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36 THE STUDY OF EMBRYOLOGY.,

The segmentation of the Fowl's egg corresponds sufficiently
1:-,1.-:151313,r with that of an Elasmobranch to obviate a description,
Fig. 27 illustrates a superficial view of the segmenting blastoderm,
and figs. 28-31 show sections at various stages of segmentation.
Duval states that the segmentation-cavity appears very early
(fig. 29); it is bounded above by a single layer of epiblast-cells,
and at first below by a single layer of primitive hypoblast cells :

Fig, 27.—SvRFacE ViEWS oF BIX SBTAGES 1¥ THE BEGMESTATION oF & Fowl's OospERa,
[From Kolliker after Coste. ]

All the eggs were taken from the lower portion of the oviduct. The shading

outside the germinal disc represents the yolk. Diameter of the germinal dise,
mim.

e 1. Earliest stage : a. the first furrow. 2. Stage of fourimperfect cells separated
by furrows. 3. Stage of nine meridian furrows and cross-furrows have also ap-
penred, which divide the dise into nine large peripheral cells and seven small
central cells. 4. A later stage nuclei are to be seen in the central clearver cells; the
cells are polygonal through mutual pressure. . Further stage in segmentation ;
the cells unlly decrease in size towards the centre. 6. Completion of segmen-
tation ; the blastoderm consists of an upper layer of small cubical cells (epiblast)
and a lower-layer mass of larger cells.

but the latter soon becomes composed of several layers and the
segmentation-cavity is obliterated. The blastoderm of a newly-
laid ege (figs. 30 and 31) consists of a definite epiblastic layer and
an inferior irrecular mass of rounded cells, the primitive hypoblast
(lower-layer cells), which lies loosely on the yolk. In the upper
surface of the yolk free nuclei oceur, which have the same signifi-
cance as those of the Elasmobranch ovum, #e, they represent
primitive hypoblast cells whose walls are not limited. After incu-










SEGMENTATION AND GASTRULATION. 39

to the blood by the hypoblast of the area opaca, and by it conveyed
to all the regions of the body of the embryo. :

To anticipate, as the embryo is being formed, an anterior, and
later a posterior, fold in the blastoderm make their appeareance,
which mark the anterior and posterior extremities of the embryo;
they are known as the head and tail folds. The head-fold travels
backwards and the tail-fold forwards in such a manner as to con-
strict the embryo from off the yolk. Less marked lateral folds
also appear. Eventually the embryo is quite constricted off the
yolk, so that it is merely connected with the latter (or yolk-sac, as

Fic. 33.—8urrace ViEw oF THE
Perwvcin AREA OF THE BLas-
TODERM OF A Fown or TweNTY
Houra, Magnified z4 dia-
meters. [From Kolliker after
His.]

Ao. area opaca; Ap. area pel-
lucida; Pr. primitive streak;
vA4Y. hend-fold.

it is now termed) by a narrow stalk., The development of the
embryonic struetures known as the amnion and the allantois will
be considered in another section (p. 78).

The Primitive Streak.—The first noticeable sign of incubation
in the blastoderm of the Amniota when viewed from above is the
appearance of an opaque band which extends some distance for-
wards from the posterior margin of the area pellucida. This is the
primitive streak, and its opacity is due to the presence of a greater
thickness of cells than occurs elsewhere. Shortly after the primi-
tive streak is formed a shallow groove (the primitive groove)






SEGMENTATION AND GASTRULATION. 41

The changes which have occurred are briefly Lhue T%m lm':.'u:--
layer cells or primitive hypoblast have become dlih?rc::nll:mid into
an inferior sheet of flattened cells (hypoblast) and an 1111,5':1':11&';1.:1{!!.3
tissue of scattered cells (mesoblast). In the mesial line hghuul
the future embryo, the epiblast by rapid cell-division {Lplmhi'eru-
tion) has given rise to a linear mass of axial mesoblast, which later
widens out into a lateral sheet of cells.

Nature of the Primitive Streak.—Very much has been
written concerning the significance of the primitive streak, but it

Fi1g. ze.—Diagnasa ILLUSTRATING THE POSITION OF THE BLARTOPORE, AND FHE
e
RELATION oF THE EMBRYD TO THE YuLE 18 VARIOUS MEROBLASTIC YERTE-
BRATE (OSPERME.

A. Type of Frog. B. Elasmobranch type. . Amniotic Vertebrate. [From Balfour. |

bl. primitive streak, caused by concrescence of the lips of the blastoderm
behind the embryo; my, medullary or nenral groove in the centre of the neural
plate; ne. blastopore ; sk part of the yolk not yet enclosed by the blastoderm.

is now generally admitted that it represents the fusion of the lips
of the blastoderm, which meet behind the blastopore.

The embryo develops subsequently in front of the primitive
streak, the posterior end of the one coinciding with the anterior
end of the other (figs. 100, 101). At the anterior end of the
primitive streak a pit usually oceurs, which frequently perforates
the blastoderm, and corresponds to the blastopore, In the Lizard,
Weldon finds that the primitive hypoblast first takes on the
character of the permanent hypoblast at the anterior border of this















46 THE STUDY OF EMBRYOLOGY.

epiblast,  The covering cells, however, soon disappear, either
entering into the formation of the embryonic epiblast or become
attached to the decidua (see p. 92); in the latter case they would
not form any portion of the embryo proper.

A translucent circular patch next appears at what corresponds
with the upper pole of other cosperms (fig. 42), this embryonic
area soon becomes ovoid and is homologous with the area pellucida
of the Fowl, A primitive streak with its groove makes its appear-
ance at the posterior end of the area. In the Mole, according
to Heape, the blastoderm is perforated immediately in front of
where the primitive streak is commencing to form (fig. 43, A);
later this spot is marked by a small down-growth of the epiblast,
which really corresponds with the anterior border of the blastopore.
Somewhat more posteriorly a complete fusion takes place between
the epiblast and incipient mesoblast (fig. 43, B), while at the pos-

Fio, ya.—Ravmir's OosrERM SEVEN [AYS AFTER
IMPREGHATION. 3.47 mm. in length, SBidae
view deprived of its envelopes, Magnified
about 1o diameters. [From Kollilker.)

i, Area pellueida, or emlryonic area ; ge in-
ferior limit of the hypoblast ; below this line the
blastoderm consists solely of a single layer of
apiblast,

terior end of the streak a complete fusion of all the layers oceurs
(fig. 43, €); but the three layers are distinet beyond the streak itself.

The similarity of a Mammalian blastoderm at this stage with
that of a Bird, or especially of a Lizard, is very striking, and it led
Balfour to propose the view that the Mammalian ovum originally
possessed a large quantity of yolk, since the blastodermic vesicle
1s clearly homologous with the yolk-sac and contains a coagulable
fluid comparable to some extent with the yolk, The primitive
streak is the same structure in both Sauropsids and Mammals,
that is, it represents a vanished blastopore,

It has since been proved by Haacke and Caldwell that the pre-
viously known but discredited fact was true that the Monotremata
are oviparous, and that the eggs are in all essential points per-
fectly comparable with those of Reptiles. Thus Balfour’s deduction
from purely embryological data has been verified.

























































































































































































































118 THE STUDY OF EMBRYOLOGY,

In the Teleostei, Lepidosteus, and Lamprey (fig. 61, B), the
central nervous system arises as a solid axis of :pibl;at c;ellaw
the. epidermal layer may, however, be carried down into this keel
to line the subsequently acquired central lumen ; but Shipley denies
that this occurs in the Lamprey. This variation has only a
secondary significance,

Fig. roo.—Emsryo Fowr, 3 mm. long, of abont
twanty-foiir hours, seen from above, mapnified
thirty-nine dinmeters. [From Kolliker],

Mn. union of the medullary folds in the region
of the hind-brain ; Pr. primitive streak ; P: pa-
rigtal zone ; Kf. posterivr portion of widely open
nenral groove ; fif", anterior part of nearal groove ;
fie. neural ridge ; Stz trunk zone; vdr anterior
amniotic fold ; »D. anterior umbilical sinus show-
ing through the blastoderm,

is divides the embryonic rudiment into a
contral trunk zone, and & pair of lateral or paristal
EUTIEE.

In those forms in which the epiblast is early separable into an
epidermic and nervous or mucous layer (some Ganoids and Anura)
(fig. 24, E), the nervous tract is entirely formed at the expense of
the latter, while the epidermal layer of the medullary plate persists
as the epithelinm of the central canal of the nervous system.

































































































































ORGANS DERIVED FROM THE EPIBLAST. 161

In Mammals the distal portion of the optic stalk is flattened and its cavity
obliterated whilst the optic cup is forming ; and since the stalk itsall_‘ partakes in
the invagination, the choroidal fissure may be said to extend for some r_hstanue along
the nerve, ‘The central blood-vessels of the retina (fig. 135) enter tl_ns groove, n‘ud
are subsequently surrounded by the overgrowth of the nerve. The retinal cireulation
is entirely confined to these vessels and their capillaries. Killiker suggests that the
invagination of the optic stalk is due to the pressure of the mesoblast, which develops

into the blood-vessels. ' ;
The retina is unprovided with true retinal blood-vessels in animals lower than the

Fra, 138 ~HORIZONTAL SECTION oF THE EYE oF A Rannrr oF ElcETEER Dave.
Maguified 30 dinmeters. [From Kolliker.]

ap. orbito-sphenoid (lesser wings of the sphenoid); e cormnea, with its anterior
epithelium, e f rudiment of the choroid ; g. vitreous body detached from the retina
by abrinkage, execpt behind, where the central artery of the reting passes into it ;
i. irls; [ orystalline lens ; !, epitheliom on the anterior face of the lens; m, m. rectus
superior, and r. iuferior muscles ; mp, membrana n?um o, optic nerve; p. onter
pigmented layer of the retina; p. anterior border of secondar optic cup, where the
retinn proper passes into the pigmented layer; po. upper id; pp. lower eyelid ;
v, retinm; re, poars cilinris retinge.

Mammals, but their place is possibly to some extent taken by the vascular structures
which penetrate the cavity of the eyeball through the choroidal fissure. These
are known as the processus faloiformis in Ichthyopsida, and the pecten in Sauropsida.

The lens was left as an oval vesicle, with uniformly thick walls.
Very soon the cells of the front wall become thinner and flattened,
while those of the inner wall elongate and entirely obliterate

the cavity of the vesicle (fig. 137). The latter cells early become
L
































































































































































































ONGANS DERIVED FROM THE MESOBLAST. 220

separate and dwindle away in the tail. The vitelline arteries avise
from each trunk behind the median fusion, and are so large tl?at
nearly all the blood passes through them. The arteries which arise
from the heart running forwards, upwards, and backwards are known
as arches. Thus the dorsal aorta is produced by the junction of a
pair of aortic arches. Very shortly afterwards a second and‘ a
third pair (figs. 164-167) are developed behind th_e primitive pair.

The embryonic venous system at this stage consists of an anterior

Fro. 166, =DIacraM oF THE CIRCULATION OF THE YOLE-SAC OF THE FowL AT THE ExD
OF THE THILD DAY oF INCUBATION. [From Foster and Balfour.]

The veins are marked in onkline, and the arteries aré black. The whole blastoderm
has been removed from the egg, and is supposed to be viewed from below, heuee the
apparent reversal of the aides.
A.Ad. the second, third, and fonrth aortle arches: the first has become obliternted
in ita medinn portion, but is continued at imﬂph:r:lmul end as the external carotid,
and at its distal end as the internal carotid ; A0, dorsal aorta; D,.C, ductus Cuvieri ;
H. heart; Laf A, left vitelline artery ; Loof lefe vitelline vein: B.OF right vitelline
vein; R.of A. right vitelline artery; 5.0a. V. euperior (anterior) cardingl vein: 8.7
pinus terminnlis; S.F. sinus venosus,
and posterior pair of longitudinal veins (cardinal veins), which run
superficial to the aorta. The anterior (superior) cardinal or jugunlar
velns unite with the inferior or posterior cardinals to form a
commeon trunk, ductus Cuvieri (figs. 166, 169), which returns the
blood to the heart. Posteriorly the bleod is collected from the
yolk-sac by the vitelline veins (fig. 166, LOf, R.0f), and trans-
mitted to the heart by the median sinus venosus.

3 .




























































































































































































































































































































































