repro-
duction, the embryonic area is pear-shaped, the primitive streak
(p.s.) occupying the hinder part. Somewhat more in the direction
of the future head-region a tongue-shaped organ originates out
of the primitive streak in cranial direction. It is the headprocess of
the primitive streak, which will be called headprocess for the present.
This name means that the primitive streak forms a process in the
direction of the future head-region. As will soon be apparent in the
dcscription of the different sections, the hypoblast covers the whole inner
face of the blastocyst just as in the younger Manss-stage N°. 113. Fig. 20,
plate T is a reproduction of a section through the whole, strongly
tolded blastocyst, partly lying against the uterine wall. The embryonic
anlage is very small, compared with the large extra-embryonic part.

The hypoblast forms two thickened parts, both indicated in fig. 21,
plate III. One of them, lying just before the anterior end of the head-
process has been called protochordal plate by Husrecnr. This name
indicates that a part of the notochord develops out of this plate. Another
part of this organ derives from the protochordal wedge (HuprecHT
1890 = Hensen-knob, HenseN 1876). This thickened part of the
hypoblalst must be called prochordal plate, if we suppose that the
notochord reaches to this point and fuses with it, but that no elements
originate from it to form the anterior part of the notochord.

Whether this opinion 1s right or wrong, I will not decide here;
I will “treat this question later on (pp. 42 and 43), when discussing the
(Ie\fdopmcnt of the notochord. The second thickened part of the hypoblast
5 to be found in the periphery of the embryonig shield and is called
annular zone of proliferation by Husrecnt (18go). Out of it the
peripheral mesoblast will develop.

On studying the cross-sections, (hgs. 22—28, plate III) T can
observe the following facts. _

The section, reproduced in fig. 22, passes through the posterior part of
the primitive streak. In the mid-axis, on the upper side, a small shallow

LW
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pit is found. (Fig. 21 must be compared for this and following sections).

This is taken to be a remnant of the primitive groove, which has
now disappeared for the greater part. Out of the primitive streak
mesoblast-cells proliferate. This part of the mesoblast is called peri-
stomal mesoblast in connection with the theoretical signification attached
to the primitive streak. On the right and on the left the primitive streak
passes into the trophoblast, which has disappeared from the upper side
of the embryonic area. The inner face of the germdisc is formed by
a layer of hypoblast, equally thick everywhere, with round nuclei.

Somewhat more cranialward the epiblast rises above the level of the
trophoblast (fig. 23). In this and following figures the epiblastic tissue
has been drawn but partly: for simplicity’s sake it has been dotted.
This section too passes through the primitive streak, which also forms
peristomal mesoblast here. The hypoblast also lies as an uninterrupted
layer at the inner side of the germdisc, and is slightly thinner in the
middle only.

The following scction sketched (the 16M from the first section
described) passes through the front part of the primitive streak (fig. 24).
The anterior part of the primitive streak and the posterior part
of the headprocess are strongly thickened in this region of the
embryo. This place has been called Hensen-knob (HENSEN 1876) or
protochordal wedge (HusrecHT 18g0) oOr ,Primitivknoten” (BoNNET
1889). The Hensen-knob is also covered by the hypoblast. Caudad
from this place, over the whole length of the primitive streak, the
peristomal mesoblast is formed. It spreads laterally from the primitive
strcak between epiblast and hypoblast.

Fig. 25 represents a section through the headprocess, which 1s
developed slightly in this embryo. In this region the epiblast of the
embryonic area forms no mesoblast; it is a continuous layer, composed
of tall columnar cells. Between headprocess and epiblast, there is a
distinct limiting membrane. The headprocess extends cephalad as a
wedge-shaped or tongue-shaped organ between epiblast and hypoblast.
On the left side of the section, just against the border of the germdisc,
the hypoblast shows a tickened place L)

') On comparing the figs. 22-—28 and 21 it will have been noticed that what is on the left in
the cross-sections is on the right in the schema {fig. 21). This comes out clearly in the asymmetric
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~In fig. 26 too, which is a section through the cranial end of
the headprocess, this thickening lies only on the left side of the
reproduction. This is a part of the annular zone of proliferation
(HusrEcHT 1890), which, however, does not proliferate as yet in this
part of the embryonic area.

This is the case in the section, represented in fig. 27, where the
annular zone is found on the left as well as on the right. Here, on
the left, we see the very first mesoblast-formation, on the right this
process has not yet begun. It is called the peripheral mesoblast
(BonNET 1920, p. 111), because it is formed at the periphery of the
germdisc. In the centre of the embryonic shield the hypoblast still
shows another thickened part, situated exactly in front of the cranial
border of the headprocess and called prochordal plate for that reason.
In Manss this plate has an oval shape and is of about a breadth of
330 and 220p length. The annular zone is still better visible in
the anterior part of the area. Here it forms a ring around the anterior
part of the embryonic shield (figs. 28 and 21) and in different places
distinctly produces the peripheral mesoblast. In the same section the
anterior part of the prochordal plate is shown. Here the prochordal
plate is connected with the annular zone (hg. 21) and so, in the
mid-axis of the embryo, the hypoblast is thickened from the cranial
point of the headprocess to the anterior margin of the embryonic
area. In this younger primitive streak-stage the hypoblast is princi-
pally thickened in the anterior part of the shield. In some places the
mesoblast is formed from the hypoblast, viz. the annular zone of
proliferation. This is not yet the case in the prochordal plate,

Bonner has also described HusrecuT's protochordal plate in other
Mammals and calls it »Erginzungsplatte”, because, according to him,
the anterior part of the notochord, the mesoblast in the future front-
part of the head (the so-called cephalic mesoblast), a part of the
forc—gut and the inner layer of the primary pharyngeal membrane are
derived from it (BoNNET 1920, p. 100).

In the older embryo, N° 180, also a primitive streak-stage, the

figs, 25 and 26, where this proliferating place (a.z.) is shown on the left side of the sections, whilst
according to fig. 21 this is the case on the right. This is casy to explain, however, because the em-
f¥onic area has been cut and fixed to slides from before backwards, so that what is on the left in

tl

1€ hgures, is on the right in reality.
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mesoblast-formation has been going on for some time. This 1s visible
in fig. 29, plate III giving a survey of this embryo, which is very well
sectioned in the sagittal plane. The section passes through the mid-axis
of the embryo, of which the convex side lies closest to the uterine wall.
The primitive streak extends from the left to the point marked by an*;
the embryonic epiblast, clearly separated from the tissue lying beneath,
occupies the region between the primitive streak and the trophoblast
(on the right). The wall of the blastocyst is torn off just in front of
the embryonic area, probably in the preparing of the embryo. The
place of attachment, however, is evident. Along the whole length of
the primitive streak the peristomal mesoblast 1s tormed. Near the * the
headprocess develops out of the primitive streak in the direction of
the future head-region and extends between epiblast and hypoblast,
gradually becoming thinner. The hypoblast is visible as a very thin
layer beneath this organ. Under the cranial part of the headprocess
it is composed of a few flattened cells. Exactly in front of the anterior
end of the headprocess, it suddenly passes into a thickened plate, the
prochordal plate, with nuclei in two or three strata. Before the
germdise the prochordal plate passes into the extra-embryonic hypoblast,
present in-a single layer of cubical cells. In this stage the prochordal plate
reaches to the anterior margin of the germdisc. Behind the embryo
the extra-embryonic hypoblast is nearly as thick as in front of the
embryonic area. However, beneath the posterior part of the primitive
streak, it gets much thicker, generally remaining a single layer of
cells, gradually becoming thinner more in front. In this embryo too
the prochordal plate produces no cephalic mesoblast as yet.

Fig. 30, plate 111 shows the middle part of fig. 29 greatly enlarged.
It represents the anterior part of the primitive streak, the part, where
the headprocess originates. A thickened ,,Hensex-Knob” is not present.
The headprocess extends in a cranial direction, the peristomal mesoblast
spreads laterally from the primitive streak. The hypoblast is a thin
flat layer of cells with few nuclei.

Figs. 31 and 32, plate I11 represent parts of sagittal sections through
the same germdisc. Fig. 31 shows a section of the prochordal plate
and the anterior part of the headprocess. This is not a section exactly
through the mid-axis of the embryonic arca. The epiblast forms a
layer with three or four strata of nuclei, distinctly separated from the
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underlying tissue. Here the thin cranial part of the headprocess can
be observed, extending between epiblast and hypoblast. The hypoblast
under this part of the headprocess forms a very thin layer with few
nuclei and passes suddenly into the thickened prochordal plate, just
m front of the headprocess. Beneath the anterior margin of the
embryonic area the prochordal plate passes into the extra-embryonic -
hypoblast, consisting of a single layer of cubical cells.

The formation of the mesoblast out of the prochordal plate has
started nowhere.

The peripheral mesoblast develops in this embryo. Fig. 32, plate 111
shows the origin of this mesoblast behind the caudal region of the
germdisc. In the embryo, described in preceding pages (N°. 151, also a
primitive streak-stage), we have found the early development of the
peristomal mesoblast in the anterior part of the germdisc. Here, howe-
ver, the annular zone of proliferation has extended along thep eriphery
of the embryonic area, meeting behind the primitive streak. Here we
sec a distinct mesoblast-formation, just outside the border of the
germdisc. In fig. 32 the mesoblast-cells proliferate out of the hypoblast.
Moreover the mitotic figure (#) indicates the direction, in which
the cleavage takes place. In other sections these figures are more
humerous. The direction of cleavage is the same in all. More anterior
(under the posterior border of the germdisc) the peripheral mesoblast
gradt‘lzllly passes into the cmbryonic peristomal mesoblast; a limit
cannot be observed. The peripheral mesoblast, originated from the
hypnblust and the peristomal mesoblast, originated from the primitive
streak, form one sheet of cells. The peripheral mesoblast is also found
at the sides of the germdisc, but here the formation has stopped for
the greater part.

Out of the sides of the headprocess mesoblast also develops, spreading
}?criphcm”y between epiblast and hypoblast. This is the mesoblast
from which the somites, pronephros, wall of the coelomic cavity etc.
derive in the anterior part of the embryo later on. It is called gastral
mesoblast, in connection with the theoretical signification  of the
heudprocess.

This also fuses  with the peripheral mesoblast, developed at the
borders of the germdisc, and passes into the peristomal mesoblast cau-
dalward, So we see that a continuous sheet of mesoblast-cells is
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extending in this primitive streak-stage between epiblast and hypoblast.
On comparing the germdiscs N° 151 and 180, we sce that, taking
into consideration that N°. 180 is somewhat older than N° 151, the
mesoblast in the former is much more developed. In the younger the
peripheral mesoblast has been formed but for a small part, ‘the 'mnuhr
zone of proliferation extending in the future cranial part of the disc
only. In the older germdisc, however the formation of the peripheral
mesoblast has p['O”‘l'Cbde further and in some places, especially at the
anterior borders of the embryonic area, it has come to an end. Behind
the posterior part of the embryo, outside the germdisc, this develop-
ment still continues in a place, where in the younger embryo there
1S as yet no trace of the annular zone. The headprocess is more
developed in the older embryo than in the younger, and is tongue-
shaped in both shields, extending between epiblast and hypoblast. The
hypoblast in N°. 151, as yet a rather thick layer of epithelium- cells,
has become in N° 180 a very flat layer under the headprocess.
It seems that the hypoblast, pushed away by the developing head-
process, has become a flat eplthdmm with few nuclei. In Both embryos
the prochordal plate lies just in front of the anterior end of the head-
process. In the younger germdisc this plate is connected with the part
of the annular zone, lying in front. In this case the hypoblast is
thickened from the cranial point of the headprocess to the anterior
border of the germdisc. In N°. 180 the same is the case, the annular
zone having fused intimately with the prochordal plate. No limit is
visible between these parts. For convenience sake I have called
prochordal plate the whole thickened part of the hypoblast, lying in
front of the headprocess in the sccond primitive streak-stage described.
The anterior part of the prochordal plate passes directly into the other
parts of the zone. The embryo being cut in the sagittal plane, it is
- not easy to see this connection.

In tracing the further development of the mesoblast in Manzs, we
lack several stages, for the cmhryo succeeding in age 1S much more
developed, possessing four pairs of somites with a 5“‘ forming and a
medullary groove. However, this stage is of great importance, because
it shows a very distinct formation of cephalic mesoblast. This embryonic
shield has been cut very well in the sagittal plane. Fig. 33, plate IV
shows a schema of a section through the mid-axis of it, We see
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that the peristomal mesoblast still originates from the primitive streak.
At the cranial side of the embryo the cephalic mesoblast develops
out of a very distinctly thickened part of the hypoblast, the prochordal
plate. The chorda-anlage originates from the headprocess, which i
strongly thickened in its caudal part, the HensEn-Knob. The chorda-
anlage is incorporated in the hypoblast and the so-called chordal plate
occupies the roof of the future gut-lining. This chordal plate passes
into the prochordal plate, composed of two or three layers of cells.
The cephalic mesoblast clearly develops out of this plate (to compare
fig. 34, plate IV, in which the cranial part of the chordal plate and the
prochordal plate are greatly enlarged). It spreads as a broad sheet of
cells between epiblast and hypoblast to the anterior border of the
embryonic shield, and has reached a considerable extension. This
marked formation of cephalic mesoblast takes place, when at least
four pairs of somites have been formed. It develops remarkably late
in Manzs; BonneT e.g. finds (1gor1) that a distinct cephalic mesoblast-
formation takes place in young primitive streak-stages of the dog.

The chordal plate originates from the Hensex- I\noh. Along the whole
length of the chordal pl.ltc the mesoblast is connected w1t1 it at both
md(,s. Near the primitive streak this connection is clearly visible; more
cranially it is difficult to trace, the embryo being cut in the sagittal
plane and the mesoblast being connected with the sides of the chordal
plate. In some places it is easy to see it, when we carefully compare
the consecutive sections. :

This gastral mesoblast, out of which 4 pairs of somites with a gt
pair forming have originated, extends to the anterior part and the
periphery of the embryonic shield. Caudalward it passes into the
peristomal mesoblast and from these two parts most organs of meso-
blastic origin are derived. Behind the anterior part of the head-region,
in which the cephalic mesoblast is formed, the gastral mesoblast is
connected with the cephalic mesoblast. The latter is also composed
partly of peripheral mesoblast, and in other regions of the embryonic
area the gastral mesoblast or the peristomal 11"1csoblast is fused with
the pt:ripheml mesoblast. So we see that a continuous layer of meso-
blast-cells, developed out of primitive streak and headprocess, as well
as out of the hypoblast, extends between cplhldst and hypob]ast So
the mesoblast of Manis develops in several regions of the embryo.
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With the name mesoblast is indicated on]y the fact that this layer
lies between epiblast and hypoblast. It is a topographical term and
does not signify that all parts mmpmmso it, are of the same or igin.

In the ﬂ[m//s embryo, possessing 4 pairs of somites with a g
forming, (this is still connected with the undifferentiated mesobl last)
a fore-gut has not yet been formed. This is the case, however, in
embryo N°. 64, which possesses 8 pairs of somites with a g'h forming,
and succeeds the foregoing in age. In an other embryo, N° 32, with
10 a 11 pairs of somites, a well-developed fore-gut is present. A pri-
mary pharyngeal membrane, however, is still absent. This oral plate,
the place where the hypoblast lies close against the epiblast and where
afterwards the mouth is formed, is derived from the anterior part of
the prochordal plate, which follows from the mvestigations of Bonngr
(1go1). Behind this pharyngeal membrane we must look for a place,
where the hypoblast and mesoblast are connected and indeed in the
embryo N°. 64 with 8 a g pairs of somites there is still an intimate
connection between the cephalic mesoblast and the sides of the fore-
gut. In a Manis-embryo with 10 a 11 pairs of somites it is impossible
to ascertain this with certainty. It then seems that the connection
of cephalic mesoblast and hypoblast exists no longer, for in older
embryos with 13, 16 and 18 pairs of somites I cannot find it.

In embryos with 8 a 9 and 10 a 11 pairs of somites (N°. 64 and
32) the gastral mesoblast 1s connected just behind the fore-gut with the
sides of the chordal plate, which is incorporated in the hvpnhlmt here.
Superficially seen (fig. 36, phtc IV) the mesoblast seems to be connected
with the hypuhl&st Thl\ is not the case, however. The broad, thin layer,
extending beneath the medullary groove, is the chordal plate, which
can be stated with certainty, when we trace this plate caudalward.
This will be apparent from the description of the development of
the notochord. At the borders this chordal plate passes into the hypo-
blast, the gastral mesoblast being connected with this plate here.

In the region of the somites this is no longer the case, but caudal-
ward, in th(, neighbourhood of the primitive streak, thc mesoblast
has not yet Hcpdrdttd from the headprocess, there to be found, and
so mesoblast and chorda-anlage are still conmected with each other
here. As the primitive streak shortens caudalward (the embryonic
organs originating from it) the zone, where chorda-anlage (i. ¢. head-
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process) and mesoblast are connected, recedes still more. At the place,
where formerly the peristomal mesoblast was formed, now the chorda-
anlage, developed out of the primitive streak (,Primitivstreifenteil
des Chordas”) is connected with mesoblast, derived from it as well. We
must still call it peripheral mesoblast and so, in the caudal region
of older embryos, the chorda-anlage, derived from the primitive streak,
and peripheral mesoblast are connected. For this the chapter on the
development of the notochord must be compared.

Sunumary.

The mesoblast of Manzs originates in the primitive streak and the
headprocess, as well as in the hypoblast. The primitive streak ventrally
and laterally forms over the whole length the perzstomal mesoblast,
This is pril{cipnlly to be found in the posterior region of the embryo.
Out of the sides of the headprocess the gastral mesoblast develops,
when the formation of the peristomal mesoblast has already begun.
Later on, when the chordal plate is formed out of the headprocess, this
mesoblast is still connected with the borders of this plate, separating
from it in a succeeding stage. Caudalward the gastral mesoblast fuses
with the peristomal mesoblast. At about the same time that the
peristomal mesoblast formation starts, the peripheral mesoblast originates
from a ring-shaped part of the hypoblast, the annular zone of pro-
liferation. This formation begins in the future head-region of the
embryo, gradually moving backward along the borders of the germdisc.
The formation of the peripheral mesoblast, coming to an end in the
cranial part, still takes place behind the caudal part of the primitive
streak, outside the embryonic area. In the anterior region of the
germdise another thickening in the hypoblast develops, just in front
of the cranial end of the headprocess. This is the prochordal plate,
which fuses in the mid-axis of the embryo with the part of the
annular zone, lying still more in front. In the older primitive streak-
stage descrihcd,ilm-th parts form one intimate plate from the cranial
end of the headprocess to the anterior border of the germdisc. From
this plate the cephalic mesoblast originates, which has absorbed the
peripheral mesoblast formed out of the anterior part of the annular
zone. This cephalic mesoblast forms only the mesoblast of the anterior
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head-region. The rest of the mesoblast of the head must be considered
gastral mesoblast. Before we can speak of a head proper, this cephalic
mesoblast is already fused with the gastral mesoblast, lying posteriorly.
During the development of the cephalic mesoblast in Manzs, the
anterior somites and wall of the coelomic cavity are derived from
the gastral mesoblast. The rest of the peripheral mesoblast also fuses
in the different regions of the arca with the cephalic mesoblast,
gastral mesoblast or peristomal mesoblast. So a continuous layer of
cells, the mesoblast, originated from the primitive streak, from the
sides of the headprocess and from the two parts of the hypoblast
(prochordal plate and annular zone of proliferation) is formed between
epiblast and hypoblast.

The formation of the peripheral mesoblast comes to an end first.
Then, in the primitive streak-stage, the cephalic mesoblast is not yet
formed. In an embryo, possessing 4 pairs of somites with a §* forming,
the development of it is in full progress and is to be observed in
an embryo with 8 a g pairs of somites. In embryos with 10 and more
pairs of somites this is no longer possible. The mesoblast is for a long
time connected with the chorda-anlage in regions, where no somites
have as yet been formed out of the mesoblast. This is the case at
the cranial part of the chordal plate (gastral mesoblast, fig. 36, plate 1V)
and at the posterior part of the chorda-anlage, near the primitive
streak (peristomal mesoblast and the so-called , Primitivstreifenteil des
Chordas™). The peristomal mesoblast is formed first of all mesoblast-
parts in the primitive streak and originates from it as long as the
primitive streak exists, the latter being the organ, from which the
embryonic organs develop from before backward.

V. Origin and development of the notochord.

In the above description of the development of the mesoblast, the
origin of the notochord has been ﬁ'cqnently discussed. The youngest
germdisc, in which a headprocess, from which the chorda-anlage
~will develop, is to be found, is embryo N°. 151, In this embryonic
area (cf. the reconstruction fig. 21 and the cross-sections figs. 24, 25 and
26, plate IIT) the headprocess still has the appearance of a tongue-
shaped organ, which extends cranialward from the anterior part of the
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primitive streak between epi- and hypoblast. From the headprocess
originate the gastral mesoblast, the chorda-anlage and perhaps elements
of the future gut-lining as RasL (1915) supposes.

In connection with the theoretical signification attributed to this
organ it ought to be called metenteron, but for the present I will
keep the more usual and meaningless name headprocess. '

The part of the primitive streak, from which the headprocess
originates, will be indicated by the name of Hensen-knob (Hensen
1876), when this part is strongly thickened. Husrecur called it
protochordal wedge, but often erroncously included the headprocess.
The transverse sections (figs. 24, 25, and 26) pass respectively through
the anterior part of the primitive streak (the Hensen-knob), through
the middle part of the headprocess and through the most cephalic
end of the headprocess.

In fig. 24 there is no limiting membrane visible between the
'Lipiblastic part of the primitive streak and the headprocess, originating
from it. The Hrnsen-knob causes the hypoblast to project ventrally.
Il_l both of the other sections (figs. 25 and 26) the headprocess is
dlstinctly separated from epiblast and hypoblast, and extends between
these germlayers, as far as a thickened part of the hypoblast, the
prochordal plate. The headprocess has a length of about 150 p and
a breadth of -+ 1go p. at its base. It is remarkable that in this
young primitiv;*_strcnlil—t‘.tagc no mesoblast develops as yet out f)f' the
sides of the headprocess. This is the case, however, in the slightly
older germdise, also in the primitive streak-stage and secti(mcc.i in
Fhe sagittal plane (N°. 130, figs. 2()_—32)'. Il-crc the headprocess
Is Considcmbly longer (-4 500 n). The origin 01_‘ the ggstml mesoblast
Is Clcurly visible, when we compare the successive sections. It spl.‘eads
M the form of two wings from the sides of the caudal ‘and middle
part of the hcadproccss.k From the figs. 29 and 30 it- f(_)l.lows that
the headprocess extends from the cranial part of the primitive streak,
bf-’f.chn epiblast and hypoblast. Here a Hensen-knob 1s not as clocurly
visible as in the younger embryo N°. 151 and in the older embryo N°. 83.
. Besides the .gnst;a] mesoblast originating frou_l the headprocess
In the cmbrynnit shield, this area is also distinguishable by an other
PCCU]izll‘ity from N° 151. In this embryonic area the hy.pol.)llast
€xtends as a continuous layer beneath the headprocess and primitive
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streak, and 1s eqmllv thick everywhere. In N°. 180, however, the
hypoblast becomes much thinner under the hcddpl(mus and 1s reduced
to a flat epithelium with few nuclei. It gradually becomes higher
under the primitive streak. Just in front of the anterior end of the
headprocess, it suddenly forms a thickened plate with nuclei arranged
in two or three strata: the prochordal plate. The hvpabhwt lacks
nowhere at the ventral side of the embryonic shield. This is the case,
however, in older stages, where for some time the chordal plate forms
the roof of the future gut. In neither of the Manzs-embryos discussed,
in which a free headprocess is found between epiblast and hypoblast,
a so-called Lieserkiun-canal 1s to be found. This canal LIEBERKUHN
described for the first time in Mammals (Cavza) in 1882. It is the
homologue of the metenteron of the Anamnia and, when formed
completely, penetrates the whole length of the headprocess and opens
ventrally into the archenteron, the cavity enclosed by the hypohlast.
The embryo next in age to the two germdiscs described, is N°. 83
with 4 pairs of somites and a §" pair forming. Fig. 33, plate IV shows
a schema of the mid-sagittal plane of this embryo. Here the head-
process also originates from the (it:p}mhc pmt of the pumltiv streak,
forming a distinct FHIENSEN- knob. The posterior part of the embryonic
shield is somewhat curved, hence the section does not pass through
the mid-axis here. This is the case, however, in the greatly enlarged
section, reproduced in fig. 35. As is evident from figs. 33 and 33, the
ventral part of the embryo has been torn from the dorsal part.
Between primitive streak and headprocess, between the medullary
groove and the chordal plate, an artificial space is to be found.
The Hensen-knob is clearly visible. Behind it, beneath the primitive
streak, lies the hypoblast, gradually becoming thinner and disappearing
completely under the Hexsen-knob. In the section reproduced, two
lumina are found in the Hensen-knob. Neither is artificial, tor both
possess a regularly formed wall, and the numerous cell-membranes
of the larger of the two are radially arranged. Both occupy the
center of the Hensen-knob, but they are not connected. An opening
into the primitive streak or into the archenteron is not to be found.
In some adjoining sections a few similar lumina are to be seen,
but most of them are narrower than the largest of the lumina
reproduced. These lumina, also to be observed in older stages,
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are no rests of the LieperkimN-canal, according to me, but more
homologous with the rudimentary neurenteric passage of the Anamnia.
The Ligserxiinn-canal indicates only the canal, which originally is
to be found in the headprocess, the homologue of the metenteron
of the Anamnia. When the embryo grows in length, a new part of
the headprocess 1s derived from the primitive streak, the original part
hﬂving incorporated itself in the hypoblast. The older the embryo
becomes, the longer the chorda-anlage grows. The part of the head-
process, formed out of the primitive streak, moves more and more
caudalward, and the lumina to be found here do the same. The
Neurenteric passage of the Anamnia connects the posterior part of
the medullary tube with the primitive gut. It also moves caudalward,
dm'ing the growth in length of the embryo, whilst the headprocess,
Flomologous with the metenteron, in a younger stage grows through
Invagination in a cranial direction. For this reason the lumina, just
described, and others, still to be described in older stages, must be
hgmologized with the neurenteric passage of the Anamnia and not
with the Lisgprkinn-canal or metenteron. 1 call it chordal canal,
because in Mammals the notochord principally originates out of the
hcndpmccss, in which these lumina are to be found.
: The Hensen-knob passes cranialward into the chorda-anlage, which
5 not covered by hypoblast ventrally. Here the chorda-anlage for{ns
the roof of the future alimentary tract. 50 the chorda-anlage 1s in-
corporated in the hypoblast. In this study this developmental stage
of the notochord will be called chordal plate. Later on, when the
f:hordnl plate has separated from the hypoblast, the notochord proper
15 formed, .

The chordal plate continues caudalward in a layer, in which the
huclei are more numerous than in the other part of the HENSEN-
knob. During the longitudinal growth of the embryo, the chordal
Plate is derived from the dorsal '}mrt of the headprocess, the pastral
mesoblast from the sides. In front of the Hexsen-knob, the chordal
Plate is still rather thick, consisting of tall columnar cells. It hccomcs‘
much more flattened cranialward (fig. 34). In the cephalic part of
the chordal plate 1t is difficult or jmpossible to trace a diﬂ'crci\g‘c
with the hypoblast, when we compare the sngi-ttn] scction.s. bt]l}
more in front the chordal plate suddenly passes nto the thickened
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prochordal plate. A limiting membrane between these parts 1s not
traceable; the anterior part of the chordal plate is directly continuous
with this part of the hypoblast. If we did not know from younger
stages that the headprocess reaches as far as the prochordal plate there,
we could not know that in this stage the chordal plate passes into
the prochordal plate. In older cross-sectioned stages we can also trace
the chordal plate, incorporated in the hypoblast, up to a region far
advanced in the head of the cmbryo.

In this embryo the gastral mesoblast is still connected with the
chordal plate (cf. p. 25). There is no question of the edges of
the split hypoblast trying to fuse with each other, neither in this
nor in other embryos (with about 8, 10 and in a few cases 13 pairs
of somites).

The embryo N° 64 has 8 pairs of somites with a 9" pair forming.
A fore-gut, having a length of + 8o 1., 18 formed ; the head-bend has
not taken place and consequently no pharyngeal membrane is to be
found. The sides of the fore-gut are still connected with the cephalic
mesoblast in some places. Here we still find a remnant of the pro-
chordal plate in the wall of the fore-gut. -

Behind the fore-gut we see that the roof of the future alimentary
tract is distinctly thinner than the adjoining hypoblast. With the
borders of this plate the mesoblast is connected. It is evident that
here we see the cranial part of the chordal plate, incorporated in the
hypoblast and that the front part of the gastral mesoblast is connected
with it (fig. 36, plate IV). From this region we can trace the chorda-
anlage backward, but it must be observed that the chordal plate as such
18 not distin.ctly visible ceverywhere. In the anterior part there is a con-
nection between gastral mesoblast and chordal plate in several places.
More caudalward, at the level of the first somites, hardly any difference
is to be seen between chordal plate and hypoblast. Here the chordal
plate is but slightly thinner than the hypoblast. Gradually the differ-
ence between both parts becomes more marked (hg. 37). Under
the medullary groove a broad plate extends, which is a little thicker
than the hypoblast and casily distinguishable from it. On the right
the hypoblast is torn from the chordal plate, the connection, however,
is clear. A similar view shows fig. 38, drawn after a section through
the eighth pair of somites. The chordal plate being higher, the dif-
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ference with the hypoblast is more distinct. The borders of the
chordal plate are still directly continuous with the hypoblast. The
chordal plate possesses numerous cells and is clearly distinguishable
from the hypoblast, which contains less nuclei. In the preceding
pages (embryonic shields N° 151 and 180) we have seen that the
hypoblast in primitive streak-stages still extends under the headprocess.
This is no longer the case here, the headprocess having fused with
the underlying hypoblast: the ventral side of the headprocess cleaves
and spreads in a flat plate. The underlying hypoblast is split and
IS pushed aside by the borders of the chordal plate, which is now
dt‘\’eloped out of the headprocess. In the sections described the
borders of the chordal plate are directly continuous with the cleft
hypoblast: the incorporation of the hypoblast is quite finished here.
More caudalward, however, all possible stages of incorporation can
be traced in the same embryo. '

The chordal plate in fig. 39 is still higher than is the case in an
anterior part. Here it does not pass directly mto the hypoblast: the
latter extends slightly under the borders of the chordal plate. The
latter is not as broad as in more cephalic parts: the incorporation 1s not
quite finished here. A little more caudalward the hypoblast extends
beneath a considerable part of the chorda-anlage and has just been
cleft. The chorda-anlage is both higher and broader than in the
Preceding  sections. The undifferentiated mesoblast is not connected
With the chorda-anlage, which is the case in the section reproduced
1n ﬁg. 41. Here the ;conncction between both parts is distinct, though
they were torn from each other, when the embryo was sectioned.
An incorporation of the chorda-anlage in the hypoblast has not yet
taken place. The connection of the mesoblast and the headprocess
gradually becomes more intimate, the headprocess being distinguish-
able, because it has not fused with the epiblast of the primitive streak
and because the nuclei in the headprocess are more numcrogs.than
N the mesoblast-wings. The place, where the headprocess originates
from the primitive streak, lies somewhat more cuuda‘lmn'd and her_e
We also see, how the hypoblast in the mid-axis of thc. embryo 18
secondarily fused with the primitive streak-tissue. '_To o.bmm a general
View of the organs in this posterior part of the shield in the embryog._
Just described and still to be described, I have made a schema ot

Verhand, Kon. Akad. v. Wetensch, (ze Sectic). DI, XXIL C3
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the mid-sagittal section of the medulla, c}101'da-anlagc and primitive
streak of each embryo. To this end the heights of hypoblast, chorda-
anlage, and medulla were measured in the center of each cross-
section at a magnification of 100. As a fixed horizontal line the ventral
side of the embryo was taken and above it the measures, found in
each section, were set out on millimetre—papcr. The ventral part of
this region of the embryo being almost flat, we may use this method
here. For the head-region, however, it will not do; therefore the
method was used only for the posterior part of the embryo. Figs,
62—67, plate VI show these sections through the mid-sagittal plane
of the different embryos. Moreover, to indicate the situation of the
somites, their circumferences and also the upper face of the medullary
groove are projected on this sagittal plane. Finally the sections des-
cribed are indicated.

Fig. 62 presents a schema of the posterior part of embryo N°, 64.
On the right we see the primitive streak, out of which the medullary
groove and the headprocess originate cranialward. Like the primitive
streak the headprocess is still covered by hypoblast on its ventral
side: more in front the chordal plate, incorporated in the hypoblast,
1s formed out of the headprocess. The hypoblast has secondarily fused
with the primitive streak-tissue, lying above it just behind the place,
where the headprocess devclops out of the primitive streak. Laterally
the three layers, epi-, meso- and hypoblast are easy to distinguish.
In older stages the same occurs and on comparing the different stages,
we see that this zone moves caudalward, at the same time that the
primitive streak shortens in order to form the embryonic organs.

The .Mmzflr~embryo N° 32 has 10 pairs of somites with an 11*
forming. The medullary groove 1s closed along a great distance, but is
still open in the cranial and caudal part. A fore-gut is traceable along
a length of + 130 1, a primary pharyngeal membrane is not found
as yet. The wall of the fore-gut is of the same thickness everywhere.
I can nowhere find any indications of the chorda being incorporated
in the hypoblast here. The wall of the fbrc-gut is no longer connected
with' the cephalic mesoblast, which develops out of the prochordal
plate. Just behind the fore-gut, there is no chordal plate but, when
we trace the sections backward, it soon appears. Only in a very few
places a connection of the gastral mesoblast with the borders of the
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lC!.lOrda'l plate is to be found. In most cases a distinct limiting mem-
%Egt‘clﬁoiﬁfled ]and ??Il:qeqt-tefltl_)" 'thes? parts are connected no longer.
plate is clearly distinguishable from the hypoblast and
lli’/lvel‘y broad under the undifferentiated mesoblast of the head-region.
SO;‘E‘:J)&_CI«;Wat‘“d it b§coxlles less bro.ad, but in the 1't?gion of the first
S 1t ]1"15.“16 shape, figured in fig. 42, a section through the
f] PCLU" .‘Of somites. Here Fhe ch_ordal pllate is much thinner than the
ypoblast lying on both sides. On the right the hypoblast is not quite
E}tfhzioi:‘g’ﬂly bly Fhe i1_1corpo1'ari;ng chordal plate. On the left, hf)\vcv(l_jl-,
LR '1 p a_tc, w1th(.)ut being covered by the hypoblflst, is quite
orporated and passes into the hypoblast. It seems, as if the edges
of the cleft hypoblast are compre:ﬁsed by the incorporating chordal
Plate. On the left and on the right the primitive aortae are to be found.
Ch(I)lr]dqt]hel,mgion_ of the somites VI—XI the "very broad and flat
the h‘ Pb‘itc becomes less broa(.i .and taller. Moreover, the edges of
Chordq){pol. ﬁbf are extending dls_tm‘ctly beneath thc.bordcrs (?f tl}e
i h‘ é’[ iltf- the chordal plate 1s 1n the very act of incorporating in
Biie YI}L ’i“:t- .Ht:‘rc the chordal plate becomes taller than the hypo-
Ty éomit t‘lt region of the u}ldlﬁpf::11}1ﬁtc:d mesoblast, from \:«vlnch
s ifb}w:lll develop, tll'c situation is still about the same. Flg._43
bene;it}; ]1 ]dt\]u‘ broad a]}d' high C-hordul plate, the hypoblast extending
. e l?lbordcrs. of it. A little more caudalward the hyRDb]ﬂst
T Il‘t as an m'n.ntcrruptcd Jayer under the headProccss. Fig. 44
of th‘enis the tl‘ﬂ[]Sltl.OI]:.ll stage : only' a small part of th_(: ven'tral side
Loy 1eadprocess is mcorporated in the hypoblast in this place.
“liﬁ?iel’ the mesoblast 1~, connected 'with t‘he headprocess here,
i i \ids (-mt yet the case in the preccdlng .SCL‘t.l(?Il dcscrlbt:.d (hg. 43)-
i iu:ntle of -the headprocess a lumen 18 vx_:nblef rT.']'ns is not only
e ok n one section, but traceable in 13 consecutive seClons (£ 1301).
;er will be evident from the description of the other emb.ryos, one
T the headprocess. Sometunes two
t;;lsm::'“t present in the same secilon (?f the headprocess. Thi‘s is
-t Ht, in front of the czu.ml just described. The IlllC']fil zu.]d LCI,.I_
i qu;d)nes- are arranged radially around the lumen; this bmn(%‘al\s‘(.?
the hsi():;"[‘“.‘h-c.u the lumen appears double. Though {‘mtend to discuss
o ﬁ]: 1C“1t10n ‘of these Jumina 1n sul?sequcnt pages,
¢ chordal canal must be considered the hor

more similar canals occur In

I remark here
nologue of the

ol
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canalis neurentericus of the Apamnia. In Manis it is present in
embryos with 4—18 pairs of somites.

On tracing the headprocess of N°. 32 still more caudalward, we
find about the same as in the embryo just described. Here the hypo-
blast is forming an uninterrupted layer beneath the headprocess. A
schema of this part of the embryo is to be found in fig. 63, recon-
structed In the same manner as fig. 62 (Manis N°. 64). In the region,
where the headprocess originates from the primitive streak, the hypo-
blast is secondarily fused with the tissue of the primitive streak
(laterally the three layers are distinguishable). More caudalward the
hypoblast is visible as a distinct continuous layer at the ventral side
of the primitive streak.

The fore-gut of embryo N° 89 with 13 pairs of somites has a
length of 4 470 p. The chorda-anlage cannot be found in the most
cranial part of it along a distance of 18 sections (+ 180 p). From
this point, however, we can trace the chordal plate, incorporated in
the hypoblast, caudalward. A primary pharyngeal membrane is present,
traceable along a distance of 160 a 170 p.

One of the first sections, in which the cranial part of the chordal plate
s to be found, is reproduced in fig. 45, plate V. Beneath the brain-wall
lies a flat plate, which rises distinctly above the level of the hypo-
blast, into which it passes. The wall of the fore-gut is rather thick
here, partly due to the embryo being cut tangentially. A separation
of the notochord from the hypoblast has not yet taken place in this
region, but in the slightly older embryo N°. 31 the first indications
of this process are to be found.

As follows from fig. 45 the difference between the chordal plate
and the hypoblast, in which the former is incorporated, is not very
marked as yet. Gradually this becomes more distinct, however, and
in the region of the first somites we see that the chordal plate,
incorporating in the hypoblast, is a rather thin plate. (Fig. 46 a section
through the 4" and fig. 47 a section through the §* pair of somites).
Here we see that the hypoblast is compressed, evidently by pressure
of the borders of the incorporating chordal plate, for more peripherally
the hypoblast has its usual thickness. In N°. 32 (fig. 42) the hypo-
blast was also thickened in a slight degree. More caudally we see
that the chordal plate becomes taller than the hypoblast.
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_ Slightly further caudalward of the 13™ and last pair of somites we
find a region, where the headprocess has not yet incorporated in the
hypoblast and here, in the cranial part of the headprocess, a distinct
chordal canal is to be found, which opens ventrally into the cavity,
enclosed by the hypoblast (archenteron). Figs. 48 and 49 portray a
distinct view of this chordal canal, traceable along a distance of
T 140 p (= 14 sections). It has a diameter of + 17 p.. Fig. 49, plate V
shows the cranial part of this canal, where the headprocess is about
to spread, in order to form the chordal plate, pushing aside the cleft
]}Y})Oblast. When the embryo was sectioned, these edges were torn
from the chordal plate-borders. Two sections further cranialward the
CbO-rdal canal has opened into the archenteron and here we find a
distinct chordal plate (fig. 48). On tracing the headprocess caudalward
(cf. figs. 50, plate V and 64, plate VI), we see that the mesoblast 1s not
“onnected with the headprocess, this being the case a little further on.
In most sections caudalward of the chordal canal just described, a narrow
excentric lumen is to be found. This is not necessarily the case, however;
often no lumen can be observed in the sections through the head-
Process. Sometimes the lumen appears double, and around it the cell-
mm}lbrancs and nuclei are also radially arranged (fig. 50). In all
“ections the headprocess is broader and less high than in a more cranial
Part. Both lumina are traceable caudalward in 8 sections (= 8o ),
then again fusing to a single lumen, which is to be found along a dis-
tance of 110 [ in the ccntcrL of the headprocess, and then again appearing
iﬁ“}kﬂt aloilg a ‘ciia:§1111.ce (?f 40.51. (4 _\T‘,ect.io_ns). Ifl]}:til(:l‘ ca}ldz_‘ll\:ard 1

gle lumen occurs either to the left or to the right, torming short
Canals in two or three sections. In this region the mesoblast 1s still

Connected with the headprocess and a little further caudalward the
streak takes place. Here

trﬂﬂs_l.tion of the headprocess to the primitive :
-too. N the mid-axis a region is to be found, where the hypoblast tuses
ntimately with  the pri.[nirivc streak-tissue. ‘This zone lies slightly
more hackward (fig. 04). _ | -
14 ] . 3 Iois a ﬁi('a_;u'.r-mnbryo pc-)sst.:ssin.g ]3, pair:s‘ of ’5011115}@58 \V]Erbl 1

pair forming. Consequently 1t 18 slightly older than N°. 8g. ihe

fore- : : _
.re=gut has a greater length, being -= s6o p long. The .]OOf: of it
: a-anlage, which 1s not

b e : :
: formed for the greater part by the chord

( -3 . . = ide v #

> be found in the cranial part along a distance of + 130 p. A
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primary pharyngeal membrane is visible in 10 sections. This represents
a length of at least 1oo 1 (cf. p. 42). A connection between the
wall of the fore-gut and the cephalic mesoblast is no more to be
found. Fig. 51, plate V shows one of the very first sections, in which
the chorda-anlage is visible. Beneath the medulla in the hypoblast we
find a clearly perceptible thickening, which undoubtedly belongs to
the cephalic part of the chorda-anlage. The hypoblast is rather thick
here, partly due to the lining of the fore-gut being cut tangentially.
The chordal plate passes into the hypoblast, no distinct limit being
found. It makes the impression, as if the notochord is in the very
first act of separating from the hypoblast. This process is much
clearer a few sections further caudalward (fig. 52). Here the notochord
(a chordal plate exists no longer, as it has become notochord) has a
markedly cylindrical shape, both hypoblast—cdgcs being almost fused.
The separation of the notochord from the hypoblast has nearly
come to an end. In each section of the notochord very few nuclei
are visible. Mesoblast and notochord are separated by a distinct
membrane.

Further caudalward the notochord loses its cylindrical shape. In the
region of the first somites a real chordal plate is visible. At first it has
a small size, but gradually it gets the shape as is shown in fig. 353,
drawn after a. section through the 9" pair of somites. On the left
the chordal plate is no longer covered by the underlying hypoblast,
on the right, however, this is still the case. The edges of the cleft
hypoblast are compressed by the spreading chordal plate, but in a less
degree than in embryo N°. 8g

Caudalward the chordal plate increases in height and breadth. A
little behind the 13" pair of somites the chordal plate is arched
(fig. 54, plate V). One section further the hypoblast extends beneath
the whole headprocess. From this point to the primitive streak the
headprocess shows cell-membranes and nuclej radially arranged around
one or two lumina. Even virtual openings are to be found. Sometimes
such a lumen suddenly becomes larger, and disappears in the following
section. The lumen, reproduced in fig. 55, is one of the larger lumina.
It is traceable in three sections (= 30 ). The whole headprocess shows
several parts of this chordal canal. A first indication of the formation
of this canal we find in the cells, which are arranged around a virtual
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lumen. Then a real lumen appears, which is to be found in the centre
or to the left or to the right in the headprocess. Out of this chordal
canal the ventral dehiscence of the headprocess takes place, in order
tOO form the chordal plate. A schema of the caudal part of embryo
N°. 31 is shown in fig. 65, plate VI. Two parts of the chordal canal
are indicated, only these occupying the centre of the sections. To the
left and to the right of the section figured, many lumina are to be
found. The hypoblast in this embryo has also fused with the primi-
tive streak-tissue in the mid-axis.

f‘\ third Manis-embryo, also with 13 pairs of somites, 1s n°. 108,
Whl_Ch is cut nearly in the sagittal plane, the chorda-anlage thus being
sectioned obliquely. The cranial part of the notochord is reproduced in
fig. 56, plate VI. The chordal plate occupies the roof of the fore-gut,and
ends, covered by the hypoblast, in the mesoblast of the head. As is
c"ldf.:nt from fig. 56 the primary pharyngeal membrane 1s cut tan-
gentially and has a length of about 160 1. The cephalic part of
the lining of the fore-gut 1s distinctly thickened, a connection of the
Mesoblast with this part is not to be found here. In the caudal region,
IWC also find a headprocess, the hypoblast extending beneath it, and
‘ere also in the mid-axis the hypoblast fuses intimately with the
Primitive streak,

Embryo N°. 68 differs little from the other embryos, as to the
Chordﬂ—an]age. I portray only a sagittal schema and a transverse section
(figs. 66 and 57, plate \’i). The sag?ttnl schema shows a very short head-
Process in comparison with others. A very distinct chordal canal with
i‘“dﬁ lumen is to be found (fig. 66). Here some other peculiarities fol-
R ; resent, as well as a fore-gut,

a4 primary pharyngeal membrane is p
The chorda-anlage can be

E}}E&}:’k{ in 57 s.cctions (at least 570 .”-)-_ id : .
d up cranialward along a great distance and is not present in
2 Se.ctions of the roof of the fore-gut only. It must be taken into
Consideration that the fore-gut has heen sectioned tangentially; 50
e part, in which no chorda-anlage is to be found, has a length of
More than 50 . For the same reason the primary p}mryngeal mem-
rane visible in § sections, has a length of more than 8o p.
gutnf]e. notochord has clistitlct}}f sqmm.ted.ﬁ'om t!le wall ‘of thc. fo1ie—‘
urther caudalward. No figures of this are given, because 1n the

(:l-l [ . ) . - . 0 25N 4o ~a 00 ic ¢ .
bryo with 18§ pairs of somites (N°. 53) this process, which has
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started In an embryo with 13 a 14 pairs of somites (N°. 31) has
progressed further and is more distinct here. The hypoblast is com-
pressed by the chordal plate, INCorpo ating in it (cf. N”. 89). Caudal-
ward we see a clearly perceptible chordal canal in the headprocess.
The largest diameter of the wide canal is - 24 1 (fig. 57); the
cell-membranes and nuclei are arranged radially. The canal is very
long, being traceable in 26 sections (+ 260 p) and opens ventrally
mto the future alimentary tract. On the left and on the right a few
lumina are visible in the headprocess. Close behind the chordal canal
reproduced, the hr—:adprocess originates from the primitive streak, and
in this region the hypoblast is again intimately fused with the
primitive streak-tissue.

The last embryo to be deseribed for the development of the notochord
is N°. 53 with 18 pairs of somites. It is an Important stage, because
the notochord has separated from the hypoblast in this embryo along
a great distance.

Fore-gut and primary pharyngeal membrane are well dcvcl()pcd
and respectively traceable in 96 and 14 sections (= at the least gbo
and 140 u). The chorda-anlage extends far cranialward, the wall of
the fore-gut being free of it in 6 sections. It 1s remarkable that the
cranial part of the Chorda—anlage, represented in fig, 58, plate VI is still
mcorporated in the hypoblast, whilst parts of it further caudalward
have already quite separated from the hypoblast. This figure (58) is
drawn after the 4™ section, in which the chorda-anlage is traceable
from before backwards. The separation of the notochord has already
started here. The wall of the fbrc—gut is rather. thick here, consisting of
about two layers of cells. Fig. 59 shows the 14" section caudad of the
section, reproduced in fig. 8. Here the notochord has completely
separated from the hypoblast, extending beneath it. The notochord
is slightly compressed here, the hypoblast a little thickened.

Further caudalward the notochord becomes more high than broad,
but at the level of the greater part of the somites it is cylindrical.
This is shown in fig. 60. It is noticeable that the diameter of the
notochord is much larger and here more nuclej are to be found than
in the parts situated further cranially.

The place, where in younger stages the chordal plate was incorpo-
rated in the hypoblast, can still be indicated, for here, beneath the
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notochord, the hypoblast is thinner than quite near it. In younger
stages we have met with the compressed edges of the hypoblast; it
seems that the hypoblast has coalesced from these parts.

_me the 11" pair of somites caudalward the chordal plate is still
Shghtl}' incorporated in the hypoblast, as is evident from fig. 61, a
scction through the 13" pair of somites. The chordal plate is still a flat
organ. This we can see only in the region of the somites XI—XV
(et fig. 67), for beneath the last somites the chorda-anlage 1s com-
iﬁgte}ll);‘(fov}ered by f:hc‘hypobl-:lst. On comparing figs. 66 and 67, we
b ‘f the part in front of the pl.‘llllltIVC streak, c.ovcrcd b){ thc‘
__}P(_‘) olast, has become much larger: in an embryo with 16 pairs of
“omites (N°, 68) the incorporation of the headprocess comes to and
L}nd, for in the slightly older embryo N° 53 with 18 pairs of somites
EJEJI]_Y};]Oljhst extends as an uninterrupted Iayc.r along a great distance
o ];‘ ¢llol'(1zl-;1lll;1gc. From the head-region of the embryo the
ward q() the hypoblast beneath the notochord takes place. caudal-
p‘dirs' OE‘OT.W? see that only along a shf)rt dlstancjc (the region of 5
i somites) the chor@ﬂl plate 1s still partly incorporated in the
2POblast (the most anterior part of the chorda-anlage excepted).
n()u;(”11]::":(?"}"_31'21t‘i(m (?f' the head-process in the hypoblast takcs PIH-C(:‘
4 S(')m?tt\l« 11 a certain moment (probably when .thc_stuge of 16 pairs

Thf)ut]h 18 t-czl't‘])tf(l), thgn the hypoblast remains intact. o
Shekie ‘tTl the incorporation of the hcu(.iproccss in the .hy}]m’)in::t ilb
}’I'Océqg }K: quc)stlon in this part, yet lumina are formed in the 1(:1(-
I th : TUjC. lrop-cr]y spcukmg,_ we cannot use the name h_cadpmuhs
ﬁlturcL] .I.n (J]()ﬂgﬂtl()l}ﬂ of the primitive s-trenk_m the dlrc‘cty}f] of the
of the :t.:“]—.l‘-cglml. Ih(.: organ we are discussing now, hahlfm 11'1cd1.01-1;
gL_OWlh}I?mtwc streak in ‘SIIH, which shortens during th.c oln.g}tlf(-maf
e 1(? th-c embryo. (,onscq‘ucntlylt]}c heﬂ-dpf'(?ccss in fnh"lptljt of
the hmll-n fyo 1S No (mtg‘rowth of Fl]C-Ol'Igm:dl primitive SF]'CZ!!&. 'lﬁlicz 0

\'Vithmt‘]l’,ﬂh”w 1_nc-ntlonc_d, are indicated .m thc'su}ks_p)ttaI aec‘tllon.g g t17)H
Cmbros ‘K d(_sscrlptmn f_)f.thc development of the notf)_c 101‘( 1111.- 1Lr

Y0 we will end. In still older embryos the notochot d has entirely

se AT At - : & ;
Parated from the hypoblast and lies free between medullary tube
always much thinner than

and 41; : e
‘lhmtﬂtm‘y tract. Cranially 1t 18
| tall with compnctly nrrnngcd

Candalls : : )
c‘:l].ll.]f’ where it remains broad anc
S for 3 long time.,
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Two important questions must be treated now:
1°. Does the anterior region of the notochord originate from the
~ prochordal plate? '

2°. Do elements out of the metenteron-wall, i.e. headprocess, pass
into the definite lining of the gut or is the latter formed only by
the hypoblast, which, as we have seen, develops out of the embryonic
knob by delamination? :

BonnET answers the first question in the affirmative (like HuBrecHT
189o) and concludes this (19o1) amongst others from the following
facts. In dog-embryos of different stages he traced the place of the
anterior limit of the chorda-anlage and found that in embryos with
10 pairs of somites the chordal plate passes into the thickened part
of the hypoblast, which he calls ,Erginzungsplatte” (= protochordal
plate. HusrecnT). In an embryo with 16 pairs of somites the most
cranial part of the notochord reaches to quite near the anterior point
of the fore-gut. He points out that the notochord gradually grows
cranialward and concludes that this added part is formed by the
»Iirginzungsplatte” (to compare also the comparative part, p. 79).
Of course he can trace this best in embryos sagitally sectioned.

I can ascertain the following data in the Manis-embryos, which
are cross-sectioned for the greater part. In primitive streak-stages the
headprocess extends exactly as far as the posterior part of the pro-
chordal plate. After incorporation in the hypoblast the chordal plate
passes directly into this plate (cf. the sagittal sections of N°, 83,
figs. 33, 34, and the description of embryo N°. 64). The Manis-
embryo with 1o completely formed pairs of somites (N°. 32) possesses
a gut-lining free from chorda-anlage along a distance of -+ 280 p
(mcasured from the cranial point of the fore-gut). From this point
the chordal plate is traceable caudalward. The older the embryo,
the further the cranial limit of the chorda-anlage reaches, which
15 apparent from table qs

It must be noted that the cranial part of the fore-gut is curved
ventrally and is consequently sectioned in a more or less tangential
plane. Hence the measures, which are calculated from the number
of sections, are too small, especially in the older embryos, in which
:hc head-bend is more distinct than in younger ones. This is marked
)y a ).
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3
Table 3.
—— ] e — —
’ : 108 i
Cat. N°. e 89 31 sagittally 68 53
i sectioned. ;
——— — = —_— T —_— e ——
| | 1 ’
Number of pairs of somites, . Iod IT 13 J 134 14 f i) | 16 18
| |
o — e — - 7‘:—- l S —_—— ——
, ‘ i |
Length of the part of the | | '
fore-gut without chorda-anlage joo g | £ 180 .“l > 130 ] 200 p i AT SRR AbCH

The measure of the embryo sagittally sectioned (IN°. 108) is correct
(fig. 50, plate VI), which corresponds to the measure calculated for
the embryo N°. 8.

These “data are “indications for the opinion that the notochord in
older stages reaches further cranialward than in younger ones. They
do not prove that the prochordal plate participates in the formation
of the anterior part of the notochord. Moreover, it is possible that
the anterior part of the notochord grows cranialward out of the chor-
dal Plate itself, without being formed out of the prochordal plate.

In the Manis-embryos, however, something else 1s to be observed.

¢ start from the younger stages, where the chordal plate gradually
Passes into the prochordal plate and is quite incorporated in the hypo-
!)Iast. In the embryo N°. 31, the anterior part of the chorda-*fmlf.lgc
IS stil] distinctly incorporated in the lining of the fore-gut, a beginning
of separation from the hypoblast being visible, however, further caudal-
ward (cf, figs. 51 and 59:, plate V). The difference is not very mm:ked
Jere, but in the embryo N°. 68 with 16 pairs of somites and.cspecmll:v
N the embryo N°, 53 with 18 pairs of somites, the cranial part 1s
d'Sti“Ct]}' incz)rporated‘ in the hypoblast, whilst the hYPObIaSt'ffdges
"AVe coalesced under the notochord more caudalward (figs. 58, 59
and 6o, plate VI). Consequently the anterior part of the notochord

S e a0 5
“Parates later from the hypoblast.

- : % Y > anterior

On connecting these two observations the growth of the anter
?‘m of the notochord in cranial direction and the later separﬂ;IOH
- n " I
Ssthe hypoblast of the same part — I must admit that they

S L o . . oV
"Upport the opinion of BoxneT and Husrecnr, but they do not prove
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it. Both observations can just as well confirm the view that the ante-
rior part of the chorda-anlage grows out of the chordal plate. On
considering them in mutual relation, I come to the conclusion that
they certainly are a support for the view of BonneT. I do not use
the name protochordal plate to indicate this part of the hypoblast,
because it is not proved that the anterior part of the notochord arises
from it. 1 used the name prockordal plate, because in young stages
it 18 lying just before the headprocess, out of which the chordal plate
originates. —

The second question, whether there is a transition of cells from the
headprocess to the future lining of the alimentary tract, is answered
in the affirmative by RasL (1915). Counting the number of cells in

a cross-section of a broad chordal plate at a fixed point — the first
pair of somites — of a rabbit-embryo, and counting in the same

region later on the number of cells in a section of the notochord,
he found that in the former case each section of the chordal plate
possesses a much larger number of cells than in the latter. In some
cases only half the number of cells is found. Irom the chordal plate,
developing out of the headprocess (or archenteron-wall in RasL’s ter-
minology), cells have disappeared and, according to RagL, these cells
have passed into the hypoblast, the lining of the future alimentary
tract. RasL even thinks that the greater part of the gut-lining de-
rives from cells of the headprocess. As will be discussed more fully in
the theoretical part, it is my opinion (agreeing with AssneToN) that
the headprocess of the Amniotes is the homologue of the metenteron
of the Anamnia, the part of the gut, formed by overgrowth and
ingrowth (invagination) of cells at the »deuteroporic” lips. The distinct
metenteron of the Anamnia is reduced in size in the Amniotes, the
wall of the metenteron being a prolongation of the primitive streak
(ESNthe changed ,,deutcropore” of the Anamnia) in Birds and Mam-
mals. In this organ, the headprocess, is to be found in many cases
a longitudinal canal, the metenteron or Lieperktmn-canal. In both,
Anamnia and Amniotes, the wall of the metenteron fuses with that
part of the gut-lining, which has originated from cells, formed in
most cases by delamination of the embryonic knob, and called by
me hypoblast for short. A communication between the archenteron,
the cavity enclosed by the hypoblast, and the metenteron is esta-
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blished. In Anamnia the posteiior part of the gut is formed by a
hrge part of the metenteron; consequently we can expect that this
18 also the case in Amniotes.

RABL tries to prove the transition of cells of the headprocess to
the definite gut-lining as indicated above. Against this the following
facts must be objected :
~ 1° STRAHL (1(}16) is of opinion that these cells in the live embryo,
- which all cells are movable with respect to each other, can pass
as well into the mesoblast, generally lying in close connection with the
Notochord. Stranr does not prove this, mentions it only against
RABLS view.

. 2% It is not certain that these cells of the chordal plate take part
N the formation of the gut-lining. KriBerL (1916) argues that it is
Very wel] possible that, whilst the notochord separates from the hypo-
last, these cells move in such a way that they become situated behind
cach  other, contributing in this manner to the growth in length of
the notochord (KkisEL 1@89, 1916, ,,Scheinwachstum” of the notochord).

As we have observed, Manis has a very broad chordal plate in many
~48es, sometimes even with as many nuclei as RasL describes for the
rabbit. In Iater stages in Manis we also find a cylindrical notochord
ig Ez@ i-}s;llll:]lj 1‘163,'1-01; of thf: ‘cmbr?'o,”\)v‘h.crc t]}C lbx:oald Cl}l(>l‘t.1§l Plnlfft:‘ol}

- In most cases every section of the notoc L0LUSCRILS
Much Jegg cells than the sections of the chordal plate (cf. hgs-_Sé’ 37>
3% 42, plate IV and 59, 6o, plate VI). Here a table 1s given, mn
Which g indicated the number of nuclei from chordal plate and
"otochord in sections through different somites (table 4).

Table 4.
| [y s
N of embryo. r Som. I | Som. IV Som. VIII
) ; |
64 (8 & ¢ som.).. 13 } L | =1
|
|
| . :
32 (10d 11 som.), | 15 54 1 2b
| |
12 17

53 (18 som.)..... 7
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From this table it follows that RaBL’s observations in the rabbit
are corroborated in Manzs. [In connection with this, it is to be noted
that KrmrL described (1889) cross-sections of the notochord with only
two nuclei (Cavza)]. These observations are not a proof of Rapr’s
opinion, according to me, for though I do not believe that STranL’s
supposition that in the live embryo cells of the chordal plate pass
into the mesoblast, is right, I think that Krser’s opinion is not im-
probable. The data mentioned above may even support it. It is also
in favour of this opinion that in stages in which the notochord is no
longer incorporated in the hypoblast, the cranial and older part always
has a small diameter with few nuclei, while the caudal and younger
part has a large diameter with numerous compactly arranged cells.
It scems as if in this younger part of the notochord, the cells are
not yet situated behind each other. Kriser's ,Scheinwachstum’ will
still take place here. I believe that consequently the observations in
Manzs are in favour of KrisrL’s opinion and that RasL’s view must
be rejected. It is probable that the formation of the metenteron of
the Anamnia is reduced in the Amniotes to such an extent that the
headprocess no longer participates in the formation of the future ali-
mentary tract. It would even be very difficult to trace elements pas-
sing from the headprocess into the lining of the gut, for it is almost
impossible to ascertain the transition of elements from one organ to
another, when these organs are intimately fused. So I believe that
the second question (p. 42) must be answered in the negative.

I must still point to some facts, which become clearer, when we
compare the different stages. In doing so it is evident that the primi-
tive streak is a centre of growth, from which the headprocess and also
the chorda-anlage (derived from the headprocess), are formed. We
can distinguish a part of the headprocess, with which the mesoblast
is connected, and a part, where this is the case no longer, the latter
lying more cranially. Both parts move caudalward, just as the chor-
dal canal, formed in it. More cranialward a short transitional part follows
and then the chordal plate extends a great distance, being incorporated
in the hypoblast and thus forming the roof of the future alimentary
tract. In stages, in which about 13 pairs of somites are formed, the
chordal plate begins to separate from the hypoblast. Before the chor-
dal plate a fifth part of the chorda-anlage follows, separating from the
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“hypoblast later on. It is not certain, whether this part is formed by
the so-called chordal plate. S J

The notochord can be divided into a part, formed out of the head-
Process (the metenteron of the Anamnia) and a part, lying caudally
of this and formed out of the primitive streak, the Homoloque of
the Chzmged dcuteroporic lips. Perhaps an anterior, accessor:/ part
can be distinguished, but it is not certain, whether this is formed out of
the chordal plate itself, or out of the prochordal plate, When the latter
IS the case, and this seems probable, it would be formed from the

s
Aning of the archenteron.

Summary.

outln Manis a t(:)ngtlc—shaPcd organ, t.he so-called headprocess, d.cvclops
, of the cranial part of the primitive streak and grows cranialward
Ott\:]?f” “v:_}’il)_ll}St and Ilyp(;)l)lust. The place, where it.is formed out
HFM;\ l};iunmvc streak, 1is generally swollen and is then called

“NSEN-Knob,
blz;ihctlhleildproccss reaches as far as a thickened part of the hypo-
lead’,[.()lﬁ_\\pmchord".‘l -p_]ate. The ].]yp()l?l]‘%sf, extending bt_ancath the
Wher}c lu-bb _;md primitive streak, 1s originally eq‘ua_lly .thlck every-
515 1;4),Ut gradually, before the headprocess fuses with it, the hypo-
]:)l_ocegstclomcs thinner in the ‘ml_d—nx;s. From1 th? sides of t.hF: b(f;-ld-
in 1 : \tm gzllstrul .mcsob‘l:wt is formed, out of which the somites, lying

;e cephalie region of the embryo, derive. 1

Plﬂtcl-(;, illntcrmr bordc-r of the headprocess fuses w1th. the prochoru\:-tll
P ti1gl~( at the same time th?. l](f;l(i}wl‘occss incorporates in the h),:'p(.)blnat,:
the Chc::-d.the lchordal plutc. is forn.]cd out of it. '{llle 111(::()1'pt(;1st1§11]10([;)(
o sl 1‘ ‘“’]Ulgb ()L]ui““ ’m '—/‘*UM{I Izlh ﬁ?]zl}(z;\ljh\'—é'nm{;n;({)g;rvéd in the
Origing] }au;}{} I\ m the u.ntu,.i (£ .JIE‘IHLI l.dl ’ h ,d e
eMbyryoe "“PIOLE‘&,? in other Mammals, I di ~not find in i r i
-"‘Plitsyt]‘idt my dlS.P()SzII). Then the wall, lying beneath t‘.,u.. (.:l“llﬁ:
P“S}lijn l(‘lh}'hohlust 15 cleft h'crc, and the F:]mt_‘du-anlngc sprends,} ‘lntf_fl ‘11 y
cleft hgr t{)e h}’]JObln\_s‘t,. which process is visible, as the edges of the
T m}}:o I‘ast‘arc distinctly compressed. |
e llsn-tl‘r]lrts of the chordal canal can extend algng a great ‘L an <
ally they are only traceable in a few sections. They can open
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cranially into the cavity enclosed by the hypoblast. The largest and
most distinct canals occur in the mid-axis of the headprocess, but they can
also be observed on the left or on the right, and in many cases, even
on both sides. Generally the lumina, which appear double, are also
traceable along some distance. They are all considered the homologue
of the canalis neurentericus of the Anamnia. The cell-membranes and
nuclei are radially arranged around these canals.

The incorporation of the chorda-anlage in the hypoblast takes place
from before backward. When the chordal plate is entirely incorporated
in the cranial region of the embryo (i.e. when the borders of the
chordal plate pass into the hypoblast, which then does not extend beneath
it) the incorporation still continues more caudalward. Then all trans-
itional stages of this process are traceable in the same embryo.

There are indications of the anterior part of the notochord being
formed by the prochordal plate, a thickened part of the hypoblast.
If this anterior part grew independently out of the chordal plate, already
incorporated in the hypoblast, these observations could be made as well.

Originally the length of the headprocess is not considerable. Later
on it derives from the primitive streak, which shortens from before
backwards. This posterior part also incorporates in the hypoblast. This
is still the case in an embryo with 13 pairs of somites and a 14"
pair forming. In an embryo with 16 pairs of somites the incorporation
comes to an end, and in an embryo with 18 pairs of somites the
notochord is for the greater part separated from the hypoblast. Then
in the region of only g pairs of somites and in the most anterior part
of the chorda-anlage this is not the case. Still further caudalward a
part of the chorda-anlage, which does not incorporate in the hypoblast,
is formed out of the primitive streak. Here too parts of the chordal
canal are to be found. On comparing younger and older embryos,
we see that the chordal canal moves caudalward, just as the neurenteric
passage of the Anamnia.

In an embryo, possessing 8 pairs of somites and a 9" forming,
the gastral mesoblast is still connected with the anterior part of the
chordal plate. In the posterior part of the headprocess the mesoblast 1
always connected with it. '

In younger stages, in which the chordal plate not yet separates
from the hypoblast, 4 zones of the chorda-anlage are to be found.
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Thf:y are from back to front: 1°. The part just formed out of the
primitive streak, connected with the mesoblast. 2°. The part, no longer
connected with the mesoblast. These parts are both covered by the
hypoblast; parts of the chordal canal can be observed in them.
3°. A transitional zone. 4’. The chordal plate incorporated in the hypo-
blast. Later on the chordal plate separates from the hypoblast, the
Most anterior part of the chorda-anlage separating still later.
_Ol'.iginally the hypoblast extends as an uninterrupted layer under the
Primitive streak. Secondarily in the mid-axis, in the anterior part of
the primitive streak, the ln}poblast fuses intimately with the tissue of
the primitive streak. This p'lucc moves caudalward, when the primitive
Streak shortens from  before backward. Laterally epiblast, mesoblast
and hypohlust are distinctly separated In this region of the embryo.
. h could not be proved that cells of the headprocess pass into the
lmmg of the archenteron. It is probable that the cells of the chorda-
.‘ml“ge place themselves behind each other, contributing in this way
i S e e P R B
€onsisting of " ”t‘ ]'f]'ll)‘“ m‘b' rs W%]].I\L‘ ‘hter im i1-1 the same region
of the ci,nl.jr | ]l]l]](:lﬂ.llh ce ?, r.)cuj g N o ?01-1-
b vo the diameter of the notochord is small, each section
Qining few cells. In embryos, in which the chorda has separated from
the hyp()h]ﬂh‘t a long time u;:n, and lies free between medullary tube ;1-nd
ﬁt‘t t}?“ anterior part is ul;vuys thinner than thf_; pf)sterim' part, h:u-fmg
0 formed out of the primitive streak last. This observation might

dly e - = . .
© be in tavour of this view.

Veorkh- = o C
erhan, Kon. Akad. v. Wetensch, (2¢ Sectie). Dl XXI. 4



THE SO-CALLED PROCESS OF GASTRULATION
IN MAMMALS.

Before discussing more fully the so-called process of gastrulation
i Mammals, I must make some general remarks on gastrulation.
Haecker, who formulated the idea »gastrula”, defined it (,,Gastraea-
theorie”, 1874, p. 15) as ,,einen einaxigen ungegliederten hohlen Korper
ohne Anhinge, dessen einfache Hghle (Urdarm) sich an einem Pole
der Axe durch eine Miindung (Urmund) éflnet und dessen Korper-
wand aus zwei Zellenschichten oder Blittern besteht : Entoderm oder
Gastralblatt und Exoderm oder Dermalblatt.” The gastrula 1s formed
in many different ways. The formation of it can take place by means
of invagination, delamination, epiboly etc. A two-layered embryo is
always formed with epiblast on the outside (= exoderm) and hypoblast
on the inside. (= entoderm). Both layers enclose a cavity, which com-
municates with the exterior by an aperture, the blastopore or primitive’
mouth (= Urmund). At present Harckey’s view that the process of
invagination is the more primitive is still opposed to Ray LANKESTER'S
view that the process of delamination is the more primitive, which
is nothing but a matter of taste, according to me. The blastopore,
formed by invagination, is the natural consequence of the process of
invagination itself, whilst in the two-layered stage, formed by dela-
mination, the b]astoporc scmnduri]y opcins into the exterior.

In the descriptive part we have seen how in Manis the hypoblast is
formed out of the embryonic knob by delamination and how afterwards
it grows round the inside of the trophoblast and finally forms a closed
sac. The formation of the hypoblast by delamination has been observed
in a great number of Mammals, Lately, however, (HiL 19105
HarT™man 1919) a somewhat different process 1s described in Marsu-
pials, viz. ,immigration” (p. 17).

In the embryonic knob (epiblast or hypoblast) an opening 1s not
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to be found in Manss. Yet in the literature on the first developmental
Stages in Mammals some cases are communicated, from which it would
be evident that in the two-layered germdisc a true blastopore is to
be found. :

In the first place SerLenka (1886) mentions that in blastocysts of
Dfdt’/}’)_/z}u‘ virgimiana (in three cases out of eight), he has observed an
Opening in both germ-layers, At the inside of the opening a coagu-
lation g found. Later on, neither opening nor coagulation are VISlbI.e.

KEBEL too (1889, p. 53) has found in the rabbit a place, where »ein

bertreten von Zellen aus der oberen in die untere Schicht (scheint)
Sttt zu finden.” Later on, he could never find similar formations.

Heapg (1883) figures somewhat older stages of the mole, in which
»Mesoblast-cells” are developing. A spot is visible, where the hyp(’),_
21ast passes into the epiblast. Here there is an indication uf.a ,,b]ustoporc B
U no communication of the blastocyst-cavity with the exterior 1s
0 be found. Heare himself considers it to be an early LIEBERKUHN-
Canal. Here the very first anlage of the headprocess is to be observed,
°T to the right of the ,blastopore” (fig. 31) a row of cells is visible,
c«\fﬁillding cranialward between epiblast and hypoblast. These cells
are called »mesoblast-cells” by Heark, but evidently they are the
nlage of the headprocess. - . :

n young shields of the dog (1897), BonneT has .found o'pcmngs,
pcnctmting the epiblast, But.notithe hypoblast. According to him, t]‘lcy
are net AT C] R RANNET G et hit opinion with great reservation,
‘mwe"“l} for according to him, it is not at all certain that they can be
mn}.}‘ﬁmd to the <>})Lc11im:s, described by SELENKA or h‘Y Heape.
- Mally, HyuprecuT describes different ,blastopores™ (1890 Sorex, 1902
in"’t'i“fm‘ and Erinaceus, cf, also I-Iumu-:cu'r_lc)ob’ and “I()“’i)'._ I“:Sb:;(:_’
¥ .10 Posterior part of the embryo (showing ;.m}(mg‘“t .Ot_“,‘lit } I
(:rmldal plate, a thick layer of epiblast and a distinct primitive ftlrutl <,

7 - L el o A ATV asto-
" e i vl be s ey it
b quite penetrating the germdisc. Usuall) »

to he : . L g -
& be observed in Zursius (19oz), but in one case Husrec HII m:}ne
Oong . A . i O | . . A 1

hs a deep pit in front of the primitive streak (consequent DAL
cmb According to HUBRECHT this

IYO 1s not ed germdisc

i ~ a two-layered germdisc). ‘

PItis a ¢ limentar ! topore. Young Erinaceus-stages (HUBRECHT
Udimentary blastopore. Young f% 5

(902 : istinct canal in the pos-
902, 1908, 1912), however, often show a distinct canal : E‘
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terior part of the germdisc. In the figures, sketched by him (19o2:
figs. 8 and g, plate XII, 1908: fig. 53, 1912: figs. 462 and 464) only
epiblast and hypoblast are to be seen, the ,blastopore” penetrating
both. In the sections of the Er/maceus-embryos (which I have exami-
ned), between epiblast and hypoblast cells are distinctly visible, howe-
ver, which have disappeared as a distinct layer in the reproduction.

Must these cases be considered examples of blastopores, where
hypoblast and epiblast pass into each other? I do not think so. In
many cases, I take this ,blastopore” to be the Lieperkiiun-canal, of
which I hope to explain the theoretical signification in subsequent
pages (p- 53, $qq.). In Tursius and Sorex the »blastopore” must
certainly not be regarded as such, the reasons being, 1°. that the stage
of the embryo, in which a great part of the mesoblast, a primitive
streak and a prochordu] plate have originated, is too far developed;
2°. that the place of these openings or pits lies just in front of the
primitive streak (in the Hensen-knob); 3° the presence of a head-
process in  Hrzmaceus, which is not reproduced well in the figure of
HusrecuT.

This became evident after a renewed examination of the sections,
present in the I“II‘*BRE(Tl-I’I‘-‘I_;abﬂI'ut()I‘y' at Utrecht. Also for Erinaceus
I think that this opinion holds good. The germdiscs (though HuprecHT
reproduced but two sections with a »blastopore”, yet openings occur
in many blastocysts) are much younger, however, than those of 7arsius
and Sorex, also described by him. Between epiblast and hypoblast a
row of cells is to be found — not reproduced as a distinct layer —
lying in the embryo, figured in 1()02; 1903, and 1912, to the right
of the opening. These cells are the first anlage ot the headprocess,
according to me. The primitive streak lies (in the figure) above the
opening, representing the LirpErkiinN-canal, which has developed early
in Erinaceus. (Perhaps this is due to the very early attachment of the
embryo to the uterine wall.) . :

Heapr’s figure is to be interpreted in the same way. This inves-
tigator thinks, he has to do with an carly ,neurenteric canal” (= LiEBER-
KiiHN-canal). To the right of the opening Heare’s figure (1883, fig:
31) shows a headprocess, to the left a distinct primitive streak.

Harrvan examined (1919)-a great number of young blastocysts
of the opossum (Dide/phys virgimiana), but he never found the ope-
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ning, described by-SeLenka in 1886, which according to HArTMAN
must be considered the place, where a mother-cell of the hypoblast
Migrates from the epiblast (,immigration™). Consequently, in this case
We must reject the view that the opening, described by SELENKA, 18
a blastoporc,

Finally KemeL and BonneT are so reserved in their opinions on the
theoretical signification of the openings, described by them that we
need not consider them at greater length.

50 it has not at all bc:anpmvcd that a blastopore is found in the
didermic germdisc of Mammals, and it is certain that in many cases
_thtf opening described is a short Lignerkinn-canal, which has opened
Nto the blastocyst-cavity. If this is true, Harckes definition of the
gastrulation is not applicable to Mammals. Hence we cannot speak
of 2 Mammalian gastrula,
‘ _NOW we will proceed to a discussion on the formation of the
alunentnry tract in Vertebrates. As a starting point the holoblastic ova,
ound i Amphibia (Dipnoi, Ganoids and Petromyzon) are chosen,
these representing phenomena easy to explain, as they are microlecithal.

}“ f_\mphihiu we observe the ﬁ)]lt)\\fi:lg' facts in the main. After t]lt:
B e e b e
e 1, '(1’(.)0_)..:‘ tu' t1‘1? p_mt.uf (t } e R
7 and macromeres by a slit) the macromeres spread over the 1n
"j{ the 1\];15tu]11-c;1vity and consequently the wall in this part of the
®Mbryo then consists of two layers, epiblast and hypoblast.

fom the place, which was 11]\;-'21)’:4 designated by the name blastopore,

A ‘ g Cie s
: ltt Mmust be called deuteropore, an overgrowth and ingrowth of cells
"l ) e 5 : b e 5" - . ‘ e
K€ place simultaneously, the result being a cavity, the root of wl_nch

J I by invngmntmn,fuses

ltfi{](:rlt}}]id]hy mig-r-(uncrcs, —]‘his‘g;nfitlyl, ‘ﬁ)r‘mlc]( e
léen”, Likltj‘m-’{l-]? f-(')f “]"Cd_ ()U-‘t 1‘-’-f“t1111t ]]l}t:;;:zt rl‘;':'l/lft’ili’}";ll the former
,}h,{wm‘}% / hhll.lul()l\, .I m]. -L.d the : i ,n;nm] o
the /)}_r/’”- h-’I‘()l'cm--'cr, AssHETON accepts two (.L\fL O}ld in(l ]fldh”y,
oge A ¥ -1 rhie » AT Y a1 3 . Y P v .
“}’:11111;,.}(;,‘,:;( J]ifli\"dm'm% \;IT]Lj’]- tlj(j rl'l’l L'}}(:‘nt;ll:'li]11l:\\\\f']:il::lllL the growth in
A LY B ALC the deuterogencsts, g g
s““l 1 of the embryo is established.
—HSCS]C‘_m'ChCntmxm originates directly DS
with the metenteron and both form the primitive gut.
‘Tom the wall of the metenteron the notochord and a great part

v out of the blastocoel; it then
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of the mesoblast derive. After separation of the notochord from the
metenteron-wall, the latter closes beneath it.

In Amphioxus both developmental phases are also present; during
protogenesis a radially symmetrical gastrula 1s formed by invagination
and consists of two layers, epi- and hypoblast enclosing an archenteron.
The blastocoel, however, disappears. During deuterogenesis complicated
processes take place (CERFONTAINE 1906) with the result that the archen-
teron is enlarged caudalward by a metenteron. In the bilatera]ly sym-
metrical larva notochord and mesoblast develop.

In the megalecithal and meroblastic ova of the Selachii a blastocoel
is to be found between germdisc and yolk-mass. Here the hypoblast is
formed from the germdisc by delamination. Asin most of the Amphibia
(Triton c;\'ccpted) the blastocoel becomes the archenteron. The way,
in which the hypoblast is formed, is different, however, in Amphibia
and Selachii: in the latter by delamination, in the former by ,.clivage
gastruléen.” A process now starts, which is very distinct in Selachii,
viz. the formation of the metenteron by invagination. Here archen-
teron and metenteron also fuse and form the primitive gut. The
deuterogenetic part of the gut-lining, however, forms the greater part
of it. Probably this is in connection with the extension of the hypo-
blast over the bulky yolk-mass. A consequence of this process is that the
formation of the trunk anticipates the formation of the head. From the roof
of the metenteron, the notochord and a part of the mesoblast develop.

The dentcroporic lips are casy to distinguish in the groups discussed.
In  Amniotes they have disuppcztrcd as such. The primitive streak
of the Amniotes, however, can be honmlogized with the deute-
roporic lips of the Anamnia. RAURER (»Primitivrinne und Urmund”,
Morph. Jahrb. 11, 1876) was the first to hold the opinion that the
primitive streak of the Amniota 1s formed by intimate fusing of the
sides of the clongated deutcmpmc of the Anamnia. Later on, BALFoUR
(1880) independent of him expressed the same view. BonngT (1920)
is one of the warm adherents of this thcory. In Anamnia a great
part of the mesoblast is formed out of the sides of the dClltCl'OPOI'Ca
in Amniota out of the fused sides of the elongated deuteropore, the
primitive streak. In both groups an organ devc]ops in front of the

deuteroporic lips by invaginutinn. From this organ the notochord and
a considerable part of the mesoblast originate,
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In Reptiles we also see that the hypoblast scparates from the
germdisc by delamination during protogcnesis. The cavity, situated
between hypoblast and yolk-mass, is called archenteron here too. The
metenteron is formed by invagination. The cell-mass, in which the
metenteron occurs, grows cranialward between epiblast and hypoblast
and is called hcadpl"occss. Hence the headprocess is the homologue
of the metenteron-wall of the Anamnia. The metenteron communi-
cates by an aperture with the exterior; it is the rest of the deute-
fopore. In Reptiles archenteron and metenteron fuse: the wall of
the metenteron connects itself with the archenteron-wall (= hypoblast)
and the metenteron opens into the archenteron. In Reptiles too the
notochord is formed out of the roof of the metenteron and a great
Part of the mesoblast out of its sides. The definite gut-lining consists
Principally of hypoblast. The metenteron-wall forms but a small part
of it; the production of notochord and mesoblast is the chief function
of the metenteron-wall now. Moreover, it is difficult to trace, whether
cells of the metenteron-wall pass 1nto the lining of the alimentary tract.
_ In Birds the metenteron is still more reduced. Though a lumen
]S\ Sometimes to be observed (generally called canalis ncurcnteric'us —
ASSER 1878 —), yet in most cases a so-called headprocess \:-Vlth%)ut
Umen is found, extending from the primitive streak in the dxrcchgn
of the future head-region. The headprocess fuses with the protogenetic
Ypoblast, formed ﬁ'n?n the germdisc by delamination. In Birds it 1s
Sl more difficult to tmcc,b whether cells of the metenteron-wall
Participate in the formation of the future gut-lining. .

Reptiles, Birds and Monotremata are all megalecithal forms. The
Processes ahove described are about equal in these groups.

) The other Mammals, which are micmlccit}ml‘, (in Marsupials the
foabody s exeuded in crly cleavagesagen cf Hux 1950 1913
Startine ;:I-I-HL feo o L'L;ft_l(‘}“l ;011}t-1] stace. we soon see that,
in the 1g from the two-layered dey (',‘opn e N b

the posterior part of the germdisc, the primitive streal !3,
\f\’hmh is a thickened part of the epiblast, and from which nmso}ﬂast pro-
Uerates. In front we see the Hensen-knob and at the posterior border
of the shield the caudal knob. These two parts are t_hfi ‘}10‘11'1?11‘;&’3‘32
' the dorsal and ventral deuteroporic lips, tHESPIIMIZES SHcathe
°mologue of the closed elongated deuteropore of the Anamnia. In a
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true deuteropore the epiblast and hypoblast pass into each other; this
does not take place, however, in the primitive streak. From the
Hensen-knob the headprocess grows out in a cranial direction. In
Most cases a canal appears in the headprocess. The headprocess must
be considered the homologue of the metenteron-wall of the Anamnia,
the lumen in it the metenteron.

The canal in the headprocess was first found by LIEBERKUHN in
Mammals (Cavia, 1882) and is still often called LieBERKTHN-Ccanal.
LieBerktun himself designated it by the name chordal canal. Very
often the name neurenteric passage or canalis neurentericus is used.

For some time the headprocess extends ﬁ'ce]y between epiblast and
hypoblast, which has been formed from the embryonic knob by delami-
nation (»immigration” in Mursupials} and encloses the umbilical vesicle,
from which a part of the gut will derive.

Conscqucnt]y i Mammals a part of the b]ast()cyst~cu\fity becomes
the archenteron.

Then the headprocess fuses with the wall of the archenteron, after
having formed mesoblast out of its sides. The (‘,hordu—an]ugc 1s then
said to have incorporated in the hypoblast: the chordal plate occupies
the roof of the primitive gut for some time. After that the notochord
separates from_ the hypoblast, which closes again beneath it. Probably
the hcadproccss 1S not pm'ticip:iting in the formation of the lining of
the alimentary tract in Mammals (cf. the descriptive part Pp. 44—406).
Here the metenteron-wall is distinctly present, but the metenteron has
been greatly reduced in size. In the megalecithal ova of Selachii,
Reptiles and Birds, the archenteron is naturely small; in Mammals, the
Monotremata excepted, it is very large. The part, which the metenteron-
wall takes in the formation of the definite gut-lining, becomes less
and less important. In Anamnia the dorsal and ventral deuteroporic
lips form a growth-centrum, in Amniota, the primitive streak also forms
one, by the aCtiVity of which the embryo grows in length,

In Vertebrates the archenteron-wall is generally formed by delami-
nation; a dt:laminati(m-b]astoporc 1s never found in the different groups.
In Mammals, T think that such a b]astopore does not occur either
(cf. pp. 51—53).

As we shall sce, the mesoblast is derived both from the proto-
genetic and from the deuterogenctic hypoblast (i.c. hcadpmccss) and



OF MANIS JAVANICA DESM. 57

primitive streak in different Mammals. The names given (in the
descriptive part) to the four parts of the mesoblast are partly
“pographical terms (cephalic mesoblast, peripheral mesoblast, both
Protogenetic) and partly terms in connection with the theoretical
signification of the organs, from which they develop. These two deu-
terogenetic mesoblast péu‘ts are called gaszral/ mesoblast, because it origi-
Hdtes from the metenteron-wall and peristomal mesoblast, because it
1 formed out of the wall around the stoma i.e. deuteropore.

.Th‘: above survey gives a c(m]pﬂr;ltivc nmrpho]ogical descripti
Of the same ontogenetical processes in Vertebrates. It most resembles
the opinion of AssurTon, who has given a clear account of it in
1907 and 1gog. For some peculiarities I made use of BoNnET’s view,
Which he states in the last edition of his ,Lehrbuch”.

011

In proceeding to a concise description of the different opinions of
t,hF authors on the so-called gastrulation-process and on the formation
of the primitive gut in I\-‘Iull;nm]s, we must mention in the first place
RMT]““’]{’ who, iISL early as 187(), hnmu]t.)gixcd the primitivc streak of
;hc Amniotes and the ,blastopore™ (i.c. deuteropore) of the Anamnia.
ji(]l)(;]}:(g)]lli]:,l](: t(])]l; hi.x.n, . 1.3:\‘[,[:(1('1{ lcmpp;nl‘c:; t.hc. pim\ntl\LBgil(]ul))\lt thtmt]}lt;

§ primitive mouth of the Anamnia. Van Be:
4 He then thinks that the LiEBERKUHN-

agree with this opinion in 1880. :
is homologous with the

=anal (“'CI'_Y marked in Fespertilio MUrinis)
”g"lﬂti'll]:l"in—gn)wth of the Amphibia. Conscqucnt]y he calls the Lie-
ERKUHN-canal archenteron.

A.t that time it was already known that the hypol)]ﬂst_, which
P“md})zltcs in the formation of the gut-lining, originates from the
thl')-‘onig knob by delamination before the invagination of the archen-

terp - s . R E
W n.. It was thought that the principal part of the gut—t.p]ﬂ?d[mn
as formed by »precocious seeregation”’, though a part of it was

The early

NVaein. ) UL G : SO
Yagnated (this being indicated in the name archenteron). '
2 in yolk in

(”'lgm. of the hypoblast was connected with the increase In
“hniotes and with the secondary loss of it in Mammals. .
(de”u“\" many investigators l%cgun to say that the gastrulation of
e \‘?C"td)l"utes (c:.s‘pcciu]]vhuf the Amniotes) occurs in two phases. In
¢ st phase the l]\-‘pulﬂust is formed by delamination, in the secpnd
Phase the material for the notochord and mesoblast finds its way into
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the interior of the embryo. So later on, two sharply opposed opinions
are found side by side. The one holds that the invagination of the
metenteron is the most important process of gastrulation (Ragz,
SoporTA, GREIL), the other that the gastrula of the Mammals is the
two-layered germdisc and that the invagination process has nothing to
do with gastrulation (HuBreCHT, KEIBEL).

Formerly ‘HusrecHT " and KriseL accepted a gastrulation in two
phases in Mammals, called caenogenetic and palingenetic phase by the
former and first and second gastrulation-phase by the latter.

In 1902, however Huprrcur changed his point of view, which
he explained more fully in 19o5. From that time onwards he thinks
that only the first phase is gastrulation and that the second phase has
nothing to do with it. The second phase is a process, to which he
gives the name of notogenesis in connection with Lworr’s opinion
(1894). Only in Amphioxus the gastrula is formed by invagination,
in all other Vertebrates by delamination. When the delamination-
gastrula is formed i.e. when ,an intestinal entoderm is differentiated
as against an integumentary ectoderm” (HupRECHT 1905, p. 408) the
second phase of development begins. The gastrulation (= cephalo-
genesis) is followed by a process, which starts with the formation of
notochord and -mesoblast (notogenesis). The radially symmetrical larva
has become bilaterally symmetrical,

I’roperly spcaking, the terms (ti:ph;llngc:lesis and notogenesis do not
express what happens in reality. As Huprecut himself remarks, only
the most anterior portion of the head is formed during cephalogenesis
and moreover trunk-segments enter into the composition of the head.
For that reason, I have used in the above ASSHETON'S terms protoge-
nesis and deuterogenesis, which are almost identical with Huprecit's
cephalo- and notogenesis,

Like HusrecuT, KEIBEL too accepts (since 19o3) a definition of gas-
trulation, applicable to the Invertebrates as well as to the Vertebrates.
This definition, however, does not agree with the definition of HagckEL
1874, who defines the gastrula as a didermic stage wwzz/ a blastopore.
HusrecHT’s definition includes all ways in which the inner layer,
the hypoblast, is formed (1905, p. 408).

HugrecuT does not indicate the Lieserkiinn-canal and the head-
process by the names formerly usually used. The primitive streak does
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ot represent a changed blastopore (in the old sense) of the Anamnia.
The stomodaeum and the oral slit of the Actinia correspond, accor-
ding to HusrecuT, to the notochord and the primitive groove of the
Amniotes (HuBrecnT 1905, p- 412).

We have seen (pp. 51, 52) that HusrecuT thought to have found a
b]a_SthPOrﬁ in several Mammals, investigated by him, and that it is my
Opmnion that this opening is not a real blastopore, but that it 1s the
metenteron-lumen  (Lieperkimn-canal), which has opened into the
ﬂl}:henteron and is in communication with the exterior. Consequently,
his nblaStc.:porc” 1S not a ,,ccphalogcnetic" but a ,,nntogenetic” formation.

The view, elaborated by ASSHETON (18944, 1903, 19og) I have
;re:ltifﬁi ni;c;:'n.thc grcatcr. p;u;t i‘Il] pref:c‘d‘ing%‘pa%f:s Sp_p. 3‘;—+37) Hu}c

ion only the principal facts, especially in connection with
Husrgenr's theory. Since 1894 ASSHETON accepts two growth-centra
1 the embryo (pI"fl]];-]l'V and secondary growth-centra, 18944). Later
on he distinguished (r(jog), as well as HusrecnT, two developmental
P_hnscs, protogenesis and deuterogenesis, which, however, are not iden-
lt:;:}tl (‘;\f]‘ittlllmcci}:]]:{:}_“,— ‘.'I'I‘ldf‘ n.()t(,}%cqr‘?is.: fill{'i{l;&},‘ prz_)t:ﬁg‘c!1::.*::}51ct]](c;zl:tllrt;]l:gl_‘

yo is formed. The embryo now 1s 1 wl

Stage, according to Assupron and has a radially symmetrical shape.
].n his Ph\-’h)f:c:mrfcnl speculations HusrecnT supposes that the aboral
Side of thig g;stru]:l—st:uc (both HusrECHT and AsSHETON think, in this
connecton, of the oastrula of the Actinia with a blastopore) forms the
ventral side of the older embryo, and that the oral side forms the
dorga] side of it (hence HusRECHT'S term notogenesis). According

to ASSIH{’I'()N, however, — who came to his conclusions by actual
ox Apeq . ’ e . .y O e y, A
Xperimental observations — the aboral side of the gastrula becomes

the anterior part of the embryo, and the oral side i.e. the biasm.porc
PS form the posterior part of the embryo by clongation in the ‘dlrec—
tion 01"' the mid-axis of the gastrula (to compare ASSHETON 1900, hg. 2).
L e e et A
uring d(:‘.l t,'}{)‘ ’“'-\”;“)_. (); : E (ﬁ ‘“P'” t—wqﬂ is formed, in what way 1s
0 nob oTe: ItLI()gL”-Wh ‘t\ul 1'11L‘tt_111k[1(')”_ \:-'1 rink-uion zm:] so-called ,:il]—
ﬂexion”t"i];1 11(111}10% t'(.m_u (“ .LPI ?0 > mg 1006). overgrowth
R Amphioxus, according to CERFONTAINE (19 _)= o,
S ingrowth of cells in Selachii, Amphibia and Amniotes). It is of

] - .f Q —
Mportance that by the primary grm\-'th-ccntrum a radially symme
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trical larva is formed (protogenesis), becoming bilaterally symmetrical
in a later stage (deuterogenesis). Archenteron and metenteron always
fuse. From the roof of the metenteron the notochord originates, from
the sides and also from the ,blastopore”-lips the mesoblast is formed
for the greater “ part. The metenteron gradually reduces in size in
whigher” Vertebrates, the wall of the metenteron and the headprocess
are homologous organs. According to AssHETON, a considerable part
of the gut, including the pharynx, and certainly the heart, are pro-
togenetic (1909, p. 244). The notochord is deuterogenetic. ASSHETON
is of opinion that no accessory protogenetic part of the notochord is
formed, which 1s the case according to HusrecuT, BonneET and Heape.

BoxneT (here I communicate the view out of his ,,Lehrbuch der
Entwicklungsgeschichte”, 1920) to explain the gastrulation and the
formation of the germinal layers in Amniotes, starts from the same
processes in - Amphibia.

Gastrulation is never an independent process. It is always connected
with other processes, especially with the formation of the notochord
and a considerable part of the mesoblast.

In the microlecithal ova of the Amphibia (e.g. Rana, Bufo, and
Salamandra) a part of the blastocoel fuses with that part of the future
gut, which is formed by invagination from the »blastopore™. The part
of the gut, derived from the blastocoel. he calls »Erginzungshohle”,
the invaginated part of the gut ,Urdarm” (= primitive gut or
archenteron),

The wall of the gut is composed of two parts: primitive or ,,Prot-
entoblast”, and ,,Dotterentoblast” or lining of the , Ergiinzungshihle”.
The thickened part between both components of the gut 1s the , Er-
ginzungsplatte”. From the wall of the ,Urdarm” the notochord and
a part of the mesoblast (gastral mesoblast) originate. Consequently,
the formation of the gut-lining, often called gastrulation, is not a
simple process. BoNNET distinguishes  AssurTon’s archenteron and
metenteron, but he calls the former »Erginzungshohle” and the
latter ,,Urdarm”. BonngT is of opinion that his , Urdarm” is the oldest
part of the gut; according to AssueTon this part 1s formed later,
}}owcver. I believe that AssHETON is right: the part of the gut
formed by »Clivage gastruléen” (BonneT does not mention this name,
though the process, described by him, is identical with it) develops
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first and must be called archenteron for that reason. Later on the
metenteron opens into the archenteron.

The gastrulation-process, as Wwe have seen it in Amphibia, so
B“NNHT continues, is greatly reduced in Amniotes (»,bis zur Unkennt-
lichkeit verwischt”, BonxeT 1920, p. 93)- This is in connection with
the increase of yolk in Sauropsida and the secondary loss of yolk in
Mammals. The ,,Dotterentoblast’ is formed in an early stage by ,pre-
cocious segregation”. This 1s a phenomenon, which must be called
hcm"()dll‘ﬂny, often to be observed in the ontogeny. Hence BonneT
considers the formation of both ,,])(.)ttcrcntoblnst" and ,,Protentoblast”
to belong to the process of oastrulation. In Ampbhibia both forma-
tions occur almost sinm]tuncu;slv. Because BonneT calls the archen-
teron of AssHETON *)rqiinzu11qsl§iﬂ1lc", it is evident that he considers
the formation of the Lr,_r[l['—-}"ill?t by invagination the most important
phenomenon. . ; B

BonngT then describes in Amniotes the same processes we have
already mentioned in preceding pages. A few remarks must still be
made,” In Amniotes the anterior part of the _archenteron”-wall (=
metenteron-wall of Assueron) fuses with a thickened part of the
»Dotterentoblast”, the ., Ergiinzungsplatte™. (It is the same plate, which
We have called in the dcsgripti\'c part prcnrhmdnl plate.) The ,, Dotter-
blatt” of the Reptiles and Birds is homologized by him with all the
n-mkr”“wrtﬁ of the Amphibian blastula. The primitive strcnk‘is con-
Sidered to be the strongly elongated f\mphihi;m ,,b]*.-lste'}p(_n'c", of which
ic sides are tused intiiﬂltc]y.LIH .‘\mphihin already a linear blastopore
15 to be found. The primiti\dfc streak, however, 15 a Ch;mged ,blasto-
Pore™, for in a real ,,h]nstopm'c” epiblast and h}-’p()blust pass into each
streak this is not the case,
olk-less, an , Erginzungs-

(=

Other and in a primitive
_l“ Mammals, having secondarily become y !
h‘j.h]c” and an ,,Urdautm” are also to be found and fus.c.-

] .BR~‘\('III-Z‘I‘ (1goz and later on) distinguishes 1n Am-phlbm a gastru-
Aton-process, divided into two separate phases. His ,,C]]\fﬂgaj. gastrulcen
15 the first phase. The wall of the cavity then formed 18 composed
(jf makromeres. This part of the future gut is th? same 1‘\SSI.ITET;'H\'L
(illl.cd archenteron. A ,second temps de gllﬁtl‘i-l]‘dtl()[l succccd‘s.tjlc
r’i%ll:r“gflf%flstl‘tilét‘lw”. he blust‘o}‘mre? vif',m_n‘l .11})‘t11] l;i\:t’ﬁi}?gi\;tIm

»second temps de la gasti ulation” 18 a comp
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which an overgrowth and ingrowth of cells take place. It is to be
noted that the part of the gut formed in the second phase is called
Archenteron by Bracuer. For that reason ASsHETON’S name meten-
teron 1s to be preferred. BracueT and AssueTon are of about the
same opinion, but they name the organs diﬁerently.

In 1915 C. RasL published an elaborate paper on: ,,EDOUARD vaN
‘BENEDEN und der gegenwirtige Stand der wichtigsten von ithm be-
handelten Probleme”. Besides giving a critical discussion of the different
investigations of van BENEDEN, he also criticizes the theories of Hu-
BRECHT, KEmBEL, Bracuer and others, and gives own investigations
of the development of Hatteria and the rabbit, after the process of
gastrulation in Vertebrates has been treated.

After ‘the year 1886 van BEeNEDEN is of opinion that the Ligper-
KUHN-canal in Mammals is homologous with the gut of the Amphibia,
formed by invagination. The protogenetic hypoblast of AssHeToN is
called lecithophore by him and compared to the paraderm in Reptiles
(v. Kuprrer, or the ,Dotterentoblast” of BoxnET). Both layers of the
didermic stage of the Amniotes cannot be homologized with the
»ectoderm™ and ,entoderm” of Amphioxus, for the formation of these
two layers takes place before the process of gastrulation. For that reason
the names blastophore and lecithophorc are used. The headprocess
(= archenteron in van BENEDEN'S sense) Fusing with the lccithophorc,
the latter does not exist as such any longer and then both parts of
the gut-lining are called hypoblast by him. The early formation of the
lecithophore is considered by van BeNEDEN and others to be connected
with the carly attachment of the embryo to the uterine wall, The
lecithophore becomes a nutritive organ and because of this a differentia-
tion of the hypoblast in lecithophore and archenteron-wall takes place.

After the discussion of van BenepEN’s investigations, RABL, agreeing
with van BENEDEN on the whole, proceeds to the dcscriptionhi“ the
different theories of gastrulation in Vertebrates, principally in Mammals.
Espcc_ially with Husrecut’s and Kempger’s opinion he cannot at all
agree. In the first place he criticizes HusrecHT s definition of gastru-
lation (HusrecHT 1905, p. 408 and antea p- 58). According to RasL
gastrulation is not a process of differentiation, but a process of growth,
(RABL 1915, p. 230: ,dass also die Gastrulation in erster Linie nicht
ein Difterenzierungs-, sondern ein Wachstumsprozess 1st.”), because
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]ft)j;illloi\:srf;?{lll the: ‘,,ce11~1ine-.1gc” that the lining of the gut is to be
ch earlier stages.
Hi}i‘;ﬂf:"?:d tllélb:s, R%B}LH greatest objection is that according to
h}Tpoblﬁst 1]"1\; o LI.B?L, the gaatru]athn comes to an c_:nd, when the
e fbrmatio‘]\] O)f{:ct]}]]c or:llzc](iinjl:sfr (%e]mmntatmp. RABL t(Iln!lksI\that then
D“ring the process o%r imragilfati:ﬁanb ::gt ((“]Jll:llirt 1:;}:}:1611 lfl(;r Iilc?tm(:;]‘ﬂii.
and mesoblast finds its way i the interior of tl s ; ],OI.
material for il ~\1' .d} ?nt.o t]{.. mnterior {)1. the Cl]ll?l yo, but d.]bo
i T 31'0;?‘8“_ m\mg ]S}l]]\’:lglll‘cltt’.dv. During the incorporation
il t‘;lc} 3 E\s m‘ tbL hyp(.mlast (= lecithophore of van BENEDEN),
o 0 weadprocess pass into the hypoblzlst.' We have seen (pp-
a0 ht)f) tl}?t V;'hﬂtl_ manner .R_»un,, who even thinks that' the greater
e 11101;2?1]]?]”5]5-denfrcs from the hcadprtzccss, tries to prove
i e ar(ﬁmm‘c:,- yow StranL (1916) and KEIBEL (1916, p. 9)
When R .\]L:L ; l;.nt;_l !
T AL asks HusrecHT (‘|915, p. 25 5)on u-'lmfgrounds he proves
1e gut-lining is derived from the hypoblast, formed by delami-

Nation of the . ; :
of the embryonic knob, this question can be answered by the

2(})}3‘?;‘::]“%}l'iillt‘:st‘i]m?: '\-tht conclusiv‘c proof -d(_)es R.,-‘\?SJ, giv; of his
he“d-pmcc;ﬁ hIlIL 1 (m. important part Qf the gut-lining originates from the
cells of tt}‘m; {: I$ true t‘hat IIl'BR}in:ll'J‘ never ;1:s‘l<cd himself, whether
Tieg o ‘.':,.Ut—(:}'ﬂthclllllll are f()m'm.d out of thc.hcmlpmcess, bpt
M?Ullm;l]g ‘.1--.]?\1])9_1“““ part of the lining of the a‘lnncntar){ tl.'ﬂ(.‘t mn
gether in‘] )‘-th-L; from the headprocess, as RABL will have it, is alto-
Kl-‘,[[ n }I() & ch. . : . . s -

”‘)m(:h::(‘] (" 916 and carlier) admits that, besides the formation of'thc

and mesoblast, also a small part of the gut-lining might
but he thinks it more probable that

T e P

i P R ells, and

S St.;,,. ]‘b“ the chordal pl"m. 1S composed 0 'mdny' cells, and 1n

very iﬂ(:\\t!)('b‘taI]]L-‘ m_.)u_)cht,)rd contains, in the same region of the embryo,

e (;;L s ‘l“IUF%RI“.(‘H'I’ m.nkcs a sharp distinction bc{xvccn. .thc

ha in(,:or‘ 8‘l:s.t1ul;1t‘um and of mcsolwla_st— and notochord-formation.
poration of the chorda-anlage in the hy

ration of poblast and the sepa-

. } 3 £ L] - - ') -

callv lUf the notochord from it later on, 1s never mtcrprctcd theoreti-
Y by Huprecur.

(. (‘:l'i\,’ a “,
th: A from the headprocess
SRS :
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To summarize, we can say that RaBL considers the process of
invagination of the headprocess the process of gastrulation in Mam-
mals. The carly development of the hypoblast in Mammals is
explained by him as follows. In Sauropsida, where the yolk-mass of
the ovum has increased enormously, a part of the gut-lining is necessary
for the nutritive function. For that reason 1t 1s formed earlier than the
rest of the hypoblast. In Mammals, which have become yolk-less
again, a remnant of the former state is still to be found, the hypo-
blast (‘]G\ftl(’)pillg prematurely hcre._Against the view of Ranw it can
be objected that he has not traced the formation of the gut i all
groups of Vertebrates, In doing so it is evident that in all Vertebrates,
in megalecithal as well as in microlecithal or yolk-less groups, the
alimentary tract is formed in two parts, the archenteron and metenteron.

I will be concise in discussing the opinions of other investigators.

GREIL too (1914) is a supporter of the »invagination-theory”.
The hypoblast, called subgerminal layer by him, is not h(')mo]ogous
with the hypoblast of Zmphioxus, formed by invagination. The cells
of the germdisc of the meroblastic Amniotes, divided by him into a
germinal and a subgerminal layer and a subgerminal syncytium, arise
in connection with the yolk-mass. ,Was wir bis jetzt ervrtert haben,
vollzieht sich im Blastulazustinde und umfasst Ebisnden des Ringens
des Keimes mit seinem Dotterballaste”, (p. 228).

The headprocess is the primitive gut-wall (»Urdarm?), homologous
with the hypoblast of Amphioxus, its formation is the gastrulation.
Later on, when the »Urdarm” is reduced in size, the subgerminal layer
takes the place of the ,,Urdarm”-wall as gut-lining. The Mammals
are derived from the Sauropsida by loss of yolk. We see that GreiL
differs from Rapr only in details. According to him the gastrulation
1s also the invagination of the headprocess.

SoBoTTA, who has im-'cstigatcd the mouse especially, expresses him-
self in favour of RaprLs »Urdarmtheorie” (e.g. [()1'[), So also JeNn-
KINSON (1906, 1913): the paraderm (= hypoblast) is formed by
precocious segregation, the hcndpmccss i1s the homologue of the archen-
teron of the Amphibia. [

Dr Lange (1907, 1912, 1913), who has nvestigated Megaloba-
trachus, has come to a2 conclusion, differing little from that of
HugrecHT, BRACHET and ASSHETON.
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wSC“L*‘”‘ER (r9o7, 190Q) supports HusrecHT's view on the ground
of theoretical considerations and agrees also with his p}lylogeneticnl
Speculations (to compare the comparative part, p. 76).

Other investigators I will pass over in silence, except TRIEPEL (1916,
19174, 19176), who holds an opini'on, keeping the mean between

UBRECHT’s and Ranr’s views. All Metazoa pass through a morula-,
blastula- and gastrula-stage. In Vertebrates also a chordula-stage must
be distinguished, (nccm'dking to ScuraTir). The gastrula is the ,die
¢rste. Darmanlage enthaltende(n) Keim der Metazoa” (19174, p. 288).
It 18 of less importance, whether the gastrula develops by invagination,
C}_Hboly or delamination. ,,Die Chordula is durch das Auftreten des
fhe Chm’da—zmlnqc enthaltenden Mesoblasts charakteresiert™. Because
o Primateg (anff in Tatustza, PATTERSON 1912) a part of the mesoblast
“rises very early in front of the axial organs, the chordula-stage 15
d}‘{'fHCd by him as ,den eine Chorda-anlage zeigenden dreischichtigen

“im der Chordaten”. In Amphioxus he distinguishes an ,entodermal”
Ch("ldl']ﬁtion, in other Vertebrates an nectodermal’” chordulation. Whe-
.ther this distinction is correct or not, I will not decide (cf. CERFON-
'AINE 1906). The hypoblast, perhaps participating in the formation
of the anterior part of the notochord (ct. pp. 42—44) an ,ectodermal-
entodermal” chordulation must be distinguished in Craniota, to be
chnrdulz;r{m, cells, which will form
their way into the interior
lerm” by him.
bviously

;”l'l)“c?t, I‘)Ul'fllg‘ the ‘,,cct()dc.rn_ml'" :
”flt‘ll]lgt of the t{]Ecstmul cplthclmm, hnd
embryo. These cells are called ,,Urentoc
\’Vi'i\l;h];\};“ffﬁt:\_f]_rc ill] .ﬂl\'ﬂl]ll' oi‘: t?l'is c]}Pinit(;n‘. (}‘tult%jc:m\;; ,‘Sncc 2
{'ﬁ"‘=-, "TON'S (-)pmmn, 1:)\\1\%[, tmt. 1¢ gree L
(1] frence of terminology. For gastrulation and protogenesis, chot
:'i]]"llt'-”n and dcutcrt_)gcnkc;is are identical conceptions, AS_S‘I'R:‘.IIL’(.]. le)
lun"ll ks, the g”““‘u]utir:n—pmh]cm 18 p:lrrly a pml)lcm of dcnm?mmtmn.
()ttIl:.'\_dlt‘“.tr) this that so m:l.n)r.ilﬁ]\rcstigntor.‘s, 1‘1_1_i51‘|11d}cr,~:t;1:11:11t1;;t{c ;:Lctlz
obcer, erms, come to totally different conclusions, thoug facts
‘\_"chd by them differ slightly. _ i
p];-h-u.mmﬂrizmg the above theories and opinions, \vc‘ ch in t]]ﬂtﬁ i?rlst
; ice that Huprpcur and Kemer, AssToN and BrACHET in the main
i8ree. Thege investigators accept two dcvclnplncntzl] phases. A
I_{l'm“‘?('“'l‘ m;lkc; a too sharp distinction between ,,ccphnlngcncsm
i point to the fact that

»NOtogenesis”, according to me. He does not (
5

\rh é & ryr
erhand. Kon, Akad, v. Wetensch. (z¢ Sectie). DI XXI.
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the headprocess (notogenetic) fuses with the cephalogenetic hypoblast
and that this must have a theoretical signification. Moreover, the terms
cephalogenesis and notogenesis are not quite correct (cf. p. 58). As
we must accept Harckel’s definition of gastrulation, HusrecHT s
definition cannot be right, because his definition does not mention ‘a
blastopore. The opening, described by HusrecHT as a real blastopore
in different Mammals, is not a cephalogenetic, but a notogenetic
formation, according to me.

KeiBer, who agrees with HusrecuT in the main, also excludes
the formation of the notochord and mesoblast from the gastrulation.
It 1s possible, however, that cells of the headprocess pass into the gut-
lining, though it is very difficult to trace, whether this is the case
in Mammals. The ,Scheinwachstum’ of the notochord is, in connec-
tion with the formation of the notochord out of the chorda-anlage,
more probable. Keser does not make such 1 sharp distinction between
cephalogenesis and notogenesis,

I think that AssHeToN’S theory, founded on a comparative morpho-
logical investigation of the formation of the gut, notochord and
mesoblast in all Vertebrates, is the most logical. To both developmental
phases he gives names, indicating only that the one comes about
earlier than the other (proto- and szm'z'o—gcncsis). During protogenesis
the archenteron, during dcutcmgcncsis the metenteron dcvclops. Both
fuse in all Vertebrates, which explains the incorporation of the head-
process in the hypoblast in Mammals. The metenteron, casy to dis-
tinguish in Anamnia, decreases in sjze in Amniotes, the archenteron
becoming more distinct in the latter. The theoretical signification of
the primitive streak, I]C:ldpl‘()CCSH and LieBErRKiinN-canal is clear, accor-
ding to his opinion. For that reason I agree with ASSHETON.

BracueT, who Investigated especially Anamnia and whose opinions
cannot be treated in detail, because of that, accepts the same deve-
lopmental phases. By »Clivage gastruléen” the acrogenetic part of the
(,:mbryo is formed. After that, during cephalogenesis, the head 18
formed as far as the nervus vagus, and in the third place BRacHET
distinguishes a cormogenesis, during which trunk and tail are formed-
The part of the gut, opening into the exterior by the ,blastopore”
is the archenteron, according to BracueT. Di SkLys Loxgenamps calls
it deutenteron in Petromyzon, however (1910).



OF MANIS JAVANICA DESM. . 67

Phase, the head is formed as f:-“ as the audi 8 7 I "‘
Chordjdl e g .(lmc as far as the auditory vesicle, the para-
o t-nebi)nm excepted. In the second ph‘asc the anterior part

‘ m_n]\, and the pnrachor(‘hﬂ mesoblast of the head i1s develo-
fotd’ and in the third phase the other parts of trunk and tail are
rmed.
i"‘\Sin.‘('l]{ZtlnL.‘t slurw‘*_v of the l‘iiii'-crent opinions_ of HUBRECHT
BRA(-;“-,. and pE LANGE is to be found in pE LaNGE (1912) and

T (1914).

Th() ¥y a L, e e
q ugh the data, given by BONNET,
T(;:: ;}(‘):tl l'llt‘:nti()p‘ two different (16\!C]:’3}11ﬂ@ﬂt:ll phases in thc“cm

nation of both ,Protentoblast” and _Dotterentoblast” belongs
the . Dotterentoblast” 18 formed 1n an
This occurs in connection
ary yolk-loss in

, BRACHET,

agree with the above, he
bryo.

zt:lht:lt ‘g.'ﬂbl‘l'u]zltinn, th(?ugh _
with thhctdgf”!))j precocious. scgrcgutum.
M'dlmn-l]-}‘(:r\_]m.‘rmsc. 111’511t11‘()p>‘.|dz} and .thc seﬁmnd _ |
e mo;thl' 1_1(: mvugumtmn,_ the mrn.mtlon of T.'.]](;‘ he:ldproccss, 15
"m'df.‘he\: t(”“%“(”‘tillilt process of gnstrt_llntmn. According to me, Btn’rfﬁli'i‘
]Wpol)].\mt 0 | ]t..t]%‘ importance to the facE that the ,,1):)ttcrcnt<?b]nst. =
Pl"‘lnati;)ﬁ) fls for n.wd so early in all \crtchmtcs.h Bo.\=-_\'1-‘.'1‘., in his ex-
or , Urd, .U “thc facts, agrees with the so-called mvagination gzlstrul.u—_
““}‘Pr)rtc‘-‘? Ly 1“'11&.01'}', f:f \.\'lnch. Ragr and vaN BENEDEN are the clnc_'i'
e tllZL Lhc 11]\\1':1.g|11:1t1nn of the headprocess 1s, according to this
J 3 : astruls ATV G
ACC”]'(““(F 1;?“[;“(”1 P?](K_LT“, e erive
km)[) e dt-‘]' . ..-\IH., the 1_\|m. ) J.‘wt. (‘LH ‘.u ok pufnnl
Matiop ,“FL]almnutu‘m? even takes an mummd‘uau part m1 10 e
e ]f 1¢ .g‘nt—l_l‘mng of the I\I:HHIT]:I.IS. (:;1‘Ht1'ul;1tmn _:11nn invagi-
. s]]-L“-L identical. Consequently the opinions of HuprecnT and I%;\m.
arply opposed. RasL attaches little importance to the proto-
U REorr ' with the g;lstrulutm!\; ncuthu: docaﬁ
CHT call attention to the headprocess and the incorporation of
ation of the notochord from the
of the fact that the chorda-

| from the cmbrynnic
the for-

genetic hypoblast | ,
ypoblast 1 connection

chord. _
wp(ﬂl}mtda~;1nhlgc in, and the separ
J Yas : .
St Rapr gives an . explanation

ANlaoge

age R _
Rtt? 'IHL()I }’()]".]rth n thc ]]\‘}‘)()l]]:]:‘:t (P‘ ++). - '
arting  from the definition of HAECKEL, W€ have seen that 1t 18
take place during the

applic: :
Plicable to none of the processes, which

ONtoo -
env ’
geny of the Vertebrates.
£ (3
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The invagination of the metenteron is no gastrulation, because it
takes place in a two-layered stage, already existing.

The process of delamination, by which the future wall of the
archenteron is formed, is no gastrulation either, because I believe
that no primitive mouth is formed. Only in Amphioxus amongst
Vertebrates an invagination-gastrula is found. Conscquently a process
of gastrulation does not take place in Craniotes.

Protogenesis, cephalogenesis and acrogenesis are not identical with
gastrulation.

We have also seen that the gut of the Vertebrates consists of a
protogenetic (archenteron) and a deuterogenetic part (metenteron).

In ,lower” Vertebrates the formation of the metenteron 1S most
important, with regard to the formation of the alimcntm'y tract.
In Amniotes the most important part 1s formed by delamination
(archenteron). In Mammals the last process is so momentous that during
the invagination of the headprocess probably no cells of the gut-lining
find their way into the interior of the embryo.



COMPARATIVE PART.

The number of investigations on the first developmental stages of
i:';ljtlz“ﬁﬂl% lj:l\’ij]g greatly increased, 1t 1S ifnp‘ossiblc to give a com-
5 liel-;:lll\rcy' of the lltcrat}lre_cixxstmg. T-Ins 1s-not necessary c1ﬂ1cr,

will only treat facts in connection with the nvestig tions,
above described. J 0

I intend to give a survey arrangec
rgans. Only the more recent inv(;ti'-ratnrs‘ will be treated in detail
In order to be concise. In this ]b} blast is not menti .*1,
heCau% o LML n tm‘patt‘t 1e hypoblast 15 1o mw_u.mui
e h‘ 11{] it been discussed f}l“}’ in the chapters on ’thc origin of
said al)if)O)H]St “”{1 t‘h.c gzlstruluthn of thc' Mam.nmls. W hat. must be
C”“lp'u-qlt]'t the primitive streak, 1s to be !mmd in the descriptive and

arative parts on the development of the notochord.

| as much as possiblc after the

I. hm'/. Ve 'g'i}/t’/lfdf/’?//-—.ffdgt s,

thjn 1\41875 El). VAN B_ll:i\’lcm-;x. investigated the segmentation (')F
B ?‘mlmﬂhnn (;W“m, in detail. It was Iready known that t‘hls
‘]ast()m]?-,.TO]()H.‘MIC' .\'.—\N BI«I;\'EDI-‘:N now tmn)d that the two first
the C)”(II‘L:\ have a different size in the I';Ih‘blt and suppns‘cd that
the t\}'wj 1\t and hypoblast hec.‘()mc St{});ll’il[t‘.d.fl'.()l]] .L‘HC!] other, wl.]cn
Sk .) -hmt.c.]c;wugc—ccll.s zll'lﬁt:.ﬂchdcs. (hﬁt:l'lng in size, t}.m _1‘)];1.\[(1—
C]Ca\«".(_‘g‘ ;1( differently stnmcd‘: ['he ,epiblast —cell, the .lzng‘m ‘(.m%-_,
i< t)i’tct] m_fm‘c tl‘uc »hypoblast ~cell and C(:nscqucntly :1‘ three-cell sE;z;gc
on thc] l:f) be found (_t() compare also \:\_N BI‘CNEI)IC.‘\.C: .lllll,j.\l”l}ﬁtc.cl)?
of the ity)i-h].ll.]“th,t:]]'.np.l_..wll.' ?ttlglt ”tlhc t]|)|1(£]]z¢)111i111]zct::§1ntclsti;in tl}l]_;
Centreg ’(’)f} tl Jiht ;LL hl ]lh-dvf I.I‘EI-{I]~t fll‘]}b.u r(- ‘hange tjll'cs‘ 11'1ccb()nc
S ]\'}’011]-1‘ i ‘lL ,, ]yp(nilht-—(.c h.‘ {LH .‘1 L 1a bill ares | ‘ .;,{l i
‘”lI‘r L‘t ‘L%"“ passes 1Nto the centre, surrounded on f,mc b‘[( LM y

»epiblast”~ and on the other by three ,hypoblast —cells. The
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segmentation of the ,epiblast”-cells anticipating the segmentation of
the ,hypoblast”-cells, later on a so-called metagastrule is formed,
differing from the real gastrula in this only that a lumen is not to
be found. The place, where the , hypoblast”-cells lie superficially was
supposed to be the blastopore.

Later on vax Bexepen (v. BENepen et Juriy 1884), in consequence
of KoELLIKERS investigations (e. g. 1882), came to the conclusion that
in such early stages the hypoblast could not be present as a germ-layer
and that a blastopore could not be found either. Then the theoretical
signification of the metagastrula was rejected by him.

Heare, however, found that the segmentation of the ovum of the
mole 1s irregular. A ,,metagastrula” is present, but the layers, com-
posing 1t, are not derived from two different cleavage-cells. Out of
the interior layer epi- and hypoblast are supposed to develop.

Differences in size and staining in the blastomeres could not be
found in the rabbit, sheep, and pig by AssHeTON (18944, 18984,
18984), in the hedge-hog by KrmeL (1888) and mouse by Tarani
(1889) and SomorTa (1895%).

SopoTTA explained the phenomenon often observed that one of
the two cleavage-cells is larger than the other. He found that a
blastomere about ‘to divide, increases in size, that its plasma is then
less deeply stained and that the larger cell cleaves before the other.
For that reason three-cell stages are often to be found [to compare
also KunsEMULLER (1900, Erinaceus) and HarTmAN (1919, Didelphys)]-

In Manis a distinct difference in size of the cleavage-cells is not
present (figs. 2, 3 and 4, plate 1), but I have found a three-cell
stage 1n the oviduct.

The young Manis-ova are all covered by follicle-cells. This 18
also described for the mole (Heare 1883,'mmurc eggs); SOBOTTA
found (1895) that the ovum of the mouse passing into the oviduct,
1s still surrounded by the corona radiata. In two-cell stages these
cells have disappeared. Huper observed (1915) in the rat unscgmcntcd
ova in the oviduct, surrounded by a few follicle-cells, and about
the same 1s found in the ferret -(Romxmx 19o3) and hedgehog
(Kemer 1888 and KunsemiiLLER 1go6). In Manis the cells of the
corona radiata surround the ovum for a considerable time: the cells
of the discus proligerus are to be observed in an unsegmented ovum:
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In Galeopithecus too, these cells can be distinguished. In the descriptive
part I have already mentioned that HUuBRECHT (1910, 1919) supposed
that .th? nuclei of them were future trophoblastic nuclei (cf. the
descriptive part pp. 12—14).

R, HerTwic mentions (1903)
cida still surrounds the ovum‘,

that in many cases the zona pellu-
after the cells of the corona radiata
?151'»’6 disappeared. All kinds of differences can be observed. Now the
zona surrounds the unscgmentcd egg only (So7ex, Tupaja, Husrecur
1’890 and 1895), now this is the case only in very early stages
'(f‘(il'.f/ff.f, HusrecHT 1g02) or not at all. In Manés 1 could not find
‘1132011:1 pellucida anywhere. Some authors think (for example vAN
c;n\éllil\)l tlhﬂt acids (}issol\-'c the zona pcl.lucidu, but this was not
. .‘lltt” y nﬂwrs‘(.‘3013(,)'?'1‘;\). The Manis-embryos wers preserved -
picro-sulphuric acid.
'1_T]1€ stage, in which the young embryo passes into the uterus, 1s
‘ S0 very different. HusrecnT (1902) found Tarsius-ova with 48—64
;?”;92}“ ‘i1’1 the oviduct, whilst Kf".]l’i]".l. (1888) observ‘ed two-cell stages
ﬂ‘fzz}:f'r fflf.lr_.‘fi.u close t.o the rutcrus. '[‘hc thre'c- and 'iomucgll stages of
t lie in the oviduct. The oviducts, being sectioned in 1907 and

garhier ara 3
lier, are only kept partly; so 1 cannot trace in what part of the

OV] . .
l.?“‘-t these ova are to be found.
X lht‘ succeeding Manis-stage, in which tropho
LN hra : - . A -
b are developed, 1s to be found in the uterus.

blast and cmhrynnic

1. Trophoblast and embryonic knob.

difference between the blastocyst-

RS rome
3iscHorr  already observed the
the development

‘\:?]t]h;nfi cmhryo;ﬂc knob (1842-1854) and traced
= _](”mp‘dCt nmllmrry—st;‘l‘gc to the llmllmv [).Iustncyst.
e Bl“-t‘ years hct:vccn 1875 qu 1884 a dispute arose bctwgg‘n
”flth l"-.\l",])l-‘.;\{ :m_d KOELLIKER, prmupully concerning t])]c:. ]]]tCl"l.))I'Ctﬂtl()!]
e embryonic knob. Van BENEDEN thought (1875, 1880) that

e definite epiblast,

E[:;L (t;tu‘ layer of the _"mh"y(mi(‘ S : .

i Ty hypoblast (visible already 1n the meta-
?}, rula) and that the tissue between these layers must be considered
1€ mesoblast.

I”dcl‘cmlcntly, Ravper (1875 called

) found that the outer ]:1ycr (
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RauBer-layer after him) disappears later on and consequently does
not participate in the formation of the embryonic epiblast. It is a
part of the trophoblast. The investigations of KoELLIKER (1879, 1882)
proved that van BeNEDEN was wrong. The layer below the RAuBER-
layer is the embryonic epiblast, and not the mesoblast, this arising in
a later stage. Van BENEDEN came to agree with this opinion in 1884
(van Benepex et Juuin 1884).

The blastocyst with its inner mass of cells is found in all kinds
of Mammals. Husrecut called the part of the blastocyst, not parti-
cipating in the formation of the embryo, trophoblast (1888) and the
mner cell-mass embryonic knob (1890).

HusrecHT (1902, 1908) distinguishes the trophoblast and the
embryonic knob in the first segmentation-stages, principally by dif-
ferent reactions against staining reagents (7upaja, 1895) or different
position of the cleavage-cells. He interprets a figure given by
SELENKA 10 the following way (HuerecuT 1908, plate A, fig. 4): he
regards the central cell as the mother-cell of the embryonic knob,
and the peripheral cells as the trophoblastic cells. HivLr, however, has
shown (1918) that the larger cells (the central cell too) are tropho-
blastic cells and that the smaller ones are the mother-cells of the
embryonic knob. Consequently in Marsupials the trophoblast never
covers the embryonic anlage.

According to Rauser and Korruiker the cells of the Rauvger-layer
disappear, whereas Heapg (Talpa, 1883) and Bavrrour (rabbit, 1881
p. 220) hold that these cells are absorbed by the definite epiblast.

O. HerTwic (1903) feels inclined to compare the embryonic knob
to the germdisc of the macrolecithal eggs of the Monotremata,
Birds and Reptiles, the trophoblast then being homologous with the
unsegmented part of these ova,

The usual opinion that the trophoblast is epiblastic, is denied by
AssHETON (1898a). He thinks that the trophoblast is of hypoblastic
origin. Like van Benxepex (18994), he accepts two different Jayers
in the morula, but the part vaAN BeNEDEN calls epiblast is called
hypoblast by AssueTon and the reverse. A clear survey of the
opinions of AssHETON and of vax BENEDEN (and also of HUBRECHT S
opinion before 1910) is to be found in AssHETON 19o8, fig. 11, 12

b - . b
and 13. HusrecHT’s last opinion 1 have treated on pp. 12—14-.
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111. Mesobhlast.

~

P]n\j;: (})‘lfﬂ\:}:] ;eenlt.h,ﬂt lil‘l _ﬂfzm/.r t_he mesoblast originatcs.ﬁ'(')x.n several
R C\{l‘l H1 )--omc blnel@ viz. partly out of the primitive streak
All gl ‘rfvebb, -pm tly out of the hy.pc?blast.
T lpl' ‘ % ; a ‘}1 chb. 1 (ﬂ_cnt names are
ey [1; | esoblast-parts, which can be united LI]'Id(.fl' the
e ciif%er : tLb(iJ 7} d‘?t..Thc. fa_cf th'at 5O many names are uﬁ(;:d, is due
s ml;l?‘ t ]({Otctlcal significations att.achcd to the primitive streak
(1908) ‘C‘l{h i-[tb'h }}f. the nuthgrs. To give an -C,\'t’ll_l’lpltt HuBrRECHT
mt‘soblus-(t \R 1€ 111:.(.;((.;11];153 derived from the prumtive st_reak, .vcntral
mCSOqu;t} . -‘\1“" ('1(”( 9, 1915) and BONNET (1()_:).0)_ call it peristomal
o (_ : Ll\lpl ess that this 1nc.~;0h.]z-lst—-p:1r_t 1S formc‘d 'tu:mmd the
kb E;)I ‘ti’ ﬁ_'()11gzltcd blastopore, with which the primitive streak
o e Nno UngCd)_ o
this }:1']12:;:{:1,1 ‘hf_)-\fcvcr, Lllf‘fCI' very muc‘h about the qu.c.stiun, whether
Teoe ast is partly formed out of the hypoblast 1n Mammals.
b Mi]t]\:}:m;::.:nii]q i)i)t gi;:'vs] 1 ;u'rvclyl‘x.)f‘ ‘thcl i'nﬁxzcsti_g'.lto.rs'_, wh]n deny
mesoblast (the he 11!. f)wt.]lc‘ I,H’(?”t\-t A.n( are of opinion tn'lF the
S A 1eadprocess 15 also (,on..s]d-t‘lcd by most'nf these inves-
RO relong to the mesoblast) is formed exclusively from the
Plhldht.
. }];-]’-\t“lg)f(i:}cs not agree with diffcrcnt.nthcr authors, who think that
e mesoblast can develop from the protogenetic hypoblast.
formed in different Mammals. The

Pr}]l
protogenetic mesoblast 1
in its formation are the

'S -
;::;L}]}:]l_;t'sl ”f] the hypoblast participating. its ¢
The )‘11_ _I}’ 'llt'C and the annular zone of prohferation. = =
by ”1'151- o ‘A‘_’“_[ﬂl }“I:Itc [pr{]unclwnlul plate (I—II'B.}{I-‘.('H‘I‘)] is first found
of the m‘"-‘ “‘}] in omrex (1899). ;\'ccm'dmg to him the anterior part
the plae toc 1’(1111 Is derived from it. I._,:ltcr on .I-Ivn‘m::vn'r :1159 hgul.‘cd
-g__\I:MI;HI‘fIT Larsius (igoz) and nuj'ntumycd it 1n i&;;/}mc‘.cw,r (in \,\"'hl(.‘]‘l
1908)”[]]”\ (1913) did nnt. f;md }t), (;_wmuu_w, Tupaya ;m-d ﬂ'[;mx..a:
plate ]\ .]'m”-\'t Cases the origin of t.hc vcphzl_hc mc.,s‘(l)blust from this
s evident. Usually 1t arises ecarlier than in Mants, where 1 have
ak-stages, but where a distinct cephalic
4 A5 pairs

fon

1n Al g T

d the plate in primitive stre
in an embryo, in which

lnCSf)!\ Ac = .
Oblast-formation takes place
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of somites have developed. In Galesprthecus too, HuprecHT has
described (1919) a protochordal plate. Probably-the part, described
as such by Husrecnr, belongs to the annular zone of proliferation,
however, the protochordal plate being present in a more cranial part
of the hypoblast (cf. the remark of pe Laxce in Husrecnt 1919,
p. 18). By BonneT the prochordal plate is described under the name
»Erginzungsplatte”.

The mesoblast described by Heape in the mole (1883), by SeLEnkA
(1882) in the mouse and by Rosinson (1892) in the mouse and
rat, as originating from the hypoblast, probably is cephalic meso-
blast too. The correctness of these observations, however, is often
called in question. In the mouse and the rat recent investigators
as SoBoTTA (1911) and HuBer (1915) could not confirm it.

AssHETON (18946) observed that the cephalic mesoblast develops
from a thickened part of the hypoblast in the rabbit. Nrwman and
PATTERSON (1910) describe a protochordal plate, which gives rise to
the cephalic mesoblast in 7azusza. Not only in Mammals the cephalic
mesoblast is observed. To give some examples: Barrour and DeigrroN
(1882) observed it in the chick; Bracuer (1914) in Chrysemys and
vt LaNGe (1913) in Megalsbatrachus. Moreover BracHeT and DE
Lange distinguish a prochordal plate (plaque prochordale).

Many authors, however, deny the existence of a prochordal plate,
participating in the formation of the cephalic mesoblast. According
to RasL (1915, p. 227) this plate 1s , Teil der unteren Keimschicht
mit dem sich spiiter das Vorderende des Kopftortsatzes verbindet™; on
p. 239, however, ,die Protochordalplatte ist das vorderste Ende des
im Lecithophor vorgeschobenen Kopffortsatzes oder Urdarmsickchens ;
das daraus hervorgehende Mesoderm ist also ygastrales” in dem er-
withnten Sinne. Dieser Teil des gastralen Mesoderms bleibt weitaus am
lingsten mit dem Entoderm in Verbindung und lést sich erst sebr
spdt von ihm ab.” Yet a real cephalic mesoblast exists, as is evident
from the observations made by Huprecut and BonneT.

In Manis the existence of it cannot be called in question. When
we examine only the ﬁ:fm.rzh'-cnlhry() N® 83, where the chordal pl:lfﬁ
passes into the prochordal plate, from which the cephalic mesoblast
arises, this observation seems to be in favour of RABL'S opinion. In the
younger stages (151 and 180), however, we see that Rapt’s opinion
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;ll?;z?]t tl}u]ee (.;:(;i'(:i((i“tl,_‘:tflfji(lrll‘ﬁ(f} 'h‘crc a procl}nrdal plate is present too, with
i s ol ?‘lb‘(. 1as not yet fused. ]
V and %I(Et‘a at?(,tl()m of yoqu i'ﬂbblt—ﬂl‘?‘ds_(1{;\1}11 1915, fig. 8, plate
gs. 1 and 2, plate VI), we seen front of the anterior border
ast-cells, distinctly connected with the

of the he:
f the headprocess some mesobl
Is to originate from the headprocess.

1}3;}’”1”!215& R asL supposed these cel
thstC;%:”E:Lsmh%"ﬁ’e_\':t‘f",.{nzl_\_r be intcr_prctcc'i also i{l such a way that
Thickencdk )-u-L[-IL%:m](id . L.leVCIOP.lng L"hl't‘(:‘tl.y fm.m the hypoblast.
ara ﬁwuﬁccd HC(: En gypob.]ast me in front of the‘he:uiprocess
attention tO‘:’le "l'rtg‘in’}t] )‘A\f{[{b’ (18?8), \‘\.ﬂm was the first tn'draw
e mcmlt[: o 1@}1:1 w.3‘1‘t _dn(‘ L?ﬂbldtﬁl'(’d 1t t-o he'thc Prm_mry
o t}-]isb fp e ‘lll'L.. n the hL(_.tIOll.H ﬁgurcd by him, ‘_|ust in front
e nmqoblit 521112, \'}mtth ?fhl]d_\ lthc1 Chord-'.l-anla'gc- 15 conpccted,
mine (figs. 2: ke e ﬁjl‘ w.m'(‘ .m‘mc 1‘.& that in
s theb n-;-);?}, : 134 , the cephalic mesob ast 18 dlhtm_t_t]y com?cctcd
e ,.} orda pluth, :}lul that this is not the case with the primary

K}ﬂbu] membrane of CARIUS. '
ﬁgllred X \ \\1(}!;{% \.scr*‘x;'lmtgd h‘(u.n_ it hc‘rc too. ’l:hc sagittal sections,
(Cavia, 12)18) l\;] l'.?r\l'.ll)l‘..\ ‘(! r.r/‘wrrﬂf//m IMUrINUS, 18%3.53, 1912) -.1lnd Hunir
(1912) thé n”'m.‘]m\.\1 the same. [filf.l\'.-\(;l‘t‘lll describes how in the goit
N I() WH 'CI‘MSIII an ]I]d.lﬂ'CI‘L‘Ilt ,,B‘Icsndcrm—cntodcl‘lnil}ussu. .
A o lﬁ.t'inrr 1-\1 l ‘I-l‘»,lltmx (u)}o) figure a protnch()rd;}l plate 1n Tatusia,
THess hnwc\?-(-Lh;:”-)Cd by W LSON and HiLL (1907) in ()‘/'m/‘/mv'/{rm'/m.r
1916 and (‘l.u’..m med out of the hc;tdprm‘css), by STRAHL (1914,

Theee : \-()h\\.!’:,R (Houm,. '1()13).
© r)hhj:,-\,{.}h?u\:ml‘(ms all (.hﬂL‘l.' very pmvh.
gi\*ing ri%:m“nhi fm_m wl.nvh It s L’\-‘l(l%‘llt that
ﬁ'tmf th(‘- t_U ll m_ formation ol IhL“ pcru‘;}l;d ;ipmngs ‘ :
(ASH”F_“)\)}’]‘-‘-‘L’llnid-.ﬂ p];u.c [dug,‘.‘w‘/'m', Tarstus, Manis, _mn_]c, 1':1H)1t
ToN) |; 2°. observations pointing to the fact that in front of a
ast-cells are to be found (pl'Oh:lH)’
his thickened
he the most
adprocess

al membrane in Cavia (1889),

They can he divided mto
the cephalic mesoblast,
¢ others, originates

p['ill];]]- ,
y pharyngeal membrane mesobl
hot connected with t

are considered to
formed out of the he

;‘]:101 éii;.m%g rise to the }n‘;ric;lrd),
Aterior ('f‘ 1]L] h}-‘_}mlsl;lst. [hese cells
[Fabbit ((‘_ﬁ -“..0.1 I'h‘c g;lhtl':l'] 1]1L‘H(-)|jllzlbt, .

AR1us), Cavia, l(*.r/n'rff/m murinus, etc.].
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Opinions also differ about the existence of the annular zone of
proliferation and the peripheral mesoblast originating from it.

In 18go this zone is described by HuerecHT in Sorex and later on
i Tarsius (19o2) and Galeopithecus (1919). In 1884 BonnET had already
figured (in the sheep) the so-called ,,Mesoblasthof,” also a peripheral,
ringshaped hypoblast-thickening, from which extra-embryonic meso-
blast develops principally. KEemBeL, however, tracing the mesoblast-
formation in the sheep too (1894), could not confirm BonneT’s
observations.

Neither in Cavzz and the rabbit, nor in the pig (1891) KrIpEL
could find the peripheral mesoblast. It is described, however, by
Ropmvson (1892) in the mouse and rat. Korrmany (1884) gave an
example of the existence of the peripheral mesoblast in Birds, descri-
bing the so-called ,Randwulst” in the chick.

We must not forget that according to Branca (1912) the con-
nection between mesoblast and hypoblast can be secondary.

The peripheral mesoblast originates partly out of the region of the
embryonic shield, lying in front of the primitive streak.

Tsukacucnr (1912) shows that in the goat and (1913) in the rabbit,
in front of the primitive streak, mesoblast-cells develop out of the
epiblast. He denies the origin of the mesoblast from the hypoblast.

BaumeisTerR (1913) finds mesoblast in  Ersnaceus at the anterior
border of the shield, but shows that these cells are in connection
with the mesoblast, derived from the primitive streak.

The statements above described, concerning the existence of a peri-
pheral mesoblast, are confirmed in Manis. Here the peripheral meso-
blast 1s in connection with the anterior part of the prochordal plate.
This is also stated by Husrecut (1908, p. 33) in other Mammals.
The ring-shaped zone, producing the peripheral mesoblast, extends
along the borders of the germdisc.

When it was discovered that both in Vertebrates and Invertebrates
the mesoblast is developed in many different ways, some investigators
rejected the dogma of the specificity of the germ-layers. They came
to consider the mesoblast a topographical layer.

SCHLATER (1907) does not agree with this conception of the meso-
blast. The fact that the mesoblast in Vertebrates is formed out of different
sources, is interpreted phylogenetically by him. In his explanation, he
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starts from the very early development of the mesoblast in Primates,
before primitive streak and headprocess are visible. This primitive three-
layered stage of the Vertebrates corresponds to a so-called mesenchy-
mula-stage, which all Metazoa, the Coelenterata excepted, have passed
through, according to him. In Vertebrates a new organ, the axial skele-
ton, makes its appearance; the Chordata-type has originated and in con-
nection with this, new mesoblast, the secondary mesoblast or axial
mesoblast, is formed. The phylogenetic stage, which all Vertebrates
have passed through, is called chordula by ScHLATER, in connection
with the appearance of the notochord. The mesoblast formed in the
mesenchymula (protogenesis corresponds phylogenetically to the for-
mation of the mesenchymula) is to be found in a few cases only
and among them SCHLATER reckons all cases, in which the mesoblast
is formed in an earlier stage than the primitive streak-stage and out
of other sources than primitive streak and headprocess. Examples of
this are the early mesoblast-formation in Primates (Homo, Semnapithecus,
Tarsus) and also in Tatusia (PaTTErsoN 1912) and Galeopithecus
(Husrecut 1919).! In Manzs the peripheral mesoblast, originating in
primitive streak-stages, and the cephalic mesoblast, developing still later,
must be considered the primary mesoblast, the gastral and peristomal
mesoblast the axial or secondary mesoblast, according to SCHLATER.

Phylogenetically speaking, cephalic and pheripheral mesoblast belong
to the mesenchymula, gastral and peristomal mesoblast to the chordula.

RagL denies the existence of cephalic and of peripheral mesoblast,
Only the axial mesoblast, formed in close relation with the process
of i.nvaginutinn is to be found, according to Rasnr. In the chapter
_Lehre von den Keimblittern”, in his ,Handbuch™ 1903, O. HerTwWIG
does not mention either the peripheral or the cephalic mesoblast
(cf. also his ,Lehrbuch” 1915).

The authors, who accept the existence of the peripheral mesoblast
agree about its derivatives. According to both I*IUHR]*‘.('I‘I'I' (19o8) and
van Benepen (1912) the bloodvessels and the blood of the umbilical
vesicle are derived from the hypoblast or slécitophore”. KorrLmanx
regards (1884) the _Randkeim” or ,,Akroblast” as a ,Bindegewebs-
blutkeim”. RiickerT agrees with this view (19o6) and TRIEPEL
(1916) accepts it. |

To sum up: the protogenetic as well as the deuterogenetic part
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of the future gut-lining can produce mesoblast. As a result a sheet
of cells is formed between epiblast and hypoblast, in the embryonic
as well as in the extra-embryonic part of the blastocyst, This layer
I have called mesoblast for short.

IV. Notochord.
It is clear that the question, to which ,germinal layer” the noto-
chord belongs, is answered 1n many different ways, so many opinions
on the trastlulatlon -process existing. '

}"II‘-BRR(_}II, for example, holds that the notochord originates from
the epiblast and hypoblast, others consider the headprocess and noto-
chord to belong to the mesoblast, derived from the epiblast, whereas
Rasr; SosorTa and Bonner think that the notochord is hypoblastic.

O. HerTwic (19o3) accepts, besides the germ-layers, a separate
»chordal layer”. In Manss there are indications, but no proof that
the anterior part of the notochord is formed from the wall of the
archenteron. It is clear that the posterior part of the notochord 15
not formed, like the principal part out of the metenteron-wall, but
out of the primitive streak, which we considered to be homologous
with the changed deuteropore of the Anamnia.

We have mentioned Boxnet’s, Husrecur's and also HEeAapg's
opinion that the so-called protochordal plate or ,,131n.ln/mumphttt'
forms not only the cephalic mesoblast, but also the anterior part of
the notochord. JenkinsoN (19ob, 1913) agrees with this opinion,

It is not clear to me, what were the grounds of HusrecuT’s opinion
that the protochordal plate forms a part of the notochord. In his
paper, in which the name protochordal plate is first used (Sorex
1890), this name is given to the thickening ,developed in situ as
part of the hypoblast” (p. so1) and later, p. Do& he states: ,part of
this patch will develop into the anterior portion of the notochord.
For this reason I will call it the protochordal plate”. As far as 1 can
trace, 1‘1c never proved this. He says only (p. 509) ,that the forma-
tjcm of a protochordal plate has preceded the appearance of the very
first indications of a gastrula-ridge (primitive streak)” and on p. 512,
after he has described the protochordal plate and the development
of the cephalic mesoblast, he mentions that the size of the proto-
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chordal plate decreases and that then sthe front portion of the noto-
chord folds off, this being the last phase in the developmental phe-
nomenon of what we have called the protochordnl plate. This has
!’efﬁll figured by Hearr for the mole and is not further entered upon
In this paper” (to compare also ASSHETON 190Q).

Consequently he quite agrees with HEAPE (1 883) and BonneT (1889),
who stated that the cephalic mesoblast forms out of the thickened
part of the hypoblast and who found that later on the notochord
dcve]OPs here. Heare did not prove either that this part of the
notochord did not arise from the anterior part of the headprocess.

In 1889 Boxngr had already shown that in the sheep the anterior
part of the notochord ()1‘ig'ilu:ftes from the hypoblast. In the dog,
however, he was able to prove it (cf. antea p. 42). He recognized
the »Erginzungsplatte”, not only because it produces the cephalic meso-
‘ natophile granules.

blast, but also because it possesses pccu]iar chror
s more and more

In older stages he saw that the notochord proceec
.Crm_’i"ll“’ﬂl'd and observed also that this anterior part of the notochord
S formed out of a part of the hypoblast, in which these granu]cs are
211§0 to be found. This h\fp(_:hl:lat—-p:lrt must be considered a remnant
Qinthe »l‘lrgiinxungsp]uttc."’ In dog-embryos with 10 pairs of somites
the chordal plate }:;15.\1‘5 into the ,,Ergiinm-lngsp]nttc", in embryos with
I-() pairs of somites the notochord, separated from the hypoblast, s
found ag far as the primary ph:il'\'ngcn] membrane which, as it also
PQ-J“““”‘“““ these granules, must also be considered a derivative of the
“hl'g‘li'lz“ng-‘\}‘llngtc”.
In- the descriptive part we have seen that in Manis the chordal
!‘]lltc forms out of the headprocess after incorporating in the hypoblast.
il:t headprocess, cﬂcnding c_mninh?':m] lw‘t\\'cmj c‘pivh‘lruist‘u‘nd ley}.ut
. st, does not receive cells from either of these layers, as they are
L]C:H‘l}: separated from it. - k-
: _Aho“t the length of the primitivc streak ()pini.{)l-].‘w' differ. KriBeL
”! CXample (pig, 1893, 1893) thinks that it m'fgma]ly reaches as
"I as the anterior border of the embryonic shield and becomes
c;us]y developing caudalward.

radualls !
8Mdually shorter, the headprocess simultane . y
of embryonic areas of the

¥ ; :
' 1915 Rapr figured a great number

fablyis ¢ . ‘ T
A l'il‘nt, from which it is clear that in the rabbit at least the }lm
1 . gt 1 S0
tUve  streak oradually becomes longer up to i certain stage, but
[ o Lo
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never reaches the anterior border of the shield. (Huger’s observation
(1918) of the ftirst anlage ot the headprocess in Cavia, does not
agree with the opinion of KriseL either, the primitive streak being
short here.). When the primitive streak has reached its greatest length
a headprocess is already formed and the primitive streak then gra-
dually shortens from before backwards. During this process, the
posterior part of the headprocess (the so-called L Primitivstreifenteil
des Chordas™) forms out of the primitive streak.

In a recent investigation on the first developmental stages in
Mammals (Tsukacucur on the goat, 1912) the author describes four
primitive streak-stages, in which the primitive streak reaches a length
of 759, of the germdisc and the headprocess extends as far as the
anterior border of the shield. A Tumen is not always to be found in the
headprocess ; discontinuous canals and slits are described. The anterior
part of the headprocess passes into an indifferente Mesoderm-
entodermmassa,’ compared by the author to BonneT’s , Ergiinzungs-
platte”. Stages with free headprocess (found in the pig, rabbit, Cavza,
Vespertilio and also in Manis) Tsukacucnt has not found in the goat.

The notochord is described in detail in an older embryo with g pairs
of somites. He distinguishes five different zones from back to front.

1°. The part in front of the primitive streak, lately formed out
of it (the so-called ,Primitivstreifenteil des Chordas™). It is distinctly
separated from the epiblast and is no longer connected with the
mesoblast on both sides. Canals are partly visible.

2°. An ,,Umbildungszone”, differentiated distinctly in a dorsal and
a ventral part with a canal lying between. Like zone 1, it is covered
by the hypoblast. It passes gradually 1nto

3°. the chordal plate, incorporated in the hypoblast. During the
process of incorporation the ventral mass of the chorda-anlage, described
in 2°, has spread, the hypoblast being cleft simultancously. The chor-
dal plate is principally formed out of the dorsal cells, mentioned under
2°; the ventral cells are used for the erowth in length of the noto-
chord by ,,Zellumlagerung” (= ,,Scheinwachstum”, KeisgL 188g). This
zone 1s very long. The growth in length of the notochord is pnssihlm
because the ,,Primitivstreifenteil des Chordas” (zone 1) is very thick
4°. A short zone, in which the notochord is separated from the
hypoblast; a secondary chordal canal is found here (cf. KeeL 1889)-
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~0 g . o s - o te 1o : 2
bl-it' a .\{11] .shmt-u vone, which 1s not yet separated from the hypo-
th(c‘ ,} and passes nto the same ,,Mcsoderm—cnmdermmassa", in which
eadprocess of the primitive streak-stage ended. T'suKAGUCHI
C‘( 3 - ~g > - - . . s - 1
}mn()t decide, whether this part of the notochord develops from the
1V D o2 - . 'y . - T .
f.}'}ﬂhldbt here, or whether this zone 15 formed out of cells derived
rom the headprocess.
}Hln young Manis-embryos, in which the separation of the notochord
as L e pehet
- n?t pr ngu\\s}d‘ very far, we can distinguish about the same zones.
there are differences. The _Primitivstreifenteil des Chordas’, also
present in Manis, is connected with the mesoblast, this not being the
case i Tp o : Pk ion i =
3 ¢ in the goat. In front of this zone a second region 1s to be found,
0 Kl . Tt
longer connected with the mesoblast. In Manzs these two zones,

bo : ) - . : .
oth  covered by the hypoblast, contain many discontinucus lumina,
Tsukacuenn I think that these

SC L e :
me times forming long canals. Like
_lumen, but with the

1“'11111):1 are not homologous with the metenteron
canalis neurentericus of the Anamnia. In some few embryos described,
into the future gut and just in front of this
third zone: the chordal plate,
transitional zone

this chordal canal opens
]}::2:: T]TL‘ L‘]]t).]'dzl—;m];lgc passes into the
T }_‘”I:ltcd in the hypoblast. Consequently the
(Tsuk aGucnr’s second zone) is very short.
n.In Manis 1 could not find a secondary chordal canal.
T b",md 5t zone are present in Manis.
PTUIL‘]J\-L; I.AII".HICI{I\'i"ll.\'—(.‘:lﬂill or mctcnu"mn—l1111']cn g ;
Bo ‘m many Mammals. In Mants, the pig (KEIBEL lhg_i), thc.dog
[()ym]‘_\ll”" 19O1) 1t prfmbluhl_\' does not m_‘cm:. The ,,hlnst(.)porc’ dc.s.cnhcd.
4 “"}:'\“R?"{‘II'J' in Ermaceus (1902, 1()9%3, 1912) n}uﬁt l“f CU}]S}dCl‘Cd
(i LEBERK UHN-canal. [By BAUMEISTER 1T WS not ’rmm.d n ]*.,/'/mn'rm'
i”()t]lfg’ but PrTErRMANN n.l)scr\m'fl it here (lc)o.?)]. [t is possible that
these cases the stages, 1n which a LigserkinN-canal occurs, lack.
of ]l\l]’t primary chordal c;a'nnl .)(Kl".]m{'l, .[339) 1S d‘cscrilwd in“n‘l] kinds
I-ahhit.un-m;lls [gg dog with & a4 9 mn's‘o’r smmt‘cs )(BO-N.\‘]-. r 1991),
(St with 11 pairs of somites (CARIUS 1888), and 7 a § pairs of somites
YTRAH], 188())]
Pr()h”h]_\’ it is often mistaken
f),,\fhc f,hc"“ll”'”(‘k'ﬁﬁ proper in primi_ti\.'c
t:l]?_[: t;) t]]csc_ canals 1s very confusing ( - o o
1¢ canalis neurentericus to be the caudal rest of the LIEBERKUHN=
C 6

Verh: y o
erhand, Kon, Akad. v. Wetensch. (z¢ Sectie). DI XX

TSUK AGUCHI'S

is found in the head-

n for the [ 1k BERK UHN-canal, appearing
streak-stages. The termino-
GIemD: 7). Some authors

/
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canal (e.g. GRossEr 1913, STRAHL 1916), which moves caudalward.
Moreover TRIEPEL (1914, 19174) thinks that the presence of the canalis
neurentericus is a convergent phenomenon in Vertebrates.

These few examples may suffice to show that the problem of the
relation of metenteron and canalis neurentericus has not yet been solved.

StranL (1916) distinguishes a posterior ,Erginzungsstiick” of the
notochord, formed out of the primitive streak. The same is stated
by BonneT (1gor), who also mentions (1920) that this part of the
notochord is always solid, and sometimes shows some small traces
of canals. In a Manis-embryo with 18 pairs of somites, however, we
can still observe a canalized part of the notochord, which will never
incorporate in the hypoblast.

RaBr (1915) does not lay stress on the part of the notochord,
derived from the primitive streak. Yet the development of the noto-
chord in the rabbit is treated elaborately by him. He thinks that
the headprocess participates 1n the formation of the gutlining (cf.
antea, p. 44). According to me this is not proved. From his sections
it further follows that in rabbit-embryos with 12 pairs of somites
the notochord has for the greater part separated from the hypoblast.
This is the case in Manss, when 18 pairs of somites are formed. In
rabbit-embryos with 12 pairs of somites the anterior part of the
chorda-anlage is still connected with the hypoblast. From his des-
cription of the chorda-anlage of an embryo with 6 a 7 pairs of
somites (RABL 1915, pp. 433—434), I will still mention the following
facts. A chordal canal is not described. The chordal plate becomes
flatter and flatter and gradually contains less cells. At the level of
the 7th pair of somites the chordal plate-section consists of 7 nuclel.
According to Ragr all cells of the chordal plate have then passed into
the gut-epithelium. Still more in front the chordal plate 1s no longer
distinguishable from the hypoblast and it then passes into an inter-
epitheliale Zellplatte (iiber), aus der nach rechts und links auch jetzt
noch, wie iibrigens auch spiter, das Mesoderm miichtig hervorsprosst.
Hier bleibt also das Mesoblast am Lingsten mit der dorsalen Darm-
wand in genetischem Zusammenhang”. [Here we have a clear des-
cription of the prochordal plate, of which he denied the existence in
preceding pages (pp. 227 and 239)]. ,Leider Lisst sich von allen
diesen Dingen, von denen sehr wenig bekannt ist, ohne zahlreiche

o
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:z:ﬁ:1(%2{11}%‘)61:@1:62&lglutc, l_(larechschrfzib‘ung‘ geben; von einer gros-
‘ ‘ Abbildungen wollte ich aber absehen, da der Gegen-
stand nicht unmittelbar zum Thema der Abhandlung gehort”. And
n g 15 this plate, in ‘describing the hypoblast
!n. primitive streak-stages: ,Sodann folgt unter dem Vorderende der
lenplatte eine dicke Strecke der unteren Zelllage. Von dieser Strecke
Sjé_ht man auf Querschnitten rechts und links Mesoderm hervorsprossen.
bp"fitcrl wird dieses Epithel noch dicker., und die Zellwucherung
m;Tchtlgcr. Die Strecke entspricht der von Rex bei der Ente und
M_()wc beschricbenen interepithelialen Zellmasse des Entoderms”, and
this one must also be compared to the prochordal plate.

Recently Huper (1918) has elaborately traced the anlage and
morphogenesis of the notochord in Cavia. He describes 1°. primitive

Streals o ] . = . £ A .
treak-stages with the first anlage of the headprocess, origimating from
o] 3 e . .
2°. a primary phm_vngea]

4 comparatively short primitive streak; 2
Membrane, in front of which mesoblast-cells occur (the anterior cells
Of the mesoblast-wings developing from the primitive streak, cf. antea
P- 76); 3°. a LiEBERK UHN-canal, opening into the cavity, enclosed by
’the hypoblast, by different apertures. When the headprocess has become
}I C.h‘-)l‘dul platc,. the hypoblast still covers this plate in different places.
his was not observed in Manis.
The oldest stage, 1n which the chordal plate is still entirely incor-
Porated in the hypoblusl in Cavia, 18 a stage, in which no somites
e to be found. In Manss this is still the case in an embryo with
l'\%ﬂ }‘zlfrs o_'f' smnit.cs. The SL‘});H‘;l.ti()I] of the notochord takes place in
ways in Cavra (also according to Kemen 1889). .
th(f]n.f‘(iiy u{mlcrg_mwth of the ]?ygo.hlnlstl-cdgcs. A Oﬂﬂ.}t% 11:::;:1];:31? (l;
the ho,-([lz.::( :.)t}\t}}n‘d)' ht‘u'nnul(,?hn !Ilt,;yl .‘dftll f)ll]-. :iz ly | ci g{ ]L’
SH ers of the chordal plate, by which a cylindrical notochord &
Sreetly formed. In both cases a secondary chordal canal can be formed.
enlle‘k"‘c two mcthfwds of separation HUBER C('.)U]‘t] ﬁ.lld in the same (avia-
1bryo. In Manss only the second method (infolding) could be observed.
”lltl.li},?‘m does not .ernrinn that in the part of the nntoch('m.l, origilTntin%
the primitive streak last (zone I and II) lumina occur. He
fa I.1EBERKUHN-canal in the headprocess.
at the chordal canal appears double
Sppr 1888 and HUBER

t]-‘ 5 1
also on p. 419 he mentiol

Ment;
lons only the presence O

In Moanse -
Manis we have observed th

r Cavia, V.

In
Manv ecac . ;
any cases. Sometimes (€.8:
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1918) such a formation 1s also observed in the headprocess, before
the formation of somites. Evidently a double metenteron is found
here, in these young stages.

The appearance of a double metenteron as well as of a double
chordal canal requires an explanation. According to me, the appear-
ance of the canals (single or double) is connected with the mechanical
‘function of the incorporating organ, in which they occur. The Lie-
pERKiHN-canal and the chordal canal are two phylogenetically different
formations (metenteron and canalis neurentericus), but the ontogenetical
function of them is the same: i. e. the incorporation in the hypoblast,
and this occurs by spreading of the wall of both canals. In both
cases this can come about from a single or a double canal.

Before concluding this survey of the literature, treating the deve-
lopmental stages of the notochord, I will state: '

BonNET'S ,,Ergiinzungspluttc” probably occurs also in Manzs. Be-
cause I cannot prove that the anterior part of the notochord 1s
formed out of this protogenetic part of the hypoblast, 1 have called
this plate prochordal plate.

A following part of the notochord develops from the headprocess
proper, in which a canal appears in many Mammals. In Manzs 1
could not find this canal. This part of the notochord is derived from
the metenteron-wall.

The posterior part of the notochord is the ,,Primitivstreifenteil des
Chordas”. the ,,Zuwachsstiick” of Bonngr. It is formed out of the
primitive streak. In this part a distinct canal appears in many cases
in Manis. The lumina in it made many authors think: ,,Der Chorda-
kanal riickt in den hinteren Theil der Keimscheibe” (LIEBERKUHN
1882, p. 421) or ,dass der Chorda-kanal sich in den Primitivstreifen
hinein fortsetzt” (BonNET 1901, p. 207). This is supposed to happen
after the formation of the first pair of somites.

Though 1 dare not state that this opinion is wrong, yet I believe
that these lumina can be more successtully compared to the canalis
neurenticus of the Anamnia. The Lirserkinn-canal and these canals
cannot be considered the same lumina. However, there is a close
relation between these formations, as well as between metenteron
and canalis neurentericus in Anamnia.
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aorta primitiva'.

annular zone of proliferation.
brain.

notochord.

chordal canal.

chordal plate.

corona radiata.

discus proligerus.
embryonic knob.
heart-endothelium.
Cpih]ast.

Hexnsen-knob.
headprocess.

hypolwlﬂst.
extra-embrycnic hypoblast.
medulla.

medullary groove.
mesoblast.

cephalic mesoblast.

. pastral mesoblast.
L.

pcriphcr:ll mesoblast.
seristomal mesoblast.
nviduct—cpitlw]ium.
pcricurdium.
phm‘yngcnl membrane.
ywimitive gr(mvc.
prochnrdﬂl plate.
primitivc streak.

first etc. pair of somites.
U'nphnlﬂnst.

uterine wall.
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Explanation of figures.
PraTes I anp II.

A section through an ovum not yet divided. The discus
proligerus and the corona radiata, surrounding the ovum, are
visible. The nucleus is not found (7', a nucleus of the corona
radiata). The ovum lies in the oviduct. X 410.

HuerechT-Lab. Cat. N°. Manis, s1é 100, s.

A section of a three-cell stage, surrounded by corona radiata
and lying against the ciliated oviduct-epithelium. One nucleus
of the cleavage-cells is visible (). XWe 2

Huprechr-Lab, Cat. N°. Manis, 1y1e 111, 11.

A section of a four-cell stage, surrounded by corona radiata
and lying close against the oviduct-epithelium. Three cleavage
cell-nuclei are visible. eligors

Huerecnr-Lab, Cat. N° Manis, 44¢, 11, 8.

A section of the same stage. T'wo nuclei are visible. X 525.

HurrecHT-Lab. Cat. N° Manss, 44.c, 11, 9.

A section through a strongly compressed blastocyst, lying in
utero. The wall of the blastocyst consists of the trophoblast only,
with the embryonic knob at one place. In this section no
hypoblast is visible. X 220.

Hupreenr-Lab. Cat. N°. Manis, 87g 11, 5.

A section through the same blastocyst. The first anlage of
the hypoblast is visible. AR 25

Huprecur-Lab, Cat. N°. Manis, 87 11, i.

Schema of folded blastocyst with embryonic knob, consisting
of epiblast and hypoblast and still covered by the trophoblast.
The hypoblast has spread over the whole inside of the tropho-
blast. The uterine wall is indicated. X qgo.

Huprecnr-Lab. Cat. N° Manis, 1134, 11, 6.

Embryonic knob and part of the same blastocyst. Epiblast
with few nuclei, hypnhlﬂst beneath it with many tall of
cubical nuclei; extra-embryonic hypoblast consisting of flat-
tened cells. X 12208
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Figs. g and 10 (plate LL), 11 and 12 (plate I), 13—106 (Pl

¢ 1 atel), 13 Pplate I1),
17 and 18 (plate 1) and 19 (plate 1) show surface-views 5)‘
the embryonic shields (cf. pp- 17 and 18). ‘ :

k Ig. 9. A primitive streak-stage. Manis, N°. 180. X 10.
F‘g [O. Embryo with 4 a4 5 pairs of somites. Manis, N°. 83. > 10.
Figs. 11 and 12. atiee o 3 S NEROL >< 10.
= Fig. 11 dorsal, fig. 12 ventral view.
E“»: 13. Embryo with 10a 11 pairs of somites. Manis, N°. 32.X 10.
Fjg- 4. % = 3 S el s S NG dgXaro!
l‘\f&,’l 15. % = BERTUE Lo 3 BT O,
_]“"Q:- 16, . o I3 L = 0 N°. 108. X 10.
Figs. 17and 18. " 16 = o iy S NS RO T
Fig. 17 dorsal, fig. 18 ventral view. L
Fig. 19. Embryo with 18 pairs of somites. Manzs, N°. §3 X 10.
Fig. 20. (plate 1 ) and figs. 21—28 (plate I11) represent the
primitive streak-stage INE D,
Fig. 20. General view of a section through the strongly folded
wall. Extra-embryonic hy-

blastocyst, lying against the uterine
poblast consisting of flattened cells.
Manis, 1514a,, I, 6.

omb., embryo. X 20.

HupricHr-Lab., Cat. N7
Prate: 11

Fig. 21, Reconstruction of this stage. Embryonic shield pczu‘shnped,
in which are indicated: primitivc streak with rest of primi-
process, pmchnrd;ll plate and annular zone of

tive groove, head
of the sections hgs. 22—28 18

o
proliferation. The situation

indicated. X 5o0.
Figs. 22—28. Cross-sect Jons through the embryonic shield, and
3 indicated in //g 21.
b 1g. 22, The 8th section (cmmting from the antCI'i(’f border) through
h the peristomal mesoblast

streak, from whic
hle remnant of the primitivc groove 18
Hrms a continuous layer with columnar
The cpib]nsr passes laterally

the primitive
originates. The proba
shown. The 11_\'}mhlnst f
cells under the }u'imiti\-'c streak.
into the trophoblast. 19l

Hunreenr-Lab. Cat. N° Manis, 1514, 111, 5.
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23. A section (g sections in front of that, shown in fig. 22) through
the primitive streak, covered by the hypoblast. The embryonic
shield rises above the level of the trophoblast. S aTo 1

HuerecHT-Lab. Cat. N°. Manis, 151 Shon b (i

24. 'The 7% section in front of that, shown in fig. 23, passing
through the Hensen-knob. Here the hypoblast forms an un-
interrupted layer too. X 194.

HuprecHT-Lab. Cat. N° Manis, 151a,, 11, s.

25. The 10" section in front of that, shown in fig. 24, passing
through the headprocess. To the left the annular zone of pro-
liferation. L0 b!

HuerecHT-Lab. Cat. N° Manis, STz T3

26. The st section in front of that, shown in fig. 25, passing
through the anterior border of the headprocess. The annular
zone 1is visible on the left, on the right not yet. X 200..

HusricHT-Lab. Cat. N°. Manis, 151 a, I, 4.

277. The 6™ section in front of that, shown in fig. 26, passing
through the prochordal plate. The annular zone is visible on
the left as well as on the right. The very first formation of
the peripheral mesoblast is to be seen (at both sides a mitotic
figure). X 200.

HuprkcHT-Lab. Cat. N°. Manis, 151a,, 11, 2.

28. A section through the prochordal plate and annular zone,
with distinct peripheral mesoblast-formation, 7 sections in front
of that, shown in fig. 27. X200}

Huprecur-Lab. Cat. N°. Manis, 1s1a NI, 1.
Frgs. 29—32, Sagittal sections through the primitive streak-
stage N°. 180.

29. Schema of the median section. The primitive streak from the
caudal border (on the left) to *. Here the headprocess extends
cephalad between epiblast and hypoblast, as far as the prochordal
plate. The peristomal mesoblast originates from the primitivc
streak. The hypoblast in the posterior part of the cmhryonic
shield is a layer composed of cubical cells, gradually becoming
thinner in the anterior part. Just in front of the pmchnrdﬂl

plate the wall of the blastncyst is torn off. > qb.
HuprecHT-Lab, Cat. N°, Manis, 180a, II, 14.
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30. Enlarged middle part of fig. 29. The much flattened hypo-

ac 10 > v

blast is to be noted'. X 205. .
Enlarged cephalic part of the same germdisc, showing the

headprocess and the prochordal plate. R s

Huprecnr-Lab. Cat. N°. Manis, 180a, II, 1.

Formation of the pcriphcml mesoblast out of the extra-
_ (annular zone of pr(ﬂiﬁ:ration) behind the
embryonic shield. The mitotic figure (72) is to be noted. The
trophoblast lies against the uterine wall, fused with it in some
this is not visible in the figure). On the right between
hypoblast the peristomal mesoblast 1s to

2

.

embryonic hypoblast

places (
primitive streak and
be seen. % 28o0.

Huprrcnt-Lab., Cat. N° Manis, 130a, 1, 10.
3 N

PraTe IV.

Figs. 33—35- Sagittal sections through f/It"c’lI!/)/ij NS0T,
possessing 4 patrs of comites with a §™ patr L}‘oz'mz}/g.
Schema of the mid-sagittal section. The pcristmnnl meso-
{f the primirivc streak. The posterior part
of the chorda-anlage is torn from the primitive streak. The
hypoblast is present beneath the primitive streak, but disappears
(in the scction) ander the Hensen-knob, from which the
chordal plate, im‘m‘pm‘utcd in the hypohlast, extends. In the
anterior part of the embryo the chordal plate passes directly into
the prochordal plate, from which originates the cephalic meso-
blast as a sheet of cells between epiblast and hypoblast. A pleuro-
pericardial space has not been formed as yet. a ey
834, 1X, 9.
of the same embryo
medullary groove, a part of the chordal plate anc
plate and the cej halic mesoblast are visible. S 210

Husrecnr-Lab, Cat. N° Manis, $3a, IX, 3.
v-knob with the lumina (= chordal canal) in it,
ward the chordal plate. X 210.

blast 1s formed out ©

Husrpenr-Lab, Cat. N% Manii,
A part of the

| the prochord:ll

oreatly enlarged. Cranial

o
Husrecht-Lab. Cat. N Mants, 834, IX, 12.
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Figs. 36.—41. Cross-sections, passing through the chorda-
anlage of embrys N°. 64 with 8 & g pairs of somites (cf. fig. 62).
36. A section through the anterior part of the broad chordal
plate, quite incorporated in the hypoblast. The undifferentiated
mesoblast still connected with the chordal plate-borders.

X 340.
Huprecur-Lab. Cat. N°. Manis, 64a, IV, 8.

37- A section through the 7% pair of somites. The broad
chordal plate passes into the hypoblast, which is torn from it
on the right. X 340.

Husrecnr-Lab. Cat. N° Manis, 64a, 1V, 28.

38. A section through the 8t pair of somites. The chordal plate

is slightly higher and incorporated in the hypoblast. X 340.
Huerecnr-Lab. Cat. N° Manss, 64a, 1, 4.

39. A section through the undifferentiated mesoblast. The

3 : & . Talkt
chordal plate, higher than the hypoblast, is not quite incorpo-

1 § O : J l L 1
rated 1n it. X 340.
Huerecnt-Lab. Cat. N° Manss, 64a, 11, 11.

40. A section still further caudalward, showing the very first

beginning of the incorporation of the chordal plate in the
. a0 N
hypoblast. x40

HuprecHT-Lab. Cat. N° Manis, 64a, 111, 18.

3

. 41. The headprocess, not yet incorporated in the hypoblast, is

connected with the undifferentiated mesoblast: the connection
in the “section being broken, however. X 340.
Husrecur-Lab, Cat. N° Manis, 64a, 1V, 3.
Figs. 42—44.  Cross-sections through the chorda-anlage of
embryo N°. 32 with 10 a 11 pairs of somites, (cf. fig. 03)-
42. A section through the st pair of somites, showing a very
broad chordal plate, not quite incorporated in the hypoblast on
the right side. The hypohlast 15 slightly (_-mnprc;.mi against
the borders of the chordal plate. On the left and on the right
the primitive aortae. X 340.
Huprecnr-Lab, Cat. N°. Manis, 32a, VI, 15.

- 43. A section through the undifferentiated mesoblast. Distinct

broad and tall chordal plate; the hypoblast extending under
the borders of it. X 340.

HugrecHT-Lab, Cat, N°©, Manis, 32a_ 11, 7
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PrATE V.

A section through the headprocess, with chordal canal and

b
s T o RT b vy o g2 o I .
ast. Very first beginning of the in-

connected with the mesobl
corporation of the chorda-anlage in the hypoblast. X 340.
Huerechr-Lab. Cat. N°. Manis, 32a, 111, 11.
Figs. 45—50. Cross-sections through the embryo N®. 89 with
13 pairs of somites cf. fig. 64 )

45. A section through the undifferentiated mesoblast of the

head and anterior part of the chordal plate, incorporated in
the hypoblast, into which it passes directly. > 340

HurrecHT-Lab, Cat. N°. Manis, 8ga, VIL 11.

46. A section through the 4 pair of somites. The chordal
plate is not very broad, and incorporated in the hypoblast,
the latter being strongly compressed by the borders of the
chordal plate. X 340.

Cat. N°. Manis, 8ga, VI, 10.

through the g™ pair of somites, much resem-
The hypoblast much compressed -here  too.

HuprechT-Lab.

47. A section

bling fig. 40.
X 34°:

Huprecnr-Lab, Cat.

48. A section throt

front of the chorda-anlage,
canal (cf. fig. 49) has opened

the hypoblast (:u‘c}w_1ltm'r”1)- Begi

the chordal plate in the hypoblast. X 340.

Hunrrenr-Lab, Cat. N&

o

N®. Manis, Sqa, 11, 7.
igh the undifferentiated mesoblast just i
not yet incorporated. The chordal
“into the cavity, enclosed by
nning of the incorporation of

Manis, 8ya, 1}, el

the anterior
blast extending under the lmf‘d
however, being broken.

49. A section through part of the chordal canal
((f hg ()..}_) PI‘}IL‘ }l)-’Pt) : ers of the
arched chordal plate; this connection,
X 340.
Hupreenr-Lab, Cat. N7 Manis, Sga, 1, 12.
ction through the headproc
blast extenc

SOINAUSE ess with chordal canal,appear-
1 I . -4 20 1 “\./ - ’
ing double. The hypo Is beneath 1t. X 340

Huprecnr-Lab, Cat. N° Manis, 8ga, 111, 11.
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Figs. c1——sc. Cross-sections through the chorda-anlage of em-
& 3 : L oS AREL LA
bryo N°. 31 with 13 & 14 pairs of somites (cf. fig. 65).
Fig. 51. Anterior part of the chorda-anlage, not yet separated from
the hypoblast. > 34o0.
Huprecur-Lab. Cat. N°. Manis, 31a, V, 11.
Fig. 52. A little further caudalward the notochord is almost com-
pletely separated from the hypoblast; only a very small part
is not yet covered by the hypoblast. X 340.
HuprecuT-Lab. Cat. N° Manis, 314, VIII, 15.
Fig. 53. A section through the g™ pair of somites. Chordal plate with
hypoblast, slightly thickened under its borders. X 340.
HurrecHT-Lab. Cat. N° Manis, 31a, VI, 14.
Fig. 54. A section through the 14" pair of somites, which is
forming. The chordal plate is incorporating in the hypoblast,
i~F v e . 31 =9 ey, g - kb b %
which extends under the greater part of it. DXR A0
Huprecur-Lab. Cat. N°. Manis, 31a, VI, 6.
Fig. 55. A section through the headprocess with chordal canal and
connected with the undifferentiated mesoblast. X 340.

Husricnr-Lab. Cat. N°. Manis, 31a, 11, 9.

B IR T ERVS

Fig. 56. Sagittal section through the fore-gut of embryo N° 108,
with 13 pairs of somites. The chordal plate forms the roof ot
the primitive gut, except in the most cephalic part, where it ends
in the mesoblast. The pharyngeal membrane is cut tangentially.
The heart-endothelium and the pericardial space are visible.
The hypoblast surrounding the anterior part of the fore-gut
is distinctly thickened. X 200.

Huprecur-Lab. Cat. N°. Manss, 108 a, 11, 6.

Fig. 57. A section through the well-developed chordal-canal in the
headprocess of the embryo N° 68 with 16 pairs of somites.
The undifferentiated mesoblast is not connected with the head-
process (cf. fig. 66.). X 340.

HugrectT-Lab. Cat. N°. Manis, 68a, 11, 6.
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Fugs. §8—061. Cross-sections through the chorda-anlage of em-
bryo N°. 53 wwith 18 pairs of somiles (cf. fig. 67) ;

8. A section through the anterior part of the chorda-anlage,
not yet separated from the hypoblast. X 340.

Huprecur-Lab. Cat. N% Manis, 53a, V, 2.

59. The 14™ section caudalward of that, shown in fig. §8. The
notochord 1s quite separated from the hypoblast, which extends
beneath it and is somewhat thinner here. X 340.

HuerecHT-Lab. Cat. N° Manss, s3a, V, 16.

6o. A section through the 8™ pair of somites, showing a large
cylindrical notochord. The hypoblast is somewhat thinner
beneath it. X 340.

Hunricur-Lab, Cat. N°. Maunis, 534, L iy
61. A section through the g pair of somites. The notochord
is not yet quite separated from the hypoblast. D oliie)
Huprpcur-Lab., Cat. N° Manis, 534, 11, 13.
Figs. 62—07. Reconstructed sagittal sections through the mid-
axis of the hinder part of the chorda-anlage of the embryos N-.
64, 32, 89, 31, 68, and 53.

The circumference of the somites, projected on the mid-

sagittal plane 15 Tkl oy BLe= — == line, the upper face
of the medullary groove, projected in the same way, marked
by a —.—.— line. Primitive streak and medulla are dotted, the

chorda-anlage hatched and the hypoblast is black. The sections

described are indicated. All figs. X 67, except fig. 68 (> 50).
62. A section through embryo N°. 64 with 8 a4 ¢ pairs of somites.

Chordal plate and headprocess, covered by hypoblast, are visible.

In the anterior part of the primitive streak a region is visible, 1n

which the hypoblast is fused intimately with the primitive streak.
63. A section through embryo N". 32 with 10 a4 11 pairs of
somites. A short narrow chordal canal is visible in the head-
process. The hypoblast 1 the anterior part of the primitive
streak as in embryo N°. 04.

ig. b4. A section through embryo N°. 89 with 13 pairs of somites.

Two parts of the chordal canal are visible in the headprocess.
The anterior part opens into the archenteron. Hypoblast fused
with primitivc streak somewhat more caudalward.
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Fig. 65. A section through embryo N°. 31 with 13 2 14 pairs of
somites. T'wo small parts of the chordal canal are visible.

Fig. 66. A section through embryo N°. 68 with 16 pairs of somites.
A very distinct and long chordal canal is visible, which opens
into the archenteron.

Fig. 67. A section through embryo N°. 53 with 18 pairs of somites.
The notochord has separated along a great distance from the
hypoblast, except in the region of the somites XI—XV. Three
small parts of the chordal canal are to be seen in the head-
process.
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VII.

VIII.

STELLINGEN.

Een gastrula s.str. komt bij de Vertebraten niet voor.

De darm van alle Vertebraten wordt gevm'md door vereeniging
van het archenteron en het metenteron.

1 r A = e
De .entodermalen Wanderzellen”, welke V. Dancuarorr waar-
nam in de bloedvaten van jeugdige kip-embryonen (Anat.

Hefte, Bd. 37, 1908), zijn primaire geslachtscellen.

De secundaire geslachtskenmerken staan onder den invloed
van hormonen, die afgescheiden worden door de interstitieele
o

cellen van de geslachtsklier (z.g. puberteitsklier).

In de elementen van den plastischcn spiertonus bestaat ook de
mogelijkheid van een tonische contractie, die o.a. opgewekt

wordt door het regelende centrum.

De kleine kernen, door HUBRECHT in zich klievende Zoog-
diereieren (Galeopithecus, Manis

trophoblastkernen, zooals HUBRECHT

) gcmndcn, Zzijn geen tock(‘nnf:tlgc
meende, doch follikel-
epitheelkernen.

Oxyuris equi (SCHRANK) en  Oxyuris mastigodes. NITSCH Zn
zeltstandige soorten.

Het melksap beschermt de planten tegen diervraat.
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1X. Het verdient aanbeveling de Aristolochiaceae als Polycarpicac
te beschouwen.

X. De Rotatorien en de Nematoden kunnen van een zelfden stam-
vorm afgeleid worden.

XI. De onderzoekingen van Herisert Nivsson (Hereditas, Bd. I,
1920) maken het zeer waarschijnlijk, dat de wetten van MENDEL

ook voor Oensthera Lamarckiana geldig zijn.

X1l De Monograptidae zijn verwant met Rhabdopleura (A. Scur-
poTIEFF, Neues Jahrbuch fiir Mineralogie, Bd. 1I, 1905).
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